UNIDO UNITED NATIONS
\¥/F INDUSTRIAL DEVELOPMENT ORGANIZATION

Technical Guidelines for the
Development of Small Hydropower Plants

DESIGN

Part 4: Hydraulic Engineering
and Energy Calculation

SHP/TG 002-4: 2019




DISCLAIMER

This document has been produced without formal United Nations editing. The designations and the presentation of the material in this
document do notimply the expression of any opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area of its authorities, or concerning the delimitation
of its frontiers or boundaries, or its economic system or degree of development. Designations such as “developed”, “industrialized” and
“developing” are intended for statistical convenience and do not necessarily express a judgement about the stage reached by a particular
country or area in the development process. Mention of company names or commercial products does not constitute an endorsement by
UNIDO. Although great care has been taken to maintain the accuracy of information herein, neither UNIDO nor its Member States assume
any responsibility for consequences which may arise from the use of the material. This document may be freely quoted or reprinted but
acknowledgement is requested.

© 2019 UNIDO / INSHP- All rights reserved



Technical Guidelines for the

Development of Small Hydropower Plants
DESIGN

Part 4: Hydraulic Engineering
and Energy Calculation

SHP/TG 002-4: 2019



ACKNOWLEDGEMENTS

The technical guidelines (TGs) are the result of a collaborative effort between the United Nations Industrial Development
Organization (UNIDO) and the International Network on Small Hydro Power (INSHP). About 80 international experts and 40
international agencies were involved in the document’s preparation and peer review, and they provided concrete comments

and suggestions to make the TGs professional and applicable.

UNIDO and the INSHP highly appreciate the contributions provided during the development of these guidelines and in

particular those delivered by the following international organizations:
- The Common Market for Eastern and Southern Africa(COMESA)

- The Global Network of Regional Sustainable Energy Centres (GN-SEC), particularly the ECOWAS Centre for Renewable
Energy and Energy Efficiency (ECREEE), the East African Centre for Renewable Energy and Energy Efficiency (EACREEE),
the Pacific Centre for Renewable Energy and Energy Efficiency (PCREEE) and the Caribbean Centre for Renewable Energy
and Energy Efficiency (CCREEE).

The Chinese government has facilitated the finalization of these guidelines and was of great importance to its completion.

The development of these guidelines benefited greatly from the valuable inputs, review and constructive comments as well as
contributions received from Mr. Adnan Ahmed Shawky Atwa, Mr. Adoyi John Ochigbo, Mr. Arun Kumar, Mr. Atul Sarthak, Mr.
Bassey Edet Nkposong, Mr. Bernardo Calzadilla-Sarmiento, Ms. Chang Fangyuan, Mr. Chen Changjun, Ms. Chen Hongying , Mr.
Chen Xiaodong, Ms. Chen Yan, Ms. Chen Yueqing, Ms. Cheng Xialei, Ms. Chileshe Kapaya Matantilo, Ms. Chileshe Mpundu
Kapwepwe, Mr. Deogratias Kamweya, Mr. Dolwin Khan, Mr. Dong Guofeng, Mr. Ejaz Hussain Butt, Ms. Eva Kremere, Ms. Fang
Lin, Mr. Fu Liangliang, Mr. Garaio Donald Gafiye, Mr. Guei Guillaume Fulbert Kouhie, Mr. Guo Chenguang, Mr. Guo Hongyou,
Mr. Harold John Annegam, Ms. Hou ling, Mr. Hu Jianwei, Ms. Hu Xiaobo, Mr. Hu Yunchu, Mr. Huang Haiyang, Mr. Huang
Zhengmin, Ms. Januka Gyawali, Mr. Jiang Songkun, Mr. K. M. Dharesan Unnithan, Mr. Kipyego Cheluget, Mr. Kolade Esan, Mr.
Lamyser Castellanos Rigoberto, Mr. Li Zhiwu, Ms. Li Hui, Mr. Li Xiaoyong, Ms. Li Jingjing, Ms. Li Sa, Mr. Li Zhenggui, Ms. Liang
Hong, Mr. Liang Yong, Mr. Lin Xuxin, Mr. Liu Deyou, Mr. Liu Heng, Mr. Louis Philippe Jacques Tavernier, Ms. Lu Xiaoyan, Mr. Lv
Jianping, Mr. Manuel Mattiat, Mr. Martin Lugmayr, Mr. Mohamedain SeifElnasr, Mr. Mundia Simainga, Mr. Mukayi Musarurwa,
Mr. Olumide TaiwoAlade, Mr. Ou Chuangji, Ms. Pan Meiting, Mr. Pan Weiping, Mr. Ralf Steffen Kaeser, Mr. Rudolf Hiipfl, Mr. Rui
Jun, Mr. Rao Dayi, Mr. Sandeep Kher, Mr. Sergio Armando Trelles Jasso, Mr. Sindiso Ngwenga, Mr. Sidney Kilmete, Ms. Sitraka
Zarasoa Rakotomahefa, Mr. Shang Zhihong, Mr. Shen Cunke, Mr. Shi Rongqing, Ms. Sanja Komadina, Mr. Tareqemtairah, Mr.
Tokihiko Fujimoto, Mr. Tovoniaina Ramanantsoa Andriampaniry, Mr. Tan Xiangqing, Mr. Tong Leyi, Mr. Wang Xinliang, Mr.
Wang Fuyun, Mr. Wang Baoluo, Mr. Wei Jianghui, Mr. Wu Cong, Ms. Xie Lihua, Mr. Xiong Jie, Ms. Xu Jie, Ms. Xu Xiaoyan, Mr. Xu
Wei, Mr. Yohane Mukabe, Mr. Yan Wenjiao, Mr. Yang Weijun, Ms. Yan Li, Mr. Yao Shenghong, Mr. Zeng Jingnian, Mr. Zhao
Guojun, Mr. Zhang Min, Mr. Zhang Liansheng, Mr. Zhang Zhenzhong, Mr. Zhang Xiaowen, Ms. Zhang Yingnan, Mr. Zheng Liang,
Mr. Mr. Zheng Yu, Mr. Zhou Shuhua, Ms. Zhu Mingjuan.

