INTERNATIONAL
WORKSHOP
AGREEMENT

IWA
33-3

First edition
2021-03

Technical guidelines for the

development of small hydropower

plants —
Part 3:

Design principles and requirements

Reference number
IWA 33-3:2021(E)

©1S0 2021


https://standardsiso.com/api/?name=496c92f656ea5d2943220a43b5154f84

IWA 33-3:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2021

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=496c92f656ea5d2943220a43b5154f84

Contents

IWA 33-3:2021(E)

Page

0 WS40 o OSSN vi
0 0 000 0 1D ot 0 ) 1000000 vii
1 S0P ... 1
2 NOIMALIVE FEECT@INCES ...........ooooooooeoeeeeeeeeeeeeeeeeeeeeeeeeeeesees et 1
3 LS LTI Y o 0 LT 00 0 ) o 1
4 Hydrology...........cccouueee.

4T Basicdata...

4.2 Runoff (discharge) ..

4.3 2 [ Yo Y D = 0 I

4.4  Stage-discharge relation CUTVE. ... g o]

4.5 Sediment, evaporation, ice regime and others..

4.6 Rationality check of the OUtCOMES ... e
5 ENgineering GEO0IOZY ... W oo

5.1 General provisions...

5.2 Regional geology ...

5.3 Engineering geology of the reservoir area

5.4 Engineering geology of hydraulic structures...... 2. ]

5.5 Natural construction material ... S sssssseeesssssssseeessssseseeeeesd
6 Hydraulic engineering and energy calculation

6.1 General ProviSions ... S e

6.2 Computation of runoff regulation....... &5 ..

6.3 Hydraulic energy calculation ... sl e

6.4 Load forecast and electric power, ahd energy balance ...

6.5 Selection of flood regulation and characteristic flood-control level

6.6 Selection of normal water.level and dead storage water level............cc]

6.7 Selection of installed capacity and type of UNit ...

6.8 Selection of dimensions of headrace and volume of daily regulation pool......}.cco, 14

6.9 Analysis of the resérvoir sediment deposition and calculation of the backwater...........

6.10 Reservoir operation mode and operational characteristics
7 Engineering layout and hydraulic SErUCEUre................o ]

7.1 GENETAL PIOVISIONIS .ottt

7.2 General-€ngineering layout..........cconne

7.3 Water'retaining Structure...........

7.4 Water release Structure........eeeeeeeeeens

7.5 Water diversion structure ...

7.6 Powerhouse Structure ...,

77 Engineering safety MONITOTING ...

78 Concrete strength and durability .o
8 Hydraulic machinery, fire protection, heating and ventilation................,

8.1 General requirements for selection of turbine and generator

8.2 Selection of turbine rated head............ccccieeee e

8.3 Selection of turbine type ...,

8.4 Selection of basic parameters of the reaction turbine....

8.5 Selection of basic parameters of the impulse turbine.....

8.6 Unit transient performance analySiS. ...

8.7 TUIDINE GOVEITUIE SYSTOINL ..ottt

8.8 Turbine main inlet valve ...,

8.9 Cooling water and drainage system

8.10 Ol SYSTOM ..oooiceeeeereee s

8.11 Compressed air SYSteM........ccocicciccss

8.12  HydrauliC MONItOTING SYSTEIMI ...

© 1S0 2021 - All rights reserved iii


https://standardsiso.com/api/?name=496c92f656ea5d2943220a43b5154f84

IWA 33-3:2021(E)

10

11

12

13

14

8.13  Selection of lifting equipment......................

8.14  Fire protection........nn

8.15 Heating and ventilation ...

8.16 Repair and maintenance equipment

8.17 Arrangement of hydraulic machinery equipment. ...
ELECUIICAL SYSTINL.........ooiiiiie s
9.1 Connection of the hydropower plant to the power system

9.2  Main electrical connection Wiring...........isi.

9.3 Selection of the main transformer-.......

9.4  Selection of high-voltage electrical equipment....

9.5 Overvoltage protection and earthing SyStem ...

9.6 LAGITING SYSTOIML. ..o P
9.7 Layout of main electrical equipment inside and outside the power plant........cw 1t ... 55
9.8 Relaying protection and security automatic equipment.............cccco

9.9 EXCItAtION SYSTRIM ...ooocciiiiiin st

9.10 | Automatic monitoring system

9.11 | Plant service power supply and dam area power supply

9.12 | DC operating POWET SUPPLY ... S0

9.13 | Video MONItOring SYSTEIM ... B
9.14 | COMMUIICATION oo e
Hydrp mechanical SEFUCTUIE. ... e
10.1 | General proviSions ...

10.2 | Arrangement of hydro mechanical structure...

10.3 | HOISt SEleCtiON fOI GATES.....coccererieciriese e i s
10.4 | GAte STIUCTUIE A@SIZI oo S e
10.5 | Anti-corrosion of hydro mechanical SEFUCLUIES. ... e 61
Guid¢lines for construction PIANMING.............a N e
11.1 | Construction diVerSion........ielihemeese s

11.2 | Selection, planning and exploitationfof the borrow area

11.3 | Construction of the main works

11.4 | Construction planning of roads\and transportation..

11.5 | Construction plant faCilitiesi .o et
11.6 | Construction general IayOUE ...
11.7 | Overall construction programme

T1.8 | COMSTIUCTION SATOTYIY et

Social and environmental impact assessment

12.1 | General ProviSIONS ...

12.2 | Environmental impact assessment.........

12.3 | Land agcquisition and resettlement........

12.4 | Soil and Water CONSEIVALION ... s

12.5 | SQCIAMMPACE ASSESSIMIEIIE ...ooocoeeveieisieee oo

12.6 | Conclusion of assessment and adVICE ... | 71
ProjJeCt COSE @STIMATES ..o
13.1 General provisions..

13.2  Project division

13.3  COSES AN UNIE PIECE ..ot
13.4 Engineering budget preparation

13.5 Composition of cost estimate dOCUMENLS..............oovvrivvrivrssiriiiessssssissssssssss s 75
ECONOIMUC QPPIALSAL......ooocco e
14.1 General provisions....

14.2  Cost calculation..........

14.3  Benefits calculation

14.4  Economic cost benefit @Valuation ... 77
14.5  FINANCIAL @VAIUATION ..ot 77
14.6  UNCEITAINEY @NALYSIS oo 78

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=496c92f656ea5d2943220a43b5154f84

IWA 33-3:2021(E)

14.7 Methods of scheme comparison

Annex A (informative) WOrkshop CONtribUTOTS ... 79

© IS0 2021 - All rights reserved v


https://standardsiso.com/api/?name=496c92f656ea5d2943220a43b5154f84

IWA 33-3:2

021(E)

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
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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 o

f 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

apply

ng the expertise and best practices that exist across the globe. It is intended for

countries to

utiliz
limitd
SHP ¢
navig
the ol
and s
for all

This ¢
Orgar
intert]
and 7
const

e this document to support their current policy, technology and legislation. Countr
d institutional and technical capacities will be able to enhance their knowledge base

htion lock, canal falls, outfalls and flowing water (kinetic flow), including rérovatin
 SHP plants, thereby attracting more investment in SHP projects, encouydging favou
Ibsequently assisting in economic development at a national level. This document wi
countries, but also allow for the sharing of experience and best pragetices between c

ocument is the result of a collaborative effort between the United*Nations Industrial

ational experts and 40 international agencies were inyelved in this document’s
eer review. This document can be used as the pringiples and basis for the plan
Fuction and management of SHP plants up to 30 MWe:

ies that have
n developing

lants on rivers/streams and existing water resource structures outlets such as dams, barrages,

g/upgrading
rable policies
1 be valuable
untries.

Development

jization (UNIDO) and the International Network on Smdall Hydro Power (INSHF). About 80

preparation
ning, design,
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Technical guidelines for the development of small
hydropower plants —

Part 3:
Design principles and requirements

1 Skope

This document specifies the general principles and basic requirements of designforSmall
(SHP)[ projects up to 30 MWe, mainly including hydrology, geology, energy calculations, p

hydr
econg

Appli
desig
2 N

The f;
const

ulics, electromechanical equipment selection, construction planning,)project co
mic appraisal, social and environmental assessments.

h applied in accordance with the needs of proposed hydropowerplant.
ormative references

bllowing documents are referred to in the text jnZsuch a way that some or all of
tutes requirements of this document. For datéd references, only the edition cited

undafled references, the latest edition of the referented document (including any amendmg¢

IWA 3

3 T

For th

3-1, Technical guidelines for the development of small hydropower plants — Part 1: Voc

erms and definitions

e purposes of this document;the terms and definitions given in IWA 33-1 apply.

ISO and [EC maintain terminglogical databases for use in standardization at the following

[«

et

]

4 H

4.1

$0 Online browsing’platform: available at https://www.iso.org/obp

IC Electropedia:available at http://www.electropedia.org/

ydrology

Basic data

hydropower
roject layout,
5t estimates,

Fation of this document is intended to be site specific, with the principles and requirements of

their content
applies. For
ents) applies.

ibulary

addresses:

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

© IS0 2021 - All rights reserved
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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 Acco
runoff result

a) historic

ding to the design requirement and data availability, all or part of the following d
shall be provided:

laily runoff series measured or simulated at the site of the proposed hydsepower pla

b) annual mean runoff as well as the annual runoff, runoff in flood season, runeff during dry s

with the

designated frequency (return period) or the design representative years;

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

4.2.2 Acco

rding to data availabilities, the design runoff should be galculated by the following mef

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

be used.

b) When there is a runoff gauging station in the downstféam/upstream of the project site, in the
basin, adjacent basin or nearby basin with similar homogeneous meteorological and hydrol

conditio

1s, the hydrologic analogy method should be adopted.

c) If measufred runoff data are not available; the rainfall-runoff relationship or model method n

adopted

according to the precipitation data and physiographic characteristics of the watersh

d) When thle runoff data are not available, it may be estimated by relevant hydrological manu
calculat¢d on the basis of comprehensive analysis of regional results, taking into account vari

in topog

aphy, geology, vegetatijon cover and land use.

4.2.3 The fjunoff frequeney computation shall meet the following requirements.

a) Inthen
shall be

term conse¢utive runoff series, the empirical frequency P, of term m in descending
fomputedising Formula (1):

lesign

nt;

gason

hod.
shall

river
bgical

ay be
bd.

h] and
htions

prder,

P =" L400%

where

n isth
m isth
P _ isth

m

M

e number of terms of the observation series;
e order in the observation series;

e 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)

b)

4.2.5
homogeneous multiple adjustment method over the controlled annual water. flow; when {
runoff data are insufficient, the existing synthesis chart of runoff area may:be used with cau

4.2.6
runoff data availabilities.

Long time runoff series of up to 20 years or more in principle may be used. How

ever, 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 accorda
requirements of 4.2.

nce with the

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.

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 sin
The extension amplitude of the relevant line shall not be more than 50 % of the médsu
mplitude. The correlation coefficient should be more than 0,8.

o)

The annual distribution in the design representative year may berdetermined

The daily mean flow duration curve can be adopted with the following method acc

hultaneously.
red variation

by using the
he measured
tion.

ording to the

a) When sufficient runoff data are available, the daily miean flow ranking statistics gf long series
of the daily mean flow in the typical high-flow (up t0~25 % dependable) year, mediap-flow (50 %
dppendable) year and low-flow (higher than 75 %.dépendable) year should be used.

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

4.2.7| When the low water runoff data are insufficient, the low-flow investigation may be performed,

especjally 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 runeff shall account for the cases of the complex landform with extreme¢ly uneven or

unstaple river chaniiels, and special geological conditions such as karst.
4.3

4.3.1

f ll . |l - £l 1 1 1 111 - | |
OlIOWTITg TUESIgIT [TOUU TTSUICS SITdil DT PTOvVIUTU:

Flood

According to the data availability and the engineering design requirements, all g

r part of the

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

© IS0 2021 - All rights reserved 3
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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 de51gn flood hydrograph Comprehensive selection shall be based on the analy51s
and synthesi i ely, the
empirical eq

lation of flood peak ﬂow in thls region may be used

4.3.5 Accofding to the catchment area of the site and the comprehensive analysis-results ¢f the
measured stqrm 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 basinstorm flood paranmeters
cannot be defermined, the relation curve of the “measured and investigated big flood peak flow madular
(M) - catchmient area (F) - recurrence interval (N)” at the gauging statiofis in the region or the nlearby
areas may be ascertained, and the design flood may be estimated with the’regional synthetic methlld.

4.3.7 Closq attention shall be paid to investigation and review*of historical floods and the follpwing
requirement$ shall be met:

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

b) when dafa are limited, the design flood maye estimated according to historical flood results.

4.3.8 The dlesign flood of cascade hydropewer plants shall be calculated according to the layput 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 d€sign flood by construction stages, the design requirements ¢f the
engineering ¢onstruction stages shall be considered, and the variation rules and characteristics off flood
causes shall e basically compiled within the period from the beginning to the end.

4.4 Stageqdischarge relation curve

4.4.1 The Jtage-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.

4 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=496c92f656ea5d2943220a43b5154f84

IWA 33-3:2021(E)

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)
b)

‘)
d)

4.5.2| The suspended sediment may be computed with the following method:

a)

b)

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

annual average suspended sediment and sediment runoff ratio;

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

nnual averacge susnended sediment size distribution or averacge and maximum narticl i .
a S P g p e diameter;

—

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

When there is a sediment gauging station in the basin of the site, thetsediment yield mpdulus of the
ghuging station should be used.

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

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

4.5.4| For a reservoir-based hydropower!/plant, it is advisable to calculate the annual ayerage water
surfage evaporation rate and its annual” distribution according to the data from the| evaporation
measyiring station in the basin or the regional synthesis diagrams of the evaporation rate jn basin with

simildr hydrometeorological conditions.

4.5.5| For the hydrological analysis and computation in cold regions, the following ice fegime at the
plant|site shall be provided/according to the statistical data of local hydrological and mieteorological

charafteristics:

a)

b)
‘)

—

ver conditieft-when freezing and unfreezing; occurrence of shore ice and floating ice and the
fieezing characteristics of the whole river;

eprliest, latest and yearly average icing and melting dates;

ide‘thickness, ice clogging, ice wall, ice flakes and floating ice and their potential hazarfls 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)

b)

)

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

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.

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

© IS0 2021 - All rights reserved 5


https://standardsiso.com/api/?name=496c92f656ea5d2943220a43b5154f84

IWA 33-3:2

021(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 reg

a) The computed results shall be consistent with the results of the regional synthesis egntour

the corrg

b) The dist
mainstre
spatial v

c) Iftherei
the spat
compute

4.6.4 The
include the fq

a) the relat
amplitud

b) therelat
5 Engine
5.1 Gener

5.1.1 Thesg
a) regional
b) basic geq
c) hydro-gg

uirements.
lation curve or the empirical equation.

am and tributaries shall basically be rational. The result shall basically be adaptive
hriation in the precipitation.

5 a big difference in the computed results, or unreasonable, or thére is a big differencg
al variation of the precipitation, the causes shall be foundyout in time and re-anal
d if necessary.

rationality check of the flow duration curve and the*stage-discharge relation curve
llowing contents:

ionship between the flow duration curves,;as well as the influence of flow var
e and base flow on the curve shape;

onship between the cross-section fedture and the stage-discharge relation curve.

ering geology
al provisions

ngineering geologicdl investigations shall include the following aspects:
geological conditions;
logical cenditions and major engineering geological issues of the project area;

olegital condition and assessment of aggressiveness of water;

map,

ribution in the basin, region and along the upstream/downstream’ ’segment and the

to the

e with
ysed/

shall

jation

d) availabil

Ty, distribution, quantity and quatity of maturat construction materiats.

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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Regional geology
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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
distri
studie

5.2.4
of the

Hder geotogicstructure mvestigation, thestrength—amd—permeabitity of the—s
bution range, formation age and petrographic characteristics of various types of r
d.

For the regional structural stability and seismic survey, the available(¥€gional ge
project area shall be studied to determine the geotectonic element of the project a
se assessment opinions on the regional structural stability, judge the(possibility of

propd

hydropower project site being impacted by active fault or seismic actiyities during expecte
the ﬂpact intensity and its probability, and then propose appropriate'ground motion par
ic design of the project. Special study shall be carried out orfactive faults which have

seis
the p1

5.2.5
topog

its catfises, factors influencing its occurrence and develepment, its formation condition ang
s development process and stages; and to mrake correct assessments and formulate reasonable

and if
contr

5.2.6

measl]ll

the p
5.3

5.3.1
reser\
and r
shoul

5.3.2
geolo

oject.

The geophysical conditions shall be assessed from the'analysis of the basic geologic
raphy and geomorphology and geologic structure;-to’study its rule of occurrence and

bl measures.

The influence of groundwater on theconstruction of the project shall be assessed ar
res shall be proposed by studying-the distribution and formation rules of groundwa
ysical property and chemical cormponents of groundwater.

Engineering geology ofthe reservoir area

The engineering géological investigation of the reservoir area shall comprise of the in
foir seepage, resefvoir submergence, reservoir bank (slope/rim) stability, reservoir s
pservoir induced seismicity (RIS). In the case of an unstable slope, the hydrogeologid
1 also be studied evaluated.

Thé>reservoir seepage investigation shall evaluate topography and geomorphold
bic_structure and hydrogeological conditions of reservoir seepage, analyse the formj

ructure, the
bcks shall be

ological data

rea and shall

he proposed
d project life,
hmeters for a
influence on

data such as
evelopment,
mechanism,

d the control
ter as well as

vestigation of
bdimentation
al conditions

gy, lithology,
of reservoir

armaacurac to ocon
JC-TIrcTo Tt Tt o—to—coTT

Irol reservoir

seepal
seepa

a)

aZaualuqtn tha noccihla Ayt Af wachrunir cannag ronos
S-evartate—+tne-pPoesSsioreanotuh SOt P

tofre seepage-and-prope
ge. The investigation of reservoir seepage shall include:

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)

b)

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

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 |
with potentis
influences, as
of bank colla
a) features
stratum
relations

weather
identific

b)

distribut
near the

d) distribut
collapse,

collapse.

