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Preface

Decentralization of hydropower generstion has become one of the accepted
means of developing energy resources to meet rursl emergy requirements and
support programmes of rural indust.ializetion and decentrslization of indus-
try in developing countries.

UNIDO orgsnized the Second Seminar-Workshop/Study Tour ia the Develop-
ment and Application of Technology for Mini Hydropower Generation (MHG), Yeld
at Hengzhou, Chine, from 17 October to 2 November 1980, and MNanila,
Philippines, from 3 to B8 November 1980. One of the objectives of the
Senminar-Workshop/Study Tour was to promote the exchange of experiences in the
~lanning, construction and spplication of mini-hydropower generstion units in
developing countries, and in particular to learn the wmethods of planning and
programme implementation applied in China.

The Chinese delegates at the meeting presented a number of papers on
mini-hydropower generation in China. However, meny participants heve asked
UNIDO for more information on Chinese experiences in that field. UNIDG
therefore requested the Chinese authorities to prepare this manual. It was
decided that the first edition of the manual should be subject to regular
modification and improvement bssed on suggest.ons submitted by readers.

The manual is designed to complement the previous UNIDO publication
entitled "Mini-hydropower stations; A manual for decision makers”
(ID/SER.N/1). 1Its preparation, made possible by & contribution of the
Government of China to the United Nations Industrial Development Fund, was
mainly the work of:

Guo Ruizhang
Deputy Chief Engineer
Shanghai Bureau of Water Cons: -vation

The author was assisted by:

Zhu Xiaozheng

Doputy Chief Engineer

Lanchow Design Institu.ion
Ministry of Water Conservation

Liu Kewei

Deputy Chief of Division
Sichuan Province Bureau of
Water Conservation

Lu Renchao

Engineer

Hunan Province Buresu of
Water Conservation

Lee Renlin

Engineer

Hunan Province Bureau of
Water Conservation

The msnual wes reviewed by:




Bai Lin

Deputy Head of the Division of
Hydropower

Ministry of Water Conservation

UNIDO hopes that the msnual will serve as = practical and useful tool in
planning mini-hydropower generation in developing countries.
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ABSTRACT

In line with its national policy of rural industrial development, China
has for meany years pursuel en active programme of mini-hydropower generation
to meet the energy needs of rural areas, particularly isolated areas cut off
from the national power grid.

This study describes Chinese experiences in this field. It deals with
policies and measures, economic issues, techaical problems of exploication
and design, production of machines and equipment, promotion of research and
deveiopment, manpower training and other important aspects of the promotion
and implementation of mini-hydropower projects.

SOMMAIRE

En application de sa politique nationale de développement industriel des
zones rurales, la Chine, depuis de nombreuses années, poursuit activement un
programme d’'implantation de petites centrales hydroélectriques devant
permettre de sa.isfaire les besoins énergétiques des zones rureles, notamment
celles qui sont isolées du réseau national de distribution.

La présente étude décrit 1'expérience de la Chine dens ce domsine, les
politiques et les mesures adoptées, les aspects économiques, les problémes
techniques de conception et d'exploitation, la fabrication des machines et de
1'équipement, la promotion de la recherche-développement, la formation de la
main-d'oeuvre et les autres questions importantes que soulévent le lancement
et la réalisation de prcjets concernant les petites centrales
hydroélectriques.

EXTRACTO

De contormidad con su politica nacional de desarrollo industrial del
campo, China lleva muchos afos aplicando un activo prcgrama de produccién de
electricidad con pequenas cenirales hidroeléctricas para satisfacer las
necesidades de energis de las zonas rurales, en particular de aquellas zonas
aisladas no conectedas a la red eléctrica nacional.

El estudio describe las experiencias chinas en este ambito y trata lo
relativo a 1las politicas y 1las medidas, 1los aspectos econémicos, 1los
problemas técnicos de la explotacién y el diseno, la produccién de maquinaria
y equipo, el fomento de la investigacién y el desarrollo, la capacitacién de
la mano de obra y otros aspectos importantes del fomento y la realizacidén de
proyectos de pequenas centrales hidroeléctricas.
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INTRODUCTION

Ch.na has rich water resources with a totsl potential capacity of appreox-
imately 680,000 MW, of which 370,000 MW may be feasibly exploited. The geo-
gcaphiceal features of China are charscterized by high lands in the west and
low lends in the east. Most of its main rivers originate in the western
pleateaux. Precipitation is abundant in southern China, hydropower resources
being richer there in comparison wi_h the northern area, where precipitation
is quite low.

In 1979 coal ranked first as an energy source in China, petroleum was
second and water, which accounted for only 17 per cent of total energy pro-
duction, came last. Hydropower generation currently involves only about 5 per
cent of total water resources. The potential for future development is there-
fore great.

The definitions of small hydropower generation, wmini-hydropower generas-
tion and micro-hydropower generation vary among different countries and
organizations, as reflected in table 1.

In China hydropower plants with a total installed capacity of up t%c
12 MW, units of less than 6 MW and small local grids are classified as small
hydropower generation facilities. However, in order to avoid confusion, the
term mini--hydropower generation (MHG) will be extended to cover such facili-
ties in this publication.

A. Development and construction of MHG stations

Water power is a cheap, clean and renewable energy resource. Since 1949
the Government of China has attached great importance to the development of
MHG. Up to the end of 1979, China constructed more Lhan 89,000 MHG stations
with a total capacity of approximately 6,300 MW.

The annusl energy output by MHG in 1979 was 11,900 GWh, or approximately
35 per cent of electricity consumption in sgriculture. By 1979, 1,500 out of
a total of asoproximately 2,000 counties had established their own MHG and
nearly 700 counties relied mainly on MHG for supplying electricity to industry
and agriculture.

The construction of MHG stations in China was initiated on the basis of s
nation-wide movement in agricultural co-operation conducted in the early
1950s. Rural areas remain comparatively underdeveloped wi'hin the economy ss
a wiole. A huge amount of electric power is needed for the development of
induttriel and agricultural production. It was difficult to meet the short-
term needs of rural ereas, and even imposcible to do sc in the remote rural
regiony, by merely relying on large- and medium-scale power stations built
through government investment.

Full util zation of the scattered small hydropower potential in combina-
tion with water utilization for other purposes is ensured by constructing
power ststions to meet locel electricity demend. There are many stations,
each covering certain sreas, scattered throughout the country. A local net-
work was formed and connected to the government-run grid. This should help
mect demand in rureal areas for electricity end promote a quicker development
of sgriculture with less government investment.
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Teble 1. Classificetion of hydropover stations according
to power capacity

Micro- Mini- Small
hydropower hydropower hydropower
generation generation generation

Country or organization (kW) (kW) (kW)
China

By unit Up to 6 000

By installed ceapacity Up to 12 000
Peru 5-50 51-500 500-5 000
Philippines Up to 5 000
Romania 5--S 000
Sweden 100-1 500
Thailand Up to 1 000
Turkey 0-100 101-1 000 1 001-5 000
United States of America Up to 15 000
UNIDO

Kathmandu seminar a/ Up to 100 100-1 000

Hangzhou-Manila seminar b/ Up to 100 101-2 000 2 001-10 000
Preparatory Committee for
the United Nations
Conference on New and
Renewable Sources of
Energy (Panel on
Hydropower) Up to 1 000 1 001-10 000

s/ Seminar-Workshop on the Exchange of Experience and Technology
Transfer on Mini Hydro Electric Generation Units, Kathmandu, Nepal,
10-14 September 1979,

b/ See preface.

In Chins, the development of MHG has been rapid end may be roughly
divided into three stages: the total ennual installed capacity was only
several thousand kilowatts during the 1950s, tens of thousands of kilowatts
during the 1960s and several hundred thousand kilowatts during the 1970s,
spproaching 1 million kW by 1979. At the current stage of technological
development in China, the construction of a MHG plant with an installed
capacity of several thousand kilowatts takes about two years, from the begin-
ning of construction to the commissioning of its first unit. The design
capacity of projects being implemented should be more than three times the
total instelled capscity in the same yesr, that is, if the totsl installed
capacity in one year is 1,000 MW, the design capacity of projects being imple-
mented in the same year should be approximately 3,000 MW.
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MHG production costs are rather low, smounting to spproximately 2-3 fen
per kWwh, whereas the production cost of the small thermal cosl or diesel-fuel
power stations is about 10 fen or more per kwh.

B. Role of MHG in_the economy

1. recent years, as the result of a large-scale construction programsme,
MHG has played a very important economic role. 1Its advantages are described
below.

MHG promotes the efficient use of water resources for farmland, thus
creating conditions for rapid development ir agriculture. Wherever there is
MHG, irrigation can be rapidly developed and the means of protection against
floods and droughis improved. For exeample, in Enping County, Guangdong
Province, the Jinjiang river cascades have been harnessed and 130 MHG statione
with a total capac.’T of 36 MW built. Drainage and irrigetion improved
rapidly thanks to the power supplied by MHG. At present, all 18,670 ha of
farmland along both banks of the Jinjieng river are irrigated and the 8,000 ha
of low-lying farmland previously threatened by water-logging have been changed
into steble and high-yield farmlands, regardless of flood and drought.

The economical power supplies produced by MHG have furthered the develop--
ment of county-- or commune-operated industries. 1In many mountainous regions
the availability of MHG led to the establishment of industries in such bran-
ches as agricultural machinery, cement, fertilizers, paper, textiles and
food. For example, an installed power capacity of 18,000 kW is currently
available as a cresult of MHG in Hendong County, Hunan Province. 1In 1979, the
annual energy output was 7¢ GWh. Totel industrial output is several times
higher than it was before the introduction of MHG.

On thc other hand, the development of 1local industry speeds up the
exploitation of MHG. Local factories usually run by the county manufscture
major MHG equipment and also do the maintensnce and repair work. Thus, the
development of MHG is interrelated with that of industry at the local level.

MHG contributes to the accumulation of funds for development. An MKG
Station on an irrigaticn c2nal in Sichuan Province, with an installed capacity
of 6,400 kW, has had ¢ yearly income of 1,940 thousand Yuan renminbi (¥RMB)
since it was commissioned. An MHG station in Hubei Province, with an instal-
led capacity of 2,400 kW, took only four years to recover its initial invest-
ment. The Dafeishui MHG station in Sichuan Province has an installed capacity
of 5,000 kW. Over the last nine years it has had s total income of 10,270,000
¥RMB, several times the original capitel investment.

MHG promotes the development of rural electrification and mechanization.
Power supplied by MHG also enriches and promotes the cultura®l life of the
people and speeds up the construction of new villages.

In short, the development of MHG has a promising future in China. MHG
can supply most of the energy consumed by villages and towns in regions with
sbundant water power resources. However, the rate o0° increase in power sup-
plies cannot match the increasing demand for electricity to help meet social
needs and improve living standards, and there is still much room for improve-
ment in the operation and menagement of MHG stetions. The potential of tLhe
installed equipment has not yet been fully utilized in some places because the
construction of transmission lines and substations has lagged behind the con-
struction of the MHG station. Such problems must be solved in the near future.




- 10 -

I. ORGANIZATION AND PLANNING
The organizational units involved in MHG in China are shown irn table 2.

A. Project development

The stages involved in the development of MIG projects are outlined below.

River plenning

River planning should be carried out by the central Gov~rnment, the prov-
ince, the prefecture or tne county, depending on the importance of the river.
If the river is the concern of more than one province, the planning works
should be underteken by the Ministry of Water Conservation. If the river is
loceted within one province but involves more than one prefecture, the
plenning works should be done by the provincial bureau of water comservation.
The same principle is applied to river plenning for a small river located
within a prefecture or county.

The river plsnning report should include medium- end long-term
development pisns and cover the first stage of imolementation of the project.
The prefeasibility study is also a part of this stege.

Design

After approvel of the river planning, the design work for the first stage
of the project should be continued. MHG projects usually involve two steps,
namely preliminary design and detail drawing.

With regard to preliminary design, the design work of & smell MHG project
is commonly undertaken by the county. Approval of the design of the MHG pro-
ject is given at the provincisl level when the unit capacity is greater tha:
500 kW (or the transmission line has a voltage of 25 kV or more), and at the
prefecture or county level when the unit capacity is less then 500 kW.

The mein considerations in approving the design are sociel demands, the
capabilities of the national, provincial or local authorities, and economic
benefits.

The detail drawing should be undertsken by the county if the unit
capacity is less than 500 kW. MHG projects with rather large unit capacity
should be undertaken by the prefecture or province design institute.

After approving the preliminery design, the planning committee decides
whether the project should be listed in the budget of the current year or the
following one. Construction of this project can then be started.

Construction

A county MHG station with a capacity of greater than 500 kW should be

organized by the county snd supported by a professional team from the prefec-
ture or province.

A county WHG station with e capacity of less than 500 kW shorid be orgaen-
ized by the commune or brigade and also supported by a professionsl team from
the prefecture or province.
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Field orgsnization involves the local work-force and s professional team
consisting of engineering, installation «nd transmission line technicians from
the province or prefecture.

Table 2. Orgeanizational units involvea in MHG in China

Organization im charge of Organization in
Level water conservation charge of MMG
Central Government Ministry of Water Department of Farm--
Comservation land Water
Conservation,
Division of
Hydropower
Provincisl government Buresu of Water Division of
Conservation Hydropower
Prefecturel authority Department of Water Division of
Conservation Hydropower
County government Division of Water Hydropower unit,
Conservation MHG company

Note: The county-level hydropower unit usually is the grass-roots office
dealing with the design, construction, operation and maintenance of MHGC sta-
tions. Many counties now have a totsl installed capacity of 10-20 MW and dis-
tribution lines several hundred kilometres in length.

Operation and maintenance

Operstional regulstions and records are established in each MHG station.
Maintenance and minor repsirs may be undertsken by the county. Major over-
hauls should occasionally be done by the prefecture.

B. Policy guidelines

The Government of China and the authorities concerned have established a
series of policies for the development of MHG, the clements of which sre sum-
marized below.

Pependence of MHG development on the masges

The self-reliance of the masses in the development of MHG should be
stressed. The counties, people’s communes and their subdivisions are encour-
sged to develop MHG, according to the priaciple of "whoever invests in and
builds s station will own, menage snd benefit from it"”. 1If the MHG station is
invested in end jointly built by several organizations, it will be owned by
them. This policy has proved more than once to be s fester, better and more
economical way to expedite the development of MHG.

Sources of finance

The sources of financing will mainly be local organizetions at different
levels and government subsidies usually amounting to approximately 30 per cent
of totel investment.
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1n order to expsnd ‘he role of loans, the Sichuan Provincisl People's
Bank has laid down the following five requiremeats to be met when applying for
e loan:

(a) The project design and budget must be prepared and approved by the
relevant suthority and liected in the construction items for the current year;

(b) The supply of power units and the main construction materials must
be confirm»d by the departments concerned;

(c) 1t must be possible to commission the MHG etation during the current
year;

(d) Power must be avsilable for transmission and consumption after com-
pleticn of the MHG station;

(e) A certsin amount of seli-financing must be ensured.

1f all the asbove mentioned requirements are fulfilled, the loan will be
graonted.

Overall planning and multi-purpose utilizetion

The planning, geologicel exploration and design work for MHG must be
carefully done and the construction closely supervised in order to ensure
quslity and efficiency of operstion.

MHG must be bssed on s natural river system, on its hydrological end geo-
logical conditions and on load demands. The principle of overall planning and
multi-purpose exploitation must be observed, sttention being paid to
co-ordination between the departments concerned and to the solution of prob-
lems relsting to power generstion, £1ood protection, irrigiation, navigation,
fisheries and log-moving.