Further recommendations and suggestions for application for the update would be highly welcome.



SHP/TG 002-4.2019

Table of Contents

FOIrEWOIQ ceeceeeeeoeeeteenaeenieaneenseeeceaceaeeaseteoceasecssocsoceocsasecsscssocsssscscscsossscssssssssssocssssasssas

Introduction

0 N o o~ WN

9

10
11
12
13
14

Scope

Normative references

Terms and definitions

General principles

Computation of runoff regulation

Hydrau“c energy CalCUIAtiON eveeeveecreceeeeenreenreeeeeneeenceesceenceoscoeccsccceccscscccccasccaccscccscscsnnes
Load forecast and electric power and energy DAlaNCE e cercreettitiiiiiiitiiitiiittiitiiititittttttieenens

Selection of flood regulation and characteristic flood-control level
Selection of normal water level and dead storage water level

Selection Of installed Capac|ty and type of UNIT secceecceeceeeceeceescteccecsceccceccccccscccccccaccsaccscns

Selection of dimensions of headrace and volume of daily regulation pool

Analysis of reservoir sediment deposition and calculation of backwater «s:eseceeececeseeneeaienn.

Reservoir operation mode and operational characteristics over multiple years

F|gures I

Appendix A (Informative) Hydropower calculation for non-regulated or daily

regu'ated hydropower STAQtIONS ecvreceecrecceeeceeceetcenccencceccencccncnnns

Appendix B (Informative) Hydropower calculation for an annually regulated

reservoir hydropower station

H =

MW 0o RN

_ =
- = O O ©

12

- 14



SHP/TG 002-4.2019

Foreword

The United Nations Industrial Development Organization (UNIDO) is a specialized agency under the
United Nations system to promote globally inclusive and sustainable industrial development (ISID).
The relevance of ISID as an integrated approach to all three pillars of sustainable development is rec-
ognized by the 2030 Agenda for Sustainable Development and the related Sustainable Development
Goals (SDGs), which will frame United Nations and country efforts towards sustainable
development in the next fifteen years. UNIDO’s mandate for ISID covers the need to support the cre-
ation of sustainable energy systems as energy is essential to economic and social development and to
improving quality of life. International concern and debate over energy have grown increasingly over
the past two decades, with the issues of poverty alleviation, environmental risks and climate change
now taking centre stage.

INSHP (International Network on Small Hydro Power) is an international coordinating and promoting
organization for the global development of small hydropower (SHP), which is established on the ba-
sis of voluntary participation of regional, subregional and national focal points, relevant institutions,
utilities and companies, and has social benefit as its major objective. INSHP aims at the promotion of
global SHP development through triangle technical and economic cooperation among developing
countries, developed countries and international organizations, in order to supply rural areas in de-
veloping countries with environmentally sound, affordable and adequate energy. which will lead to
the increase of employment opportunities, improvement of ecological environments, poverty allevi-

ation, improvement of local living and cultural standards and economic development.