5.3.5 The
upstream riv
in the reserv
and control 11

eservoir bank stability investigation shall find out the engineering geological cond
| instability factors for the reservoir banks, such as a landslide and collapse, evaluatg
certain the engineering geological conditions of the soil bank slope and predict the
bse. The investigation of reservoir bank stability shall include:

and structural composition of rock (soil) mass of bank slope, distribution of so

hip of various controlling structures that are unfavourable to the stability of bank sl

ng of rocks, unloading status and deformation features of reservoir rock bank
htion of the type, nature, scope and formation conditionsofdeformation;

ion, scale and stability of landslides, slide mass and dangerous rocks at reservoir
dam, and assessment of the impact of debris flow close to the dam;

ion elevation and stable slope angle of various soil strata at bank areas that td
stable slope angle of reservoir water wave zone, and prediction of the extent of]

nvestigation of the reservoir sedimientation shall ascertain the scour and erosion

bir area. The problem of the reservoir sedimentation shall be evaluated and the prevg
heasures shall be proposed.

itions
their
extent

't soil

incision condition of fracture structure, and attitude, extenSion and combination

OpE;

, and

bank

nd to
bank

Of the

er and gully of the reservoir, as Well as the source, type, quantity and flow of the sediment

ntion

5.4 Engingering geology of hydraulic structures
5.4.1 The ¢ngineering geological investigation of hydraulic structures shall cover the basic geolpgical
conditions sjuch as topography, stratum lithology, geological structure, hydrogeology and major

engineering
structures ar

5.4.2 Thed{

pa shallbe’carried out.

rigineering geological investigation of earth-rock dam site shall include the following.

beological.conditions. The assessment of aggressiveness of water in the main hydraulic

a)

b)

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.

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.

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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Weathering, unloading thickness and properties of rock mass at dam foundation (abutment) shall
be evaluated.

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)

b)

d)

f)

g)

5.4.4

)

topography and geomorphology of the dam site, thickness and permeability feature of overburden,

and extent and depth of riverbed channel;

—

ithologic characteristics and physical-mechanical properties of dam foundation
stribution and properties of weak intercalations;

=9

eathering and unloading characteristics of rock mass at dam foundation‘{abutmej
F fault fracture zone, fissure-concentrated zone, fault along the river’and low-d
ane, and properties and extension status of filling materials, and the quality of rock
bm foundation shall be categorized, depth of stripping limit to ascertain firm fou
e worked out, stability of the abutment slopes shall be carried out, the position o

btermined;

stribution, scale, filling conditions and connectivity. of Karst cave and passageg
undation (abutment) of soluble rock dam site; distribution and flow of Karstic spr
haracteristics of replenishment, runoff and discharge;

o o w oot o=

O

ydrogeological conditions of dam site, permeability and zoning of rock mass of the da

Qe =

epth for the dam foundation (abutment) shall be proposed;

o8]

butment), and the suggestions ghitreatment measures for unfavourable engineeri
sues shall be proposed;

Y

—
n

—n

jvestigation of the site of/aseoncrete dam (sluice) built on overburden may refer to
bquirements for the site{of'an earth-rock dam.

—

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

c

loading characteristics of rock mass, groundwater table, and physical-mechanical
e rock (0rsoil) mass;

(=

2]

(abutment);

1t); positions
ip structure
mass on the
hdation shall
F usable rock

irface shall be identified and the physical-mechanical parameters of the rock (soil) mass shall be

in the dam
ngs, and the

m foundation

gbutment) and the buried depth of any relative impervious layer, and the anti-seepage scope and

ssessment of the anti-slide stability;tdeformation and seepage stability of the dam foundation

hg geological

the relevant

properties of

tIlpography andvgeomorphology, stratigraphic lithology, geological structure, wegthering and

tability of slopes on both banks and anti-scour characteristics of rock mass in scouripg area;
S'Wmmmmm@-mmieasures.

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)

b)

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.

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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d)

5.4.6 The dngineering geological investigation of channels shall include:

a)

b)

5.4.7 The ¢ngineering geological investigation of penstocks‘and forebay/surge tank shall includg:

a)

b)

5.4.8 The gngineering geological-investigation of the sites of powerhouses shall include:

a)

b)

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.

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.

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

topography and geomorphology, stratigraphic lithology, geological structure, and distributjon of
landslid¢ and debris flow;

segmentption of channels into engineering geological sections according to slope height, properties
of rock (¢r soil) mass and strata attitude, etc., and assessment of the channel.seepage and stabtﬂity of
the chan(Lel foundation and assessment of potential slope instability problems during constriiction
and opeijational stages;

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

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

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

topography and geomonphology, characteristics of rock (or soil) mass, bearing capacity, and
deformation propertieés under static and dynamic loads, permeability and slope stability pnder
adverse fonditions;

identification‘pf'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-

mechanicalparametersofrockmass:

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

10
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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
includ
acces
veget
the pi
shall |

6 H

6.1

6.1.1
utilizg
term

as we
land 4

6.1.2
of riv
utilizd
shall

chara
and h

6.2
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The mining conditions and the environmental geological impact shall be investigated, mainly
ling the distance between borrow (quarry) area and the proposed projectcarea,| the existing
b road, groundwater level and water yield property of the borrow (quarry) adea. The damage to
htion after the borrowing of materials as well as the influence on the geological envifonment, and

ediction of its development trend shall be carried out, and suggestionson treatme
pe presented as necessary.

ydraulic engineering and energy calculation

General provisions

and repairs

Hydraulic engineering and energy calculation shall adhere to the principles of comprehensive

tion of water resources, properly handle the relationship between needs and potenti
ind long-term perspectives, the mainstream andithe branches, upstream and downstre
Il as the relationship between water resour¢é development and the ecological envif
cquisition and resettlement. Water resources shall be developed economically and ra

Hydraulic engineering and enetgy’ shall be calculated on the basis of the integra
br basin and city or river (reach)_planning and power planning. According to the ¢

alities, short-
am interests,
onment, and
fionally.

ted planning
prehensive

m
tion requirements, the development task and the power supply scope of the hyd;lpower plant

be determined, the designmdéependability and design target year shall be selected, 1
Cteristic values of the hydropower plant shall be determined, the operational modes of|
ydropower plant shall'he researched and the engineering benefits shall be stated.

Computation-of runoff regulation

The computation of runoff regulation shall be based on the regulation performance
take inte"account all kinds of water demand and water supply requirements in an ¢
parcand calculate the energy indicators. For water demand, the ecological flow

accor

ling to relevant national or regional regulations and combined with flow observati

he scale and
the reservoir

of the power
xtraordinary
is calculated
on data. The

calcul

ation methods of ecotogicat ffow mainiy inciude the hydrotogical method, the hydra

the combination method, the building block method and the ecological hydraulic method.

ulics 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) Fornon-regulated or daily regulated hydropower plants, the runoff regulation should be calculated

by adopt

ing 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 Hydr1ullc energy calculation

6.3.1 The firm output shall be obtained by frequency analysis method according to the output

long-series c
period is sev

6.3.2 Thed

a) Maximu
tailwate

b) Minimuy
tailwate
maximu

c) Average
long seri

d) Weighte
the aver
average

6.3.3 Thel
daily or the K
shall be calcy
following red

a) The daily

1) Acca
durg

2) Accd

hlculation period. For an annual (quarter) regulated hydropower plant, the“water g
bral months (10 days).

alculation of the characteristic head shall meet the following requirements.

m working head is the difference between the normal pool level and the downs
" level corresponding to the firm output for power generatioit.

h working head is the difference between the dead:water level and the downs
" level corresponding to the maximum discharge ‘€apacity of the hydropower plg
n tailwater level.

head is the arithmetic average value of the average heads in each calculation perio
es of calculation results.

| average head is the ratio of the sum of-the products of the average head multiplied
ige output in each calculation periodof a long series of calculation results to the sum
butputs in each calculation period.

ydraulic energy indicator ofithe daily regulated hydropower plant may be calculated
ourly time interval. The-hydraulic energy indicator of the non-regulated hydropower
lated by the daily time,interval. Both daily and hourly time interval methods shall me
uirements.

 time intervalmethod.

rding to_ the-daily mean flow series at the water intake over the years, the daily
tion curve’or the daily flow-dependability curve shall be drawn.

rding'to the head corresponding to various flows and the selected output coefficiej

in the
upply

[ream

[ream
int or

d of a

with
of the

by the
plant
et the

flow-

1t, the

outp

ut/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

12

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 equaloutputTegutation and the equat fftow discharge Tegutation:

6.3.5| The mean value of the long series of runoff data shall be obtained to calculate-the mean annual
powel 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) ppwer supply scheme selection, power supply mode detefmination, electric powetf and energy
bplance and flow distribution calculation;
b) ppwer system development, speed determination and‘phased development plan, preparation of the

p
hydropower plant.

6.4.2| Load forecast shall be mainly based on thezexisting forecast results which shall be adopted after
analys$is.

a) ith regard to the critical power plant dominating a larger proportion of the systfem, the load
recast 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 propprtion of the
system may be determined~by economic evaluation and scheme consideration accarding to the
aftual situation of the lacal"'power demand, while the computation of electric powel and energy
bplance is not required:

c) The installed capaeity of the critical hydropower plant, which accounts for a large groportion of
the system and{is incorporated into the isolated power grid, shall be selected on th¢ basis of the
bhlance of theentire power grid.

6.5.1 L Jathe : ayla echy afatas aside a-sh elmade for the
scale of dedlcated dlscharge structures and limit water level durlng ﬂood season accordlng 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 funktion fin the
power systerp.

6.7.2 The |nstalled capacity shall be determined after comprehensive comparisos in combimation
with electric|power and energy balance by calculating the annual power output,generation beneffit and
corresponding cost of each installation option on the basis of the analysis of the.regulation perforthance
of the reservpir, the comprehensive utilization requirement, the load and characteristics of the system in
the design tafget year, the power supply scope and the power supply struéture.

6.7.3 The rfated water head of the turbine shall be determined according to the variation characteristics
of the head ahd 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 yeighted average head;

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

6.7.4 The flypes of the turbine and the numbér:of units shall be selected after comprehensive aralysis
and comparison according to such factors as‘\power plant output, head variation characteristics, layout
of the hydrogower plant, local geographical altitude, minimum flow of turbine operation, non-cavifation
conditions, ¢quipment 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 delection of the-headrace dimension and the daily regulating pond volume for the div¢rsion
hydropower plant shatlbe determined through analysis and comparison according to the topogrtaphic
and geological conditions, ice, sediment deposition, installed capacity of the hydropower plant and the
daily operatipn 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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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.

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

R ——— . L

operafting modes.
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Engineering layout and hydraulic structure

General provisions

he reservoir

The flood control standard for a hydropower project shall Ge determined by comprehensive

bis and demonstration in accordance with the requirements of economic, social,

nmental factors on the flood control safety, by coordinating'the relationships betweer

hole, between the short term and long term, between tlhie upstream and downstream
d right bank, and between the mainstream and its tributaries.

The flood control standard shall be expressed with the recurrence interval (y
htion. Local/national regulations and can apply regarding protection objectives.

The flood control standards of temporary water retaining and releasing structures

nstruction period of a hydropower plant shall be determined according to the type of]

hen the earth-rock structure is Used, the design may be performed on the basis of
eturn flood;

hen the concrete or stone/masonry structure is used, the design may be performed o
to 5 years return flood.

The elevation~of the dam crest (or the top of the wave wall) of the water retaining

dropower plant'shall be determined according to the static water level under flood co
pondingwave run-up, wind banked-up height and freeboard. The elevation of the da
ing structure shall not be lower than the normal reservoir water level and the maximu

The freeboard of hydraulic structures may be determined in accordance with the typ

political and
the part and
between the

bar) of flood

used during
structure:

b to 10 years

n the basis of

r structure in
hditions, plus
crest of the
flood level.

e 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/s?).

7.1.7
a)

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

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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d)

f)

g)

h)

7.2 Genernjal engineering layout

and harmful gases along the water diversion system; the crustal stress and the rock burst situation
in the region with high crustal stress.

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.

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

Constru¢tion material data: including the distribution of construction material in add,afound
the project area, including the quality, quantity, physical and mechanical properties ef natural
construdtion material (rock blocks, sandy gravel, clay, etc.), as well as the characteristi¢ parameters,
transpoiftation distance and cost of material such as cement and structural steel, €tc.

Sedimenft data: the content, particles, hardness, unit weight and movement of bed loa¢l and
suspendgd load in heavily sediment laden river. The deposition morphology and elevation pf the
sedimenf in the reservoir area also shall be collected for the water intake:

Pollution} data: for the river channel with heavy trash, the source, yariety, quantity and dyifting
pattern ¢f the trash shall be collected.

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 dqta for
the hydrppower plant intake in winter under similar conditions shall be collected.

7.2.1 Hydrppower plants may be classified as_dam-toe, riverbed, diversion and hybrid hydropower

plants according to the developing mode:

a)
b)

c)

d)

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

a)

b)

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

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

diversiof mode, in which-the water head are created by diversion structures such as canals ajnd/or
tunnels;

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

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

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.

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

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.

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

convenient for construction diversion;
the terrain near the dam site relatively wide and open;
the project layout easy to manage;

consideration of external traffic conditions.

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

It

a)

—

b)
s]

c)

(@]

7.2.5
defor

7.2.6
sluice
sluice]
sluice]

7.2.7
geolo

1s preferable to select the dam site with less submergence, less land acquisiy
thabilitation/resettlement.

he impact on the environment shall be considered for dam site selection,-and sen;
hould be minimum.

he representative dam axis, dam type and project layout of each dantsite shall be d¢
pmparison, and the dam site shall be selected and determined by \comprehensive t
fonomic consideration.

The sluice should be located on a straight and relatively stable reach, and the leakage
mation conditions of the sluice foundation and sluice shoudders on both sides shall be

With regard to the sluice on a heavily sedimentdaden river, sediment flushing slu

or flood-discharging and sediment flushing sluice shall be set at the adjacent position
or the water intake of other intake structuresjand the sediment deposition problem
or other intake structures shall be properly-resolved.

The layout of the water diversion/tunnel shall take into account factors such as
by, hydraulics, construction, operation, structures along the route, the general layout

and the influence on the surrounding environment.

7.2.8
block
dividd
at a cq

7.2.9
and U

The intake of the riverbed powerhouse shall avoid the deposition and erosion of s

hge from floating trash ‘and ice. When the powerhouse is adjacent to the spillway, a

wall shall be constructed between them; the powerhouse, switchyard and substation|
rtain distance safe.from the jet of flood discharge.

To design™fish pass, the characteristics of the river and the habits of fish to be
nderstoed;‘and determine the reasonable arrangement of fish pass by studying f

parampeters such as velocity distribution and flow in the fish pass under different water flo

in the|

stream, so as to fully functioning of fish pass, protect fish resources and maintain the

of the|

river.

ion and less

itive objects

ptermined by
echnical and

stability and
considered.

lice (desilting
of the intake
at the intake

topography,
bf the project

ediment, the
long enough
shall be kept

fully studied
he hydraulic
'w conditions
t biodiversity

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

a)

loss shall be small and the water outlet shall not be deposited or impacted by the ice.

b)

The inlet and outlet channels shall be as short as possible; the water flow shall be smooth; the head

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.

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 reservoirlevel and the maximum flood level shall be ca ated respectively and the higher one
shall be seledted as the design crest elevation of the wave wall.

7.3.3 The drest width of non-overflow dams shall be determined in accordance with the,profile design
and operatiopn management requirement, and shall not be less than 3 m. The reinforced concretel wave
walls connecfed with the dam body shall be of a height of 1,2 m on the upstream sidé)of the dam|crest.
Handrails shgll be set on the downstream side of the dam crest. When the mobile’hoist is used ¢n the
dam crest, the dam crest width shall meet the requirement of installing the portalcrane tracks.

7.3.4 The Weir surface curve of the overflow dam section shall meet the‘following requirements.
a) The powjer curve may be used if an open overflow is arranged.

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

o

c) Other wgir surface curves may also be applied based-6n study and testing.

7.3.5 The Joints of the concrete dam body shalkbe determined by comprehensive comparigon in
accordance with the geological and topographicaliconditions, the dam body layout, section size pf the
dam body, and the temperature stress and gonstruction conditions. The interval between trangverse
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 dlope of the concrete faced'rockfill dam shall meet the following requirements.

a) When the construction of damy'is from hard rockfill material of good quality, the gradient pf the
upstrearh and downstreanrdam slopes may be 1: 1,3 to 1: 1,4.

b) When tHe dam construction materials are natural sandy gravel aggregates, the gradient pf the
upstrearh 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
foundatipn,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
rockfilldam. The soil and rock materia or filling the dam had hall have the phvsi and mechanical
propdrties 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 Syedish circle
meth¢d for the homogeneous dam, the core wall dam and the thick inclined earth dam; the gliding wedge
meth¢d may be used for the thin inclined earth dam, the thin core wall dam andthe dam bpdy with soft
soil infterlining 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 thg settlement during the construction period shall be calculated.

7.3.14 The dam foundation shall have sufficient integrity and durability. The dam foundation treatment
desigh shall meet the requirements of anti-slip stahility, reduce uneven settlement and prevent the
deterjoration of the rock property under the long-termaction 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 shallkbe in harmony with the dimension of the concrefe placement
bJocks and the position of the joints; and the thickness of the dam body concrete at theldam 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 b¢ 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 considerdtion, and the
selection shall'be made after technical and economic consideration.

7.3. 117 _A complete ace interception and drainage em shonld he se N in the slape 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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7.4 Water release structure

7.4.1 The type, dimension and elevation of the water release structure shall be determined after
technical and economic consideration according to topographical and geological conditions, layout of the
project, sedimentation, release volume, construction quantity, construction and investment, etc.

7.4.2 For concrete and stone masonry dams, overflow crest should be adopted, and dam release orifice
or discharge tunnel may be adopted as well.