The feasibility study and design report of a MHC plant with a unit
cepacity greater than 500 k¥ (including the corresponding substation and
transmission 1line) must be approved by the Bureau or Department of Water Con-
vervancy st the provincisl level. The design document of a MHG plant with a
unit capscity less than 500 kW must be spproved by the Department of Water
Conservancy st prefectural or county level. 1f the MHG project concerns two
provinces, counties, communes or brigades, an sgreement between the two sides
must be attached to the document.

A MHC station cannot be listed among the construction items for a given
financial year unless the design document is approved.

8 of raw e s

A MHG unit, with s capscity of less then 500 kv, is usually manufsctured
by s local factory. A certsin amount of the raw materials are supplied by the
central Government, but the remsining materials must be provided by the prov-
ince or municipality. Power units, with » capacity of greater than 500 kv,
are manufsctured and controlled by the centrsl Government in sccordance with
the plsn. In Chine, in order to simplify the procedures of supply snd to
speed up the construction schedule, equipment for MHG must be supplied by the
manufacturer in complete sets.
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Integration into the national grid

Priority has been given to local consumption of energy produced by MHG.
In order to give full play to MHG and to improve the reliecbility of the power
supply, MHG plants may be gradusliy integrated to form a local gril, and
eventually integrated into the national grid when the necessary conditions are
satisfied.

The operation, ownership and administration of & MHC plant remain un-
changed following an integration agreement. Both the national end the local
grid have the responsibility of giving active support to the integration of
MHG stations. If operation of the grid is interrupted, the MHG stations may
be operated independently.
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II. ECONOMIC FACTORS
The special economic features of MHGC in China are as follows:
(a) The construction period is short end the results are quick;
(b) Local materiels and labour are fully utilized;

(c) Equipment is domestically end even locally meanufactured when the
unit capacity is less than 500 kw.

Because of the large tize of China, local conditions differ widely from
region to region, with the capital cost of MHG ranging from 500 to more than
2,000 MB per kW. In general, the cost is 1,000-1,300 MB per kW.

The technical and economic features of 25 MHG plants bduilt during the
1960s and 19708 in various locations are presented in tables 3, 4 and 5 (the
water head ranges from 4.5 to 612 m and the installed capacity from 150 to
12,000 kW). The cost breskdown for the different MHG stations is affected by
the differing lengths of the transmission lines. A breakdown of tLotal costs
produces the following range of values: civil engineering, 42-65 per cent;
equipment, 31-48 per cent; transmission lines, 4-14 per cent.

A. Comparison of alternative energy sources

In the exploitation of the energy resources of China, top priority is
given to meeting the requirements of the sgricultural sector. 1In this section
& comparison will be mede between different sources of energy.

For an economic comparison between different energy sources total invest-
ment and annual operation costs are usuaiiy taken as a whole. At present, the
method of "years for compensation” is generally esdopted. When the total
investment 2; of alternative 1 is grester than Z, of alternative 2, and
the annual operation cost F; of alternative 1 is lower than ¥, of alter-
native 2, a comparison can be made by calculating N (years of compensation).

G Wk (1)
., -9

After N is obtsined, other factors such as the availability of & loca:
source, technical status and economic ability of the investor etc. must be
taken into account. N usually smounts to sbout 10 years.

In China, alternatives to MHG for rural electrification include small
thermal power stations or diesel generation snd an extension of the existing
regional or state grid.

Biogas, geo-thermsl and wind power generation can also be considered
sccording to the local conditions.

Small therma] generstion

The capital cost and operational expenses of o newly-bujlt small thermal
power station are shown in tables 6 and 7.




Table 3. Technical and economic anaiysis of MNG plants (diversion-type)

Total Total cost Average Cost
Design Hazimum Average installed {(thousands annual Cost per Cost of
Location discharge heoad head capacity of utilization per kW kWh generation
Plant name (province) (m3/3) (m) (m) (kW) (¥RMB) (h) (¥RMB) (¥RMB) (fen/kWh)
Zhangws.agmao Jiangxi 64 10 8.44 2 x1 2% 4 780 4 800 950 0.19 2.61
. Yongan Sichuan 63 11 10.0 3 z1 25 6 650.88 7 989 1 498 0.19 1.194
3 x 230
Yonglienyen Jiangxi 8.88 22.9 22.4 1 760 1 300 4 219 730 0.28 2.5
Toagkovyi Zhejieng 4.0 A8 .4 46.9 2 x 800 1 661 2 000 1 038 0.27 3.8
Yaqi Thejiang 11 51.6 50.4 4 A50 6 500 3 120 1 460 0.46 1.0 !
(o
- Tangshaoshui Jiangxi 2.5 56 5% 1 z 200 1103 4 716 1 100 0.24 3 v
1 x 800 |
Rinyangkuan Jiangxi 6.2 76 13 21 25 2 660 3 670 1 064 0.7 2
Tongyuan II Jiangxi 3.6 80 80 2 x 630 1 090 2 822 860 0.27 2.5
Kenghuang Thejiang 0.32 94.6 93.6 200 198.3 2 500 992 0.4 1.8
Guangxi
o Xiziankou Zhaung 3 132 130 2 x 1 600 2 600 3 1% 813 0.26 2.5
Autonowmous
Region
Datian Zhejiang 1 13 181 3 x 400 8’s $ 000 729 0,146 2.5
Chongshan Hunan 0.6 210 210 4 x 250 876.6 3 360 876.6 0.26 )}
Jiangkou Hunan 0.28 612 612 2 x 500 840 1 200 840 0.)1 1.5




Table 4. Tachnical and economic analysis of WHG plants (dem-type) o/
Total Total Avetrage
Design Maxisum Average installed cost annual Cost Cost Cost of
Location discharge head head capaclty (thousands utilizetion per per generation
Plant name (province) (n370) (m) (m) (kW) of ¥RMB) (h) kv kwh (fen/kwh)
Yangtang Hunan 6.8 5.5 ') 6 : 1 ;gg 20 900 4 334 2 090 0.484 1.2
4
Qingshan Thejiang 1.8 13 10.9 4 x 3500 2 05) 2 500 1 023 0.34 1
Dalongdong Guangdong 12 25 20 2 000 2 389 4 380 1198 0,27 ?
Maoqi Huran 20 A4S 36 4 x1 2% 1 610 3 920 842 0.2 1.2
Yangwotan Hunen 12 50 43.75 1z 3 200 800
2 x 3 000
Xaofeng Il Hunan 4 x 0.48 136 136 4 x 500
Keofeng I Hunan aixo.n 219 202.3 3 x1 2% 3 219 S 450 5%6 0.102 2.1
o/ Power-house at downstream side of dam.

-9



Table S. Technical and economic analysis of MHG plants (run-off-type and composite-typs)

Total Total cost Average Cost Cost
Desmign Wazimum Average inatalled {thousands annual per per Cost of
Plant Location Type of discharge head head capecity of utilization kW kwh genecation
name (province) plant (m3sa) (m) (m) (kW) ¥RAMB) h) (¥RMB) (¥RMB) (fen/kwh)
!
Chenjiang Zhejlang Run-~of 10.8 4.3 4,23 4 x73 406 $ SCoO 1 333 0.24 3 -
~d
Xutang Thejieng Run-of € 3.9 5.7 3.5 2373 276.3 S 223 1 841.9 0.36 1.9 |
Chenguan Hunan Run-of ¢ 13.68 $.12% 4,125 8 x 300 S 514,27 6 150 1 400 0,207 2.8
Ganqi Runan Run-of 16.9 11.6 10.5 10 x 1 2%0 20 053 6 150 1 600 0,26 0.9
Tongkengqi 2Zhejlang Composite 0.5 130 136 2 x 500 990 3 soo0 990 0.33 4.8

Toagbai Thejiang Composite 3.4 1o 300 2 x 4 000 1? 500 A 144 1363 0.3 2.5




Tabl™ 6. Cost of & newly-built small thermal power station
Cost breakdown
Capacity of Total cost
station (thousands Equipment Civil works Instellation Tost
(kW) of ¥RMB) (percentage) (percentage) (percentage) Miscellanecus (¥RMB/kW)
2z 150 1 500 65 71 10 8 1 000
2z 1 500 2 700 60 24 [} 8 900
2 x 3 00O S 040 60 24 a 8 840
2 x 6 000 8 J60 58 26 a 8 730
Table 7. Operational expenses of a small thermal power station
Depreciation,
charge of Number of Domestic Peak-load
Capacity of waterial and Wages, employees power Coal utilization Cont of
station spare parts ovecheads per Mw consumption consumption Cost (hours per genecration
(kW) (¥RKB/kW) (¥RMB/kW) generated (percentage) (kg/kwWh) (¥RMB/ kW) year) (XRMB/kWh)
1z 150 97.3 47.3 70 14-15 1.17 1 200 1 500-2 000 0.144-0,120
1 x 1500 87.3 40.6 60 11-12 0.875 1 080 2 000-7 %00 0.099-0.086
1z 3 000 s1.8 30.4 A4S 10-11 0.625 1 010 2 500-3 000 0.069-0.062
1 ¢ & 000 n.o 16.9 25 a8-9 0.578 876 3 000-3 500 0.051 n.047

81
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Small rural thermal power stations are usually built near a town or in s
region where fuel can be easily obtained and where water resources are un-
available or far from the state grid. A coal-burning thermal power station
should be built where indigenous coal is available. A shortage of indigenous
coal or its 1long-distance transport would substantially raise the cost of
generation.

Compared with MHG stations, the operation and wmenagement of a small
thermal vower station is rether complicated. The cost of generation is
higher (8-15 fen per kWh) and will be affected by coal prices. The
adaptability of the load change is poor. Pollution from a small thermal
plant can also be rather serious. Such unfavoursble factors must be teken
into account before building a small thermal power station.

The exploitation of MHG stations can save coal fuel end supply chesp
power. A hydropower plant with & regulating capacity can play an important
role in taking away some of the burden during peak-load. The shortcoming of
MHG is power deficiency in the dry season, but the construction of small
thermal plents can make up this deficiency and thus imp: ve the reliability
of the power supply.

Small diesel generation

In China the capacity of diesel power stations is usually less than
100 kilowatte. They have been primarily built in smaller towns and in small
factories, mines and other enterprises. The capital cost of a diesel station
(about ¥RMB 500-600 per kW) and its domestic consumption are 1low. The
starting and shutting--down of a diesel station is rather simple and requires
only s small number of operators. However, because of the level of diesel
consumption, the cost of generation is rather high. A higher level of tech-
nology in operation and management is also required. As a result, only in
cases where the load is not heavy, the load centre is far away from the coal
mine or grid, and hydraulic sources are not available in nearby regions or
only serve as an interim power source, should a diesel power station be built.

Extension of grid

The power supply from &n existing regional or state grid may be more
reliable and of better quality because grids have sufficient capacity to
supply power to rural areas. This meakes them more adaptable for regions
where the load demand rapidly incresses. In rural asreas with s nearby grid,
without water power resources and where demand is high, the power supply must
therefore depend upon the extension of the grid. However, owing to the
limiied capacity of the existing zrids, it will be difficult to t scat-

tered rural 1loed demand in the near future. Moreover, long t ‘esion
lines are required to feed distant rural villages and the construc: ° new
medium- or large-scale power plants will need larger government '~ . .tment

than MHG. The construction period for the plants is also longer than for
MHG. 1In short, MHG offers the following advantages: less government invest-
ment and shorter construction time; full utilization of the scattered water
potential; suitebility for distribution to widely dispersed rural villages;
and the comtination of MHG with water uses for other purposes. [uch advan-
tages should encourage local authorities to promote the development of MHG to
the fallest extent possible. Conaecting MHG plants into a network or en in-
tegration of MHG plants with the regional or national grid is recommended in
order to utilize water-power fully. From the point of view of uninterrupted
power supply for the promotion of agricultursl production, the integration of
MHG is a viable measure.




- 20 -

Biogas generation

Statistics have shown that the capital cost of biogas generation, which
is only ¥RMB 400-500 per kW, is lower than that of MHG. Equipwment and
technology for biogas generation is rather simple and can be done by most of
the commune or brigade. However, biogas production is limited by conditions
such as good sealing (the lowest temperature must be higher than 9°C) and the
supply of raw materials. In some rural esreas biogas is used for cooking but
hardly ever for power generstion. Low--capacity biogas generetion of up to a
few dozen kilowatts occurs in a few places.

Biogas is a sort of inflemmable gas that contains mainly methane
(55-70 per cent) and is produced from organic waste materials through a
process of fermentation by anaerobic bacteria under certain conditions of
temperature, acidity, alkelinity and airtightness.

An estimate of gas production from various materials is given in table 8.

Table 8. Bioges production rate

Bioges yleld

Material used (m>/day)
40-50 kg pig dung 0.2
Large buffalo dung 1-1.4
0.5 kg fresh herring 0.3
0.5 kg hay 0.12

The equipment currently used for biogas generation is generslly refitted
from diesel engines by simply putting a biogag-eir mixer at the air inlet.
It uses diesel o0il as well as biogas. When biogas is the main fuel, only a
small amount of oil is used at the beginning. Diesel consumption is in-
creased when the biogas is insufficient or the supply of biogas interrupted.

0 r_ener source

In China the exploitation of geo-thermal, solar and wind power remain in
the experimental stage. A group of experimental underground hot- water-power
stations have been built. The tempeiature of water used in the stations is
less than 100°C. At present, two approaches sre used for generation, one in-
volving an actuating medium with a low boiling- point, and the other involving
pressure reduction and volume expansion.

There are two ways of generating electricity from solsar energy. One
converts solar energy first into heat, then into mechanical energy, and
finally into electricity, end the other generates electricity directly from
solar cells.

Electricity generated from wind energy is more suitable for grasslend,
pastoral areas, inshore islands and remote and windy mountain districts. A
wind-energy generator has been installed on an inshore island snd is being
used to desslinate ses water.

The quality and quantity of soler- and wind--energy genoration is
sffected by natural conditions which are a source of instebility. An energy
storage device such as a2 battery, slthough costly, would therefore be useful.

e - At
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ITI1. EXPLOITATION AND DESIGN

A. Design criteria

The following classification of hydropower projects and hydraulic struc-
tures is based on the classification and design standards of water conserva-
tion and hydropower projects and of hydraulic structures. In seismic
regions, earthquake design stendards for hydraulic structures are also
applied.

Tables 9- 12 are included for reference.

B. Planning

In plenning & MHG station the main concerns are as follows: selecting
the type of station; choosing the site and sequence of ronstruction; deciding
the scale of MHG; selecting the type of structures and the layout; comparing
the elternatives for transmission and distribution lines; and estimating co.-
struction costs. The main points requiring study during the planning phase
are described below.

Overall planning

A genersl investigation must be made of water resources, taking into
account the development of local industry and agriculture and load demands.
During planning the various departments concerned should co-ordinate their
work, and the quantity of water available and the period of water consumption
should be assessed. The various possible uses of the water, including flood
control, irrigation, power generstion, navigation, water supply for indus-
trial and domestic use and fishery, should also be considered.

FPeasibility of cascade development

Cascade development is based upon hydrological, topographical and geo-
logical conditions, distribution of farmland, mineral resources, water im-
pounding and other technical and economic factors. 1In general, hydroplants
with s storege dam are prefersble for the upstresm first cascade because the
regulated inflow may improve power generation, irrigation, navigetion and
water supply.