UNIDO and INSHP have been cooperating on the World Small Hydropower Development Report since
year 2010. From the reports, SHP demand and development worldwide were not matched. One of the
development barriers in most countries is lack of technologies. UNIDO, in cooperation with INSHP,
through global expert cooperation, and based on successful development experiences. decided to
develop the SHP TGs to meet demand from Member States.

These TGs were drafted in accordance with the editorial rules of the ISO/IEC Directives, Part 2 (see
www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of these TGs may be subject to pa-
tent rights. UNIDO and INSHP shall not be held responsible for identifying any such patent rights.
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Introduction

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

These Technical Guidelines for the Development of Small Hydropower Plants (TGs) will address the
current limitations of the regulations applied to technical guidelines for SHP Plants by applying the
expertise and best practices that exist across the globe. It is intended for countries to utilize these a-
greed upon Guidelines to support their current policy, technology and ecosystems. Countries that
have limited institutional and technical capacities, will be able to enhance their knowledge base in de-
veloping SHP plants, thereby attracting more investment in SHP projects, encouraging favourable
policies and subsequently assisting in economic development at a national level. These TGs will be
valuable for all countries, but especially allow for the sharing of experience and best practices be-
tween countries that have limited technical know-how.

The TGs can be used as the principles and basis for the planning, design, construction and manage-
ment of SHP plants up to 30 MW.

® The Terms and Definitions in the TGs specify the professional technical terms and definitions
commonly used for SHP Plants.

® The Design Guidelines provide guidelines for basic requirements, methodology and procedure in
terms of site selection, hydrology. geology., project layout, configurations, energy calculations,
hydraulics, electromechanical equipment selection, construction, project cost estimates., eco-
nomic appraisal, financing, social and environmental assessments—with the ultimate goal of a-
chieving the best design solutions.

® The Units Guidelines specify the technical requirements on SHP turbines, generators, hydro tur-
bine governing systems, excitation systems, main valves as well as monitoring, control, pro-
tection and DC power supply systems.

® The Construction Guidelines can be used as the guiding technical documents for the construction
of SHP projects.

® The Management Guidelines provide technical guidance for the management, operation and main-
tenance, technical renovation and project acceptance of SHP projects.
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Technical Guidelines for the Development of Small Hydropower
Plants-Design
Part 4. Hydraulic Engineering and Energy Calculation

1 Scope

This Part of the Design Guidelines specifies the methods and steps of hydraulic engineering and ener-
gy calculations for small hydropower (SHP) development. and covers the aspects might be involved

in hydropower station design, such as the load forecast and electric power and energy balance.
2 Normative references

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

plies.

SHP/TG 001, Technical guidelines for the development of small hydropower plants— Terms and def-

initions.

3 Terms and definitions

For the purposes of this document, the terms and definitions given in SHP/TG 001 apply.
4 General principles

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

4.2 Hydraulic engineering and energy shall be calculated on the basis of the integrated planning of

river basin and city or river (reach) planning and power planning. According to the comprehensive

utilization requirements, the development task and the power supply scope of the hydropower sta-
1
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tion shall be determined, the design dependability and design target year shall be selected, the scale

and characteristic values of the hydropower station shall be determined, the operational modes of
the reservoir and hydropower station shall be researched and the engineering benefits shall be stated.

4.3 Hydraulic engineering and energy calculation shall be based on the collection and analysis of the
basic data of local social and economic conditions, natural conditions. electric power system and ec-
ological environmental protection, as well as the comprehensive utilization requirements. The basic
data shall include:

a) The economic-social data, including the status quo and development data of regional national
economy, comprehensive basin planning, development status and planning data of the hydro-
power resource development of the drainage basin, water environment protection status and
planning data, regional power grid status and planning needed for comprehensive utilization ben-
efit calculation;

b) The landform data, including the topographic map of the reservoir area (the scale shall not be

less than 1 : 1 000) , the longitudinal and cross-section profiles of the upstream and downstream
of the dam site and the longitudinal and cross-section profiles of the downstream reach of the

plant site;

¢) The professional planning and water demand data for the various purposes, including the water

consumption, ecological water demand and fishery, tourism, navigation and other water de-
mands of upstream and downstream water intake departments of reservoirs.

4.4 The design level of the power station may be three to five years after the first unit is put into
operation, which should be consistent with the national economic development plan.