7.4.3 For earth-rock fill dams, open spillways should be used as the water release structure; if limited

by condition;
the spillway
seepage stab

7.4.4 The ¢
outlet water
and scouring
river channe

7.4.5 The

channel shoyld be a narrow-deep trapezoidal cross-section; the slope*on the side of the hill m

determined 4
1: 0,5to0 1: 0,

Sfreeflow tunmets withroperrimtake ray beadopted—Tthedesigmof thecommectiomrbe
hnd the earth-rock dam shall meet the requirements of strength, anti-sliding stabilit
lity.

lischarge and energy dissipation shall be reasonably selected for the layottjof spillwg
flow shall be smoothly connected to the downstream river channel to avoid serious el
of the downstream river bed and bank slopes by water flow, and the Sedimentation
, S0 as to ensure the normal operation of other structures of the preject.

veir crest of side spillway may be provided without a gate.<The cross-section of th

ccording to the characteristics of the bedrock and the slope on the side of the weir ny
D.
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y and

y; the
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ay be
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7.4.6 The {op elevation of the gate pier, the breast wall or the quay wall of the spillway shall ot be

lower than t
the crest eley
the calculate
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7.4.7 Thel

after taking into account the fluctuation’and aeration plus a freeboard of 0,5 m to 1,5 m. For the

with comple)
large value s
water level d

7.4.8 Thee
may be slight
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ne maximum flood level plus the freeboardéwhen the maximum flood is discharged
ration shall not be lower than the maximum flood level or the normal reservoir leve
d height of the wave and the freeboard-when the water is blocked. When the spilly
am abutment, the top elevation of the'control section shall be consistent with the danj

eight of the side wall of the{discharge chute section shall be based on the water surfag
¢ hydraulic conditions-stich as the contraction (diffusion) section, and the bend sect

hould be adopted. When the discharge chute contains the bend in the plan, the trang
fference of the bend section shall be calculated.

levation ofithe deflecting bucket shall ensure that free deflecting flow can be formed,
ly lowerthan the maximum downstream water level.

ies of calculations shall be carried out for different flow rates in the hydraulic des
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1 plus
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trajectory bu

ket energy r‘]iccipafinn The c:\ﬁ:fy }-ﬁf frn}'nrfnry ]nngfh, the width of the water }'nf into

water

and the maximum allowable scour depth shall be determined under the premises of not influencing the
stability of the bucket lip foundation and the bank slopes on both sides, and of ensuring the safety of the
adjacent structures.

7.4.10 The sluice chamber may employ the open-type, breast wall, culvert-type or double-deck structure
according to the discharging features and operational requirements.

a) With regard to the sluice with relatively high elevation of sluice sill and low water retaining height,
the open-type structure may be adopted. The structure of the open-type sluice chamber may be
integral or separated according to the foundation conditions and stress situations.
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b) With regard to the sluice with relatively low elevation of sluice sill and high-water retaining height,
the breast wall or culvert-type structure may be adopted. The settlement joint shall not be provided

within the culvert-type sluice chamber.

7.4.11 The top elevation of the sluice shall be determined according to the two operational modes of
water retaining and water discharging.

a) In case of water retaining, the sluice top elevation shall not be lower than the sum of the normal
reservoir level (or the maximum water retaining level) of the sluice plus the calculated height of the
wave and the corresponding safety freeboard.

b) Iy d a1 of the flood

7.4.12 The elevation of sluice sill shall be determined by technical and economit con
lance with the river (channel) bottom elevation, water flow, sediment, topography and geology as
well ds the construction and operational conditions combined with the selected weir typ

accor

dvel and the correspondngfreeboard.

fa—

sideration in

b, sluice type

and tqtal net width of the sluice orifices.

7.4.18 The sluice orifice shall meet the following requirements.

a) The total net width of the sluice orifices shall be determined by technical anpd economic
cpnsideration according to the discharge characteristics, geological conditions of the [downstream
r{ver bed and the requirements of safe discharge, combirned with the selection of the gliameter and
tlhe number of sluice orifices.

b) The diameter of the sluice orifice shall be detérmined by comprehensive analysis ih accordance

7.4.14 The section length of the sluice on the rock foundation should not exceed 20 m, an
lengt}
through joints, inclined-lapped joilits or serrated-lapped joints; the joint width may be 20 mm

7.4.1

ith the gate foundation conditions, operational requirements and gate structur
c@pacity as well as the fabrication, transportation and installation of the gate. When t
than eight sluice orifices, the number oferifices should be odd number for operation s

of the sluice on the soil foundation should not exceed 35 m. The permanent joints may b,

b The gate pier shallmeet the following requirements.

b type, hoist
here are less
hfety.

d the section
e vertical cut-
to 30 mm.

a) The contour desigmof the gate pier shall meet the requirements of smooth flow through the sluice,
small lateral contraction and large flow capacity. The upstream pier head may bg made semi-
clrcular andstlie downstream pier head in streamline form.

b) The thicknéss of the gate pier shall be determined according to the diameter of the $luice orifice,

stress ‘conditions, structural requirements and construction methods. The minimy
shauld not be less than 0,4 m at the gate slot of the gate pier of the plane gate.

m thickness

7.4.16 The gate slot of the service gate shall be arranged in the position of the gate pier with relatively
smooth flow, and its breadth-depth ratio should be 1,6 to 1,8. The net distance between the bulkhead
gate slot and the service gate slot should not be less than 1,5 m.

7.4.17 The beam bottom elevations of the service bridge, maintenance bridge and access bridge shall
be at least 0,5 m higher than the maximum flood level; if there is floating ice, the elevation shall be 0,2 m
higher than the floating ice surface.

7.4.18 The anti-seepage and drainage layout of the sluice shall be determined by comprehensive analysis
according to the geological conditions of the sluice foundation and the difference between upstream and
downstream water levels, combined with the layout of the sluice chamber, energy dissipation and anti-
scour and the connections to both banks. The length of the blanket may be determined according to the
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anti-seepage requirements of the sluice foundation and should usually be 3 to 5 times of the maximum
difference between upstream and downstream water levels.

7.4.19 The underflow energy dissipation should be used on the downstream side of the sluice.

7.4.20 The apron shall be flexible, water-permeable and rough in surface; its composition and anti-
scouring capacity shall be adaptive to the water flow velocity. The gradient of the apron should be equal
to or less than 1: 10; the anti-scour trench (or anti-scour wall) shall be arranged at its end; the cushion
layer shall be arranged beneath the apron.

7421 Th i £l ol 1o 1 £l 1ias laall el o 1] H H 4.
e & € qonmrectronor oot DanksS o tIre-srarce-sSnarr nreet e TOTTOWIITS TCTUUITTIITTIITS.

a) ensure the stability of the bank slopes;

b) improvelthe water intake/outlet conditions of the sluice;

c) enhancelthe discharge capacity and energy dissipation and anti-scour effects;
d) satisfy the lateral anti-seepage requirement;

e) loosen the side load’s influence on the floor of the sluice chamber;

f) be favoufable for environment;

g) be adaptfive to the layout of the sluice chamber;

h) the average divergence angle of the downstream wing wall'should be 7° to 12° on each side.

7.4.22 The dtructural design of the sluice shall be perfornied according to the structure stress conditions
and the engiﬁleering geological conditions. The stability calculation of the sluice chamber on tHe soil
foundation shall meet the following requirements,

a) Under vqrious calculation conditions, th€ average foundation stress of the sluice chamber shall not
be more than the allowable bearing capacity of the foundation, and the maximum foundation $tress
shall noflbe more than 1,2 times thetallowable bearing capacity of the foundation.

b) The rati¢ of the maximum and the minimum foundation stresses of the sluice chamber shall meet
the provjsion for allowable yalue in Table 2.

c) The antifsliding stability.Sdfety factor along the foundation surface of the sluice chamber shall not
be less than the safety allowable value (1,20 for basic load combination and 1,00 to 1,05 for the
special Ipad combination).

Table 2 — Allowable value for ratio of the maximum and the minimum foundation stresses of
the sluice chamber on the soil foundation

. . Load combination
Foundation soil - —— - ——
Basic combination Special combination
Soft 1,50 2,00
Medium hard 2,00 2,50
Hard 2,50 3,00

7.4.23 If the sluice chamber is equipped with two bulkhead gates or with only one bulkhead gate,
the anti-floating stability shall be calculated when the service gate and the bulkhead gate are used for
inspection. The anti-floating stability safety factor of the sluice chamber shall not be less than 1,10 under
basic load combination and shall not be less than 1,05 under special load combination.
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7.5 Water diversion structure

7.5.1 The types of the water diversion structure shall be determined after technical and economic
consideration according to the development mode, operational requirements, topographical and
geological conditions and types of water retaining structures, combined with the general layout and
construction conditions of the project.

7.5.2 The layout principles of the water intake and the design requirements for sediment control and
anti-ice shall meet the following provisions.

a) Atvarious operating water levels, the water flow is smooth with steady flow pattern and uniform
inflow and meets the requirements for diversion flow.

b) Afir-entraining funnel vortices shall be avoided.

c) The equipment for the water intake shall be complete, the gates and hoistsshall be ac¢essible, easy
t¢ maintain and reliable to operate, and the water filling, ventilation andxtraffic facilities shall be
upobstructed.

d) The effective sediment control measures shall be taken for the water'intake on the heayily sediment
ldden river. The sediment control for the water intake shall be designed to include sediment guiding,
r¢taining, discharging, settling and flushing measures.

e) Effective trash guiding, discharge and cleaning measures.shall be taken for the water jntake on the
r{iver with heavy trash. The requirements of decontamination and water diversion shall be taken
ifto account in the trash rack facilities. The openjrg’area of the trash rack shall be guided by the
flow velocity through the rack. The flow velocity should be 0,8 m/s to 1,2 m/s.

f) ecessary anti-ice measures shall be takenfor the water intake in severe cold regions. The water

itake shall avoid the direct impact of fleating ice, optimize the reservoir regulation pnd limit the

roduction of floating ice. The anti-ice design for the water intake shall adopt measures such as ice
hiding and discharging.

Qs =

7.5.3| The open water intake on the bank should be selected on the steady river reach and should be
laid ot near the main channel/but it shall not be laid out on the river reach with a wide river bed and
scattdred mainstream. The water intake shall not be arranged near the junctions of tributarjes or ravines
carrying a large amount of(bed load.

7.5.4| Deep-hole intake should be adopted for pressure diversion system on the bank; the deep-
hole intake may be-classified as bank-tower intake, shaft intake and bank slope intake [according to
their [structural f€atures and gate position, and shall be selected combined with the gg¢ological and
topographical:\¢enditions. The tower intake should not be arranged in high seismic region. The deep-hole
intake shalllensure sufficient submerged depth below the minimum upstream operating wdter level.

7.5.6 The desilting tank should be set up adjacent to the inlet of the headrace. When limited by the
topographic conditions or the sand flushing head cannot meet the requirements, the desilting tank
may be moved down along the diversion channel to an appropriate position. The layout of the desilting
tank shall make rational use of topography and geological conditions to avoid bad areas, otherwise
corresponding engineering measures shall be taken.

7.5.7 The hydraulic cleaned desilting tank is generally used, with sufficient sand flushing head and
flow rate. If the terrain is open, the desilting tank should be cleaned regularly, and if the terrain is narrow,
the desilting tank should be continuously cleaned.
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7.5.8 The routine selection of the diversion tunnel shall meet the following requirements.

a) The tunnel route should be straight; the turning radius should not be less than 5 times the tunnel
diameter (or width); the turning angle should be less than 60° and straight sections should be
placed at both the start and end of any bend section and the length should be greater than 5 times
the tunnel diameter (or width).

b) The portals should be located at places with simple geological structures, stable slopes, shallow
weathering or overburden. Excavation at steep and high banks shall be avoided.

c) The direction of the hole line, rock stratum, fracture surface and other weak zones should have
a large angle of intersection. For an integral block structured or thick stratum rock mass, the
intersection angle should not be smaller than 30°; for a thin layered rock mass, the angle should
not be lelss than 45°. Heavily fractured zone, weak structured plane and areas full of groundwater
should bg avoided, and engineering measures shall be taken if unavoidable.

d) The thickness of rock mass between two neighbouring tunnels should not be lessithan 2 timgs the
tunnel djameter (or width). The thickness may be reduced if the rock mass is in good conditign, but
shall notjbe less than one tunnel diameter (or width).

e) The setupp shall be favourable for the layout of construction adits.

f) The surge tank of the pressure diversion tunnel should be close/tg‘the powerhouse and should
avoid unffavourable geological conditions.

7.5.9 The diversion tunnel for power generation is usually a pressure tunnel. The pressure unnel
should use tl{e section in accordance with geological condition$:The free-flow tunnel should emplpy the
straight wall[section with an arch. Considering the construction requirements, the minimum size jof the
cross section|shall meet the following requirements.

a) The inngr diameter of the tunnel section shouldnot be less than 1,8 m.

b) The height of the non-circular section should not be less than 1,8 m and the width should not be
less than 1,5 m. The tunnel width should be greater than 2,2 m in the case where its length is longer
than 1,5|km.

7.5.10 With|regard to the relatively_long tunnel, multiple section shapes or lining patterns may be
used in accordance with geological conditions. The cone angle of the transition section of the prgssure
tunnel shoulfl be 6° to 10°, and\its length should not be less than 1,5 to 2 times the tunnel diameter (or
tunnel width).

7.5.11 Unddr the most{unfavourable operating conditions, the pressure head above the tunnel roof
along the whple pressiife diversion tunnel shall not be less than 2,0 m.

7.5.12 Accofdifg to the strength, integrity and permeability of the surrounding rocks, the div¢rsion
tunnel may be applied with shotcrete-anchorage lining, concrete lining, reinforced concrete lining or
steel plate lining. The thickness of monolayer reinforced concrete lining should not be less than 0,3 m;
the thickness of bilayer reinforced concrete lining should not be less than 0,4 m. The concrete strength
shall not be lower than grade C20.

7.5.13 The length of the placed section along the tunnel route shall be determined by analysis in
accordance with the placing capacity and the thermal shrinkage. The length should be 6 m to 12 m. The
circumferential joints on the bottom arch and the side/crown arch shall not be staggered.

7.5.14 The top of the concrete and reinforced concrete lining shall be backfilled. The scope, hole spacing,
row spacing, grouting pressure and grout density of the backfilling shall be determined by analysis
according to the type of lining structure, working conditions in the tunnel and the construction method.
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The depth of the grouting hole into the surrounding rocks shall be more than 50 mm. For
poor geological conditions, consolidation grouting should be applied.

sections with

7.5.15 The layout of surge tank shall be designed on the basis of the calculation of unit transient
performance and the analysis of operating conditions and shall be finalized after technical and economic
consideration of the function of the hydropower plant in the electric power system, the topographical
and geological conditions, and the layout of penstocks. The cross-sectional area and height of the surge
tank shall meet the requirements for fluctuation stability and surge wave respectively. The surge tank
should be located underground or on surface in accordance with local topographic conditions and

constructed using anchor and shotcrete lining, plain concrete lining, reinforced concrete lin
etc. in accordance with local material availability.

ing and steel,

7.5.1
a)

The selection and layout of the diversion channel route shall meet the following req

Areas with complicated geological structural features, high permeability, ‘land
ldndslides, (wet) subsidence and mud-rock flow should be avoided; deep’ excavation
gphantities shall be avoided, and land acquisition and house demolitionshall be kept to

uirements.

rollapse and
and high fill
a minimum.

b) The channel route should be straight. If a bend is necessary, the bending radius of lined channel
should not be less than 2,5 times the channel water surface width, and the bending [radius of un-
lined channel should not be less than 5 times the water surface'width. In frigid regiong, the route of
channel should be set along the sunny slope, and the bending radius should not be less|than 5 times
the water surface width.

7.5.17 The selection scope of the design flow velocity ofthe water diversion channel of thd hydropower

plant ghall meet the following requirements:

a) 1|lm/sto 2 m/s should be adopted for the lined-channel;

b) 0]6 m/s to 1,0 m/s should be adopted for‘the earth channel.

7.5.18 The layout of the forebay shalllmeet the following requirements.

a) Thhe forebay should be located'away from the areas with landslide, fracture develoged along the
slope and high slopes. Taking into account the route of penstock and the powerhouse|location, the
fqrebay shall be located.on the solid and steady foundation with small permeability. The impact of
hydrological and geotogical changes on the stability of slopes after construction of theforebay shall
bk analysed.

b) The volume dnd”“depth of the forebay shall meet the requirements of minor fluctyiation of the

e regulating

c) lly, while the
ekpansion ang hould na bttom should
be less than or equal to 1: 5.

d) The minimum submerged depth of the top edge of the penstock inlet shall meet the requirement of
the minimum submergence depth. The elevation of the base floor at the end of the forebay shall be
at least 0,5 m lower than the base slab of the intake chamber.

e) Sediment releasing and emptying facilities shall be installed in the forebay and the type of these
facilities should be sand flushing gallery (tunnel). In frigid regions, ice retaining, ice guiding and ice
discharging facilities shall also be installed.

f) The layout of the forebay shall be compact and reasonable to ensure smooth water flow, flexible

and reliable operation and a safe and economical structure.
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g) Safety handrails and walking platforms should be provided for easy operation, inspection and
maintenance.

h) Trashrack arrangement should also be provided for the forebay with incoming open channels.

7.5.19 The channel anti-seepage materials usually include soil, cement soil, masonry, membrane,
bituminous concrete and concrete. The channel anti-seepage works shall be adapted to local conditions
and obtained locally.

7.5.20 The route of the exposed penstock shall be kept away from the location where the landslide or
collapse may occur. The emergency drainage and anti-scour facilities shall be set up.

7.5.21 The e
the bends (p
ground surfa

7.5.22 The lbend radius of the penstock should not be less than 3 times the pipe /diameter. The

bend and the|
bend. The be

7.5.23 The thickness of the penstock wall shall meet the requirements of strength and stability a

external preg
endured by t

7.5.24 Thei

xposed penstock should be made into sections, and the anchor block should be atran
an as well elevation). The bottom of the exposed penstock shall be at least 0,6 mabo
Ce.

vertical bend close to each other should be combined into a three-dimensional (comp
hd and the tapered section close to each other should be combined into a tapered beng

sure and shall be defined after stress analysis. The maxintum internal water pressure
he penstock shall be defined after water hammer analysis and calculation.

coatings; an
method of p

provided of the steel penstocks where water quality,afhaving crustation and corrosion properties.