Overall srrangement of MHG plants and major power plants
and integration of MHG in the grid

Small hydropower plants in rural arees msinly supply electricity for
agriculture, for 1irrigation and dreinage, and for illumination. The major
power plants provide electricity to industries run by communes or counties
and to big electrical pumping end dreinage stations. 1In order to make the
power supply more reliable, it is advisable to set up a local grid to inte-
grate the MHG plants, or to integrate the locel grid into the state grid.
When e grid is formed, the power from various sources cen complement one
another. If conditions permit, the MHG station msy be operated to supply
reactive power to the grid and thus improve the quality of the power supply.

Choosing the best slternstive

Reliability and economy sre the basic requirements for a project. The
main power features of MHG are firm power, instelled cepescity, mean annuel
output etc. The main economic features are investment, running costs, profit
etc.




Table 9.

Classification of water conservation and hydropower projects

Flood protection Icrigation
Gross reservoir Size of city, area Ingstalled
Grade of Scale of capacity industrial or (thousands capacity
project project (millions of md) mining area Farmland of ha) (mW)
I Large (1) -1 000 Very large ~333 - 100 =750
I Large (2) 1 000-100 Large 333-66 100-33 150-250
III Medium 100-10 Medium 66-20 33-3.3 250-25
Iv Small (1) 10-1 Small - 20 3.3-0.33 25-0.5
v Small (2) 1-0.1 -0.33 <0.5

_ZZ -
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Table 10. Classification of hydraulic structures

Grade of Grade of permanent structures Temporary
project Msjor structure Minor structure structure

I 1 3 4
11 2 3 4
III 3 4 5
Iv 4 5 S
v 3 5

Teble 11. Period of flood recurrence for permanent
hydraulic structures in normal operation

Period of flood recurrence
Grade of structure (years)

2 000-500
500-100C
100-50

50-30
30-20

W WwN -~

Table 12. Lower limit of flood recurvence for
permanent hydraulic structures
in sabnormal condition
(Years)

Period of flood recurrence for
structures graded 1 to 5
Type of dam 1 2 3 4 5

Earth dam, rock-fill
dam, dry-laid rubble
dam 10 000 2 000 1000 500 300

Concrete dam, masonry
dam and others $ 000 1 000 500 300 200
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In addition to total cost, vesrious unit costs asre commonly adopted for
investment comparison, such as unit costs per kW and per kwh, annual running
costs (including depreciation of structures and equipment), overheauling and
repair costs, maintenance cost, overhead expenses and wages.

A multi-purpose water consecvstion and hydropower project ususlly brings
comprehensive benefits in €lood control, irrigation, navigation, log driving
etc.

The net income from power generation may be formulated as follows:
X' = i-:(s')izi (MB per year) (2)
(Sy); = Net selling price per kwh (M8 per kWh, obtesined from
selling price minus operating cost per kwh)

The symbol i denotes different users (the selling price for agriculture
end industry are diffecent).

Ej = Amount supplied to user | during a mean year (kWh per yesr).

The return period for the capital cost may be computed by the following
formula:

Te
T' = X. (year) (3)
where T, = Total investment

Xy = Net income per year
AL present, Tp is usually 5-7 years, with an upper limit of 10 years.

Tg a8 an index does not reflect the feasibility aspects of sn incre-
ment of investment. For example, in a hydropower plant of high head and low
discharge, an increment of discharge may significently increase the power
output. Hence the fessibility of slternatives to trens-drainage-srea water
diversion is ususlly considered. The return period of the increment of
investment for diversion of the drainege area flows is calculsted as follows:

t'xTe
HTR = -:;; (yesr) (4)

where 'Tg = Return period of incremeni of invesiment, ususlly taken
to be 10 years

Te

'}

Increment oL investment (MB)

']

"Xy = Net increment of income per year (MB per year)

Site selection end materjsal end equipment supplies

During the plsnning of & hydropower plent, the selection of the site and
layout of the dam, conveysnce structure, power - house and Lransmission end
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distribution yard are very important and largely depend upon the topograph-
ical, geological and hdyrsulicel conditions. Moreover, in ocrder to save
steel, timber, cement etc., full use should be made of available 1local
materials and priority given to local manufacturers in the selection of
equipment .

C. Hydrology

China has already established more them 17,000 hdyrological stations of
various kinds. Among them, 2,900 are standard stations mainly distributed
along big rivers and only 11 per cent are located slong small rivers. Since
MHG stations are mostly built on small rivers, shortage of hydrological data
is a common condition. Generally, the hydrologicel work of & MHG station is
cacrried out by on-site investigation and by calculations based on dates con-
tained in hydrological handbooks. 1In general, for MHG plents with a unit
capacity larger than 500 kW, a hydrological analysis should be presented in
the design report; for MHG plants with a unit caspacity less than 500 kW, no
special hydrological anclysis is needed.

The following hydrological date are required for the design of rural MHG
stations: run-off data for water energy calculations; flood data for dam
design; data on high- and low-water stages for power-house design;
flood-stage data for the design of cross structures for conveyance canals.

Run-off calculation

1f hydrological data compiled over a period of wmore than 15 yesrs
reflect patierns of change during the high-, medium- and low-water years at
the project site, frequency calculations can be directly cacrried out. If the
data cover approximately 10 years, the first step is to extend the series and
then calculate the frequency. 1If the date cover only 6-7 years, it can still
be used as & besis for extrapolation. 1f data have been compiled (or only
2-3 years or not at sll, the transposition method is recommended. It is then
necessary to select a neighbouring basin with a rether long dets series and
with natural geographical conditions similar to those of the project basin.
The long data series can be transposed to the design project. If only pre-
cipitation deta are available, the run-off can be calculated from precipite-
tion. In that case, when the mean annual average precipitation is approxi-
mately 1,500 mm and the mean sannual average run-off cocfficient over 0.5,
there is s good relationship between precipitstion and run-off. 1In an erid
region with a high evaporation rate, precipitetion and run-off patterns may
become irregular.

Hydrologicel date is usually lacking for medium or small streams. An
isohyetsl map or statisticel dats for similar neighbouring regions may be
used to determine the frequency characteristics of ennual runs-off. 1n
general, the coefficient of variation C, at the centre of gravity of the
project basin may be tsken from a regional hydrology handbook snd the coef-
ficient of skewness C; dete nined in relation to C,. Thus, whgre there is
8 lack of hydrological dats, a mesn annual average run-off Qg mwust be
be determined in order to establish the annual run-off frequency curve.

Methods for Q. calculation
Tsohyetel method

An isohyetal mep is derived from geogrsphical patterns of distribution
of hydrological characteristics (ennual run-off, coefficient of varistion
Cy etc.). 1Tt is based on the processing and snalysis of lerge amounts of
date and drawn up by plotting hydrologicel values at verious stetions.




- 26 -

(a) Application of en isohyetal map of the ennual average
run—of f depth (y) or mean annual average run-of f
modulus (M)

Based on the available data snd the characteristics of the drainage srea,
it is possible to establish an isohyetal map of the wmean ennual asverage run-
off depth y. 1If there is no hydrolagical station near the project site, the
mesn annusl average run-off depth of the project can be determined from the
isohyetsl map. When the drainage ares is small and the isohyets are flat, it
is possible to use the y at the centre of gravity of the drainage sres ss the
mean annusl average run-off depth for the whole drainage basin. Otherwise,
the whole basin must be divided into several subareas and its mean annual
average run-off depth computed by weighted aversge of the basin subaress end
isohyet.

y=———7x10 = ——— (vm) (5)

where P = Basin area in square kilometres

i. = Mean snnual sverage run-off volume in cubic metres

The formuls for calculating the mean annual average discharge of the
project station is:

v 3 _ - -
q,, - e 10 x "'6 - —E 3 (m3/8) (6)
31.5 £ 10° 31.5 x 10° 31.5 x 10

By means of the isohyetal mep for the coefficient of varistion C, of
the snnusl run-off, the C, at the centre of gravity of the catchmert area
may be determined and the coefficient of skewness C, derived by snelysis.
Using the taeble of the modulus ratio coefficient Kp of the Pearsor type IIJ
curve, the K, value of the specific frequency can be determined. The
annual average discharge of the specific frequency may be calculated as:

= O K -x x Y*E _ 3,
(Q“)p Q“ b ¢ ° P x 3.5 5 103 (m™/s) (7)

In the ssme way, the snnual asverage dischasrge of various frequencies can be
cslculated. Finslly, the theoretical frequency curve of the annuel sverasge
discherge is established.

In China, the isohyetsl map of the mean annual average run-off modulus
is given in the hydrological handbook of the province concerned. The mesan
annusl average discharge yielded per square kilometer of the catchment sres is

called the mean snnual average run-off modulus M:

R 10% (15 Ykm?) (8)
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Hence 'Q“ = (-als) (9)

10

If the isohyetsl maps of ‘_lp (annuel run-off depth with frequency) and !!p

(annusl cun-off modulus with frequency) are availeble, it is possible to
determine the annual run- off volume of the specific frequency. For example,
if the annual run-off of a design percent chance is to be found by means of a

Yp or llp isohyetal map, the annual run-off depth Ys and annual crun-off

modulus with specific frequency at Lhe centre of gravity of the catch-
ment srea must first be determined. The following formula is then used to
calculate the annual average discharge of the design percent chance of the
hydropower plant:

YF 3
Q ) = —"_3 (m~/s)
*2E 31.5x 10
MF
Q ) = £ (adrs) (10)
as'g 103

(b) Method for estimating annual run-off from s
precipitation isohyetal map

If there is no vumn-off isohyetal map, the mean annual average run-off
volume of the hydropower plant may be computed on the basis of a precipita-
tion isohyetal map. The formula is:

107 oy .P GX.F 3
Q, = 3 3 = 3 (m/s) (11)
31.5 x 10" x 10 31.5x 10

where :. = Mean annual average precipitation (mm) derived from the precipi-
tation isohyetal map

Run-off coefficient, related to rainfell volume and its
intensity, topography of basin, evaporation, soil and water
conservation etc. It varies widely, from less than 0.2 to
grester than 0.6.

1+
"

In plain areas with good soil and water conservation and high rates of
evaporstinn and infiltration, s smaller .« value is recommended. Since the
exsct vilue of the coefficient « is difficult to determine, formula 14 is
used for e rough estimate.

Regional hydrological hendbooks in Chins contain isohyetal maps. How-
ever, if a drainage ares is very small, the influence of non--regional factors
increases and tha use of an isohyetal map may lead to error.
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Estimating annual run-off from annual precipitation

The above -mentioned isohyetal method is relatively simple. However, a
hydrological handbook is sometimes difficult to use, or fresh data may have
emerged since its publication. 1In such cases, e<cimating the annusl run-off
series by means of the annusl precipitation s recommended. This method is
rather complex and must be applied carefully to avoid errors.

(a) Eveluating the annual precipitation data for the
project basin

For ungauged areas, precipitation data from a nearby rainfell station
should be transposed to the design area, bearing in mind the following points:

(a) Data from the closest neighbouring area should be used in trans-
position;

(b) The rain gauges used for transposition and the project bssin should
be locsted in the same climate belt;

(c) The effects of rainfall variation due to elevation must be taken
into account, corrections being made if necessary;

(d) Reinfsll gauges providing data saccumulat:d over long periods of
observation (15--20 years) should be used for transportaticn.

When only short-term data (covering at least 5 years) is available, it
is better first to correlate the short-term data with long-term rainfall data
from 8 ncarby gauge in order to extend the term to 15-20 years, and then to
transpose it to the project basin.

Correlation analysis has been widely used in hydrological calculation.
It can be used for data interpolstion and extrapolation, the checking and
correction of data, deriving empirical formulas etc.

(b) Eveluating the annual run-off data for the project basin
1. Selecting the reference station and reference basin

Without a hydrological station it is not possible to establish a cor-
relation between annual precipitation and run-off in the project basin. A
reference drainage basin and hydrological station must therefore be used to
establish a correlation that cen be transposed to the project basin. 1In
general, a nearby downstream statiosi with a catchment area adjacent to the
project basin is preferable to a reference station and basin.

When a reference station has been selected, the correlation points of
annual precipitation and run-off of the reference basin should be plotted.
1f there are several rainfall stations in the reference basin, the average
value of precipitation of those stations should be used.

2. Anslysis of the correlstion curve and transposition for the project basin

During the selection of the reference basin, the factors that will in-
fluence the annual run-off of the two basins should be compared and
analysed. For a small basin, the following factors are important: average
height of the basin; relative direction of slope and air current; forest,
farm-land, soil and water conservation; average gradient of basin; forest,
soil and geological conditions; and supply of underground cun-off.
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If conditions in two basins are similar, it is possible to plot a srooth
curve through the correlative points and also obtsin the inner an. Juter
run-of f curve as shown in figure 1.

Figure 1. Precipitation and run-off curve
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3. Calculation of the annual run-off curve of the project basin

Evaluating the annual run-off of the project station from annual run--off of
the reference station (hydrologicel analogue method)

If there is a nesarby hydrological stetion where the natural geological
conditions sre similar to those of the project area, it could be used as the
reference station. Long-term hydrological or reference station data are
required.

If the difference between the two drainage areas is only 3-5 per cent,
the data of the reference station can be directly applied. 1If the difference
is about 10-15 per cent, it can be transposed sccording to the ratio of area:

r 3
Q. * Fe er (m~/s) (12)

When the distribution of precipitation is unequal, correction of precipite-
tion must be taken int~ sccount.

- X ]
. 4
sr | 4

Q

3
. ‘or (m~/s) (13)




where Qg, Qqr = Annual run-off volume of the project site and of
the reference station

F, Fo = Drainage area of the project site and of the
reference -tation (km?)

tg» 'gr = Annual r-ecipitation of the project site and of the
reference station (mm)

Selecting a design sample year

The following three specific years are usually taken as the design
sample years:

(a) Low-water year. The run--off of the low-water yesr is used to pre-
dict the performance of the MHG plant in dry years. A frequency of 75-80 per
cent is used in the annual run-off series for this sample year;

(b) Medium-water year. Usually a frequency of 50 per cent in the
annual run-off series is selected as the basis for a medium-water year;

(c) High-water year. Tt has & symmetrical relationship to the low-
water year. A frequency of 20--25 per cent is used in the snnual run-off
series for this sample year.

There are two main tasks in the selection of design sample years: to
determine, on the one hand, the annual run-off of the design sample year and,
on the other, the distribution of the design annual run-off volume.

Design annual run-off volume

According to the sbove-mentioned methods, the annual run-off volume fre-
quency curve can be plotted first. From this curve, the annual run- off
volume of the sample year (of specific frequency) can be evaluated.

Distribution of design annual run-off

The distribution of the stresm or river run--off in a year is uneven.
The distribution within a year is different not only from other years with
different annual run-off volume, but also from years with equal annual flow.
Since the flow distribution within a year has s large influence on the opers-
tion of the reservoir and hydropower station, a ressonable flow distribution
within a year of the design ennual run-off is required.

In practice, the selection of flow distribution within a year of the
annual run-off involves Lhe determination of a hydrograph of the design
snnual run-off. For s hydropower ststion regulated on a yearly basis, the
distribution cean be shown in the monthly average discharge. For run-of-river
hydropower stations or those with daily regulation it is necessary to give
the daily discharge of the design year.