5 Computation of runoff regulation

5.1 According to the regulation performance of the power station and all kinds of water demand,
the calculation of runoff regulation shall be carried out to balance the water quantity. The firm out-
put, multi-year average generation and characteristic head of the power station shall be calculated,
and the operational characteristics and benefits of the power station shall be illustrated. When the

water balance computation is carried out, all kinds of water consumption, water process and water
guarantee rate of upstream and downstream areas shall be considered.

5.2 In the calculation of the water every indicators of the reservoir hydropower station with water
requirements for ecology, irrigation, living and navigation, the demand of all aspects shall be con-

sidered as a whole, and the necessary storage capacity and dead water level of the reservoir shall be
reasonably determined. The calculation of power generation shall take into account all kinds of water
demand and water supply requirements in an extraordinary dry year, and calculate the energy indica-

tors.
2
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5.3 The energy calculation of cascade hydropower station shall fully consider the connection rela-
tionship of flow, flow path and water level between the upstream and the downstream cascade sta-
tions as well as the mutual compensation utility among the cascade stations; the tailwater level of an
upstream hydropower station shall be designed with consideration given to the influence of the back-

water of the downstream reservoir.

5.4 The design dependability of an SHP station shall meet the following requirements:

a) The design dependability of a hydropower station may be selected according to the hydropower

capacity proportion in the power system described in Table 1.

Table 1 Design dependability of the hydropower station

Hydropower capacity proportion in the power
P P prop P Below 25 25~50 Above 50
system (%)

Design dependability of a hydropower station
(%)

80~85 85~90 90~95

b) The design dependability of a reservoir hydropower station with irrigation as the main or other
water supply tasks shall be selected according to the requirements of main water consumption

sectors.

¢) The frequency of the typical high-flow year, median-flow year and low-flow year should be se-
lected respectively as that Png, = 100% — Piow; Puedian = 50% ;5 Piow = design dependability.

5.5 The chronological series method shall be applied in the computation of runoff regulation accord-
ing to the following requirements:

a) For non-regulated or daily regulated hydropower stations. the runoff regulation should be calcu-
lated by adopting a long series of daily average flow or the average daily flow rate of a typical
year. Three representative years, i.e. the high-flow year, median-flow year and low-flow year,
should be selected as the typical years, and the representative partial-high-flow year and partial-

low-flow year may also be added.

b) For the multi-year regulated reservoir and the annual regulated reservoir, long series shall be
adopted for the calculation as per the average monthly (ten-day) flow. When the typical years
are selected, the water volume frequency in the design low-flow year should be roughly equal to
the design dependability, and the annual mean runoff values in the high-flow year, median-flow
year and low-flow year should all be equal to or close to the mean annual runoff.

5.6 When there are existing water conservancy and hydropower projects upstream or downstream
of the hydropower station under design or there are water conservancy and hydropower projects to
be built within the design target year, the computation of runoff regulation of the cascade hydro-

power station shall be carried out accordingly.
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6 Hydraulic energy calculation

6.1

The chronological series method shall be applied in the calculation of hydraulic energy; the

water balance computation shall be made according to the regulation performance of the hydropower

station as well as the water requirements of ecology, irrigation, living and navigation, to calculate

the firm output, mean annual energy output, peak-load electric quantity. valley-load electric quantity
and characteristic head of the hydropower station.

6.2

a)

b)

6.3

a

b)

c)

d)

The calculation of firm output shall meet the following requirements:

For a multi-year regulated hydropower station, the water supply period is the low-flow year

group; for an annually (quarterly) regulated hydropower station, the water supply period is

several months (10 days). The firm output shall be obtained by frequencyanalysis method ac-
cording to the output in the long-series calculation period.

The average output during low-flow period may be designed as the as the firm output for the

hydropower stations with no data or less than 5 MW of capacity.
The calculation of the characteristic head shall meet the following requirements:

Maximum working head should be the difference between the normal pool level and the down-
stream tailwater level corresponding to the firm output for power generation. If the hydropower

station performs the daily regulation task, the minimum output in the daily regulation shall be
selected to calculate the downstream tailwater level; if there is a flood control task in the down-

stream of the reservoir, the maximum head shall be verified in the flood control regulation and a
larger value shall be taken as the maximum working head. The maximum working head may be

calculated without consideration given to the head loss in the water conductor system; with re-
gard to the diversion hydropower station, the water delivery head may be calculated as per the

low flow condition encountered, and a certain allowance may also considered.

Minimum working head should be the difference between the dead water level and the down-
stream tailwater level corresponding to the maximum discharge capacity of the hydropower sta-
tion, with head loss in the water conductor system deducted. With regard to the hydropower

station with low head. the possible minimum head of power generation in the flood period shall
be studied.