7.5.25 The

Y-shape or th
of the bifurcg
for steel bifu

7.5.26 For v
pressure val
working con
condition.

7.5.27 For G

i

hner surface of the penstock shall be sprayed with'wear-resistant, anti-rust and anticor}
the external surface shall be treated against corrosion in accordance with the

bed at
e the

plane
bund)

pipe.
bainst

to be

osion
ayout

stock. Anti-freezing facilities shall be installed in frigid regions. cathodic protection may be

ifurcated pipe of the penstock'may be asymmetrically branch-shaped, symmet

ee-branch-shape. The bifurcationrangle may be defined according to the shape and m3
ted pipe, which should be 302to 60° for reinforced concrete bifurcated pipes and 45°
‘cated pipes.

relded steel pipes, welding inspection and water pressure test shall be performed. Th
e shall not be less‘than 1,25 times the maximum internal water pressure under n
ition, nor shall it be less than the maximum internal water pressure under special wq

lass Reinforced Plastics (GRP) pipes, standard manufactures specifications be used.

Fically
iterial
to 90°

e test
prmal
rking

7.6 Powe

house structure

7.6.1 The type of the powerhouse shall be selected after technical and economic consideration
of the project layout, topographical and geological conditions, variation amplitude of upstream and

downstream

water levels in the tail race channel and flood level in water going stream/river, etc.

7.6.2 The layout of the surface powerhouse shall comply with the following principles.

a) The pow

erhouse shall be in harmony with other project structures.

b) For the drainage system on the powerhouse site, dedicated drainage pumps shall be installed when
gravity drainage is impossible.

26

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=496c92f656ea5d2943220a43b5154f84

IWA 33

For the powerhouse built into the side of the mountain, necessary facilities shall be ins
slopes to prevent mountain torrent and rolling stones.

-3:2021(E)

talled on the

The switchyard and the main transformer yard should be close to the powerhouse. When limited
by topographical conditions, the main transformer and the switchyard may be laid out separately.

The topographic elevation of the powerhouse should take into account the water

level in the

tail race channel corresponding to the water level in the river section in accordance with flood

conditions.

7.6.3 The fire lane shall be set in the plant area, the width of which should not be less than 4,0 m, and it

shoul

7.6.4

reas
envi

8
maintlenance, installation and overhaul.

7.6.5
dimensions of the turbine and generator, accessibility and safety consideration. The plan
the pq
of the
vertig
of the
accor

gate

local
the p
elevat

7.6.6

a)

b)

d)

dbhao e

e vaw

adactha ~conce rand Ao arnll
ToCT T trrco et oS TUT oo vy oIty

For the internal layout of the powerhouse, the dimensions and space of the various
hably determined and distributed according to the scale of the hydropower plant; pow
nmental features, civil engineering design, layout of the electromechanical équipme

(0]

The dimension of the powerhouse shall be determined keeping in view thg

werhouse for the horizontal unit shall be determined accorditig to the plane dimensic
spiral case and the length of the entire unit bay. The plane.dimension of the power
al unit shall be determined according the dimension (Width) of the generator base a
unit. The plane dimension of the powerhouse for:the bulb tubular unit shall bg
ling to the size of the flow path, the thickness of the’gate pier and the layout of the in
and the hoist. In addition, auxiliary equipment Such as the main inlet valve, the govg
control panel as well as the pedestrian path intthe powerhouse shall be considered.
bwerhouse shall be determined by the hoisting conditions of the equipment and th
ion of the turbine.

S

The spacing between units in maiirpowerhouse shall meet the following requireme

F

parts shall be
brhouse type,
nt, operation

head, flow,
dimension of
n (diameter)
house for the
hd the length

determined
et and outlet
rnor and the
[he height of
P installation

nts.

nerator rotor

br horizontal unit, installation and maintenance requirements shall be met. The gel

thé-powerhouse within dam and the overflow type powerhouse.

shall be able to be drawn outyand inserted if necessary, and the net spacing between units shall not
bp less than 1,5 m to 2,0 fn.

Fpr vertical unit, it Shotld be determined on the plan according to the diameter of the fan cover
of the generator, €he size of the spiral case and the draft tube. The thickness of the separating
plers between-the adjacent concrete spiral cases and between the draft tubes should not be less
tman 1,0 m to2,0 m (use the high value when the permanent joint is arranged). The| thickness of
the separdting pier between the metal spiral cases should not be less than 1,0 m. The net spacing
betweefiithe fan cover plates of the generator should not be less than 1,5 m to 2,0 m. The necessary
cpncrete thickness between the draft tubes shall be considered for the spacing between units of

For the bulb/tubular units, it shall be determined according to the width of the fl

ow path, the

number of units and the joint separating method. The additional length of the side unit bay shall be
determined by the boundary line of the bridge crane hook, which should be 3 m to 5 m.

Foundations of the generator should take into account the static and dynamic loads, as well as the

bearing capacity of the soil to dampen the vibrations

7.6.7 The control dimension of the main machine hall for the main powerhouse shall be determined
according to the following principles.

a) The length and width of the main machine hall shall be determined by taking into account the

number of units, the flow passage components of the turbine, the dimensions of the g

enerator and

the air duct, the lifting mode of the crane, the position of the main inlet valve and governor, the
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b)

f)

g)

h)

structural requirements of the powerhouse, the operation and maintenance, and mobility in the
powerhouse.

The flow passage components of the turbine and the supporting modes of the unit shall be selected
according to the data provided by the manufacturer and the requirements of the hydraulic
structure.

When the length of the unit bay is controlled by the dimension of the spiral case, the length of the
unit bay shall meet the spatial requirements required by the installation of the metal spiral case,
and the minimum spatial dimension should not be less than 0,8 m; for the concrete spiral case, its
wall thickness shall be determined by the strength, rigidity and structural requirements.

When thg length of the unit bay is controlled by the dimensions of the generator and its air flye, the
spacing between units shall not only meet the requirements of equipment layout, but alsé ke¢p the
necessatly width of the passage.

The lengtth of the unit bay in the powerhouse at dam toe should be coordinated with the dam body
joints. For the diversion powerhouse through the tunnels, it shall also be adaptive to the thidkness
of the rofk mass between the penstocks.

When the sediment discharging and draining holes are arranged in thie unit bay, the strugtural
strengthl composition and construction requirements of the holes shall be fulfilled at the samg time.

The length and width of the main machine hall shall meet the ‘fequirements of the effective
working|scope of the crane hook, the layout of the main inlet valve and governor, the mobility|in the
powerhduse and the structural size.

The stryctural dimensions of the main powerhouse d@bove water and under water shoyld be
concurrgntly coordinated and considered.

The lenglth of the side unit bay (unit in the ending-bay) shall be determined in combination with the
position |of the erection bay, the height difference between the main machine hall and the er¢ction
bay as well as the lifting scope of the crane:

7.6.8 The dimension and layout of the erection bay in the main powerhouse may be determined in line

with the follqwing principles.

a)

b)

f)

28

The areg of the erection bay,shall be comprehensively determined by the powerhouse typg, unit
structurf, installation progfess and expanded overhaul of one unit.

When thle data in unavailable, the length of the erection bay may be 1,25 to 1,5 times the length of
the unit pay; with regard to the hydropower plant with multiple units, the area of the erectign bay
may be ihcreasedras(required or an auxiliary erection bay may be arranged.

The ground elevation of the erection bay should be the same as that of the generator floor;|if the
downstreaim'flood level is higher than the ground elevation of the generator floor, the elevatjion of
the erectionba - increase j erleve

The layout of the erection bay shall satisfy the requirements of the transportation, installation
and overhaul of the equipment or the access of vehicles for handling according to the number of
installed units.

The erection bay may be laid out at one end, two ends or in the middle section of the main
powerhouse.

The layout of the erection bay shall be adaptive to the transportation methods for the main
equipment.
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7.6.9 The layout and top elevation of the crane rail in the main powerhouse shall be determined
according to the following requirements.

a)

b)

)

g)

7.6.10 The mobility in the powerhouse shall comply with the following provisions:

The requirement of lifting the main parts of the unit shall be met. When the inlet valve is located in
the powerhouse, the centreline shall be laid out within the working scope of the crane hook.

The top elevation of the crane rail shall be determined according to the crane specifications as
well as the lifting requirements during installation and overhaul of the units, and it shall meet the
requirements for loading/unloading the goods on the transportation vehicle in the powerhouse.

The net distance between the crane top and the powerhouse ceiling (or the lower chord of the roof
truss and the lamp bottom) shall not be less than 0,3 m.

The necessary space for removing and installing the reducer cover, the coiling block ajnd the motor
shall be reserved at the appropriate positions of the powerhouse roof.

I addition to the space requirement of the travelling cart, the clearance-for'the installation and
operhaul of the travelling mechanism of the cart as well as the turn-out space for personnel shall
bk reserved at the appropriate positions in the interval between the ehd edge of the qrane and the
upstream/downstream walls.

The width of the crane beam top face (including the walkway of the crane beam) shall meet the
phssing requirements of the operating personnel, and theAadders for the operatorg (in the case
here it is driver cab-equipped) and the overhaul perseénnel to get on or off the crane shall be
pfrovided.

The safe distance between the lifted component andthe installed equipment, structurg and ground
shall not be less than 0,3 m.

The mobility in the powerhouse (including the stairway, spiral staircase, ladder stand)lifting holes,
hprizontal passage and gallery) shall’be convenient for management and beneficial|for overhaul
ahd quick troubleshooting.

The dimension of the main-passage as well as the width, the slope and the emergency exit shall
eet the requirements of the electromechanical and fire protection design codes.

The straight horizontal passage throughout the entire powerhouse should be arrgnged on the
generator floor and the turbine floor.

One stairway{should be arranged every 1 to 2 unit bays between the main floors, including the
generator floor, the busbar floor and the turbine floor; at least two stairways should b¢ arranged in
the entireplant.

The 11ft1ng holes for installation and overhaul should be arranged in the maln power house within
e : : lifting of the
electromechanlcal equ1pment

7.6.11 The layout and dimensions of the turbine pit shall meet the requirements of unit installation
and maintenance; the strength and rigidity of the unit supporting structure as well as the spiral case and
stand ring supporting structure shall be sufficient.

7.6.12 The elevation of each floor in the main powerhouse shall meet the following requirements.

a)

b)

The requirements of the layout of the unit and auxiliary equipment, and the installation, overhaul,
operation, maintenance, structural dimension and building space shall be met.

The installation elevation of the turbine shall be determined by technical and economic
consideration according to the unit characteristics provided by the manufacturer, the turbine static
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f)

7.6.13 The lhyout of the tailrace platform shall meet the following requirements:

a)

b)

c)

7.6.14 The lhyout of the control room shall be determined in line with the following principles.

a)

b)

c)

d)

f)

g)
h)

suction head and the minimum downstream tail water level during the operating period of the
hydropower plant, combined with the topographical and geological conditions of the powerhouse.

The ground elevation of the turbine floor shall be determined according to the section size of
the spiral case inlet as well as the minimum thickness of the concrete structure at the top of the
spiral case.

The ground elevation of the generator floor shall meet the layout requirement of the generator
floor, and the influence of the equipment layout on the turbine floor as well as the layout of bus
cables and the downstream water level shall also be considered.

If the space of the main powerhouse is enough, the cable floor may also be arranged below the
generatdr floor; its net clearance shall meet the requirements of the laying of the main qutgoing
lines and cables, operation maintenance and fire control of the generator.

The roof| elevation shall be determined according to the roof type and the structural .dimenisions,
and it sHall meet the requirements of installation and overhaul of the crane compénents, deiling
installatjon of the powerhouse, the layout of the lighting facilities and thermal inSulation.

The width of the tailrace platform shall meet the requirements of thé structure size of the tajl lock
and hoist, gate lifting, mobility, downstream flood control facilities\and fire control.

The length of the tailrace platform may be determined according to the requirements ¢f the
operatioh of the hoist and the overhaul of the gate.

With regard to the powerhouse with a relatively long draft tube, the main transformer, switchyard
or auxilipry powerhouse may be laid out on the tailface platform; if the length of the draff tube
needs to| be increased for this purpose, it shall be-elaborated and justified with the technical and
economif consideration.

It shall be convenient for operation and maintenance management, and convenient for transiting by
stages amd saving cables. The inflience of vibration, noise and magnetic field should be avoided.

Its elevafion may be equal to(oy slightly higher than the elevation of the generator floor. Wh¢n the
control joom is higher than‘the generator floor, the mobility between them shall be convenient.

When the control room is arranged in the remote centralized control centre, the transition duty
room mgy be arranged in the auxiliary powerhouse.

The auxilliary peweérhouse for high noise equipment such as the air compressor and the ventilation

Effectivasse esfo m-bilt on

the tailrace platform.

The position and orientation with good natural ventilation and lighting conditions should be
selected.

At least two inlets/outlets shall be arranged.

Complete safety and fire control facilities shall be arranged.

7.6.15 The auxiliary powerhouse area and the internal layout shall be determined according to the
requirements of layout, maintenance, test and management of the electromechanical equipment,
combined with the specific conditions of the powerhouse.
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7.6.16 The strength of all structural components in the powerhouse shall be calculated, and the stability
of the high-shelf compression components shall be further examined. The crane girder, powerhouse
framework and components that need to control deformation values shall be calculated for deformation.
For the parts of substructures that bear water pressure and the parts of super structures that need to
be controlled crack width when being used, the crack width shall be calculated; and for the parts that
directly bear vibration load, a dynamic calculation shall be conducted as well.

7.6.17 The tail race channel/tunnel shall be arranged in accordance with the specific conditions of the
power plant in line with the following principles.

a) The operation conditions of the unit, the topographic conditions, the flow direction of the river,
tlie Tlood releasing, the sand flushing and the influence of other structures shall b¢ considered.
Protective measures shall be applied for possible scouring or siltation areas.

b) The influence of riverbed change caused by the flood releasing and the . downstream cascade
bhpckwater shall be considered

7.7 |Engineering safety monitoring

7.7.1| Safety monitoring facilities shall be installed for hydraulic’ structures according to their
importance, types, structural features and geological conditions~Fhe items to be monitored should be
selected according to Table 3.

Table 3 — Safety monitoring items for main hydraulic structures

Typ¢ of Concrete dam & Earth-rock Riverbed Tunnels | Forebay/Surge Penstock High and steep
strucfure stone masonry dam powerhouse & tank slope
dam sluice dam
Obseryed |1. Upstreamand|1l. Upstream [1. Upstream |1.  Up- 1.  Waterlevel|1.  Stress .  Displace-
item downstream and down- and’down- stream ment
water levels stream stream and 2. Displace- |[2.  Strain
water water down- ment 2. Deforma-
2. Uplift pres- levels levels stream 3. External tion
sure water water
2. Satufation | 2. Uplift levels pressure |[B. Under-
3. Seepage line pressure ground
volume 2. Ex- 4.  Displace- water
3. Seepage 3. Displace- ternal ment level
4, Displacement volume, ment and water
and settle- seepage settlement pres-
ment pressure sure
of the dam | 4. Upstream
5.  Deformation founda- and down-
of expansion tion stream
jeint scouring
4. Displace- and depo-
6. Upstream and ment and sition
downstream settlement
scouring and
deposition.

7.7.2 The safety monitoring design shall comply with the following principles.

a) The safety monitoring system shall be able to reflect the actual operating performance of the
project and the foundation during the construction period, storage period and operating period.

b) The key monitoring dam section and the general monitoring dam section shall be determined
according to the dam height, geological conditions, structural features as well as the
representativeness of the same type of dam; the key points shall be highlighted in the layout of the
measuring points.

c¢) The monitoring items shall be arranged with full consideration and coordinated. The monitoring
items and instruments shall be installed without effecting the safety of the project. Some important
measuring points on the key monitoring section or positions may be monitored with at least two
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monitoring methods; the instruments for monitoring important physical quantity on key positions
may be provided with the standby instrument.

d) Themonitoringinstrumentand equipmentto be selected shall be stable and reliable in performance,
and suitable for long-term work in the severe environment. The measuring range and precision of
the instrument shall meet the monitoring requirements. The instrument for the key monitoring
items to be observed over the long term shall be easily replaced.

e) The instruments/equipment with advanced technologies should be adopted, and allowance shall
be reserved for the future technical improvements.

f) The online/automatic monitoring system should be arranged, and the manual observation
conditiofs shall be available as well.

7.7.3 The fnonitoring facilities shall be protected by effective measures, and be ease in constryction,
installed and|maintained.

7.8 Concrpte strength and durability

7.8.1 The doncrete shall meet the strength requirements, and shall satisfy the durability requirefnents
of low permgability, frost resistance, anti-erosion and anti-scour respectively according to the warking
conditions and regional climatic conditions of the structures. With regard to the large-volume conpcrete
structure with relatively high requirements for preventing temperature cracks, the requirements for
high expansipn and low heat properties shall be proposed in the design, and low heat cement shotpild be
selected or the appropriate admixture and additive should be added.

7.8.2 The density of the concrete shall be determined by testing. If no test data are available, the dgnsity
may be taker] as 24 kN/m3 for plain cement concrete; and25 kN/m3 for reinforced cement concrete.

7.8.3 Permjanent hydraulic concrete structures shall meet the durability requirements| The
corresponding durability requirements may Mbe put forward according to the environmental category
of the structyire. The durability requirement may not be required for temporary structures. The design
service lifesplan of the SHP plant is 50 years:

7.8.4 The 3nti-seepage grades of.the concrete for the structure shall be determined according fo the
head, the hyglraulic gradient ascwell as the downstream drainage conditions, water quality condjitions
and hazard rating of the infiltration water.

7.8.5 With|regard to the'structures with a frost resistance requirement, the frost resistant grades shall
be selected dccording.to'the climatic regions, frost-thaw cycle times, local micro-climatic conditipns of
the surface, degree of moisture saturation and maintenance conditions.