(a) Hydrograph of s typical year

The first approach is to select a typical year on the basis of the
annual run-off data. The .nnual run off volume of the typical yesr must be
equal or close to that of the design year. The flow disiribution within the
typical year is then used as the distribution of the design year.
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The second approach is to select the flow distribution of a year for
which the deta is adverse and untypical. 1In this case, an adjustment must be
made according to the ratio of the annual run-off volume.

The coefficient of correction K is:

_ Annual run-off of design year
" Annual cun-off of typical year

(14)

The discharge of a typical year times K is the discharge of the design year.
The flow distribution within the design year is thus obtained.

(b) Determining the flow hydrograph of an ungauged area

On the basis of data obtained from a similar basin nearby, using one of
the two methods described above, the flow distribution within a year of the
design snnual run-off is determined.

By means of a regional hydrologicel handbook, the percentege of monthly
inflow in =elation to the annual run-off volume of the nearby river is
computed (this percentage is based on & large body of data). The monthly
flow of the problem site is then calculated.

According to the typical annual precipitation distribution within a yeasr
of the design frequency (this precipitation is within the catchment area of
the project site), the discharge hydrograph of & design year of the same fre-
quency is simulated.

Determining low discharge where hydrological data is unavailsble

Tf there are no hydrological date on the catchment area upsciream of the
project site, data on the reference basin, where the drainage ares, hydro-
geological conditions, soil and vegetation are similar to those of the prob-
lem basin, may be used to establish estimates. They can be transposed
directly or, if necessary, corrected by using the ratio of the drainage
areas. Field investigation and measuring are also used to determine the
design low daily discharge.

The design per cent ciance of an MHG plant has a wide range (50-85 per
cent). For a low per cent chance MHG plant with a frequency of 50 per cent
or s little higher, field observation works are important. If the required
reliability of power supply is high or the water resources are abundsnt but
there arc not meay consumers, it is suggested that the average daily dis-
charge in the mean dry season be observed and investigated and used ss the
firm discharge of the MHG plant.

Por the selection of low discharge, attention must be paid to the dis-
charge that will be extrected when planning or building e hydraulic project
on the upstresam reach of the river or tributaries. This discharge must be
deducted from the design low discharge.

There sre seversl approaches for investigating end measuring low dis-
charge. They inc):de: cstimating the low stage and then calculating the low
discharge using the hydraulic formula; measurement by floating marks; meas-
urement by weir; and determining low discharge by means of & daily discharge
isohyetal map or table.
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For estimating annual crun-off in regions where there is a shortage of
hydrological data, different approaches may be applied to make a comparison.
The run-off estimates may usually be assessed by checking the following
points: the balance of the stream flow on the mainstream (including main
tcibutaries); whether precipitation is larger than the run-off volume du-ing
the same period, taking into account the run-off coefficient; whether the
Cy of the run-off is greater than the C, of precipitation during the same
period; whether the regional distribution of the meen value and C, is com-
parsble to that of the nearby station; and the regularity of run-off distri-
bution on the flow hydrograph.

Floods

Attention must be paid to flood protection for hydropower stations sat
the prefectural or county level. If there are flood protection demands down-
stream, the reservoir must be used for flood detention. When a flood of a
certain spacific frequency occurs, the downstream discharge may be lowered
below the allowable one. This frequency is called the flood protecticn
design standard. Generally, flood protection is 2-20 per cent for agri-
culture, and 0.2-10 per czert for industrial districts or urban areas.

In a water conservation or MHG project, the main task of flood protec-
tion is to guarantee the safety of the hydraulic structures (dam, power-
house) .

Design criteria for medium and small hydraulic structure- ire presented
in tables 11 and 12.

Design discharge of the flood pesk
Computstion of design peak discharge from flood data

If there are nearby hydrological stations upstream or downstream from
the project site, a long-term flood series (over 20 years) is usually avail-
able. Frequency anelysis can thus be carried out based upon the flood dats.
Historical flood dats are also valuable in determining the design flood dis-
charge. The steps in the calculation are as follows:

{a) Calculate and plot the empirical frequency of the annual maximum
discharge series;

(b) Determine the mean of flood pesk value (Q¢),,, the coefficient
of variation (Cy)¢ and other statistical pacameters;

(c) Take & tkewness coefficient (Cg)¢, which, for a small catch-
ment, is usually 2-4 times (C,)¢;

(d) Anslyse and vecify the investigated data on historical floods and
estimate their fraquency;

(e) Use the principle of curve-fitting to fit the points on the theo-
retical frequency curve as closely as possible to the points on the empirical
frequency curve (the influence of the historical floods could also be taken
into account) and eventually obtain the (Cg)¢ in times of (C,)¢. The
points on the upper psrt of the curve will be emphasized during the fitting
of the curves;

(f) The peak dischsrge of different frequency can be rbtained from the
flood frequency curve.
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Computation of design peak discharge by other methods

MHG plants are usually located in unguaged regions. 1In such cases, the
synthetic method involving the flood peak, the flood volume modulus of a
nearby gauged basin and the storm isohyetal map, as well as the regional syn-
thesis method of storm run-off calculating parameters, is recommended to
“:termine Lhe design flood. An elternative method is to use regional empiri-
cal formulas.

If there are reliable historical flood data consistent with the require-
ments of engineering design, the historical floods can be used to determine
the design flood. Various methods of determining design pesk discharge are
described below.

(a) Estimating design peask discharge from the design storm
(rational method)

When the drainage area of the river is smaller than 500 kmZ in a moun-
tainous or semi-mountainous region, the basic formulea for estimating flood
peak discharge Q¢ from the intensity of storms is as follows:

Qe = 0.278 iy F = 0.278 \:_vs_n F (m3/s) (15)
[§

P
where 0.278 = Coefficient of unit exchange

ip = Design storm intensity (mm/h)

; = Coefficient of peak run-off (ratio of the run-off volume to
the storm volume during the flood peak period)

S = Rainfall density (maximum one--hour precipitation) (mm/h)

T = Time concentration of flow (or time of flood collection)
{(hours). 1In a small basin, it may be assumed that che time
concentration of the peask discharge equals the duration of
the storm.

n = Storm recesssion coefficient

F = Drainage area (km?)

The main parameters and coefficients of the rational method are presented
below.

F = Drainage ares of the control section of the project site

L = Distance from the remotest point of the watershed to the
project site along the river channel (km)

J = Average gradient of the river channel

The above-mentioned three parameters may be measured from the 1:50,000
topographical map.

Storm parameter 8 (rainfell density) may be formulated as follows:
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S = Haap Mo

24177 l-n

(mm/h) (16)

where "24p = 24-hour design storm volume in a given frequency (mm)

H?4 = Mean annual maximum 24-hour storm volume (mm) (usually
obtainable from isohyetal storm parameter maps)

n = Storm cecession coefficient (which varies with rsinfall
duretion). When the duration of the rainfall is less than
one hour, take n - ny; if the duration is one hour or
longer, take n - ny (n may be obtained from a hydro-
logical handbook).

K = Can be obteined from the K table (based on local data or

= the formula Cgp4 = 3.5 Cvg4) by means of frequency
p and Cy. Cg of the maximum 24-hour storm

Time concentration : (hours) is the duration of the flood concentrstion
in the basin. It is related to the length of the river, channel gradient and
velocity of flow concentration. It also varies with the size of the flood.

There are empirical formulas and nomographs of time concentration which are
adaptable to local conditions.

The flood peak run-off coefficient ¢ is related to topographical con-
ditions, water and soil conservation, flood frequency and its antecedent fac-

tors. If those factors are similar, the smaller the drainage area, the
larger the : value will be.

(b) Pmpirical formula
On the basis of the available flood data, and taking into account

natural geographical factors, empirical formulas for determining flood peak

discharge can be applied in the various regions. One of the formulas is as
follows:

(Qe)p = CpFK (m3/s) an

where (Qf)p = Peak discharge of a certain frequency (m3/sec)

F = Drainage ares (km?)

C

Flood peak discharge modulus. 1Its empirical parameter,
which is concerned with frequency, is presented in the
regionel hydrological handbook. Usually, for s fan-shaped
basin with a steep channel gradient, the value of C
becomes 1larger; while for a narrow-shsped basin with a
flat channel gradient, the value of CP becomes smaller.

P

K : Area  coefficient, which is an empirical coefficient
related to natural geographicel factors (slso presented in
the hydrological handbook).
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Another form of the empirical formula is:

(Qg)p = qsF2/3 (m3/5ec) (18)
where S = Rainfall density (mm/h) (presented in the regional hydrological
handbook or calculated by meeans of formula (16))
q = Peak discharge paremeter, as shown in table 13
Table 13. Cslculation of peak discharge parsmeter
River Velocity
channel Run--of f during Peak
Area of flood gradient (J) co-~ concentration (v) discharge
concentration (percentage) efficient (%) (m/s) parameter (q) a/
Rocky
mountainous
region >15 0.80 2.2-2.0 0.60-0.55
Hilly region > 5 0.75 2.0-1.5 0.50-0.40
Loess hilly
region >S5 0.70 2.0-1.5 0.47-0.37
Plain, flat
sloping region > 1 0.65 1.5-1.0 0.40-0.30

8/ q is calculated by formule q = 0.42 sv0-7,

(c) Investigetion and calculation of historical flooding

The main point for the investigation of historiceal flooding is to dis-
cover reliasble flood traces. From these, the corresponding pesk discharge can
be calculated. Generslly, according to the surveyed longitudinsl section and
cross- section of the river bed and the flood surface curve, the hydraulic fac-
tors of the design section can be calculated. The flood peak discharge cor-
responding to the investigated flood stage can then be calculated using the
hydraulic formula.

Design f!->0d volume

For medium or small projects, the daily storm flood volume is generally
used or, at times, a three-day flood volume. Flood volume observation of one to
three days, involving frequent snalysis and caslculstion, is carried out for
gauged rivers.

In medium or smell drainage areas where there is a shortage of data, one
flood is ususlly snalysed. Two methods of estimation are used. One involves
estimating the volume of one flood from the approximate accumulated volume after
s storm lasting a maximum of 24 hours.




- 36 -

Wae (design flood volume) = 1,000 (hogly F m3 (19)

where (hy,)q = Maximum 24-hour excess rsinfall depth (mm) of design flood
frequency

The steps for calculating (hys),4 are as follows:

(a) Obtain from a hydrological handbook the mean annual average for a
meximum 24-hour storm volume sz and (cv)24 of the annual meximum 24-hour
storm;

(b) Find out the design storm modulus factor (K )qg from the hyl-o--
logical handbook, according to its design flood frequency and (Cy)24:

(c) Calculate the 24-hour design storm volume (H2

formulated in ("Zb)d = (Kp)d “24;

), from H_, and (K )
sa 24 500 Fp’d

(d) On the basis of (Hps)q and the Hpys -Hys curve presented in
the hydrological handbook, obtain the maximum 24-hour excess rainfall depth

(hpg)g-

The other method involves estimating flood volume by 24-hour design
storm volume and the corresponding run-off coefficient.

Wae = 1,000 (Hpgdg - < - 394 - F (m3) (21)

where (HZk)d 24-hour design storm volume (mm) (obtainable from the
hydrological handbook)

= Storm point - area ratio (obtainable from the hydro-
logical handbook). The small catchment velue is larger
when F - 300 km? and ; approaches 1.

‘28 ° Run-of f coefficient of a 24-hour storm (obtainable from
the hydrological handbook)

Design flood hydrograph

The two methods described below are used to calculate the hydrograph for
flood routing.

Enlarging the typical flood hydrograph. If the annual maximum flood
scries is available, the design flood hydrograph can be derived by enlarging
the typical flood hydrogreph. High-water years for which data are both
representative and reliable, and when the flood peaks are adverse to
engineering safety, should be selected.

The discharge on the design flood ' rograph is the product of the dis-
charge on the typical flood hydrogreph and a coefficient K¢ » 1 (i.e. en-
larged).

L Jae
Q¢

£ (22)
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where Q4¢ = Design flood peak (m3/8)

Qtf = Flood peak on the typical flood hydrograph (m3/3)

Simplified design flood hydrograph. The establishment of the design
flood hydrograph in the unguaged watershed is related to the method used to
compute the flood peak discharge. The flood hydrograph can be directly
derived from both the unit hydrograph end isochrones. 1If the flood pesk is
calculated by means of formulas, only the peek discharge velue will be ob-
tained, but no flood hydrograph. The simplified design flood hydrograph must
therefore be applied.

Mountein tributaries have smsll catchment areas, the basin slope ard
channel gradient are rather steep, and the flood rises and falls fiercely.
Here, the design flood hydrograph for small projects can be simplified as a
triengle, as shown in figure 2. Preferably, the simplified hydrograph should
be selected with reference to the naturel flood hydrograph data of nearby
regions.

The pesk volume relstion of the simplified triangle of the design fiood
hydrograph is as follows:

Wag = 1/2 Qqf - T

2
1.4 (23)

Qs

o}

where Wys = design flood volume

Q4¢ = design flood peak

An analysis of the available dats makes it possible to establish an
empirical relation between the duraticon of rising segment T;, flood dure-
tion T and various catchment areas.

T
The relationship between - and catchments in a district in China is
shown in table 14. It is tRe result of the analysis and synthesis of T;
and T of many flood hydrographs.

By mears of formulsa 23, T can be obtasined if the design flood peak dis-

charge snd de:lsnrflood volume are given. The Ti can also be determined by

reference to the ;i - F of the problem basin or e« nearby similar basin.
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Tables 14. Relationship between T;/T and
catchment area

Catchment area F

(ka?) T;/T
1-3 0.374
4-10 0.352

11-20 0.337
21-40 0.325
41-100 0.312
101-200 0.300
201-500 0.289
S01-1 000 0.277

Note: T; is the duration of the
flood rise and T the flood duration.

A simplified triangular design flood hydrograph can then be plotted, as in
figure 2.

Figure 2. Simplified triangular flood hydrograph

Qag

Simplified hydrograph

Q (m3/1)

Natural hydrograph
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’—‘,L- Z2 Time

For the ungauged watershed, the stage-discharge relation can be derived
from the results of hydraulic calculations based on the available dats. The
selection of roughness must be carefully done. The configurstion of the
river-bed and veristions in control conditions must be considered in advance.
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1f there are stage date but no discharge daty, the upstream or
downstream stage-discharge curve may be transposed to the problem site by
determining the correlation between the upstream and downstream stages.
Extrapolation is necessary if design conditions lie outside the available
data range. The possible influence of back-water should also be considered.

D. Water energy

Water energy Jesign is used to determine the power festures of the
hydropr=er plent. It involves flow regulation, firm power, installed capac-
ity and me1v aun-ual power output etc. These indexes reflect the potentisl
benefitr o .ie ¢ ,;dropover plant and the extent of utilization of the water
resourc.+v. 7Tn> selection of the installed cepecity of a run-of-river and
daily ro; . .°_2u HHG plant will be dealt with in this section.

The -~ilowing technical data are collected for water energy design:

(a) Hydrological data, including cheracteristics of the drainage basin,
flow series and stage-discharge curve at the plent site, and monthly precipi-
tetion end evaporation dats;

(b) Reservoir ares and capacity curves;

(c) Demands of multiple- purpose utilization, including water demand for
irrigation, navigation and log tramnsportstion;

(d) Load status, including the range of the power supply for the pro-
ject plant and the load characteristics of the regional grid.

For the water energy design of rural MHG plants, both the date required
and the calculations can be simplified.

Electrical load

In rural Chins, electricity is mainly used for irrigation and drasinsge,
the processirng of egriculturel products, field operations, repairing farm
machinery, animal husbandry, the manufacture of tiles and paper, sugar pro-
duction etc. Aversge power consumption for the different uses is shown in
table 15.