Arithmetic average head shall be the arithmetic average value of the average heads in each calcu-

lation period of a long series of calculation results.

Weighted average head shall be the ratio of the sum of the products of the average head multi-
plied with the average output in each calculation period of a long series of calculation results to

the sum of the average outputs in each calculation period.
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6.4 The hydraulic energy indicator of the daily regulated hydropower station may be calculated by

the daily or the hourly time interval. The hydraulic energy indicator of the non-regulated hydropower

station shall be calculated by the daily time interval. Both daily and hourly time interval methods shall

meet the following requirements:

a)

b)

When the daily time interval method is used, the calculation shall be carried out as per the fol-

lowing provisions:

ID)

2)

3

According to the daily mean runoff series at the water intake over the years (for the SHP
station with a scale less than 5 MW, three or more typical years including the high-flow
year, median-flow year and low-flow year may be used), the daily flow-duration curve or

the daily flow-dependability curve shall be drawn.

According to the heads corresponding to various flows and the selected output coefficient,
the output duration curve or the output-dependability curve shall be calculated and drawn.
The power output corresponding to the design dependability of the hydropower station is
the firm output.

According to the output-dependability curve of the hydropower station. 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 station,
the mean annual power generation shall be determined. See Appendix A for the specific cal-
culation method.

When the hourly interval method is used, the calculation shall be carried out as follows:

ID)

2)

3

4)

According to the peak-load operating time in the local daily load diagram, and according to
the principle of making the best use of peak load to generate electricity and maintain high
water level operation, the daily runoff regulation shall be calculated within 24 hours and the

daily mean flow is taken as the inflow in hours per day.

When the daily mean flow is greater than the rated flow of the unit, the reservoir regulation
may not be considered. The upstream water level of the reservoir employs the normal pool

level for calculating the hydraulic energy output.

When the hydropower station does not generate electricity and the reservoir could not
reach full storage during the valley-load period, the hydropower station will not generate
electricity during the entire period of valley load and at the beginning of the peak load until
the reservoir is full; during the rest of the peak-load period, the sum of the total inflow and

the regulation storage will be used as the average for electricity generation.

When the hydropower station does not generate electricity but the reservoir could reach full
storage and there is surplus water during the valley-load period, the hydropower station

5
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may not generate electricity at the beginning of the valley-load period; the reservoir may
firstly reach full storage, and then the hydropower station could generate electricity at full
water level as per the reservoir inflow in the later stage of the valley-load period; during
the entire period of peak load, the sum of the total inflow and the regulation storage is used

for electricity generation.

5) When the hydropower station does not generate electricity but the reservoir could reach full
storage and there is surplus water during the valley-load period, and the regulation storage
and the inflow may satisfy the fully-loaded running demand of the unit while there is surplus
water released during the peak-load period, to avoid releasing surplus water during the
peak-load period., the hydropower station may not generate electricity at the beginning of
the valley-load period until the reservoir reaches full storage, and could generate electricity
as per the sum of the reservoir inflow and the released surplus water during the peak-load
period at the later stage of the valley-load period. The sum of the total inflow and the regu-
lation storage during the entire period of peak load, after deducting the released surplus
water, will be used for electricity generation.

6.5 The hydraulic energy indicator of the annual regulated hydropower station may be calculated by
the equal output regulation and the equal flow discharge regulation, see Appendix B for the specific
method, and the following provisions shall be met:

a) For the annual energy output calculated with a long series of runoff data, the mean value shall be
used to obtain the multi-year average power indicators. The firm output shall be calculated by
the frequency analysis method as per the output in the long-term series.

b) For a hydropower station lacking data or with a capacity less than 5 MW, the mean annual ener-
gy output may be calculated as per the runoff in the design typical high-flow year, median-flow
year and low-flow year. The designed average output during the low-flow year may be regarded
as the firm output of the hydropower station.

6.6 The hydraulic energy output of the hydropower station with multi-year regulation performance
may be calculated with reference to the calculation of the annually-regulated hydropower station. At
the beginning of the calculation, the dead water level may be regarded as the initial reservoir level so
as to obtain the storage process of the reservoir over the years, and then the initial reservoir storage
levels in each year shall be recorded with their average value taken as the initial water level for fur-
ther calculation; the calculation may also be simplified by taking the water level from the dead water
level to two-thirds of the normal pool level as the initial water level.

7 Load forecast and electric power and energy balance

7.1 Power supply scheme selection, power supply mode determination. electric power and energy
balance and flow distribution calculation shall be carried out on the basis of the load prediction;
6
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meanwhile, the power system development speed determination and phased development plan prep-
aration of the hydropower station shall also be based on the load prediction.