7.8.6 The air-entraining admixture shall be mixed into the frost-resistant concrete The varietly and
quantity of cement, admixture and additive, the water-cement ratio, mix proportion and air content
shall be determined through tests or selected according to the design requirements of frost-resistance of
hydraulic structures. The air entraining admixture should be mixed into the concrete used in the marine
environment even though there is no frost resistance requirement.

7.8.7 With regard to the concrete in contact with the corrosive medium, anti-corrosive cement shall
be used, mixed with high-quality active admixture, or at the same time, the special surface coating and
other protective measures. For the parts suffering from high-velocity flow cavitation erosion, measures
such as reasonable structural profile, improving ventilation condition, increasing concrete density,
strictly controlling the flatness of the structure surface or setting special protective surface layer shall
be adopted. For the parts with sediment abrasion, hard aggregates shall be used, the water-cement ratio
shall be reduced, the concrete strength grade shall be upgraded and the construction method shall be
improved; wear-resistant surface protective materials or fibre concrete shall be used when necessary.
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8 Hydraulic machinery, fire protection, heating and ventilation

8.1 General requirements for selection of turbine and generator

8.1.1 The type and basic parameters of the turbine shall be selected on the basis of technical and
economic consideration in accordance with the hydraulic energy parameters, the layout and operating
characteristics of the hydropower plant, the technical features, economic indexes, operation reliability,
technical level of the design and manufacture, the transportation and in combination with the site
conditions.

a) The turbine type selection shall include the Fnllnvving contents:

1

2
3
4

b) Thhe basic information for turbine selection shall include:

=

selection of the type and installation mode (horizontal or vertical);
selection of the number of units and the unit capacity;
selection of the rated head of the turbine;

selection and calculation of the basic parameters of the turbifie, including the
runner diameter, rated speed, rated discharge, efficiency, static suction head an|
elevation - for the impulse turbine, the jet diameter, number'‘ef nozzles and the st

head shall be selected;

shaft power,
the setting
tic discharge

selection of the appropriate model runner andithe plotting of the turbifge operating

characteristic curve;

estimation of the overall dimensions, weightand cost of the main components of {

turbine net head (including the miaximum head, the minimum head and t
average head);

the operating discharge of the’hydropower plant (the sum of the discharges en
turbine in a hydropower plant);

installed capacity of the-hydropower plant;
upstream/downstream water level;

parametersofthe power generation and water conductor systems (including the z
length, pipe-diameter and head losses of all water conductor systems from the wj
the generation to the tailwater outlet of the hydropower plant);

tailwater level-discharge relation curve;

he turbine.

he weighted

ter into each

iIrrangement,
ater inlet for

firm output of the hydropower plant, the power weighting factor can be pr

bvided when

8)

9)

10)

necessary,;

operation mode of the hydropower plant in the power system, and reservoir operation and

regulation modes;

quality of the water passing through the turbine (including the sediment c
through the turbine, the particle size grading, Mohr's hardness, mineral composit
and water temperature);

meteorological conditions of the hydropower plant (including the air temper
temperature and relative humidity);

oncentration
ion, PH value

ature, water

11) geographic position of the hydropower plant (including the sea level elevation, atmospheric

pressure and gravitational acceleration of powerhouse).
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8.1.2 The generator shall be selected through technical and economic consideration in accordance
with the type and the parameters of the turbine and the requirements of the power system, and in
combination with the parameters such as the unit output, rotating speed, unit configuration and layout
determined during turbine selection. Generator type selection shall include the following consideration:

a) rated power/apparent power of the generator;

b) rated voltage of the generator;

c) rated speed;

d) runaway speed;

e) rated frdquency;

f) rated popwer factor;

g) insulatign grade;

h) exciting mode;

i) ventilatipn-cooling type of the generator;

j)  momentlof inertia of the generator (GD?);

k) estimatipn of the dimensions, weight and cost of the main compenents of the generator.

8.2 Selection of turbine rated head

8.2.1 The tated head of turbine shall be selected throtigh technical and economic consideratjon in
accordance with the head variation of the hydropowerplant, the regulating characteristic of the res¢rvoir,

the stable op
system and t

eration requirements of the unit, the operation mode of the hydropower plant in the power
ne characteristics of the power generation and water conductor systems.

8.2.2 As for the hydropower plant with the medium/high head, the rated head should be se|ected

within the sc

bpe of 0,85 to 0,95 times the weighted average head.

8.2.3 When the rated head is close to the minimum head, its rationality and economic efficiency shall

be demonstr:
water level, t

34

hted. With regard tothe impulse turbine with high head and small variation of the resgrvoir
he minimum head/may be used as the rated head of the turbine.
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8.3 Selection of turbine type

8.3.1 The turbine type shall be selected within the operation head range in accordance with the
basic principles in 8.1. See Table 4 for the common turbine types and the applicable head and specific
speed range.

Table 4 — Turbine types and the applicable head and specific speed range

Turbine type ] Applicable specific
Classification in e . e .. Applicable head speed P
accord itl Classification in Classification in range?
accordance with the | accordance with the ng
the PRergy con- | ater flow direction |  structural feature (m) (Ir ;
version mode /min)
Bulb turbine
Shaft-extension-type
tubular turbine 2~30 d3~287
Pit turbine
Straight flow turbine
Propeller turbine §3~178
| Kaplan turbine 560
Reattion turbine Axial-flow Semi-Kaplan turbine 43~110
turbine (5-6 blades)
. Slow Uinner 160~800 17~40
e ® Normal runner 50~200 40~68
£ | Quickrunner 30~70 47~100
[} .
£ Extra-quick 20~50 47~150
runner
PAT
10~150 12~96

Pump as turbine

a2 The applicable head range is the paraimeter under normal conditions. The selection of small turbine canfbe determined
through comprehensive comparison according to the specific situation and the special requirements df the different
projedts. The applicable head range for the various types of units in the same head section can be appropriately broadened.

b Specific speed, ng [r/min}; is.calculated as follows:
(1/2)
n.
Lne

al (5/4)
where

n i the speed, in r/min;

Q i3 thedischarge, in m3/s;

H i$ the'head, in m.

Another way of expressing specific speed is n, where ng =3,65 ny and is calculated as follows:
nP(l/z)
n, =————
S g(5/4)

where
n is the speed, in r/min;
P is the power, in HP;
H is the head, in m.
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Table 4 (continued)
Turbine type ) Applicable specific
Classification in e e e e Applicable head speed P
. Classification in Classification in range 2
accordance with . .
accordance with the | accordance with the ng
the energy con- - . (m)
. water flow direction structural feature ;
version mode (r/min)
Pelton 1~2 jet 60~1300 1~12
turbine 3~4 jet 5~17
Impulse turbine Inclined-jet turbine
. L 1~4 jet 10~300 5~19
L TUIrg0 turollic)y
Cross-flow turbine 5~200 12~96

a

b

The applic|

through comp
projects. The a

Specific sp

(1
" :n.Q
a7 y(5/4
where

n is the speg
Q is the disd
His the hea
Another way
n.p(/

s H(5/4
where

n is the sped
P is the pow
His the hea

hble head range is the parameter under normal conditions. The selection of small turbine can‘be deter
Fehensive comparison according to the specific situation and the special requirements’ef the different

pplicable head range for the various types of units in the same head section can be appropriately broa

eed, n, [r/min], is calculated as follows:

d, in r/min;

harge, in m3/s;

H, in m.

of expressing specific speed is n, where ng =3,65 ny andis calculated as follows:

)

d, in r/min;
er,in HP;

H, in m.

mined

lened.

8

by technical aind economical comsideration in the respect of the technical characteristic parametel
economic indicators, operational Teliability and the design and manufacturing difficulty.

.3.2  Whet

there are two applicable turbine types under the same head, the selection shall be

made
's, the

shall
d and

8.4.1 The basic parameters of the reaction turbine shall be selected after the primary selection of the
unit capacity, rated head and model runner; the main parameters include runner diameter, rated speed,
rated discharge, rated efficiency, rated power, static suction head, maximum runaway speed, maximum
head, minimum head, design head and the weighted average efficiency.

8.4.2 A reasonable scheme of the basic parameters of turbine shall be selected from a number of
different combinations of the parameters by technical and economic consideration combined with the
power plant layout, the actual topography and geological conditions, the operating water head range
and the reservoir regulation characteristics, as well as the technical characteristics, economic indicators,
operational reliability, and design and manufacturing technology level.

3

6
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8.4.3 The setting elevation of the turbine shall meet the requirements of the static suction head
and the corresponding tailwater level under various operating conditions, and shall comply with the
requirements that the minimum submerged depth of the upper edge of the draft tube (or the tailrace
tunnel, excluding the tailrace tunnel with sloping ceiling) outlet shall not be less than 0,3 m to 0,5 m. The
installation elevation shall be determined by technical and economic consideration on the basis of the
actual topographic and geological conditions of the project, the layout of the plant and other factors.

8.4.4 The turbine runner diameter shall be calculated by Formula (2).

1 _4 ' 5 (2)

, is the nominal diameter of runner, in m;
- is the rated power of generator, in kW;

" is the unit discharge under rated conditions, in m3/s;

d
Hl.. isthe rated head, in m;

)

=

r is the prototype turbine efficiency;

=

¢ is the rated efficiency of generator.

8.4.5| The rated speed shall be calculated by Formula (3):

nf= (3)

n] isthe rated speed, inx/min;

ny is the unit speed;ina/min; 1 n'10 to 1,05 n'10 is taken for Francis turbine; 1,1 n'10 is tpken for high

specific speed@axial-flow turbine; "'10 is the optimal unit speed in r/min;

Hy; is the weighted average head, in m.

Turbipe speed ‘should match to nearest synchronous speed of generator which is dalculated by

Formuilaf4Y:

60-F
_ r
n o Q
p
where
n,. isthe rotating speed, in r/min;

f isthe grid frequency, in Hz;
p is the number of pole pairs, 2p refers to the number of poles.

See Table 5 for the standard rotational speed of generator.
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Table 5 — Standard rotational speed of generator

Number of poles Frequency Number of poles Frequency
50 Hz 60 Hz 50 Hz 60 Hz
2 3000 3600 16 375 450
4 1500 1800 18 333 400
6 1000 1200 20 300 360
8 750 900 22 272 327
10 600 720 24 250 300
12 500 600 26 231 277
14 428 540 28 214 257
8.5 Selection of basic parameters of the impulse turbine

8.5.1 The basic parameters of the impulse turbine shall be selected after the primary selection

unit capacity
rated discha
(m-value), b
speed and st3
through tech

8.5.2 Thef
determined ¥
of the jet flov

8.5.3 Fore
of 10 to 20; ¥
bucket shall |
should be foq

8.5.4 The §
operation of]
height for th
hydropower
circle. The hq
value. When

and the ventilation heightshould be no less than 300 mm.

rated head and model runner; the main parameters include the rated head, rated s
rge, rated power, pitch diameter, jet diameter, ratio of runner,diameter to jet dia
icket numbers, rated efficiency, maximum head, minimum, héad, design head, ru

hical and economic consideration.

umber of nozzles of the impulse turbine should be 1,"2"or 4; the number of nozzles sH
vith consideration given to the arrangement of the\nozzles to avoid the mutual interfd
.

hsuring the relatively high efficiency of the turbine, m-value should be selected in the
vhen selecting the m-value, the manufacturing mode of the runner and the strength
pe considered; usually, the large valuge should be taken for the high head and the small
the low head.

tatic discharge head of thesjinpulse turbine shall be selected to ensure the safe and

P tailrace at the maximum tailwater level and under any power generating condition
plant. The static discharge head shall be the diameter (1D; to 1,5D,) of the runner
rizontal shaft unitshould take a small value, and the vertical shaft unit should take a
determiningthe static discharge head, the necessary ventilation height shall be en

of the
peed,
meter

away
itic discharge head. The selection of the basic parameters of-the turbine shall be deter]nrnined

all be
rence

range
of the
value

stable

the turbine, avoid theinfluence of the tailwater surge and keep sufficient ventilation

of the
pitch
large
sured,

8.5.5 The rjunner;diameter and m-value shall be calculated according to Formula (5) and Formulh (6):
(39140 [H__
n
r
D
m=—L (6)
dy
where

D, isthe pitch diameter of the bucket, in m;

m

is the ratio of the runner diameter to the jet diameter.

The m-value should be in the range of 10 to 20. Small value should be taken for the low head and large

value should

38

be taken for the high head.
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For turgo impulse and cross flow (Banki) the factor in Formula (5) may be taken a
respectively.

8.6 Unit transient performance analysis

s 35 and 40

8.6.1 The calculations for turbine transient performance shall be conducted according to the main
electrical connection mode of the hydropower plant, the power grid requirements, the type and
parameters of the water conductor system of the hydropower plant, the characteristics and parameters

of the turbine generator units as well as the operating conditions.

8-6-2 A U C yUropuvwe Jld 'V II dlCTU . dlCTU pPC U RS, C d

rate of the units and the maximum pressure increase rate at the end of the spiral casing shall
accorfling to the number of units connected to the main penstock and the main eléctrics
mode| as well as the number of units that may be simultaneously perform load rejection.

8.6.3| The guaranteed value of the maximum speed increase rate of the unit-during the 1
shall be selected according to the following different circumstances.

a) The guaranteed value should be less than 50 % when the usjt capacity account
proportion of the total capacity of the power system or the Unit is responsible f
odulation.

b) The guaranteed value should be less than 60 % to 65 % when the proportion of the

peed increase
be calculated
1] connection

pad rejection

5 for a large
br frequency

Lnit capacity

to the total capacity of the power system is not large,~or the unit is not responsible for frequency

odulation.
c) The maximum speed increase rate of the tubular turbine unit should be less than 65 ¢

d) The maximum speed increase rate of the impulse turbine unit should be less than 30 ¢

8.6.4| In case of load rejection, the guaranteed value of the maximum pressure increase r3
of thq spiral case (in front of the movable guide vane of the tubular turbine unit) shall b
accorflance with the following circtimstances.

a) The guaranteed value should be 70 % to 100 % if the rated head is less than 20 m.
b) The guaranteed value-should be 70 % to 50 % if the rated head is 20 m to 40 m.

c) The guaranteed valtie should be 50 % to 30 % if the rated head is 40 m to 100 m.
d) The guaranteed value should be 30 % to 25 % if the rated head is 100 m to 300 m.

e) The guaranteed value should be less than 25 % if the rated head is more than 300 m.

D

0.

1te at the end
e selected in

8.6.5 Ahen the guaranteed value of pre e increase rate and speed increase rate can

design requirements, the following measures may be taken:

a) revise the rule of the guide vane closing;

not meet the

b) increase the moment of inertia of generator (micro hydro power plant may add flywheel);

c) setup pressure regulating valve or surge tank;

d) revise the layout or dimensions of the penstocks.

8.6.6 In case of load rejection, the maximum vacuum guaranteed value at the entrance section of the

draft tube shall not be greater than 0,08 MPa.
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8.7 Turbine governing system

8.7.1 Each unit shall be equipped with a governing system composed of governor, oil pressure unit and
other auxiliary equipment.

8.7.2 The operating capacity of the governor shall be selected so that the unit can be reliably controlled
under the maximum head and the maximum discharge and be started and stopped in accordance with
the time required by the calculation for turbine transient performance. The operating capacity of the
governor shall have sufficient reserve allowance.

8.7.3 Inor ith the
system, the qutomatic microcomputer-based turbine governing system shall be equipped for, the unit
with the posgibility that operating within an isolated grid.

8.7.4 As fgr the small and micro units without the frequency regulation task and“with no ng¢ed to
guarantee the auxiliary power when the unit breaks down, the electric actuator or hydraulic acfuator
may be used| but it shall ensure that the unit can stop safely and reliably when ittbreaks down. AAs for
the hydropowver plant without the DC operating power supply, the actuator shall be equipped with the
emergency shutdown device for power failure.

8.7.5 The high oil pressure (10 MPa and above) bladder-type enefgy”accumulator and the exfernal
servomotor ghould be adopted.

8.7.6 The ¢perating capacity of the governor for the medium-and small sized Francis and axial-flow
fixed blade propeller turbine may be calculated by Formula.(7]:

A=KQ Dy 7)

where

A isthe operating capacity of servamotor, in N-m;
K is the coefficient, value range;250 to 300;

Q istHe rated discharge gfimit, in m3/s;

H, ..is the maximum héad;in m;

D, isthe diameger\of the turbine runner, in m.

8.7.7 The qonfrol system of the governor shall have the following basic auxiliary functions: frequency
tracking (or fastysynchronization), fault detection and treatment, artificial dead band, non-disturpance
manual and automatic Switchover, auxiliary test and partiat fauit-toierance.

8.8 Turbine main inlet valve

8.8.1 For the hydropower plants where several turbines are supplied by one single penstock, the main
inlet valve shall be set in front of each turbine.

8.8.2 For the unit water conductor system of the dam toe hydropower plant with the short penstock, or
the low head unit water conductor system of the runoff hydropower plant or the river bed hydropower
plant, the main inlet valve may not be equipped in front of the turbine.

8.8.3 The main inlet valve shall be selected based on the comprehensive analysis of the technical,
economic and operational safety and reliability, according to the water head, the maximum transient
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pressure, the rated discharge of turbine, the diameter of the spiral case inlet and the sediment
characteristics.

8.8.4 The butterfly valve, spherical valve and gate valve are often used as the main inlet valve of the
turbine. When the maximum head is lower than 250 m, the butterfly valve should be selected. When the
maximum head is higher than 250 m (inclusive), the spherical valve or the gate valve should be selected.
The butterfly valve used as the main inlet valve of the turbine shall be of the eccentric structure, and
the valve body shall be marked with arrows indicating the water flow direction. Full-size fixed spherical
valve shall be used and should be arranged horizontally. The gate valve shall be of full-size structure and
the valve shaft shall be installed vertically.

8.8.5| The main inlet valve shall be able to be closed in flowing water, and the closing.tjme shall not
exceefl the time allowable for the continuous operation of the unit under the maximum rupaway speed.
The npain inlet valve shall be able to be opened normally and not produce harmful yibratjon when the
pressfpire difference between both sides is not greater than 30 % of the maximum static water pressure.