Table 15. Average energy consumption in rurel China

Activity or industry Energy consus)tion

Kilowatt-hours per tonne

Edible oils 60- 90
FPertilizer 30
Grinding 40
Husking 30
Mining 8
Paper 500- 600
Pesticides 80
Sugsr 12
Threshing 6-12

continued
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Table 15 (continued)

Activity or industry Energy consumption

kwh per 1,000 MB

Bricks and tiles 50
Fecrm machinery 40-80
kvh per m3
Rlectrical pumping
Head = 20 m 0.091
Head = 40 m 0.181

Note: Electricity is supplied for illumination at the
rate of 15-25 W per household.

Power requirements in the near and distant future must be estimated in
order to determine the appropriate plant size. It plant capacity exceeds the
demand load, s waste of capitel occurs. Conversely, if the demsnd load ex-
ceeds plant capacity (when the water head and flow are fully utilized),
either a new plant will have to be comstructed or the existing ome enlarged.
For the independently operated run-of-river stetion, only maximum demend loed
is calculated. The following data are required: range of power supply,
scale and type of prciuction, number of shifts, losd period, cepacity and
vate of wutilization of equipment; annual and monthly power consumption;
present and expected future population of towns located within the range of

power supply end their power consumption, including agro-based subsidiesry
lines.

The range of power supply of & hydropower plant will be determined by
the regional 1load an. its possibilities of development. The relationship
between the range, transmission voltage and transmission capacity is showm in
table 16.

Table 16. Analysis of transmission data

Voltage of transmission Capacity of Trensmitting
line power trarsmission distance
(kv) (kW) (km)
0.22 30 0.15%
0.38 <100 0.6
10 200-2 000 6-20
33 1 000-10 000 20-70

The annusl load for industrisl purposes is fairly even, but the deily
load veries widely sccording to different working shifts and the kind of pro-
duction. 1In China at present, electrical pumping and drsinage eccount for
the largest consumption of hydropower in rural aress. Agricultural elee-
tricity requirements asre subject co seasonal variations. The load must be
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abruptly incressed for pumping and drainage and a day and night power sapply
is required for irrigation. The power supply for sideline occupations in
rurel asreas is mostly concentreted in winter.

The illuminsation load in towns and rursl areas varies within a 24-hour
period and over a year.

Daily load

The sum of industrial, aegricultural and lighting loads provides the
typical daily load on the power supply, s illustrated in figure 3.

There are three characteristic values (Pg,,, P,y and Pn;,) in the
daily load diagram. Pg,, indicates the maximum load in a day. 1In order to
meet the demand for power supply, the total instellation capacity of the
hydropower plants must exceed Pg,.. Pyy is the average load in a day:
24 x Pg, is the daily power supply. Ppin is called the base load. Using
these three characteristic values, the dsily losd diagram can be divided into
theee parts. Peak load (the load with large fluctuations) is sbove the P,
part. The middle load is between the pesk and base load.

Annual load diagram

The annual load diagram is used to express the load variations within a
year, usually taking the load as the ordinate and time (month or day) as the
abscissae.

If the agricultural power supply is large, the pesk load will not occur
during the dry season. For example, if a hydropower plant is designed mainly
to supply power for pumping and dreinsge, there will be no load demand during
the dry season. It is therefore not important to determine the probability
of discharge during the dry season, but it is essential to study the hydro-
logical characteristics during the drainage season to determine the firm
power and maximum working capacity of the hydropower plant.

Two typical daily load disgrams for both winter and summer are ususlly
provided according to the year of the design load level. With regard to

rural MHG, it is not necessary to set out Lhe load disgram, since only the
load characteristics of the power supply will be taken into account.

Run-of-river hydropower plant
Determination of firm power

When hydrological data is availeble, the duration curve of the daily
average discharge should first be plotted. According to the design of the
hydropower plant, the firm discharge Qc on this duration curve should be
determined.

When hydrological data are not aveilsble, the method described in
section C of this chapter should be used to determine the firm discharge cor-
responding to the design percent chance.

The firm power of the hydropower plant is formulated ss follows:

Ng = AQgH (kW) (24)
where Ng = Pirm power

Qc = Firm discharge

A = Coefficient of firm power
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Mean annual energy output

Owing to the variation of power output in different hydrological years,
the mean annual power output is adopted as an index to express the yield of a
hydropower plant.

Figure 4. Daily average output duration curve
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Figure 4 shows the duration curve of the daily output in an average
year, taking N;; as the installed capacity of the plant. N; and the
duration curve intersect at point b. 1In figure 4 the bd segment of the curve
indicates that the natural flow output is larger than N;j. However, the
output of the plant is limited by Nj. 1If the be segment of the curve in-
dicates that the natural flow output is less thar Nji, then the plant is
operated according to bec. The Oabc aresa represents averree annual elec-
tricity output (E in figure 4). The mean annual output varies with the
installed cupncie} of the plant. When the installed capacity is increased
from "il to "i? (Ni =N,_ ¢ ﬁNl). the annual energy output {s 1increased

2 i1
from Eal to Eal + lil. In a normsl case, the E decreases as installed
capacity increases; i.e., if :Nl = LN2, iiz - Lﬁl. Several alternatives are

proposed with different insta]led capacity to calculate the mean annual out-
put and then to plot the N, - £ curve. The designed mean annual output will

be checked from this curve when the ingtalied capacity of the hydropower
plant has been selected.

Determining the installed capacity

The capacity of & run-of-river hydropower plant is composed of the maximum
working capacity, spare capacity and seasonsl capacity.
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The maximum working capacity is installed to meet the maximum load
requirements of the consumers. The maximum working capacity will usually not
exceed the firm power.

N (kw) (25)

Ny

where Ny = Maximum working capacity

Ng Firm power

There is no spare storage capacity in the cun-of-river hydropcwer
plant. It has no ability to undertake the emergency spare or load spare
capacity in the grid.

Repair work on units in a hydropower plant can be done in the dry season
or low load period. 1If irrigation is the main function of a hydropower
plant, repairs can be planned for the non-irrigsation period. If there are
still difficulties, additional spare capacity for repairs must be considered.

The maximum working capacity of a run-of-river hydropower plant is
determined according to the firm discharge. 1In order fully to utilize the
water energy in the high-water season, some seasonal capacity may be in-
stelled when the following conditions are met:

(a) There is a thermal power plant in the grid so thet the seasonal
power oulput in the high-water period can save the fuel of the thermal power
plent;

(b) There are seasonal power consumers within the range of the power
supply. If there are large consumers such as electrical furnaces for iron or
the production of aluminium and fertilizers, the benefit of seasonal energy
may be fully utilized;

(c) The plant is integratea into the big grid. Seasonal power can then
be transmitted to the big grid;

(d) There is an annual regulating reservoir in the grid. During the
generation of seasonsl power by the run-of-river hydropower plant, the plant
with an annual regulating reservoir will impound the water in the reservoir.
This means thkat the water and the power are mutually compensated for.

Seasonel capacity may be determined in three ways.

Annual operating hours for edditionsl capacity. The utilization of sea-
sonal capacity will increase the capital cost, overhead expenses etc. of the
hydropower plant. The rate of increase of seasonal output will be reduced
when installation costs are high. Generally, h, 1{is used as a reference
index to verify the visbility of the increment for sessonal capacity.

. —E
‘hc =Ty - h- (hours) (26)

where 'N = Increment of installed capacity (kW)

‘'E = Increment of annual power output corresponding to N
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"he = Annual operating hours of the additional capacity accord-
ing to the duration curve of the natural flow daily output
(hours)

“hg = Adopted annual operating hours of the additional capacity
specified by the relevant department

Return_years of the increment investment. The viat.ility of seasonal
capacity in terms of the annual benefit of seasonal power is determined. Tt
is reasonable if the return is within 3-5 years.

Annual operating hours for seasonal capacity. This is shown by the
following formula:

sxh

| m

s (hours) (27)

where Eg = Seasonal energy

N; = Seasonal installed capacity
h, = Computed annual operating hours of seasonal capacity

hg = Specified value of the annual operating hours for seasonal
capacity, which is related to the regional energy and economic
conditions, and especially to the consumption of seasonal

energy. 1In some regions in China, 1,800-2,500 hours are
recommended (2.5-3 months).

For rural MHG or hydropower plants with a rather large capacity but with
deficient economic and load data, various simplified methods are proposed for
selecting the instelled capacity.

Installed capacity as a multiple of the firm power

The firm power of the hydropower plant is first calculated and then an
analysis is made of the composition of the grid, load characteristics, water
resources and multi-purpose utilization to determine the installed capacity as

8 multiple of the firm power.
N; = CNg (28)
where C = Ratio of Nj to Ng
Nj = Installed capacity
Ng = Firm power

The value of C for hydropower plante operating under varying conditions
in several regions is given in table 17.
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Table 17. Ratio of installed capacity to firm power for
selected hydropower plants

Ratio of instelled
Npecating conditions of plant capacity to firm power

Rural MHG ( <500 kW) plant operating
independently 1.5-3.5

v.ith high percentage of hydropower in the
grid and with regulating storage in the
plant
Power generation only 2.0-3.5

Mainly power generation and secondarily
for irrigation 2.5-4.0

Mainly for irrigation

Ordinary facilities 3.0-5.0
Good facilities 2.5-4.0

With low percentage of hydropower in the grid
Power generation only 2.5-4.5

Mainly power generation and secondarily for
irrigation 3.0-4.5

Mainly for ircigation
Ordinary facilities 3.5-5.5

Good facilities 3.0-%.5

Instslled capacity based on annual hours of utilizstion

The mean annual power output E, divided by the totsl installed capac-
ity N; of the plant gives the annual utilization hours hy o! the plant,
represented by the following formula:

h = (29)

hy is equivalent to the annual operation hours under full load and indi-
cates the extent of utilization of mechanical and electrical equipment.

The designed number of annual utilization hours in some regions is shown
in table 13.
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Table 18. Design annual utilization hours of installed capacity

Design annual utilization hours according

to system of regulation
Type of demand and operating Yearly

conditions Run-of-river Daily storage storage

Rural hydropower plant (<500 kW)

Agricultural and sideline
production and illumination ~4 500 >3 500

Small industry and town
illumination >4 500 >3 500

Rural hydropower plant (<500 kW)

Agricultural and sideline
production and illumination 4 500 3 500

Small industry and town
illumination 4 500 3 500

Mainly for pumping and
secondarily for other uses About 5 000 About 4§ 500 2 500-4 000

With high percentage of
hydropower in the grid

Rather large industrial

users in continuous

production S 000-6 000 5 000-6 000 4 000-5 000
Ordinary consumers 5 000-6 000 4 000-5 000 3 500-4 000

With low percentage of
hydropower in the grid 4 500-5 500 3 500-4 500 3 000--4 000

The choice of a method for selecting the installed capacity will depend
upon concrete conditions. When tables 16 and 17 are used, the following
points must be taken into account:

(a) 1In reglons rich in water resources, s high value of design annual
utilization hours (h,) end a low ratio between installed capacity and firm
power (C) will be selected;

(b) 1In the continental climate area where the flow distribution of
creeks and rivers is uneven within a year, C may be used as the high value
and h, as the low one;
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(¢) If there are several hydropower plants (with 1large regulating
storage) in the grid, the new plant will undertske a rather uniform load. A
high h, value and a low C value are therefore proposed, and vice versas;

(d) In the grid, when there is large variation in the daily load dias-
gram, if the base load and partial middle load are undertaken by the thermal
plant and run-off hydropower plant, the low h, and high C value will be
selected for the new plant, and vice versa;

(e) 1In hydropower plants which utilize the irrigation water (regulated
by r.servoir) as its water source, the firm power of this type of plant will
be rather low and the seasonsl energy rather high. 1TIn this case, the high C
value will be taken;

(f) The h, and C of the nou-regulating hydropower plant depend upon
the extent of utilization of seasonal energy. 1If there is spare capacity in
the plant, low h, and high C value are recommended.

Installed cspacity based on the standardized turbine-generator unit

No matter which method is adopted to determine the instulled capacity,
manufacture and supply of the mechanical and electrical equipment must be
taken into account. 1In some ceses, the instellation of a hydropower plant is
mainly determined by the availability of the units. If & stendardized
turbine generator unit is selected, purchase is easy.

With regard to the number of units in a hydropower plant, when N; <
1,000 kW, two units are usually preferable; when N; = 1,000-3,000 kw, 2-3
units are selected. The number of units in most MHG plants is less than four.

The capacity of each unit is usually equal or near to the firm power.
If no suitable unit can be offered, the capacity of each unit should be at
least 1.6 times the firm power.

In sum, there are three simplified approaches for determining the in-
stalled capacity of a hydropower plant. The first approach is to take firm
power as a prime factor. After calculating the maximum working capacity,
selection of the installed capacity is worked out by analysis or is a mul-
tiple of the firm power. The second method involves determining the annusl
utilization hours, which are related to the regional power resources and the
regulating ability of the plant. The third approach is based on the stand-
ardized turbine-generator units. In the practical design work, for rural MHG
plants (installed capacity less than 500 kW) the water energy design will be
kept as simple as possible to avoid complex calculations.

Daily regulating hydropower plant

The daily regulating hydropower plant provides regulating storage with
the capacity to redistribute the nutural flow within one day. The calcule-
tion of the firm power and mean annual power output of Lhe daily regulating
hydropower plant is basically the same as with a run-of-river plant. They
differ in Lhat the upstream normal high-water level of the run-of-river plant
is & constant, while the upstresm water level of the dsily regulating plant
fluctuates between the normal high-water level and the dead water level. The
average water level is used to calculate the power.

With regard to the instslled capacity of daily regulating MHG plants,
the 24-hour power production ‘s equal to the energy produced by the natural
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inflow of the same . y, since the plant is able to redistribute the natural
flow within one day. The maximum load may thecefore be larger than the daily
sverage output and the installed maximum working capacity (to meet the max-
imum load demands) larger than the natural flow of firm power.

The two cases described below are of particuler interest.
Concentrated power generation

Figure 5 is based on a daily regulating hydropower plant. The design
low-water natural inflow is concentrated in h hours for powetr generation.
The meximum discharge is:

QG x 24 x 3,600

24 (30)
Quax =~ hx3.600 =n 9

Hence, the maximum working capacity of the daily regulating hydropower plant
is:

N, - AQ H=A" = QH (31)

~N
o

— Nc(kw)

where Ny = Maximum working capacity

Ng = Firm power

A = Coefficient of firm power
With the same design characteristjcs, the maximum working capacity of the
daily regulating hydropower plant is h times that of the non-regulating
plant.

Figure 5. Daily regulation for concentrated power generation
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The verticel shadowed area in figure 5 is the required daily regulation
storage. The formula is:

\‘vd = (1.10-1.15) x Qz(28-h) x 3,600 (m) (32)

where 1.10-1.15 = Safety coefficient, taking into sccount insuf-
ficient and incorrect data, ss well as computation error.

Interval power operation

In considering the demand of both electricity and water consumers, the
water and power supply is divided into several times intervals according to
the natural inflow. The first step is to determine the water and power
supply of the time intervaels other then the peak load period and to deduct

them from the deily inflow volume. The remaining water is used for the peak
load period. Therefore,

. ch 24 x 3,600 - (V1 + V2) (m3/8) (33)
Quarx b x 3,600

The maximum working capacity _ _
Qc X 24 x 3,600 - (V1 + V2)

1 * H (34)
h x 3,600

'U = A.Qnax "=

where H - Head difference between the average upstream water level and

the dowrstream water level (varies with the corresponding
discharge)

The required daily regulation storage is shown in the shadowed area of
figure 6.