7.2 Load forecast shall be mainly based on the existing forecast results in the power department
which shall be adopted after analysis. Its main reference data shall include the capacity of the various
electrical equipment in the system; the comprehensive maximum load for monthly electricity con-
sumption, the monthly electricity consumption and the annual total electricity consumption of the
system; the comprehensive maximum load of the monthly power supply, the monthly power supply
and the annual total power supply of the system; comprehensive grid loss rate of the system; and
the power consumption rate and the load growth rate of the each power station.

7.3  With regard to the critical power station dominating a larger proportion of the system, the load
forecast results provided by the electric power department shall be verified with multiple methods.
In general, the application coefficient method, unit consumption method and other basic forecasting
methods shall be selected.

7.4 The selection of the installed capacity of hydropower stations being a smaller proportion of the
system may be determined by economic evaluation and scheme comparison according to the actual
situation of the local power demand, while the computation of electric power and energy balance is
not required. If the plant is not connected to the grid (i.e. an isolated power plant), its installed ca-
pacity may be selected based on twenty years of the power demand in the surrounding areas. A
phased development of this isolated project may also be considered.

7.5 The installed capacity of the critical hydropower station, which accounts for a large proportion
of the system and are incorporated into the isolated power grid, must be selected on the basis of the
balance of the entire network. The balance of electric power and energy shall meet the following re-

quirements:

a) The electric power and energy may be balanced according to the capacity, electric quantity and
load of various power stations in the representative high-flow year, median-flow year and low-
flow year. The frequencies of the representative high-flow year, median-flow year and low-flow
year may be selected according to the following methods:

1) The frequency P, of the low-flow year may be consistent with the comprehensive power

supply dependability of the electric power system as required in the planning.
2) The frequency P Of the median-flow year is 50%.
3) The frequency P4 of the high-flow year may be determined as per Pug = 100% — Piow.
b) The electric power and energy balance shall be carried out with a daily load chart in the design

target year. The daily load chart shall be selected and plotted among two to four months with the

most prominent power-supply conflict within the specific operation situation in the grid.
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8 Selection of flood regulation and characteristic flood-control level

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

8.2 The characteristic water level for flood control shall be determined through technical and eco-
nomic comparison in combination with the layout and scale of flood discharge structure.

8.3 The limiting water level in flood season shall be determined, according to the principle of com-
bining flood control with utilizable capacity. based on a comprehensive analysis of the influences of
the different limiting water levels in flood seasons on the main benefit objectives, downstream flood

control, sediment accumulation, reservoir area inundation and project investment.

8.4 With regard to a cascade reservoir, the flood control standard, flood control task and flood dis-
patching principle of the reservoirs in the cascade shall be analysed to coordinate the flood control
operation modes of the designed hydropower station with other reservoirs in the cascade.

9 Selection of normal water level and dead storage water level

9.1 The selection of normal water level of the reservoir shall be determined by several schemes,
which are proved by technical and economic analysis, according to the cascade development plan,
comprehensive utilization requirement, engineering construction conditions, sediment deposition,
reservoir inundation and ecological environment. The reservoir inundation and ecological

environment shall be regarded as important factors in the comparison of schemes.

9.2 In addition to the comparison of the economic energy indexes in different schemes, the normal
water level selection must with consideration given to the following factors. In the selection of nor-
mal reservoir water level, the following factors must be considered in addition to the comparison of

kinetic economic indicators of each scheme:

a) The topography and geology of the dam site, the layout of the hydraulic structures. the con-
struction conditions, cascade connection, ecological environment, and the comprehensive utili-

zation of the water resources;

b) The inundation, immersion and salinization loss of the reservoir area as well as the impact on

the farmland. cities and towns, traffic, diggings and important cultural relics and historic sites;

¢) The impact of sediment accumulation due to rise of backwater and the cascade connection with

regard to the heavy silt-carrying river, the influence of sedimentation on the storage capacity,
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benefit and cascade relationships and the variation of the benefits due to the sedimentation
process of the reservoir.

9.3 The selection of dead storage water level of the reservoir shall be determined by
comprehensive analysis according to both the comparison of electric power and energy benefit (firm
output and power generation) in different schemes, and the 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 departments on the water level and flow.

10 Selection of installed capacity and type of unit

10.1  The power supply scope of the hydropower station should be determined by analyzing the de-
velopment planning of local power system. scale of the hydropower station and its function in the
power system.