8.8.6| The design pressure of the main inlet valve shall be the maximum transient pressurg, in MPa. The
nominal diameter of the butterfly valve may be calculated by Formula (8).and Formula (9):

DO
Nl ©)
of=1-0,06873/H . 9)

D is the diameter of the butterfly valve, in‘m;
D}, isthe diameter of spiral case inletisection, in m;
al is the coefficient related to the’head;

H ..is the maximum statichead of the hydropower plant, in m.
8.9 [Cooling water and drainage system

8.9.1| The water stpply source for cooling and sealing shall reasonably be selected accprding to the
requirements of the-water volume, water pressure, water temperature and water quality, and the specific
condifions of the\power plant. Water may be taken from reservoirs, penstock, power plant|tail water or
other|water soufces and then passed through a filtration system before feeding to bearing and generator
coolers or shaft sealing arrangement.

8.9.2  The water supply mode shall be determined according to the range of water head of the power
plant; when the minimum head is lower than 15 m, water should be supplied by pump; when the net
head is from 15 m to 100 m, water should be supplied by gravity flowing or gravity flowing with pressure
reduction; when the net head is higher than 100 m, water should be supplied by gravity flowing with
pressure reduction and others.

8.9.3 The water supply system shall be able to be operated automatically.

8.9.4 The main shaft sealing water of the turbine should be provided with standby water supply which
can be put into use automatically.

8.9.5 When water is supplied by pump, the standby water pump shall be equipped.
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8.9.6 The water supply system shall be equipped with the water filter. When the water filter is working,
water supply system shall not be interrupted. Water quality of bearing lubrication water and main shaft
sealing water shall meet the requirements of the unit.

8.9.7 The water drainage system shall be set up respectively for unit maintenance drainage and plant

leakage drainage, and the following requirements shall be met.

a)

Two drainage pumps shall be installed for the unit maintenance, and the total displacement shall

be guaranteed to exclude the total displacement of one unit for maintenance within 4 hours to

6 hours.

b) Theres

which sh
water ley

8.9.8 The
not feed watg

8.9.9 The
without treaf

8.10 0il sys

8.10.1 A tuy

aH ILIC 1TV ICDD t]lldll tVVU dl qiuasc }Jullll}b fUl thC lca}\asc dl qiuasc Dullll} ill t]llC lJ}clllt,
all be set aside. The drainage pumps shall be automatically controlled with the cha
bel of the drainage sump.

utdoor drainage system within the plant area shall be an independent systém, whicl
r into the drainage sump or the drainage gallery in the plant.

eakage drainage from the power plant should not be directly. discharged into the
ment.

stem

bine oil system may be set up according to the needs of the hydropower plant, a

treatment and storage equipment shall be equipped.

8.10.2 Insul

8.10.3 The y
during overh
consumption

8.10.4 The
the types, ca
hydropower

8.10.5 A cer
of hydropow
and oil purif
with central

htion oil system may not be set.

rolume of the turbine oil tank shall meet the requirements of oil storage, oil replacg
aul and oil purification. The voluine of the turbine oil tank should be 110 % of 4
of the unit with the largest capacity.

bil treatment equipment 'shall include the oil pump and oil purification equipmen
pacity and quantity of which may be determined according to the oil consumption
plant.

tral oil servicé.system should be established for the cascade hydropower plants or a
br plants. Thetcentral oil service system shall be equipped with the oil storage, oil trea

bil service system shall be simplified.

ne of
hge of

shall

river

nd oil

tment

he oil

t, and
of the

group
fment

cation equipment. The configuration of the oil system for the hydropower plant equiipped

8.11 Comp

essed air system

8.11.1 The medium pressure and low pressure compressed air system may be set up in the powerhouse
according to the needs of the hydropower plant.

8.11.2 The pressure of the medium pressure compressed air system for the inflation of the oil pressure
device shall be determined according to the rated operating pressure of the oil pressure device; two air
compressors shall be equipped, one for use and one for standby and air tank shall be equipped. The
volume of the air tank may be determined according to the air compensation for the pressure oil tank.
The rated operating pressure of the air tank should be 0,2 MPa to 0,3 MPa higher than the rated operating
pressure of the pressure oil tank. The air tank shall be fitted with the safety valve, pressure gauge and
blow-down valve.
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8.11.3 The pressure of the low pressure compressed air system used for unit braking, overhaul and
maintenance, and sealing of the circular band of the turbine main shafts shall be from 0,7 MPa to 0,8 Mpa;

the braking air for the unit shall meet the following requirements.

a) The braking air of the unit should be equipped with exclusive air tank and exclusive air supply pipe.

b) The total volume of the air tank for unit braking shall be determined according to the total air
consumption of the units to be braked simultaneously.

c) The capacity of the air compressor shall be determined in accordance with the air consumption
of the units to be braked simultaneously and the time of restoring working pressure of the
compressed air tank. The time of restoring working pressure of the compressed air tank may be
fjom 10 min to 15 min.

d) The braking air of the unit should be supplied with the standby air compressor.or other standby

8.11.4 The rated working pressure of the air compressor should be 0,1 MRa te’0,3 MPa hi
rated

8.12

8.12.
operation and automatic control of the turbine generator unit:

8.12.2 The hydropower plant should be equippéd with the conventional instrum
measfirements parameters viz the upstream water:evel, downstream water level, surge-ch
level, hydropower plant head, pressure differencebetween the front and back of the trash
as the reservoir water temperature. The unit should be provided with routine measurement
such as pressure at the intake of the spiral case, head cover pressure, pressure at the intak

ajr source.

working pressure of air tank.
Hydraulic monitoring system

| The hydraulic monitoring system shall meet the requiréments for safe, reliable an

bher than the

H economical

entation for
amber water
rack as well
instruments
e of the draft

tube gs well as the cooling water pressuke of the unit, while the selective measurement items may be

provigled as well, such as the flow passing through the unit, the pressure fluctuation of th¢
unit efficiency, unit vibration, runout of the unit and the pressure (vacuum) in the draft tubg.

8.12.
automatic monitoring system of the hydropower plant.

8.13

8.13.
Singlg-trolley or double-trolley bridge cranes may be used. The rated lifting weight shall b
accor(ling t6 the total weight of the heaviest object to be lifted plus any hoisting tools and w
to thg

The hydraulic monitoring system shall be designed and arranged in combinat

Selection ofdifting equipment

| Craneslor'other hoisting equipment shall be installed in the powerhouse of the hydrg

b turbine, the

h

jon with the

power plant.
b determined
ith reference

standard lifting capacity of the crane series. The crane span may be selected acc

brding to the

standard crane span. The lifting height and speed of the crane shall meet the requirements of installation
and overhaul of units.

8.13.2 For the hydropower plant with a Gas Insulated Switchgear (GIS) room, a crane shall be installed
for the installation and overhaul of GIS room.

8.13.3 The operation mode of the crane may be in the form of cab, ground wire control or ground
wireless remote control.
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8.14 Fire protection

8.14.1 The fire hazard classification and fire resistance ratings of the powerhouse are classified in
accordance with the standards of the country. The fire protection of the power plant and unit equipment
follow the national fire protection standards.

8.14.2 There shall be at least two evacuation exits for the main and auxiliary powerhouse of the
hydropower plant. On the generator floor and the floors below, the distance between the furthest indoor

workplace to

8.14.3 A10
for the main
equipment.

8.14.4 Pows
by clapboard

8.14.5 Every
and partition

8.14.6 Auto
turbine gene
main oil-immn

8.14.7 They
ventilation sy

8.14.8 Natu
supply sourc
the living ang
meet the req

the nearest safe evacuation exit on this floor shall not exceed 60 m.

oil-immersed transformer with single oil capacity over 1 000 kg and the other-oil

r cables and control cables shall be laid in layers. The cables laid in layers §hall be sep4
5 with fire endurance not less than 0,5 hour.

¥ 100 m of cable tunnel and ditches shall be equipped with a fire*proof partition. Cl
measures shall be implemented for the through-wall.

matic fire extinguishing system such as water spray or CO; Spray shall be equipped f|
rator unit with a unit capacity not less than 12,5 MVA and water spray system for the i
ersed transformer with a unit capacity not less than 12,5 MVA.

r'stem.

ral water source, specific fire water ponds or fire water pumps may be used as the
s for in-plant fire protection. The water supply for fire protection may be incorporate
| production water supply system.The quality, pressure and volume of supplied wate
lirements of fire protection purposes.

vided
filling

irated

osure

br the
ndoor

owerhouse shall be equipped with smoke exhaust facilities and shall be integrated with the

water
1 with
" shall

8.14.9 Firefighting apparatuses shall be powered in accordance with the Grade 2 load with an

independent
installed in t
device for thg

8.14.10

staircases, exits and:firé pump house of the powerhouse.

8.14.11

power supply circuit) The control equipment for the firefighting apparatuses sh
e central control ¥to@em. When the water is supplied with the fire water pump, the st
 firewater pump should be set in the fire cabinet.

The emergency lighting and evacuation signs shall be provided in the evacuatio

all be
arting

N exit,

The automatic fire alarm device shall be installed in the hydropower plant.

8.15 Heating and ventilation

8.15.1 The heating and ventilation patterns of the hydropower plant shall be determined according to
the local meteorological conditions, the powerhouse type and the requirements for air parameters in
production sites and shall comply with the relevant national provisions.

8.15.2 Natural ventilation should be adopted for the generator hall, erection bay and auxiliary rooms
of the surface powerhouse. When the natural ventilation cannot meet the requirements of indoor air
parameter, the natural-mechanical mixed ventilation, mechanical ventilation and partial air conditioning
may be adopted.
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8.15.3 If the pipeline ventilation is adopted for the generator, the hot air shall be directed outside the
powerhouse.

8.15.4 The oil tank room and the oil treatment room shall be equipped with separate ventilation system.
The air outlets of the ventilation system shall be 1,5 m higher than the roof.

8.15.5 The ventilation rate of the GIS room shall be 8 times per hour, and the air inlet shall be set in the
lower part of the room.

8.15.6 The heating device shall be equipped when the indoor temperature of the main and auxiliary

1. il R - op
powermousestsowetrtirair o G:

8.15.7 Necessary ventilation facilities shall be installed in the gallery at the bottom of\the dam.
8.16 [Repair and maintenance equipment

8.16.1 The mechanical repair and maintenance equipment may be.\configured according to the
overhpul content of electro-mechanical equipment, external transportation and outsourcirlg fabrication
condifions, etc.

8.16.2 A central repair and maintenance workshop should be Set up for cascade hydropowger plants and
a groyp of hydropower plants.

8.17 |Arrangement of hydraulic machinery equipment

8.17.1 Hydraulic machinery and electrical equipment should be arranged separately. The length and
widthf of the unit section of the main powerhouse shall be determined according to the site of the unit
as welll as the passageway, governor, oil pressure device, main inlet valve and electrical ppnel/cabinet,
and i combination with the requirements for installation, overhaul, operation, transportation and civil
enginpering design. The width of the-main powerhouse shall also meet the requirement of the size of the
crane|lifting components and theunain inlet valve. The layout of the powerhouse shall be designed with
full cqnsideration given to the comprehensive requirements of ecology and environmental protection.

8.17.2 The lifting heightin-the main powerhouse shall meet the following requirements:
a) requirements fafthe integral lifting of the generator rotor with the shaft;
b) re¢quirementsfor assembling the turbine with the shaft sleeve for integral lifting;

c) requirements for in-plant maintenance of the main transformer if necessary;

d) re¢quirements to turn over the guide vane and other parts of the bulb tubular unit;

e) the distance between parts to be lifted by the crane and fixed objects shall be neither less than
0,3 min the vertical direction nor less than 0,4 m in the horizontal direction.

8.17.3 The area of the erection bay shall be determined according to the needs of the extended overhaul
of one unit. The main parts of the unit shall be arranged within the working range of the crane hook and
shall meet the following requirements:

a) requirements for hoisting order of lifting parts during installation and overhaul;

b) the netdistance between the large parts of the unit and between the large parts of the unit and the
walls (columns) and the fixed equipment shall be from 0,8 m to 1,0 m;

c) requirements for in-plantloading and unloading by vehicles.
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8.17.4 Turbine oil room may be located in the powerhouse; insulation oil tank should be located outside
the powerhouse; oil treatment room shall be arranged near the tank room.

8.17.5 Other auxiliary machinery shall be arranged to facilitate the installation, operation and
maintenance of the equipment.

9 Electrical system

9.1 Connection of the hydropower plant to the power system

The power cpnnection point, transmission voltage, number of outlet transmission lines, transmjssion
capacity, opdration mode and the type of connection to the grid shall be determined in light pf the
characteristics of the hydropower plant and the requirements of the power system.

9.2 Main electrical connection wiring

The type, characteristic and applicability of the main electrical connection-af the SHP plant are
recommendgdd in Table 6 and Table 7.

Table 6 — Voltage connection of generator

Name of the connec-

tion Schematic diagram Advantages and disadvantages Applicability

1.  The capacity of the main tfansformer
is as the same as that efthe generator,
and the scope of the fault is minimal.

2. The connection/is'simple, clear and

flexible. Applicable to the power plants ith

high reliability requirements, dr
applicable to the power plants ¢on-

is required, and the layout is simple. structed in phases.

4. The'relaying protection is simple.
5 The number of the main transformers

and high-voltage electrical equipment
isincreased.

1. Two (or more than two) units
connected to one main transformer,

Unit connectjion i 3. Minimum generator voltage equipment

and the scope of the faultis relatively |1.  Applicable to the power pllants
large. that play important roles|in the
. grid, with 4 or more unity.
Expanded unif con- 2 Th ion is simple. cl q
nection . e connection is simple, clear, an . .
l easy to operate and maintain. 2. Applicable to the ordinary
power plants with a relatjvely
3. The number of outlet circuits from small near-zone load.
the high-voltage side of the main

transformer is reduced.

1.  Thereisasmall number of main
transformers.
2. There are more components for
Sinele-bus connection ’( generator switchgear installation. Applicable to the ordinary SHP plants
g with a relatively large near-zone load.

) ) ) 3. When the bus or the isolating switch

connected to the bus fails or is
repaired, the power of entire plant will
be cut off.
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Name of the connec-
tion

Schematic diagram

Advantages and disadvantages

Applicability

Sectional single-bus
connection with isolat-
ing switch

When any section of the bus and the
isolating switch connected to it fails
or is repaired, the plant only needs

to power off for a short time, and
after the sectional isolating switch is
opened, the unit connected to another
section of the bus may resume to send
electricity to the grid.

When the sectional isolating switch
£o:1 11

The use of the section isolating switch
may lead to loaded misoperation, so it

israrely used.

@d——
@—
@—
@ —

H H d+l H ] IS H
TS oIS Fepatrear e eicreprafewhr

be cut off.

Sectipnal single-bus
conngction with cir-

}‘ }‘

When any section of the bus and the
isolating switch connected to it fails or is
repaired, the unit connected to another

1.  Appligable to th
that play impor
grid.

e SHP plants
antroles in the

main transformer will stop working,
and vice versa.

chit breaker T T section of the bus may continue to send 2%  Applicable to the power plants
1 1 i i electricity to the grid. which have marly units and
g} g) gl) g\)} near-zone load.
Table 7 — Boosted voltage side connection
Namg Ofttil;fl connec- Schematic diagram Advantages.and-disadvantages Applicability
I 1. The connéection is the simplest, and the
1 leastequipment is needed.
Transformer- line unit Applicable to the powpr plant with one
onnection 2. ( When the line fails or is repaired, the |single outlet circuit.

T-type connection

The advantages and disadvantages are the same
as those of the transformer-line unit connection.

Applicable to the pow
not important on thq

there is a nearby tranjsmission line.

er plant which is
power grid and

Oute

bridae connec
5

I

The connection is simple, and the
number of high-voltage circuit
breakers is less (namely the number of
inlet and outlet circuits minus one).

When the one of the main transformer
fails or is inspected or repaired, the

operationofthe line and another main
g

1. Applicable to the p
two inletand outlet cir
and the main transfor

wer plants with
fuits respectively,
mer switching on

tion

I
]
1

-y

transformer will not be affected.

When the one of the outlet circuit fails
or is inspected or repaired, the output
of half the power of the plant will be
suspended, and after the isolating
switch is opened, all the power may be
sent out by another outlet circuit.

Akl L, &l
anrcoTr I eqtenty”

2. When there is crossing power, the
outer bridge connection should also

be adopted.
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Table 7 (continued)

Name of the connec-

Schematic diagram

Advantages and disadvantages

Applicability

Inner bridge connection

—

tion
1. The connection is simple, and the
number of high-voltage circuit
breakers is less (namely the number of
I inlet and outlet circuits minus one).
1 2. When the outlet circuit fails or is

inspected or repaired, the operation
of the main transformer will not be
affected.

ALl

Applicable to the power plants with two
inlet and outlet circuits respectively,
fewer annual utilization hours, and the
main transformer frequently switching

T
ol

—QDt

(¢ 8]

When-the-one-of- the-mainrtransformet
fails or is inspected or repaired,
an outlet circuit will be cut off
temporarily, and after the main

££
et -or g.

transformer isolating switch is opened,
half the power of the power plant may
be sent out by the two outlet circuits.

1.  Each circuit of the inlet or outlet is
equipped with an independent circuit
breaker.

Applicable to the hydropower|plants
that'are not important in the|power
system and have less requirement for the
continuity of power supply. The poltage
of the outlet circuit is 35(33) kV and
above, and the total number of outlet
circuits is not more than 3 to 5|

%
—
%

—GOJ*:IE

Single-bus connection When the bus or the isolating switch

connected to it fails or is inspected
or repaired, the entire plant\will be
powered off.

When the bus or the tonnected equipment is
beinginspected andrepaired or fails, the entire
plant will be poweted off; after the sectional
isolating switch is opened, another section
of the busunay supply the power. However,
when thesectional isolating switch is being
inspected and repaired or fails, the entire plant
wilkbe power off.