Figure 6. Daily regulation for interval power operation
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With regard to spare capacity and seasonal capacity, there is no sub-
stantial difference between the run-of-river plant and the daily regulating
plant. The only difference is that if there is a daily regulated hydropower
plant with rather large capacity, short distance to the load centre and short
water conduit, the plant could be considered for undertsking the extra load
for frequency modulation.

When a major hydropower plant at the prefectural or county level is
planned, it is better to work out the design daily load curve of the grid,
and then, by means of the daily energy mass curve, to determine the maximum
working capacity of the plant. The first step is to calculate the daily firm
output EG(E; = 24 Ng) according to the firm power Ng. The second
step is to consider the losd of the grid and the characteristics of the main
power stations of the grid, and then to decide the working position (the load
to be taken by the plant). Finslly, from the balance of daily firm output on
the daily load curve, the maximum working capacity would be determined.

Annual regulating hydropower plant

Annual regulating storage must be provided for an annual regalating
hydropower plant. The natural inflow will be reallocated within the year in
order to meet demand for power and other purposes.

Flow regulation is based on the water balance at any time interval. The
difference between outflow and inflow is the variation of storage during that
interval. It is shown in the following formula:

W@ W = - E ) (35)

where ‘W = Natural inflow into the reservoir during certain time
intervals (m3)

‘W = Outflow of the reservoir during the sage period for water
supply to the relevant department (m”) (including waste
water in the flood season)

W = Water losses in the reservoir during the same period (m3)

'W = Variastion of storage during the same period

Since both the natural inflow and water consumption are given, it is
easy to find out the starting and ending time of the water supply and thus to
determine the dry ~cter season. The water balance formula is used to perform
calculations in time intervals and measure the water deficiency. The total
water deficiency during the dry season is the total volume of water which
will be supplied by the reservoir, that is, the required volume of storage
regulation.

E. Types of MHG plant

The capacity of hydropower generation is proportional to the water head
and flow. 1In order to obtain hydropower, the head difference between the up-
stream and downstream of the hydropower plant must be determined.

According to the form of head concentration, hydropower plants are clas-
sified into three types.

e
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Dam-type plant

The construction of a dam or movable barrage impounds the flow of the
river, forms a reservoir and raises the upstream water level. There is there-
fore a head difference between the upstream reservoir level and the downstresm
river level. 1In a dem -type hydropower plant, the reservoir water is diverted
to the plant by means of a tunnel or pipe and water turbine generstor units
generate the power. However, according to the layout of the hydropower-
houses, the plants can be subclessified into two types; hydropower-houses
acting as water-retaining structures and hydropower-houses located at the
downstream side of the dam.

Hydropower-houses acting as water-retaining structures

Figures 7 and 8 show the Ganqi MHG plent, Hunan Province, a hydropower
plant erected in the river bed. The stability of the structure is maintained
by the combined weight of both the dam and the power-house. The drainage area
is 1,170 knz. which is 96 per cent of the Mi river bhasin. It is a multi-
purpose water conservation project for irrigation, pow:r generstion and navi-
gation. The maximum height of the dam is 20.5 m and the length of the dam
axis is 454 m. The hydraulic structure is composed of a pumping station, a
hydropower station, a nevigation lock, log passers and the dam. Ten water
turbine generator sets were installed in the power-house with a total capacity
of 12,500 kW. The design head is 10.5 m and design discharge 160 m3/s.
Mean annual output is 76.8 million kWh. This MHG plant wus integrated into
the southern Hunan grid.

Hydropower-houses located at the downstream side of the dam

Figures 9, 10 and 11 show the Yanwotan hydropower plant, Hunan Province.
The power-house is located on the right bank of the downstream civer bend.
The water is diverted to the power-house by a tunnel 3.5 m in diameter. The
drainage area of the dam site is 457 kn?. The mean annual run-off volume is
407 million m3 and the storage capscity is 87.6 million m3 at the normal
high-water level. The reservoir thus has the capacity for yearly regulation.

The project involves an overflow masonry hollow gravity dem, power-house
and tunnel. The crest length along the dam axis is 140 m and the maximum dam
height is 66 m. There are two water turbine generator units with a capacity
of 3,000 kW each and another unit installed in the power-house, the total
installed capacity being 9,200 kW. The design flow of the turbines are 12 and
12.6 m3/s, and the maximum working head is 50 m. The annual output of the
plant is 33.9 million kWwh. 1In order to ensure full utilization of seasonal
power, the plant was put into parallel operation with a 3,750 kW county-run
small thermsl plant. During the high-water season, the hydropower plant plays
the main role, while in the low-water period, the thermal plant is used to
supplement the power supply. The Yanwotan hydropower plant supplies both
power to the county proper and reactive power to the Central Hunan grid.

Figures 12 and 13 show the Mei stream stage I hydropower plant. The
height of the earth dam is 47 m with & storage capacity of 65.5 million n3.
The installed capecity of the plent is 5,000 kW. The plant was put into com-
mission in 1962 and completed in 1967. The tailrac2 of the stage I plant can
be used for the irrigation of farm-land and as the vater source for the down-
stream cascsde power plants.
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Figure 8. Ganxi MHG station ¢2)
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Figure 9. Yanwotan MHG station
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Figure 11. Yanwotan MHG station (power-house)
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t.gure 13. Meixi MHG station (layout of stage 1)
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1n general, the special features of the dam-type hydropower plant are as
follows:

‘a) The dam and movable barrage are erected on the river to form the
reservoir and to concentrate the head. In the case of the MHG plant, the
reservoir is usually put to multi-purpose use for irrigation, flood retention
and navigation;

{b) The power-house is located near the dam. Since the water conduit is
rather short, hydropower plants of this kind are adsptable to a cather large
design flow;

(c) 1If a high dam is constructed for water head concentration, then the
geological conditions, the technology of dam const-uction and the cost of the

reservoir must be taken into sccount.

Diversion-type plant

The head of this type of hydropower plant is formed mainly by a conduit
structure. A low weir or sluice-gate is erected on the river to divert the
river flow to a conduit, such as a canal, tunnel or p2nstock, and finally to
the power-house. The type of hydropower plent is adaptable to the upper and
middle reach of the river when upstream impoundment is not possible and the
downstream reach contains some rapids, falls or elbows. Data on selected
plants in China are presented in table 19.

Table 19. Data on selected diversion-type MHG plants in China

Length

of canal Penstock Yead Discharge Capacity
Plant Location (lkm) (m) (m) (m3/3) (™)
Baizhangtaen Hubei Province 2.8 66.5 2.7 1 300
Double dragon 2.6 407 196 0.6 512
Husngtonjiang Guangdong Province 218 1.5 2 400
Lantong Gusngxi Zhuang 2.8 1 100 430 3 9 500

Autonomous region

Figure 14 shows the Qingtong hydropower plant, Guangdong Province. The
piant has an installed capacity of 3 x 1,600 kW and & design discharge of
1.6 m3/s for each of the three units. The 1length of the conveyance
structures, including tunnels, prestressed inverted siphon pipes and flumes,
is 23 km. The available head is 142 m and the penstock consists of pre-
stressed concrete pipes 0.8 m in diameter.




Figure 14. Qingtong MHG station




Figure 15. Chongshan MHG station (plan)
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Figures 15 and 16 show the Chongshan hydropower plant, Hunan Province.
The design water head is 617 m, which is the highest among the MHG plants of
the diversion type in Chine at present. The drainage area of the dam site is
only 4.18 km?Z and the effective stocrage capacity of the reservuvir 2.5 mil-
lion m3. The length of the canal is 1,045 m and the length of the penstock
(35 em in dJdiemeter) 1,446 m. There are 2 impulse water turbine generator
units installed in the power-house, each with & capacity of 500 kW and a
design flow of 0.12 m3/s. The mean annual output is 4.17 million kwWwh, ot

which 69 per cent is used for sgricultural purposes and 31 per cent for small
industries and processing.

Figure 16. Chongshen MHG station (cross-section)
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Figure 17 shows the Qing Yuan MHG plant, Fujian Province. The length of
the conveyance canal is 8 km, the head concentration 46 m and the design flow
2.6 m3/s. Three 265 kW units are installed in the power-house.

Figure 17. Qing Yuan MHG station

In general, the diversion-type MHG plant has the following special fea-
tures:

(a) 1n mountainous regions, if the topography is favourable, a big water
head may be concentrated by conduit within a short distance. The low dam or
sluice gate at the headwork of the .anal intake limits the cost of reservoir
impounding;

(b) nere is no storage for regulution: The inflow from creeks betweer
the dam and the hydropower- house cannot be used for power generation.

Composite-type plant

In the case of the composite-type hydropower plant, the hea' is obtained
partly from the dam and partly from the cunduit. 1In mountainous areas, most
of the composite-type plants serve for both flood retention and irrigaticn,
with the exception of s few plants which are planned for power generation
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only. Figure 18 shows the Zaixi hydropower plant, Fujian Province. The
plant is located near the Wuyantou fall. Upstream of the fgll is a wide
valley and a flat gradient which are both favourable for storage impounding,
but downstream of the fall the river has a steep gradient. Upstream of the
fall en earth dsm is constructed. The height of the dem is 17.2 m end the
effective storage capacity 3,000,000 m3.  The power-house is located down-
stceam of the fall. The conveyance structure is a tunnel 130 m long with a
bottom slope gradient of 7.7 per cent and a penstock 418 m in length. The
total head of this composite-type hydropower station is 240 m. The design
flow is 2.1 m3/s and the total capacity 4,320 kW. The main purpose of the
plant is power generstion. The teilwater may be utilized for irrigation and
the flood attack downstream may be reduced to some extent.

Figure 18. Zaixi MHG station
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Cn the whole, from the point of view of head concentrestion, hydropower
plents with a dam or a conduit mske up the two basic cutegories. The
composite-type plant is & combination of the two basic types. Tn cases where
falls, rapids, canal drops, river elbows, highland lakes or transriver basin
Ziversions exist, the plant with e conduit or the composite-type plent are
usually preferable.

Variouz layouts for water-power exploitation
Falls

Falls are a natural head concentration with generally small flow varia-
tions over a period of a year and substantial potentiel for exploitation.

In Yunnan Province, a 40 m fall has been exploited for power generstion.

In Tongchen County, Hubei Province, there are several fallg near the
Paizhantan. After the coustruction of & 400-500 m conduit, the concentrated
head is spproximately 140 m. Hydropower plents which utilize fells are low
in cost and involve lass work, which thus makes them a preferable alternative.

Rapids and naturel drops

In mountainous regions, there are usually rapids or natural drops aslong
streams and rivers which may be exploited for power generation. 1If the river
flow is plentiful and the topography favourable, only a low diversion weir is
required to divert the water without the use of the dam, as shown in
figure 19. Adequate measures should be taken to protect the power-house and
canal from floods.

Figure 19. Utilizstion of rapids
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Canal drops

Figure 20 is a sketch of a hydropower plant in Guengdong Province which
irrigates by means of drops. The plant was construcied on an irrigation canal
where all existing structures could be utilized. Only a new power-house had
to be built. This method of power exploitstion considerably reduces costs.

Figure 20. Separate layout of power-houge and drop
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Figures 21 and 22 show hydropower plants on the Mimyun-Beijing Canal.
This canal conveys the waier of the Mimyun reservoir to Beijing. There are
eight existing drops within 30 Iom. The total water potential is 35 m. The
water potential of the eight drops are combined into five stuges for exploi-
tation, producing a total installed capacity of 11,400 kw.

Table 20 shows the deoign water hesd snd the instaslled capacity of 5 MHG
Plents on the Beijing- Mimyun canal.

Table 20. 1Installed capacity of cascade stations on
the Beijing-Mimyun canal

Design net head Installed capacity
Plant (m) (kW)
1 6.5 3 000
II 4.7 1 800
III 6.5 3 000
1v 4.7 1 800
v 4.5 1 800
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In order to minimize the types of water turbines needed and the number
of sets and voltage levels for the S5 stations, the same water turbine model
nce been sdopted in all of the stations. The model includes turbines with a
working head of 6.5 m coupled with a 1,000 kW generator (250 rpm) and tur-
bines with working heads of 4.5 m coupled with 600 kW generators (214.3 rpm).
On the basis of an annual flow volume of 500-700 million n3. the annual
output of the five stations is estimated at 28-39.4 million kwh.

River elbows

Valley end river elbows are highly developed in verious mountsinous
ereas. In some cases, the river elbow looks like a ring and the river
gradient is vather steep. By a short-cut conduit, & water head can be
utilized for power generation.

Figure 23 shows a sketch of the Water Lane hydropower plant in Hubei
Province. The length of the exploited river elbow is 7 km and a short-cut
tunnel 1,580 m in length has been constructed. The head concentration is
85 m and the installed capacity 1,375 kw.

Figure 23. Water Lane MHG station

Reservoir

Water diversion in transriver basins

In some cases, particularly in hilly regions or river nets, the distance
between the two rivers or two canals is not so far but s water head exists.
Water diversion in transriver basins may be considered as s power source.
Under such e scheme, the tailwater flows downstreem to the lower river. The
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water flow of the higher river will be reduced and that of the lower river
will increase.

The sequence of flow-in and flow--out between the higher and
lower river musi be studied comprehensively from the point of view of the
requirements of

ircigation, navigation, water supply etc. on the downstream
region. A technical and economic analysis is also necessary.

The Datan hydropower plant, Guangdong Province, is an exemple of water
diversion in transriver basins. An 80-m tur.... and s 200 m canal have been
constructed to divert the water of the Datan river to e lower small creek.
The head available is 210 m and the total installed capacity 640 kW. A
sketch of the plant is given in figure 24.

Figure 24. Datan MHG station
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Highland lakes

1f there is a river or lake near the highland lake, potential energy may

be exploited by diverting the higher water to the lower river or lake for
power generation.

Tide potential

China has a long seashore and many estusries and sites where utilization
of tide potential is fessible.

This kind of hydropower plent has & low head
and large flow but is complex to construct, resulting in larger construction
costs.

There are currently only a few tidal power plants in operstion in
Chins, including the following:

(a) Dslain plant, Shunde county, Guangdong Province; instelled capacity
of 144 kW,
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(b) Kaotan plant, Xiangshan county, Zhejiang Province; tide head of
about 4 m, design flow of 8.5 -3/3, and installed capacity of 275 kw;

(c) Jing gong plant, Rushan county, Shandong Province; installed
capacity of 165 kW;

(d) Liuho plant; power generated by the tides of the Yantze estuary;
instelled capacity of 80 kW.

On the whole, the pilot tideal power plants are small in scale.

The first pilot tidel power plant with two-directional generation in
China was located at the terminal of the Luogi Bay, Wenling county, Zhejiang
Province, where tide potentisl is abundent wit: a mavimum tidel head of
8.93 m. The installation of & 6 x 500 kW turbine generator unit is planned.

Submerged water or collecting springs

In Liyang county, Jiangsu Province, a production team dug water ponds in
an ares of approximately 50 ha in order to collect flows from creeks and
brooks. The flow accumulated during the day is used for power generation in
the evening. A 3.2 kW MHG plant has been built, with a head of 8 m.