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

structure.

10.3 With regard to the reservoir hydropower station with water requirements for ecology . irriga-
tion, living and navigation, on the premise of meeting the water supply for ecology, irrigation,

living and navigation, various schemes shall be selected for technical and economic comparison.

10.4 In the selection of the installed capacity. the intake flow shall be coordinated with the up-
stream and downstream cascade hydropower stations.

10.5 The rated water head of the turbine shall be determined according to the variation characteris-
tics of the head and the weighted average head. The rated water head may be selected between the
range from 0.85 to 0.95 of the ratio of rated head to weighted average head. The rated head should

not be higher than the weighted average head during flood season.

10.6 The types of the turbine and the number of units shall be selected after comprehensive
analysis and comparison according to such factors as power station output, head variation character-
istics, layout of the hydropower station, equipment manufacturing level and power system

operation requirements.
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11 Selection of dimensions of headrace and volume of daily regulation pool

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

11.2  The headrace (channel/tunnel) dimension shall be selected by optimization through scheme
comparison by calculating the head loss, the electricity benefits and the expenses in various
schemes.

11.3  The volume of daily regulation pool may be determined based on the storage capacity that can
meet the daily load operation requirement under the design dependability condition after regulation.
The safety factor may be 1.1 to 1.2.

11.4 If not restricted by other the comprehensive utilization departments, the volume of daily regu-
lation pool of the cascade hydropower stations should be selected according to the synchronous op-
eration of cascade hydropower stations.

12 Analysis of reservoir sediment deposition and calculation of backwater

12.1  For high-head hydropower station, the impacts of sediment size on the erosion of turbine
blades shall be analysed, and the allowable sediment concentration through the turbine shall be pro-
posed.

12.2 In the calculation of sediment scouring and silting of the reservoir, various calculation
methods may be selected according to the sediment characteristics, sediment management mode and
availability of the hydrologic data. When the data is insufficient, the calculation may be carried out
with the analogue method or the empirical method. When the data is relatively sufficient, the mathe-
matical model may be used for the calculation, and the main parameters shall be calibrated with the
measured data., and the results related to the corresponding sediment accumulation positions., the
siltation volume and the influence on regulation storage shall be proposed.

12.3 In the calculation of reservoir backwater, the natural water surface profile before building the
reservoir and the water surface profile of backwater in the 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 the reservoir. In the basic data for the
backwater calculation, the backwater sectional layout and the basis for the roughness coefficient se-
lection shall be stated; the calculated section shall be able to reflect the basic characteristics of the
river course and the characteristics of the river bed after sedimentation. For a silt-carrying river, the
effect of reservoir sedimentation shall be considered for the backwater calculation.
10
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13 Reservoir operation mode and operational characteristics over multiple years

13.1

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.

13.2 The operation characteristics over multiple years shall be proposed according to the reservoir

operating modes.

14 Figures

The figures for the hydraulic engineering and energy calculation shall include:

a

b

c)

d)

e)

D

a9)

h)

Schematic diagram of the project geographic location;

Schematic diagram of the power supply scope of the project;

Schematic diagram of the engineering layout in the drainage basin (region) hydropower plan-

ning;

Map of the inundation area of the reservoir;

Reservoir water level-area-capacity curve;

Water Stage-discharge curve of the hydropower plant site;

Generation output dependability curve;

Longitudinal section of the reservoir sediment accumulation and backwater curve;

Reservoir operation graph for the design flood;

Reservoir operation Rule Curve (based on the requirements for releases for irrigation, water

supply) ;

Reservoir operation graph for the check flood;

Flows series for meeting water demands other than power (e.g. irrigation, water supply).

11
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Appendix A
(Informative)
Hydropower calculation for non-regulated or daily regulated hydropower stations

A1l When calculating the hydraulic energy for non-regulated or daily regulated hydropower
stations, the runoff data to be used may be categorized into several flow bands in ascending order
from small to large, and the occurrence frequency of the various flow bands shall be calculated, as

shown in Table A.1.

Table A.1 Statistical table of the occurrence frequency of the daily mean flow of
non-regulated or daily regulated hydropower stations over the years

Flow Mean Occurrence frequency of the flow at various flow bands over the years Total of
occurrence
bands flow
Q Times
(m*/s) | Q(m*/s) | XX year | XX year | XX year | XX year | XX year | XX year | XX year ;

Q) (2 )] @D (5) (® D ® €D 10

01 ~Oz

Q;:~Q,

05~Oe

NOTE The number of years in this table shall be determined according to the actually available data, but shall at least

include three typical years, i.e. the high-flow year, median-flow year and low-flow year.