—————

Sectional singlp-bus
connection withfisolat-
ing switch

Same as the single-bus connectfion.

When the bus or connected equipment is being
inspected and repaired or is faulted, only one
section of the bus and the circuit connected
will be powered off.

Applicable to the power plants that the
voltage of the outlet circuitis 35[33) kV
and above, and the total number ¢f outlet
circuits is not more than 6.

Sectional single-bus
connection with cir-
cuit break¢r

i

L

! —@—/x—/»— l——— %

—"—

|
i
|
|
)
:

9.3 Selection of the main transformer

9.3.1 The capacity of the main transformer shall be higher than the generating capacity of the
connected generator. When restricted by the transportation conditions, two three-phase transformers
with small capacity may be selected and used in parallel.

9.3.2 The parallel operation shall meet the following requirements:

a)

b) the rated voltage of the primary and secondary winding are the same (with the same
transformation ratio);

the winding connection is the same;
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9.3.3 Under the circumstance that two types of high voltage are used to transmit electricity to the grid,
if the transmission capacity of the medium-voltage side accounts for more than 20 % of the capacity of
the main transformer, a three-winding transformer or an auto transformer may be adopted; if one of
the two types of the voltage is neutral and not directly grounded, a three-winding transformer shall be

select

ed

9.3.4 The fully enclosed oil-immersed transformer should not be recommended if the environment
temperature changes greatly.

9.3.5| Under the circumstance that the limit of the temperature rise is satisfied, the\pil-immersed
naturfl air cooling mode should be selected.
9.4 [Selection of high-voltage electrical equipment
9.4.1| The selection of the high-voltage electrical equipment shall meet the'following requirements:
a) The requirements on normal operation, inspection, repair, shortircuit and overvoltage.
b) The high-voltage electrical equipment may be selected ,ih_accordance with the it¢ms given in
Thble 8.
Table 8 — Items for selection of high-voltage electrical equipment
Rated cur-}Rated capac- Rated Stability pf short cir-
Rated volt- . A cuit ¢urrent
No Item age (kV) rent ity breaking h e -
current (kA erma ynamic
&) (kVA) (lcA) stability [ | stability
Circuit breaker v v v v v
Isolating switch v 4 v v
3 Current trans- v v v v
former
4 Voltage trans- v
former
5 Fuse 4 v v
6 Load switeh v v v v
7 Currentlimit- v v v v
ingweactor
8 Are suppres- v v v
sion coil
9 Postinsulator v v
10 Wall bushing v v v v

c) The ambient temperature at the installation position of the electrical equipment may be selected
in accordance with Table 9. When the ambient temperature at installation position is higher than
+40 °C(Max limit +60 °C), the rated current shall be reduced by 1,8 % for every 1 °C that the
temperature rises.
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Table 9 — Ambient temperature for selection of electrical equipment

Installation place

Maximum ambient temperature (°C)

Minimum ambient tem-
perature (°C)

Outdoor

Annual maximum temperature

Annual minimum temper-
ature

Indoor reactor

Maximum ventilation temperature according to the ventila-

tion design

Others (indoor)

Ventilation design temperature, or average maximum temper-

ature in hottest month plus 5 °C

9.4.2 The delection of the high-voltage circuit breaker shall meet the following requirements.
a) The vacqum or Sulfur Hexa-Fluoride (SF6) circuit breaker may be selected for the circuit of 3 kV
or above]
b) When the output voltage of the generator is 400 V, the air circuit breaker may be adopted as the
generatdr circuit breaker.
c) The parjmeters of the circuit breaker shall be selected in accordancé with the items giyen in
Table 10
Table 10 — Calculation formulae for selection of theé circuit breaker
No. Selection basis Calculation for- Unit Key
mulae
U hax - Maximum allowable operating
voltage of the circuit breaker;
1 Dperating voltage Unax 2 Ug \Y . .
Ug : Maximum operating voltagg of
the circuit.
I, : Long-term allowable operatling
current of the circuit breaker;
2 Dperating current IS [, A _ _
Iy Continuous operating currept of
the circuit.
1, : Rated breaking current of the
circuit breaker;
Iy, : Short circuit current of the
. I > circuit at t second (in general, the t
3 preakingcurrent dn = “dt kA value shall be the actual breaking
time of the circuit breakers, i.e. the
sum of the action time of the relying
protection and inherent hrquiqg
time of the circuit breaker).
I;, - Peak value of the rated closing
. . current of the circuit breaker;
4 Rated making current Ien 21y kA
I;, - Peak value of the short circuit
impact current of the circuit.
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Table 10 (continued)
No. Selection basis Calculation for- Unit Key
mulae
Q; : Allowable thermal effect of the
circuit breaker;
Q4 : Thermal effect of the short circuit
5 Verified on the basis of Qp 2 Qq¢ KAZs current of the circuit at t second;
the thermal stability Q. =12t I, : Thermal stability current of the
circuit breaker;
t: Action time of the thermal stability
current.
igf : Peak value ofithe lirhit current of
Verified on the basis of . . the circuit breaker.
6 the dynamic stabilit lgf = en kA
€ dynamic stabriity iy, : Peak value of the shprt circuit
impattcurrent of the cirjcuit.
9.4.3| The parameters of the isolating switch shall be selected in aecordance with the ifems given in
Table|11.
Table 11 — Calculation formulae for selection of the isolating switch
No Selection basis Calculation for- Unit Key
mulae
U, ax - Maximum allowable operating
voltage of the isolating switch;
1 Operating voltage Unax 2 Uy \Y _ _
Ug : Maximum operating volfage of the
circuit.
I, : Long-term allowable opgrating
current of the isolating switch;
2 Operating current I, 21, A ) ]
Ig : Continuous operating current of the
circuit.
Q; : Allowable thermal effect of the isolat-
ing switch;
K. . 0 >0 Q4 : Thermal effect of the(short circuit
3 Verified on the ba§1_s of t de kAZ2.s current of the circuit at t secqnd;
the thermal stability —72
Q. =I~t . .
I, : Thermal stability current of the isolat-
g cuzitcoh.
t: Action time of the thermal stability current.
igf : Peak value of the limit current of the
Verified on the basis of C s isolating switch;
4 the dynamic stabilit 'gf = lch kA
y y I;, : Peak value of the short circuit impact
current of the circuit.
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9.4.4 The selection and calculation of the current transformer shall comply with the requirements in

Table 12.
Table 12 — Calculation formulae for the selection of the current transformer
No. Selection basis Calculation formulae |Unit Key
U hax - Maximum allowable
operating voltage of the current
1 Operating voltage Unax 2 U \% transformer;
Ug : Maximum operating voltage
of the circuit.
I, : Rated current of the
primary winding of the.curr¢nt
2 Operating current [y 21 A transformer;
Ig : Continuou$ operating cugrent
of the circuit.
I K, : Thermal stability current of
K =2 I—t thecurrent transformer;
nl .
; Verified on the basis of| Which may also be { ) Thermal stability currentfof
the thermal stability written as: the current transformer (normally
expressed by 1 second);
K, 2 /?ixlo3 Q4 : Thermal effect caused by the
nl short circuit current (KAZ2-s).
igf : Peak value of the limit current
igf 2 Iep of the current transformer;
4 Verified on the basis of or KA iy, : Peak value of the short cifcuit
the dynamic stability S iz 103 impact current of the circuit.
> =X
d \/Elnl K4 : Multiple of the dynamic
current.
5 The current transformer shall also be selected and verified in accordance with the different require-
ments for protection anld measurement, and the secondary load, precision level and multiple of|10 %.
9.4.5 The 4election of the-high-voltage load switch and the high-voltage fuse shall meet the follpwing
requirements.
a) The high-voltageload switch shall be selected on the basis of the items given in Table 13.
Table 13 — Calculation formulae for selection of the high-voltage load switch
No. Selection basis Calculation formulae Unit Key
U, : Rated voltage of the load switch;
1 Operating voltage U, 20, kv U, : Maximum operating voltage of
the circuit.
I : Rated current of the high-voltage
load switch;
2 Operating current L, =21, A . _
Ig : Continuous operating current of
the circuit.
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No. Selection basis Calculation formulae Unit Key
1, » Maximum breaking current of
the high-voltage load switch;
3 Breaking current Iy, 21 kA ¢ IEAvoTtage foad Swite
I : Short-time maximum overload
current of the circuit.
Q4 : Thermal effect caused by the
i ; short circuit current (kAZ2-s);
4 V}(larlf}lled onlthetE)_zil.sm of Q = Qy KAZ- ( )
the thermal stability Q, : Allowable thermal effect of the
load switch.
igf : Peak value ofthelirhit current of
Verified on the basis of . . the load switch
>|  |the thermal stabilit ‘ot = en kA
€ thermal stabriity i;, : Peakvalue of the sHort circuit
impacteurrent of the cirfcuit.
b) The high-voltage fuse shall be selected in accordance with the items.given in Table 14.

Table 14 — Calculation formulae for selection of the high-voltage fuse

No Selection basis Calculation for- Unit Key
mulae
Upax - Maximum allowable operating voltage
1| |Operating voltage Unax 2 Ug of the equipment
Ug : Circuit operating voltage
I, : Rated current of the fuse
2 Operating current In > In] P Ig In]-: Rated fusing current
Ig : Continuous operating current of the circuit
S4n ¢ Rated breaking capacity ofthe fuse
(MVA)
San 254 Sq: Short circuit capacity of zerq second
3 Breaking capaeity or (MVA)
Ly, 214 1, : Rated breaking current of the fuse (kA)
14: Secondary transient currentjof the short
circuit (kA)
Protection character-
istics K, coefficient: When the automatic starting
a) For high-voltage of the motor is not considered, the value shall
fuse used to protect I =K1 be 1,1 to 1,3; when the automatic starting is
4 the power transform- nj~ st'n considered, the value shall be 1,5 to 2,0
er, the rated current of I_:Rated current on the high-voltage side of
melt may be selected by n
means of the following the transformer
formula:
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Table 14 (continued)
No. Selection basis Calculation for- Unit Key
mulae
P ] b K, coefficient: As for the drop-type high-volt-
isrt(i)ct:ctlon character- age fuse, the value shall be 1,2 to 1,3; as for
the current-limiting type high-voltage fuse,
b) For the fuse used when there is one power capacitor, the value
4 to protect the power In. :1{r1nC shall be setas 1,5 to 2,0; when there is a group
capacitor, the rated ) of power capacitors, the value shall be set as
current of melt may be 1,3to0 1,8
selected by means of the N e .
fOll( Wlng formula lnc - Rdled current orte power ¢dpdcito
circuit

9.4.6 The delection and laying of the cable shall meet the following requirements.

a) The power cable should be flame-retardant cable. The selection of power cable section is genferally
determimed by the continuous operating current, thermal stability or voltagé.drop of the circpit.

b) The power cable and the control cable should be laid separately. When-they are laid on the[same
cable tray (or bridge), the control cable shall be laid below the powercable.

c) The depth of buried cable should not be less than 700 mm.

d) The holgs on the upper and lower ends of the cable shaft and.en the wall, cabinet and floor yhere
the cablg traverses shall be sealed with non-flammable magerial.

9.5 Overvpltage protection and earthing systemx

9.5.1 Diredt lightning overvoltage protection devices (lightning rod, lightning conductor, etc.) shall be
equipped for|the outdoor switchgear installation@nd outdoor oil tanks.

9.5.2 Lighthing rods may be installed on the frames of high-voltage switchgear installation of 1j]10 kV
and above, bfit they shall not be installed*on the frames of high-voltage switchgear installation of B5 kV
and below, of on the transformer portal frames.

9.5.3 The ¢arthing device shall’be designed with an artificial grounding network, and the follpwing
natural groupding conductors shall be used:

a) surface steel bars @f-reinforced concrete hydraulic structures that are in contact with water all
year roupd;

b) embeddé¢d metal parts of penstocks, gates and trash racks;

C) metal comductor teft underground or submerged 1n water.

9.5.4 The connection point between the natural grounding conductor and the artificial grounding
network shall be no less than two.

9.5.5 In a small earthing short-circuit current system, the ground resistance shall not be greater than
4Q. In a big earthing short-circuit current system, the ground resistance shall be in compliance with

Formula (10):
R £2000/1 (10)

where
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is the maximum earthing resistance in consideration of seasonal change, in (;

is the maximum ground-entering current passing through the grounding device, in A.

9.5.6 An independent lightning rod (conductor) should be equipped with an independent grounding
device, and its power-frequency ground resistance should not exceed 10 Q. In areas with high soil
resistivity, it may be connected to the main grounding network, and the underground length of the
connecting wire shall not be less than 15 m.

9.6

Lighting system

9.6.1
up se
may H

9.6.2
intert

9.7

9.7.1
and t
gener

9.7.2
switcl
Howe
also b

9.7.3
powe

9.8

9.8.1
main

grid and power plant.

9.8.2
backu

barately. Working lighting shall be supplied by the plant service power system£merg
e powered by a battery bank when all AC power is gone.

The premises and main passages where work needs to continue after the worki
upted shall be equipped with independent emergency lighting.

Layout of main electrical equipment inside and outside’the power plant

The main transformer and switchyard should be close to the powerhouse. When th
ne main transformer are arranged separately, the main transformer shall be insta
ator switchgear installation room.

The switchgear installation with 6 kV to-835 kV may be arranged indoor with
ngear, or outdoor. The switchgear installatioirwith 66 kV or more preferably be arrar

e adopted.

The central control room shall-be set up in accordance with the automatic control
" plant.

Relaying protection and security automatic equipment

The selection @nd configuration of the relaying protection shall meet the require
electrical conitection of the power plant, and in consideration of the operational flej

Theselectrical equipment and transmission lines shall be equipped with main pj
pprotection devices.

The power supply for working lighting and emergency lighting of the power planlt shall be set

ency lighting

hg lighting is

e switchyard

led near the

a complete
1ged outdoor.

ver, in the polluted area or if terrain conditions are restricted, enclosed assembled swiitchgear may

mode of the

ments of the
kibility of the

otection and

9.8.3 The minimum sensitivity coefficient of relaying protection shall meet the provisions in Table 15.

Table 15 — Minimum sensitivity coefficient of the relaying protection

Category of pro- . Sensitivity
tection Type of protection Component coefficient Remarks
Longitudinal differen- | Starting current of the
tial protection for gen- | differential current 1,5 —
erator and transformer element
C:Ortreecrgoqr?;gl:bésgi Calculated as short
Main protection p 8 Current element 1,5 circuit at the installation
ator, transformer and . .
lines position of the protection
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Table 15 (continued)

Category of pro- . Sensitivity
tection Type of protection Component coefficient Remarks
Complete current Starting current of the
differential protection | differential current 1,5 —
for bus element
Ir}comple.te current Differential current
differential protec- 1,5 —
. element
tion for bus
Current, voltage and 12 Calculated as short
tmpedanceetenrents * circuttattheadjagent
electrical equipmerit and
the end of.line|
R back (The short circuitcur-
emote backup pro- rent shall be more fthan
. tection Zero-sequence or nega- 1,5 tintes the accurate
Backup prot¢ction tive-sequence direc- 1,5 ! G ¢ of th
tional element opgrating curren €
impedance element),
while the relaying ac-
tion may be taken|into
account.
Current, voltage and 13
impedance elements ' Calculated on the basis
Near backup protec- - R
tion Negative-sequence or of short c1rcq1t at|the
zero-sequence direes 2 end of line
tional element
Calculated on the Tsis
Auxiliary prjotec- Current quick-break of shor.t c1rcu1.t .at the In-
. . 1,2 stallation position ¢f the
tion protection .
protection under ngrmal

operating mod

b

9.8.4 The generator shall be equippedswith corresponding protection against the following faul

abnormal opgrations:

a) internal phase to phase shorticircuit of the stator winding;

b)

earthing of the stator wihding;

c) externallphase to phase short circuit of the generator;

d)

overvolthge of the'Stator winding;

e) overload ofthe stator winding;

's and

f) overload of the field winding;

g)
h)

one-point earthing of the field circuit;

abnormal reduction or loss of the excitation current;

i) disconnection from the system during phase-regulating operation;

j) other faults and abnormal operations.

9.8.5 The main transformer shall be equipped with corresponding protection against the following
faults and abnormal operations:

a) phase to phase short circuit of the winding and its outlet leads;
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b)
‘)
d)
e)
f)
g)

9.8.6 [ Special bus bar protection snait be provided UNder the following CITCUMStances:

a)

b)

9.9

9.9.1| The excitation system shall be selected om,the basis of the excitation mode and t
mode|of the generator.

9.9.2| The parameters of the excitation transformer, power unit and de-excitation de
calculpted on the basis of the generatof unit parameters.

9.10 |Automatic monitoringsystem

9.10.1 The computer monitoring system shall be selected according to the installed ¢
capacjty and voltage level of power plant, from comprehensive analysis on technical, e
operaftional safety and reliability.

9.10.2 According to the characteristics of the power plant, the operating mode and thg
requirements-of the power system, the control mode with fewer people on duty or unat
shall be selected.

IWA 33-3:2021(E)

over-current caused by external short circuit;

single-phase earthing fault on the side of the neutral point which is not effectively grounded;

inter turn short circuit;
overload;
drop of oil level;

high temperature of oil and winding, high tank pressure and cooling system failure.

fqr the 3 kV to 10 kV segmented busbar and double busbar in parallel operation:

1) when it is necessary to quickly and selectively remove a section or a group of bu
order to ensure the safe operation of power plant and power grid and.reliable poy
important loads;

reactor;

fgr the 35(33) kV to 110(132) kV bus of the power plant, when the fault on a busbar ne
[f quickly.

o

Excitation system

sbar fault, in
wer supply of

2) when the line circuit breaker is not allowed to cut off theshort circuit in front of the line

eds to be cut

he operation

vice shall be

apacity, unit

conomic and

t dispatching
rended mode

9.10.3 The computer monitoring system shall meet the following requirements.

a)

b)

d)

The command information of dispatching can be accepted at any time, which can meet the functions

of the dispatching automation system for telemetry, remote signal, remote adjustmen
control of the hydropower plant.

t and remote

The unit start-up, grid connection and shutdown can be completed with one command.