In Nixing county, Jiangsu Province, a stone masonry cut-off wall was
built to retein the submerged flows and raise the water level for power
generation. A people’'s commune in Green Dragon county, Hebei Province, uses
the same approach to retain the submerged flows. A plent with an installed
cnp;city of 80 kW was constructed with a design head of 9 m and a flow of
2 m'/s.

F. Rlectricel scheme and step-up substation

The electrical design of MHG stations is not much influenced by varia-
tions in natural conditions. Hence, in spite of special features in small
stations in different places, the electrical designs are basically the same.

For MHG in China, the voltage of a generator set with a capacity of less
than 500 kW is generally 400 V, which is transmitted at 10.5 kv through a
step-up transformer. The transmission radius of such e station is not
greater than 15 km. The voltsge of generator units at a capacity of
500-6,000 kW is generslly 6.3 kV. Three levels of out-feeding voltage, i.e.
6.3 kV, 10.5 kV and 38.5 kV, may occur in such stations. Tn a few places,
110 kV are applied.

The trensmission voltege of 6.3 kV adopted in previously constructed
stations has recently been replaced by 10.5 kV. The 3.15 kV voltage level
used previously has also been discontinued.

Various types of electrical schemes are used in China, the most frequent
ones being the following:

(a) Single bus scheme at generstor voltage, sectioned and unsectioned
(figures 25 and 26);

(b) Block of generator - transformer (figure 27);
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Figure 25. Single bus scheme (unsectioned)

0.4-6.3 kv




Figure 26. Single bus scheme with 6.3 kV (sectioned)

6.3 kv
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Figure 27. Generator-transformer block
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(c) Step-up substation at voltage 38.5 kV or 10.5 kV:

(i) Bridge connection (figure 28);
(ii) Single bus (figure 29);
(iii) Block of transformer line (figure 25).

Various electric schemes may be desighed by combining the above unit
blocks.

All high-voltage equipment required for a power station in China can be
produced in that country. All except very few provinces and cutonomous
regions have manufactured their own electrical equipment.

Complete switching sets are used for most 6.3 kV electrical facilities,
in which circuit breskers, disconnection switches, instrument transformers,
metering and some relay protection and operating components are installed
according to various composite schemes of primary and secondary wiring.
Theea are provided to customers in complete sets. There are dozens of vari-
eties of seriation schemes of complete switching sets available for selection
by the designing personnel of MHG stations. Outdoor types are generally used
for 38.5 kV electrical facilities, which are usually assembled in outdoor
sybstations.

A similar design standerd of relay protection, including differential,
overcurrent, overvoltage, overload and grounding feault protection, is used in
MHG statione in different places. The relay preotection components usually
ugsed in China have been electromagnetic types. Trensistor relay protection
components have been tried at a few stations.

There a1, also numerous ways of controlling MHG stations. The types
most adopted are as follows: a centrsl control room (generally used in com-
paratively large stations); on-site control of & generator room with a
special control and metering panel; and on-site control in a generator room
using complete switch sets. The latter iwo types are usually used in rather
small stations. The d.c. opersating voltages are usually 220 V, 110 V and
48 V.

The degree of automation in MHG stations in China is not very high. 1In
stations with a capacity of 500-12,000 kW, the following automatic operations
can generally be reslized: automatic regulation of frequency and voltage;
centralized operstion for starting and stopping the generstor sets and for
regulation of loads; automatic warning on electrical and mechanical accidents
and malfunctioning; and automatic operation of some auxiliary devices in the
stations.

The electrical scheme, wiring and compcnents used in automation are gen-
erally still of the electromagnetic type. There sre few places where trisl
operation of semiconductor elements and logic circuits are taking place. The
telemechanization of MHG has not yet been tried.

According to the sgpecific conditions in China, the main objectives of
automation of MHG are to ensure the quality of electricity, to increase the
reliability of electricity supplies, to improve safety, to reduce labour in-
tensity and to decrease the number of personnel needed for operation.

Most of the stations currently integrated 'n grids of different levels
have been equipped with communicetion facilities in connection with the locsl
dispatching centre. Many stations with a 35 kV outlirc voltage have adopied
carrier telephone on power lines. ‘
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Figure 28. Bridge scheme
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Figure 29. Single bus scheme with 10.5-38.5 kV
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IV. HYDROELECTRIC EQUIPMENT

A. Hydroturbine generator sets

China now manufactures a fairly complete range of small hydroelectric
equipment. Tt has equipment both for high head operations up to 612 m, suit-
able for the development of mountainous regions, and for large discharge and
low head up to 2 m in low-lying areas. Standard designs are currently avail-
able.

According to a new regulation, hydraulic turbines .re classified into
three main categories, including 27 series and 85 different types (see
table 21). The 16 generator supports include 121 different types. In order
fully to utilize widely dispersed water power resources and to supply elec-
tricity to remote end wountainous regions, the masnufacturers produce a
specicl series of 0.25 to 75 kW mini-unit sets. Because the mini-unit sets
are small in volume, light in weight, simple in construction and low in cost,
they ec< much appreciated by people residing in mountainous regions. Owing
to the shortage of reactive power in the rural grid, synchronous generators
are used mostly in MHG.

The requirements of standardization, popularization and serialization
are important for China, which has so meny diversified hydrological
parsmeters. The advantages of these products are that they are simple to
manufacture, suitable for mess production, hizsh in productivity, good in
quality, low in cost and easy ‘o operate and maintain.

Cuina has produced ovz:z 200,000 sets of hydroelectric equipment. A por-
tion of them have been exported and the rest installed in more than 80,000
small hydroelectric stations scattered over a vast region. Some of them have
been in operation for more than 20 years. Judging from their operating con-
ditions, it has been proven that they are sound in quality and adapt very
well to the veryinp operating conditions in different localities. For
example, two 612 m head, 500 kW, CD10-WJ-90/1 impulse-type units have been
safely operating in the Zhong Shen hydroelectric power station, Dayong
county, Hunan Province, for more than 10 years. The condition of cavitation
is satisfactory. The Jinghua No. 1 hydraulic turbine, through repested
operation and comparison, has proven to be of good quality snd been used as a
standard of reference. A GIN 005-WP-250 double-flow turbine generating unit
has been produced snd installed in the tidal hydroelectric power station in
Wenling county, Zhejiang Province. 1In recent years, many provincieal manufac-
turers have produced large numbers of equipment for small hydroelectric
stations. Some of the units have already withstood the most severe operating
conditions.

Investigations made on small hydroelectric machines and equipment after
long periods of operation have revealed that equipment made in China is well-
constructed and of good quelity. Data on a number of hydroelectric stations
which have had sstisfactory operating records for many years are given in
table 22.

The production of small hydroelectric machines and equipment in China
has been developing very rapidly. Productive capability currently exceeds
1 million kW. A whole set of equipment can be supplied upon request.
Although the equipment is mainly for the home market, some is supplied to
foreign countries.
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Table 21. Various types of hydraulic turbines manufactured

in China
Operating range '
Head Flow Capacity
Serial Number (m) (m3/zec) (kW)
ZD760-LM-40,60,80,100, 3.5-17 0.45-6.8 12-400
120
ZD760-LMY-100,120 2.7-7 2.96-8.6 55--400 -
ZD560-LMY-40,60,80 4-14 0.568-3.45 12-400
HL260-WJ-25,30,35,42,50 9-29.7 0.235-2.45 12-500
HL220-WJ-42 24--50 0.95-1.375 200-500
HL110-WJ-30,35,42, 20-70 0.159-1.07 20-600 ‘
50,60
CJI22-W--45/1x4.5,
55/1x7 50-330 0.055-0.401 20-630
55/1x5.5
70/1x9

XJ13-w-25/1x7, 32/1x7
32/1x9, 40/1x9 36-160 0.084-0.66 21.5-826 |
40/1x11, 50/1x12 |

XJ02-W-63/1x16 15-220 0.761-1.262 400--2 000
CJ22-W--110/1x12.5 220-340 0.781-0.970 1 250-2 500
110/2x12.5 1.446-1.942 2 000-5 000
CJ22-W-125/1x12.5 300-504 0.910-1.186 2 000-5 000
HL240-WJ-71 29.5 3.2 750 i
HL240-LH-120 18-23 7.23-9.13 1 000-2 000
HL240-LJ-12) 20.1-37 8.06-10.85 1 250-3 200
HL240- LH-180 18.5-33.5 17-23.2 2 500-6 300
HL160-LJ-100 84-114 6.01-6.83 4 000-6 300
HL160-WJ-71 71.8-112.6 2.81-3.54 1 600-3 200

continued
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Table 21 (continued)

Operating range

Head Flow Capacity
Serial Number (m) (m3/sec) (kW)
HL200- LH-100 67-90 7.81-8.97 4 000-6 300
HL260-WJ-71 21.3-28.7 3.32-3.86 500- 800
HL260-LH-100 19-2S 5.7-6.6 800-1 250
HL220-WJ-50 30-70 1.48--2.3 400-1 000
HI.220-WJ-71 32-78 3.14-4.33 800-2 000
HL220-WJ-84 30-55 4.33-5.91 1 000-2 500
HL110-WJ-60 100-145 1.4-1.52 1 000-1 600
HL110-WJ-100 120-200 4.1-5.6 4 000-6 000
HL100-WJ-71 222-315 1.58-2.4 3 200-6 000
2D560-LM-180 9-16 15.8-23.02 1 000-2 500
ZD560-LM-250 10.6-15.5 31.4-44 2 500-5 000
2D510-LH-180 6.5-14.5 13-18.8 600-2 €00
GD103-WP-275 4.5-8 39.2-57.6 1 320-3 600

Note: HL - Mixed-flow-reaction-type
XL - Inclined-tubular-type
7ZD - Axial-flow reaction fixed-blade propeller-type
XJ - Cross--flow-type
CJ - Impulse-type

- Tubular-fixed-blade-type

~ Horizontal shaft

- Vertical shaft

Metal spirsl casing

- Concrete spiral casing

- Bulb

- Open flume

- Tubuler-type

[1]
NEXTvTXT Lo
)




Table 22. Operating conditions of various types of Hydroelactric generasting units

second stage

Installed capacity Design
Units x Head flow Operating time
Station Location kW (m) (n379) Turbine Gensrator (years) Remarks
Baizhangtan, Hubei Province 2 x 500 26-3% 2.2 HL260-WJ-60 TSW-99/37-6 H Smooth operation
second stage
Xianggoagdong Hunan Province 3 x 00 580 0.1 CD10-WJ-90/1 TSW-99/40-6 13 Normal operation
for & long time
Xiayuan Zhejiang Province 2 x 500 126 0.484 CJ-W-90/1x11 TSW-143/32-12 13 Normal aperation,
good pecformance,
eusy maintenance
Pangi, Zhejiang Province 2 x 800 220 0.5 CJ-wW-90/1x11 TSW-143/43-10 6 Normal operation,
second stage good performance,
easy maintenance
[
Mabu Guangdong Province 2 23 000 122.7 3 HL160-WT-71 TSW-146/60-6 [] Gond performance o
Wiuwen River Guanyang 2 x 320 b1 0.1? HL110-WJ-60 TSWN-85/39-8 1 Normel To
Landong Rongchen 3 x 3 200 41S 1 GJ-W-125/1x12 TSW-173/86-10 3-5 Normal
Gunapi Guangxi Province 6 x 800 184 ¢.6 GJ-w-92/1x11 TSW-143/44-10 15 Normel
Yangshan (installed
Suangdong Province in stages)
Mayang, Zhejiang Province 2 x1 600 25.17 0.79 HL260 «J-35 TSWN-$9,41-6 8 Normal operatlon,
second stage high output
S Baizhangji, Zhejiang Province 2 ¢ 12 500 3316-354 4.7 CJ-W-146/2-140 TSW-256/115-2 20 Good performancs,
first stage continues to
operate
Jiuguan Pujiang Province 4 x 800 13 8.19 20560-LH-120 TSN--215/21-14 S Normal
Majilong Zhejiong Province 1 x2S 6 1.% 2D760-1.M-60 TSN--59/727-8 19 Normsl
Feishuiyan Zhejinag Province 2 x 160 8 0.44 XJO2-W-42/1x10 TSWN-74/29-8 6 Normal
- Dongguan, Pujian Province 2 x1 25 a3 3.5 HL220-WJ-71 TSWN-143/61-10 10 Normal
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The serial number HL 110-WJ-35 may therefore be interpreted as follows:

HL 110 W J 33
L L Nominal runner diameter 35 cm
l_ Metal spiral casing
Horizontal axis

L_ Runner model 110 (specific speed)
Mixed- flow-reaction-type

B. Main auxiliary equipment

In China, the manufacturers of hydropower machinery are responsible for
providing main auxiliary equipment, including speed governors, excitation
facilities and automatic components, in addition to the main generating sets.

According to the manner of operation, there are five types of governors
used in MHG, namely, manual, electrical, hydraulic-electrical, electromic-
electrical and electronic-hydrsulic. The number of serials comprised in the
standard set is eight. These are listed in table 23.

Table 23. Standard speed governors manufactured in China

Model Capacity (kg-m) Type

TT--35 35 Single-regulation,
direct flow

TT-75 75 Single-regulation,
direct flow

TT-150 100-220 Single-regulation,

direct flow

TT-300 230-375 Single--regulation,
direct flow

YT- 300 230-37% Single-regulation,
hydraulic-electrical

TT-600 450- 760 Single-regulation,
hydraulic-electrical

YT-1000 760-1 220 Single-regulation,
hydraulic-electrical

CT- 40 2 000-3 720 Single~regulation
hydraulic-electrical

The speed governor of YT-serials is an sutomatic governor designed in
China and specislly adapted to MHG st._tions. It is equipped with an sutomatic
flying pendulum and twn servo-motors which are capable of sutomatically regu-
Jating the speed of the turbines and of contrclling start-up and shut-down of
the turbines from s distence, as well as regulating load. 1In addition, there
is an electromagnetic valve for emergency siups. The valve can be operated by
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s d.c. current which controls the hydreulic passage for prompt shutting-down
of the gene. ating set and prevents accidents in rase of an emergency at the
station when the a.c. source is interrupted. If the hydraulic system of the
speed governor happens to fail during normal operation, manual operation is
possible by means of a specially equipped hand wheel or lifting rod. The
fluid and eair filling of the pressure tank of the TY-type governor can be
automatically carried out without the help of an outside air compressor which
is required for ordinary governors. Such features are well guited for MHG
stations which are often only equipped with simple facilities.

There are many types of excitation for generators. 1In the past, d.c.
exciters with electromagnetic regulators were mostly used. For generators of
less than 100 kW, only a resistor is equipped in the magnetic field to control
the excitation.

Recently, many types of updated excitation facilities have been produced
in China, including a SCR excitation with a transformer at the outside ter-
minal of the generator as & power source, a triple-winding phase-shift com-
pound excitation snd & silicon rectifier with a double-winding genersator
shunted by s reactor. These products have been examined in different places
under various modes of long-term operation and proven to be reliable. They
have therefore been widely used throughout the country.

In some places, old stations have been renovated with new electronic
facilities, as in Laoding county, Guangdong Province, where 70 per cent of the
generators are equipped with SCR excitation.

Since the early 19708, hydropower generators of 630-1,250 kW, with third
harmonic voltage excitation through SCR, have been produced and installed in
several stations. Several years of operation have proven the reliability of
the excitation equipment, which, in comparison with electromagnetic excitation
for generators of the same size, not only saves over SO per cent in cost and
50 per cent in copper, but also performs better as s self-forced excitation
effected very little by varistion of frequency.