A.2 For the non-regulated or the daily regulated hydropower station. the hydraulic energy calcula-
tion shall be carried out with the tabulation method in accordance with Table A.2. According to the
results of Table A.2, the output-frequency or the output-duration curve shall be drawn, and its hy-

draulic energy index shall be worked out.

12
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Appendix B
(Informative)

Hydropower calculation for an annually regulated reservoir hydropower station

B.1 Equal output regulation calculation: the calculation of the equal output regulation is usually car-
ried out by the trial computation, that means to first assume the firm output and then to carry out
the trial computation for the electricity generation regulation flow according to the known output
(assumed firm output) period by period. If the water level during a certain period is higher than the
normal pool level and the surplus water is released (or the failure of power generation occurs as the
water level is lower than the dead water level), it is necessary to increase (or decrease) the elec-
tricity generation regulation flow and to calculate the corresponding output. After completing the
regulation calculation for the whole series, the assumed output will be regarded as the obtained firm
output if the output damage situation meets the dependability requirement; otherwise, it is necessa-
ry to re-assume and re-calculate it until the requirement is met. The hydraulic energy output like the
firm output and the mean annual energy output obtained by the equal output regulation calculation

shall be verified according to the dispatching regulation diagram when necessary.

B.2 When the required utilizable capacity and the storage/discharge process of the reservoir are
determined for the known hydropower station according to the output variation process of the load
diagram, the water consumption of the other departments and the characteristic water level of the
reservoir (normal pool level or dead storage water level), or when the utilizable capacity is known
and it is required to calculate the storage/discharge process of the reservoir and the firm output, the
calculation may be carried out with the trial method for simultaneous solution of the Formula (B.1),
Formula (B.2) and Formula (B.3). See Table B.1 for the calculation table.

N = Aop(Es - Z, — Ah) B N D)
Vm = \/C + (Oi — Qp — OV)AT D L G = D)
Vm = \/C — (Qp — Q{_ — Oy)At D R IX TR TP N G S NS I

where

N is the output of the hydropower station, in kW

A is the comprehensive output coefficient of the power station;

Q, is the Intake flow of the hydropower station, in m*®/s;
14
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is the average water level of the upstream reach, in m;

is the average water level of the downstream reach, in m;

is the head loss, m;

is the reservoir storage capacity at the end of the period, in m?;

is the reservoir storage capacity at the beginning of the period, in m*;

is the upstream inflow. in m*/s;

is the water consumption of the other departments, evaporation and leakage loss and release of

the surplus water, in m*/s;

is the duration, in s.
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B.3 Equal flow regulation calculation:
a) In the equal flow regulation calculation, it is assumed that different flows are diverted for the
hydropower station during the storage period and the supply period; the intake flows during the
storage period and the supply period should be derived through trial computations.

1) The intake flow during the supply period is calculated by means of the Formula (B.4).

Wy + V,— Wy — Wy,

Q, = . N - X' D)
where
Q, is the intake flow of the hydropower station during the supply period, in m®/s;
W is the upstream water inflow during the supply period, in m*;
V., is the utilizable capacity, in m*;

W, is the water loss during the supply period, in m?;

W, is the water consumption of the other departments during the supply period, in m®;

T, is the duration of the supply period, in s.

2) The intake flow during the supply period is calculated by means of the Formula (B.5).

le - Vx - Wxs - Wx‘/

Q, = T N A - D)
where
Q. is the intake flow of the hydropower station during the storage period, in m®/s;
W is the upstream water inflow during the storage period, in m®;
V., is the utilizable capacity, in m®;

W is the water loss during the storage period, in m®;

W., is the water consumption of the other departments during the storage period,

17
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b

c)

18

inm?;

T, is the duration of the storage period, in s.

The equal flow regulation may be calculated with the tabulation method, as shown in Table B.2.
The corresponding hydraulic energy indexes are obtained with the results for the design low-
flow year or multiple-year (or three typical years, i.e. the high-flow year, median-flow year and
low-flow year) tabulation calculation. The average output during the supply period of the design
low-flow year is the firm output. The average value of the annual energy output over the years
or in three typical years, i.e. the high-flow year, median-flow year and low-flow year, is the

mean annual energy output.

The equal flow regulation calculation shall take into account the influence of the operation head
of the hydropower station when the water is stored in or discharged from the reservoir. During
the specific calculation, the storage capacity or water level variations at the beginning and at the
end of the period may be checked and calculated with the reservoir storage and the stage

relation curve.
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