The active power and reactive power of the unit can be automatically adjusted.

The automatic and economical operation of the entire plant can be realized.

© IS0 2021 - All rights reserved
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9.11 Plant service power supply and dam area power supply

9.11.1 The plant service power supply shall meet the following requirements:
a) meet the needs of power load under various operating modes;
b) relatively independent power supply;

c) no less than two plant service power supplies are required. when one power supply fails, another
power supply can operate automatically.

9.11.2 The gtamtservice powersupply may beobtaimed by thefoltowing mrethods:
a) connectgd by the generator voltage bus or the unit lead;

b) when a goupling transformer is equipped on the high-voltage side of the hydropowér plarjt, the
power supply is connected by the tertiary winding of the transformer;

c) the pow¢r supply is connected from the local power grid;

d) the diesgl generator is used as the backup power supply.

9.11.3 Powdr for dam area shall be supplied by a special dam area transformer or a public plant s¢ervice
transformer. [There shall be two independent power supplies for significant loads in the dam arefa. For
particularly important flood discharge facilities, a third power supply or special diesel generator|set of
suitable capdcity may be added.

9.11.4 Local power grid step-down transformer is preferentially used for the power supply In the
hydropower plant living area.

9.12 DC opprating power supply

9.12.1 The dperating power supply of the.power plant shall be the DC power supply device with storage
battery and dquitable battery chargers andishall work in the float charging mode.

9.12.2 The voltage of the DC operating power supply should be the standard voltage of DC 220 Vor {110 V.

9.12.3 The ¢apacity of thessterage battery shall meet the needs for capacity when the entire plant is
powered off Jowing to anaccident and for the capacity of the maximum impact load. The acciglental
power-off time may be-set preferably as 1 hour for the power plant.

9.13 Video|/menitoring system

The power prantstoutd-be equipped with the video Tonitoring SyStent. T e mornitoring poimnts shall
be determined in light of the production, operation, fire-protection monitoring and the necessary
safeguard.

9.14 Communication

9.14.1 The power plant shall be equipped with the in-plant communication facilities. The power
dispatching communication and in-plant communication may share a program-controlled dispatching
switchboard. As for the cascade hydropower plants, a dispatching switchboard may be set up in the
cascade control centre, and a remote subscriber module may be set up on the power plant side to realize
voice communication.
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9.14.2 The power supply for the communication equipment shall be the special 24 V or 48 V
communication power supply, and the capacity of the storage battery with suitable battery charger shall
meet the power supply preferably for 8 hours.

10 Hydro mechanical structure

10.1 General provisions

10.1.1 The overall layout of hydro mechanical structure shall be mainly to determine the location of
gates and hoists, orifice size, gate type, number and operation mode and other layout
relateld to operation.

10.1.]

equirements

transyerse flow and vortices forming upstream of the gate, and submerged discharge 3
downgtream of the gate. When a gate is set up at an inlet, water shall not be allewed to pas

botto
erosiq

10.1.
of the
The ¢

n and over the top of the gate simultaneously, so as to prevent turbulent state flow a
n forming downstream of the gate slot.

operation requirements of the gate, the working conditiong of the gate and the typd
haracteristics of various types of the gates shall also be considered.

10.1.4 The size of the gate orifice shall meet the requiréments of the flow rate, the total w.
undeftaken by the gate, the operating conditions _and the requirements for the man

P The layout of the gates in the hydraulic structures shall keep the flow smooth and avoid the

nd backflow
5 through the
Ind cavitation

B The type of the gate shall be selected through technical an@ economic consideratign in the light

of the hoist.

hter pressure
ufacture and

instal]ation of the gate and the hoist.

10.1.5 Ecological discharge equipment and its’'monitoring facilities should be set up.

10.2 |[Arrangement of hydro mechanical structure

10.2.1 Arrangement of hydrosmechanical structure for surface spillways shall meet the following

requirements.

a) The bulkhead gate shotld be installed upstream of the service gate of the spillwgy. When the
dpration of reservoir water level lower than the gate sill is sufficient for overhaul, it is|not required
t¢ build bulkhead gates. The type of bulkhead gate may be plane sliding gate, or stoplog, floating
stoplog or fleating bulkhead gate based on the actual situation of the project.

b) The surfacé spillway service gate shall be selected based on factors such as the operating
requirements of the project, the operating conditions of the gate, the type of hoist, and technical
ahd economic indicators; the plane gate and radial gate may be adopted here.

c) The operating equipment of the spillway and service gates shall be provided with not only reliable

common power supply but also standby power.

10.2.2 Arrangement of hydro mechanical structure for deep-type drainage sluices shall meet the
following requirements.

a)

b)

Emergency gates shall be equipped upstream of the deep-type drainage sluice, which shall not only
be able to close the orifice in the running water if an accident occurs upstream or downstream of

the service gate, but also be used to retain water or as a bulkhead gate in normal oper

When the deep-type drainage sluice is a non-pressure orifice, and there is a mobile

ation.

hoist for the

operation of the gate, it may be considered that one inlet emergency gate shared by several orifices.

However, if the deep-type drainage sluice is a pressure orifice, and the service gate is
outlet, then every orifice may be equipped with a separate emergency gate.

© IS0 2021 - All rights reserved
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d)

f)

g)

The type of the deep-orifice service gate shall be determined by the technical and economic
consideration according to the factors such as the operating head, hydraulic layout and application
conditions of the gate. Radial gate, plane gate, conical valve and other gates (valves) may be selected
according to the specific situation.

The deep-orifice service gate shall be installed at the end of a pressure conduit, and the hoist
chamber shall be located on the crest of the dam or in the dam.

The non-pressure free-flow section of a deep-type drainage sluice should be straight.

When the service gate is installed in the middle section of a deep drainage channel, the in-orifice
pressure may be increased, and the pressure distribution condition at the inlet and near the gate
slot can pe improved by selecting an appropriate outlet contraction plate and pressure slope line
for the s|uice. In the course of opening/closing a gate, the alternative occurrence of pressur¢ flow
and non{pressure flow shall be avoided.

Areliable standby power source shall be prepared for the hoists used to manipulate.flood discharge
and othdr emergency gates.

10.2.3 Arrajgement of hydro mechanical structure for water diversion .shall meet the follpwing

f)

g)

h)

60

The trash rack shall be designed and installed based on the impertance of the power plant and
the natufe, and expected quantity, of the trash. In the layout design, conditions such as watef flow
directiof and favourable topographical location should becutilized so that the accumulatjon of
trash in [front of trash rack is avoided or reduced. The design should also seek to ensure thpt the
incoming water flow is smooth, the resistance loss is minimized, the racks are easy to clean, and
easy to ipstall, maintain and replace.

The tragh removal from trash racks may includé~manual mode, mechanical mode and ra¢king-
lifting mpde.

Differential pressure measuring instruments and alarm devices should be installed at the intake
of the hydropower plant to monitor the-water level difference in front of and at the rear pf the
trash ragks.

The bullhead gates should be sét up at the water inlet, and a plane sliding gate should be selgcted.
If the utilization hours of the(turbine generator unit in a power plant are relatively small, the stop
time is relatively long, and ¢the requirements for the maintenance of an emergency gate or alquick
shutoff gate can be satisfied, the water intake bulkhead gate may be omitted.

For divefsion-type power plants, the bulkhead gate or emergency gate shall be installed at the inlet
of the diyersion eonduit. The quick shutoff gate or emergency gate should be set up at the inlet of
the penstock atithe location of the surge shaft within the long diversion conduit.

The closingtime for a quick shutoff gate shall meet the requlrements for runaway prevention
turbine ge : - -
shall not be more than 5 m/mm

The hoisting equipment of a quick shutoff gate shall have both a local operating system and a
remote operating system and shall be equipped with an opening indicating device. A reliable power
source shall be equipped.

The emergency (quick shutoff) gate and bulkhead gate at the water intake of a power plant should
be opened in static water. A reliable pressure measuring facility shall be installed at the water
intake of the power plant.

In general, a plane sliding gate shall be adopted as the tailwater bulkhead gate. A movable hoist
should be installed when gate holes are shared.
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10.3 Hoist selection for gates

In selection and arrangement of hoists, the advantages and disadvantages of various types of hoists
shall be compared and the opening/closing mode of gates shall be analysed.

a)

b)

‘)

d)

For the gate closed by dead weights or added weights and required to be fully opened within a
short time, a fixed winch hoist or a hydraulic hoist should be adopted.

For the gate required to be fully opened in a short time or down force required, a hydraulic hoist
should be selected.

For the plane gate which has many orifices and such orifices are not required to be opened evenly
hd partially at the same time, a mobile hoist should be selected.

5]

Fpr the small gate that down force required, a screw-type hoist should be selectéd)

10.4

10.4.
load,
and d

10.4.]
press

10.4.
relate

10.4./
at the
separ

10.4.
generj

Gate structure design

| Gate design and calculation should include layout of the gate stfucture, calculation of the gate

ralculation of the components of the gate, calculation of the opening and closing forc
bsign of the vent holes.

P Water pressure calculations should include static water pressure, dynamic water
ire, the force of floating material and other loads, including seismic load, wind load ar

B Layout of gate slot shall include type selection®of the gate slot, determine the g
d dimensions of the breast wall lintel.

I Where there is insufficient ventilation)behind a submerged gate, an air vent shal
top of the orifice closest to the downstream face of the gate. The open end of the vg
hte from the hoist room and it should-be above the checked flood level and with proteg

b The area of the rear vent hole behind a quick shutoff gate in a water diversion
ation conduit shall be selected as between 4 % and 7 % of the area of the power generaz

and the area of the vent hole\of an emergency gate may be reduced appropriately based

situat

10.4.(
condu

10.5

1oN.

b The area of thevent hole behind a bulkhead gate shall not be less than the area of
it.

Anti-corrosion of hydro mechanical structures

bs of the gate

pressure, silt
d frost load.

tructure and

be installed
nt should be
tive facilities.

and a power
tion conduit;
bn the actual

the charging

10.5.

Anti-corrosion measures and surface pre-treatment shall meetthe f‘n]]nmring rnr}nir

ements.

a)

b)

d)
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During the design of hydro mechanical equipment, the anti-corrosion measures shall be selected
after technical and economic consideration have been carried out that consider factors such as
operating environment, operating conditions, maintenance and management conditions of the
structures.

Three measures may be adopted for the anti-corrosion of hydro mechanical structures, they
are anti-corrosion coating, sprayed metal anti-corrosion coating and cathodic anti-corrosion
protection.

The surface of hydro mechanical structures shall be pre-treated before coating.

The design document shall specify the surface pre-treatment cleanliness and surface roughness
level and quality assessment standards.

61


https://standardsiso.com/api/?name=496c92f656ea5d2943220a43b5154f84

IWA 33-3:2

10.5.2 Coati

021(E)

ng protection shall meet the following requirements.

a) The anti-corrosion coating should be composed of primer, intermediate paint and finishing coat.
The primer shall have good adhesive force and rust resistance, the intermediate paint shall have
shielding performance and good combination with the primer and finishing coat, and the finishing
coat shall have weather and water resistance.

b) The coat

ing system shall be selected based on the surrounding environment.

10.5.3 Sprayed metal anti-corrosion coating shall meet the following requirements.

determined based on the environmental factors.

a)
intermec
b) The met
wire dia
c) In the s
d) The seal

and cert

10.5.4 Cathldic anti-corrosion protection shall meet the following beéquirements.

a) Before
necessaf

1) data

2) typs
stru

3) elect
othe

4) chen
vari

b) The cath
c¢) The hyd
other hy

d) The acty

liate paint and finishing coat after the coating is sealed.

meter should be less than 3,0 mm.

prayed metal coating protection system, the thickness of the inetal coating m

ng coating shall be compatible with a sprayed metal coating, with relatively low vis
hin corrosion resistance.

sign of cathodic anti-corrosion protection, thé(following data shall be collected ¢
y, an on-site survey shall be carried out:

about the design and construction of the hydro mechanical structures;

s, conditions and service life of the. coating on the surface of the hydro mech
ctures;

rical continuity of the hydro mechanical structures, and electrical insulation fro
r hydro mechanical structures under the water;

hical composition, PH.value, resistance rate, contamination degree of the mediuy
hitions of temperature;flow velocity and water level.

odic anti-corresien protection shall be used together with coating protection.

o mechanieal structures applied with cathodic protection shall be insulated fro
iro mechanical structures in the water.

al service life of the cathodic protection system shall be determined based on the g

1l wires used for thermal spraying shall be clean and free of rust, oil or fold‘tharks, and the

Ay be

Cosity

nd, if

hnical

m the

n and

m the

esign

servicel

fe’or the maintenance period of the metal structure.

11 Guidelines for construction planning

11.1 Construction diversion

11.1.1 Construction diversion standard shall be selected according to the following principles.

a) The flood control standards of construction diversion structures shall be expressed as the
recurrence period of the flood, which may be determined according to Table 16.
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Table 16 — Flood control standards for diversion structures

Diversion structure type Flood recurrence period (year)

Earth- rock structure 5~10

Concrete, masonry structure 3~5

b)

The closure period shall be selected based on the comprehensive analysis of hydrological
characteristics, climatic conditions, cofferdam construction conditions, construction progress and
navigation requirements. The closure period should be arranged in the dry period and severe cold
area should avoid ice and freezing period. The standard diversion discharge may be the monthly, or

the 10 day average flow rate, for a recurrence period of 3 to 10 years during the diversion period.

V\Ifhen the dam elevation exceeds the cofferdam crest elevation, the temporary\f
standard for flood control of dam body during flood season, shall be determjired“or
the dam type as indicated in Table 17. The standard may also be raised or lowered acc
Ccident impact on downstream areas after special demonstration.

[<5)

Table 17 — Temporary flood control standards for flood control of dam bo
construction period

lood control
the basis of
ording to the

dy in

Flood recurrence period (year)

Flood retention by the dam in
flood season, during the constric-
tion period

Dam type Flood control by the d4

blockage of the diversipn structure

m after the

Earth-rockfill dam 10~20 20~30

Con

5~10 10~20

rete dam, masonry dam

d)

f)

The blocking time of the diversion structiire shall be determined according tq
bnstruction progress based on the premise of meeting the requirements of flood 1
ilhpoundment for the reservoir. The design flow rate during the blockage may be th
1P day average flow rate for the recurrence period of 5 to 10 years, or it may be de
tlhe analysis of the actually meastred hydrologic statistical data. The design standarc
dpring the construction period shall be selected according to the importance of the pro
cpnsequences and other factors within 5 to 30 years recurrence period.

(@]

The impoundment standard of a reservoir during the construction period shall be dg
tlhe basis of the requirements of power generation, irrigation, navigation and water st
hfety of the damahdthe guarantee rate should be 75 % to 90 %.

%)

During the blegkage of a diversion structure and the impoundment of a reservoir, the
water supply‘and ecological flow shall be guaranteed.

11.1.2 Construction diversion may include phased cofferdam diversion mode and one-

the overall
etention and
e monthly or
termined by
of diversion
ject, accident

termined on
pply and the

downstream

ime riverbed
rsion, tunnel

f Cofferdam diversion mode, and the supporting works may include open channel divg

diversions of

different flood releasing structures. The selection of the construction diversion mode shall comply with
the following principles.

a)

b)
‘)

d)

© IS0 2021 - All rights reserved

The diversion mode shall be adaptive to the hydrological characteristics of the river and the
topographical and geological conditions.

The construction period shall be short, and the construction shall be safe, flexible and convenient.

The permanent structure shall be effectively utilized to reduce the quantity and cost of the
diversion works.

Construction diversion mode shall meet navigation, ice clearing, ecological flow, water supply and
other requirements.
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e) Diversion works from initial to later stages (i.e. river closure, cofferdam water retention, dam body
flood control, blockage of diversion works and water supply) shall be reasonably integrated during
the construction period.

11.2 Selection, planning and exploitation of the borrow area

11.2.1 The sources of natural building materials shall include excavated materials of buildings, soil,
natural sand and gravels and materials exploited from borrow areas. The material sources shall be
selected according to the construction requirements for the building materials’ quantities, quality
and supply intensity. After a comprehenswe analy51s of material source dlstrlbutlon reserves, quality,
exploitation 3 th on
the basis of g eologlcal exploratlons and experlments the selectlon shall be fmahzed through technical
and economif consideration under the principle of high quality and cost effectiveness.

11.2.2 The borrow areas for an earth-rock fill dam shall be selected in compliance with-the follpwing
principles.

a) The physical-mechanical characteristics of dam materials shall conform te.the quality standprd of
dam materials.

b) The resqrves are relatively concentrated, the top soil layer of the-borrow area is thin while the
material|layer is thick, and the total reserves can meet the needsf the dam filling.

c) The borfow areas shall be used according to different partswefrthe dam body. Some borrow|areas
nearby shall be reserved for flood retention of dam.

d) The borfow areas shall be easily exploited, the working area shall be broad, the transportation
distance|shall be short, and there is disposal site nedrby.

e) No or legs occupation of farmland and forests.

f) No orlegs adverse impact on ecology of the:area.

11.2.3 The delection of borrow areas for.€oncrete aggregates shall be in compliance with the follpwing
principles.

a) When there are abundant ndtural sand and gravels near the project and their quality meefs the
standards, they shall be selected as the main material source.

b) When the reserve and‘quality of natural sand and gravels from the borrow areas near thel main
project works cannot meet the requirements, artificial aggregate should be excavated and
processgd nearh¥. ;The priority should be given to the excavated materials if they are offlarge
quantityland good quality and can meet the requirements of construction progress.

c) No or legsegcupation of farmland and forests.

d) No or less adverse impact on ecology of the area.
11.3 Construction of the main works

11.3.1 The construction method of the main works shall economically and reasonably realize the overall
design scheme of the project and shall ensure the project quality and construction safety. The complete
and feasible construction method shall be determined, the rationality and feasibility of the overall
construction progress shall be demonstrated, any alteration suggestions shall be raised for the layout of
the hydraulic structures and building types, and the required data shall be provided for the compilation
of the project estimate.
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