In addition, brushless excitation devices, which are in common use out-
s.de China, have been manufactured and installed in some stations in China. A
ssrial scheme of SCR excitstion for generators with a capacity of 500-5,000 kw
is also being developed.

C. Equipment supply

The provision of complete sets of the main electromechanical equipment
required for MHG has been arranged by the Government and some provinces. It
includes the main equipment and its auxiliaries, trensformers, high-tension
switchgears, various control and protecting psnels, cables, cranes, air com-
pressors, pumps, porcelsins etc. 1In Sichuan Province, a corporation for the
manufacture of power plant equipment has been set up to incorporate 90 or more
manufacturers of power plant facilities through specialty co-ordinstion. Such
corporations are slso being established in Zhejiang and Guangdong Provinces.
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V. RESEARCH, DEVELOPMENT, TRAINING AND THE COST OF MHG

China has trained many technical teams in the implementation and manage-
ment of MHG plants, particularly in areas such ss planning, exploration,
design, construction, installation, operation and maintenance. Efforts are
being made to raise the level of technology, to carry out research, to improve
the reliability of the power supply and to reduce construction costs.

A. Reseerch

Pre-stressed concrete pipes

In the past, the high- or medium--pressure pipes used in MHG plants were
usually made of steel. The supply of steel, however, was not adequate to meet
the needs of hydropower development. 1In 1964 the Gaoliang MHG station,
Guangdong Province, wused self-made spigot-and-socket-type pre-stressed
concrete pipes instead of steel pipes. Soon afterwards, all plants gradually
began to do the same.

Up to that timz, cement pipe plants had manufactured pressure pipes 76 km
in total 1length for 2,700 hydroelectric units. The highest water head is at
the Huangtongjiang station, Guangdong Province, which creaches 218 m. Three
800 kW generating units have been installed and 600 mm pre-stressed concrete
pipes used. At the Shiuxia MHG station, which has a water head of 168 m, four
3,000 kW generating units have been installed and pre-stressed concrete pipes
1,250-1,300 mm in diameter adopted.

The advantages of pre-stressed concrete pipes in comparison with steel
pipes are as follows: low cost and consumption of steel; durability; and con-
venience of installation and better water-sealing of joints.

Generally, the consumption of steel can be lowered by 70-90 per cent and
the cost by 60 per cent when pre-stressed concrete pipes are used instead of
steel penstock (those with low hesad and large diameter may =ave even more
steel and cost). For example, at the Shuixis MHG station, about 175 tonnes of
steel costing approximately ¥RMB 310,000 were required for the steel penstock
design, but only 53 tonnes of steel and ¥RMB 120,000 were needed to manufac-
ture the pre-stressed concrete pipes. Thus, savings in steel and cost were
approximately 70 per cent and 61 per cent, respectively.

All pre-stressed concrete pipes were tested by means of & water pressure
test. After keeping the pipes under constant pressure for 24 hours, the tests
revealed that a maximum water pressure of 34 k;/cm2 was possible without
danger of cracks and leakage. After four years of operation the pre-stressed
concrete pipes were still in good condition.

In China the first pre-stressed concrete pipes were put into operstion in
1964. When this study was carried out those pipes continued to perform as
well as at the time of their installstion. On the other hand, at an MHG
station with a working head of 120 m, s steel penstock with a diameter of
0.4 m was instelled in 1958. Owing to erosion as well as to the small
diameter of the pipe which made maintensnce impossible, the steel pipe rup-
tured under inner water pressure. It was then replaced by a pre-stressed
concrete pipe which worked withcut complications.

The spigot-and-socket-type is easy to install.” The important point is to
lay & rubber seal in the spigot end and then put the spigot into the socket.
This technology results in secure sealing and promotes high efficiency in
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installation. For example, in one MHG station with a head of 200 m, after
four years of operation the seal of the spigot-and-socket joint was still in
excellent condition. The joint is also more capable of adapting to deforma-
tion.

Another advantage of pre-stressed concrete pipes is their low maintenance
cost. However, they have shortcomings such as a larger dead-weight and the
fact that they bresk more easily during transport and installation. Adequate
measures should be taken to overcome these problems.

Design of pre-stressed concrete pipes

Pre-stressed ccncrete pipes consist of three parts: a concrete pipe core
reinforced with longitudinal pre-stressed steel, a circumferential prestressed
wire wound around the external surface of the pipe core well and a protective
layer. The design criteria are as follows:

(a) The pipes must possess the necessary strength snd be able to resist
leakage;

(b) There must be sufficient rigidity in the longitudinal direction to
prevent cracks and breaking of pipes during pre-stressing, unshuttering,
transport and installation;

(¢c) The compressive stress of the core pipe ¢, must be as follows:
Inner diameter D; 50 cm, oo = 3-8 kg/cm?
D; = 60-80 cm, o = 3-6 kg/cm?
D; = 100-130 cm, o, = 2-3 kg/cn?

Experience has shown that when the diameter of a pipe is less than 30 cm,
the thickness of the pipe will be 2-3 cm and the length 2-3 m. When the
diameter is 30-130 cm, the thickness will be 4-8 cm and the pipe length
3.2-4.2 m.

The strength of the pipe depends mainly upon the technology and workman-
ship during manufacture. Usually, the results of computation are merely used
as a reference in the selection of the steel reinforcement bar. The actual
strength of the pipe is measured by the water pressure test. The following
data is used for computation (see figure 30):

D; = Inner diameter of the pipe (cm)

ri = Inner radius of the pipe (cm)

t = Thickness of the core pipe (cm)

L = Length of the pipe (m)
t1 = Thickness of outer protective layer (cm)
H = Design water head (m)

p = Equivalent inner water pressure (kg/cm?)
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Rs = Ultimate strength of pre-stressed steel bar typicslly,
(2g = 7,000-8,000 kg/cm?)

R, = Compressive strength of concrete

R. = Tensile strength of concrete

Figure 30. Dimensions of prestressed concrete pipe

<&

In & circular direction, taking L - 100 cm for computation, the tensile force
on the pi e wall is:

N = 100 r;p (kg) (36)

The sres of the reinforcement steel bars in the pipe wall is:

A = kN (cnz) (37)

where k = Coefficient of safety, 2.0
The following formula should be used in celculations for the prevention of

cracking:

KN = AR & o) + 200 A (38)

where Ap = Cross-sectional area of pipe wall 100 cm long (cm?)
1o = Effective pre-stressed force (kg/cmz)

K¢ = Safety coefficient on cracking
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Fraction of steel : = Ag/An
Substitute u, N, Ag and R, in (38) to obtain To-

The loss of pre-stress is o5 and the total pre-stress oy =c, + cg <
0.8 RS’ This condition must be met; 0.8 is the coefficient of stress
control.

In normal cases, when u is not high, the less in pre-stress lies between
1,000 and 2,000 kg/cnz. For pre-stressed structures based on pre-tension
methods, a o5 grester than 1,000 kg/cu2 is recommended.

Technology and quality examination of pre-stressed
concrete pipes

In order to satisfy design requirements for optimal working capsbility,
pre-stressed concrete pipes should possess sufficient resistance to per-
meability and cracking as well as sufficient durability. These two qualities
depend on quality control during the manufacturing process. Resictance to
permeability is determined not only by material quality and mixing ratios but
also by the pipe core moulding technology. The application and control of
longitudinal and circumferential pre-stress on the pipe and the concrete
strength of the pipe core are two factors affecting the crack resistance of
the pipes. Rusting of the circumferential pre-stressed wire will reduce the
durability of pipes to a considerable degree. Quality control of pre-
stressed concrete pipes in a three-stage technology using the centrifugsl
method has therefore been fully adopted in China.

Control of longitudinal pre-stress

The longitudinal pre-stressing of pipes is achieved by pre-stretching the
longitudinal steel, which is then temporarily anchored on the pipe mould
before the pipe core is moulded in order to incresse the level of possible
pre- compressive stress after moulding. Both the electrcthermal and the
sccew-rod stretching method are commonly wused to apply 1longitudinal
pre-stress, as shown in figures 31-33. The pre-stress value of longitudinal
steel is controlled by the elongation value of steel. The steel is stretched
up to the specified elongation value, which cen be calculatcd by means of the
following equation:

A, = —Z—— (39)

where A, = Elongation value of longitudinsl steel (cm)
op = Controlled stretching stress of longitudinal steel (kglcmz)
Eg = Modulus of elasticity of steel (kg/cm?)

¢ = Distance betwveen two anchorage r~ints at the ends of longitudinatl
steel (cm)

300 = Pre-stress loss csused by unevenness in the steel and plastic
deformation of steel under high temperature and stress action
(ks/cnz)
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Pigure 31. Connection of arc-welding machine with electrothermal steel bar

Arc-welding machine

Secondary coil lead

Pipe mould

Longitudinal steel
Electrothermal support bracket

Ve =

FPigure 32. Connection of three-phase transformer cable with stesl bar

Secondary coil lead

Pipe mould

Longitudinal steel
Electrothermal support bracket

& W
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Figure 33. Stretching of lorgitudinal steel
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1 Screw-rod stretching device

2 Socket anchorage cspstan

3 Pipe mould

4 Vire tensiometer

S Longitudinal prestressed steel
6 Spigot anchorage capstan

A wire tersiometer is used to measure the pre-stress value of the longitudinal
steel. '

Quality control of aggregates

The quality requirements of sand and stone for prc-stressed concrete pipe
sre generally the sasme as those for high-grade concrete. However, clay
impurities and stone power in the sand must be completely eliminated for the
concrete to possess sufficient resistance to permeability.

Control of concrete mixing ratios

Before mixing, the proportion of concrete used for pipe manufscture
should be determined by testing and not randomly changed, otherwise the
permeability-resistant propert, will fluctuate. The control of concrete
mixing ratios is primerily designed strictly to control the water- cement ratio
in concrete after using the centrifugal moulding method. The remaining
water-cement retio is generally 0.66-0.68 times the water-cement ratio before
the centrifugel moulding operstion. 1In other words, the water-cement ratio in
corcrete before centrifugal processng is proportionsl to the remaining water-
cement ratio in concrete after centrifugel moulding. Tre srbitrary addition
of more water must therefore be forbidden.
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Three- stage control of the centrifugal process

Control of centrifugal technology involves speed and time adjustmerts in
the siow-, intermediate-- and high-speed stages of centrifugal technology-

Slow- speed rotation is the first step in centrifugal technology, the im
of which is to facilitate material feeding and to make concrete materials
uniformly adhere more firmly to the pipe mould well. For this purpose, the
centrifugal force produzed by the rotating speed should be larger than the
deadweight of the concrete matecial, that is:

n vl > ng (40)

where m = Mass of concrete (g)

w = Angular velocity = 2-n/60/s-1)

r = Rotating radius, namely, the external radius of the pipe
core (cm)

g = Acceleration of gravity = 981 em/s2

n = Rotating speed of pipe mould (rev/min)

The following expression for slow speed is therefore obtained:

302

T

In practice, the controlled slow speed is generally taken as 1.5 or 1.6 times
n.

The slow--speed centrifuge depends upon the degree of uniformity of the
material distribution on the pipe mould wall. It will be longer for pipes
with a larger diameter and shorter for ones with a smaller diamete.. 1In
gererai, it takes 5--15 minutes.

Figure 34 shows the feeding process in pipe core centrifugsl moulding.

Intermediate- speed rotation foras the transitional stage from low- to
high-speed rotation. This trensitional speed should be uniformly increased.
Due %o the relatively low water-cement ratio in concrete used in centrifugsl
technology, the flowability of the concrete mixture is relatively small.
Abruptly increasing the rotation to s high speed will result in displecement
of material and cause non-uniformity in the thickness of the pipe wall. 1In
addition, an abrupt rise in speed will cause skipping in the pip= mould, thus
intensifying the separation of material. The principle of intr-uediete speed
control is therefore gently to raise the speed from low to high., The revo-
lutions per minute and the length of time required shc:ld be determined by
practical observetion. 1n general, the length of tine i: normelly never more
thean 10 minutes.

High-speed rotation is the €inal stage in centrifugal technology, st
which the concrete achieves its maximum density. The centrifugal pressure msy
be expressed as follows:

¥ 2 ;7= (c” -=) (41)




- 92 —
where F = Centrifugal pressure of core concrete acting on pipe mould
(kg/cm?)

th = Unit weight of concrete (kglcm3)

n = rotation speed of pipe mould (rpm)

r;,t = Intecrneal radius and external radius of the pipe respectively (cm)

It may be shown from equaticn 41 that when the dimensions of the pipes are
constant, the larger the rotation speed, the larger will be the centrifugal
compressive force. Hence, raising the centrifugal rotation speed is an

importent meens of increasing the strength and permeability resistance of the
pipes.

Figure 24. Pipe core feeding process

I

In high-speed centrifugal technology a rotation speed corresponding to a
centrifugal compressive stress of 0.8-1.0 kg/cn2 is considered best. How-
ever, the best rotstion speed is hardly ever attained because of the poor
rigidity of the pipe mould which has usually been made by a hand manual with
s steel plate 346 mm in thickness. The centrifugal pressure which the pipe
mould can withstand does not always exceed 0.5 kg/cnz. Based on produc-
tion practize, when a pre stressed concrete pipe with san internal diameter of
125 cm is menufactur~d, & centrifuga: pressure of ¢.73-0.75 k;/cm2 is
needed to enable the permeability resistance of the pipe to reach 34 ks/cm2
or sbove. 1t can then safely be used in s high-head hydropower plant with a
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design internal water pressure of 21.2 kglcnz. Control of high-speed
centrifugation should therefore be determined according to the diameter of
the pipe and the magnitude of the perm sbility-resistant pressure required.
Generally speaking, centrifugal pressure acting upon the pipe mould should be
in the range of 0.4-0.75 kglcnz. The higher or lower limit is required
for, respectively, high or low permeability-resistant pressure.

The time needed for high-speed centrifugation is determined by the
de,ree of dcreinage, the density of concrete and sometimes by the water
pressure test.

Since segregation results from the centrifugal process, the impermeabil-
ity of the concrete pipe core mainly depends upon the mortar layer and the
cement layer. Together they are called the permeability preventive layer,
the thickness of which is only one fourth of the entire pipe thickness. 1If a
method is used whereby both feed and centrifugal processes are done layer by
layer so that multiple permeability preventive layers are formed on the pipe
wall, the permeability resistance will be markedly increased. Generally, the
feed- and-centrifuge process can be repeated up to four times, depending on
the desired thickness of the pipe wall and the diameter of the pipe.

Control of the circumferential prestress

The circumferential pre-stress wire is wound around the external surface
of the pipe core wall. A weight-balanced tension-type wire-winding machine
is extensively used to wind circumferential pre-stressed wire (see figures 35
and 36). The wire is subjecied to & tension equaling one half of the weight
of the weight block. The pre-stress value of the circumferentiel wire may be
controlled by adjusting tne weight of the hung weight block and calculated by
means of the following equation:

V=20 £y (42)

where W

Weight of the weight block (kg)

Ox = Controlled tensile stress of circumferential wire (kg/cm?)

f’ = Cross-sectional area of a single circumferential wire (em?)

The circumferential pre-stressed wire is wound onto the pipe core through the
guide pulley mounted on the gentry, which moves forward when the pipe core
rotates. The pitch of the wire to be wound may be controlled by adjusting
the moving velocity of the gantry.

If circumferential hair cracks asppear on the ir‘ernal surface of the
pipe core wall after wire winding, it is necessary to examine whether the
structural design of the pipe is reasonable, whether pre-stress on the longi-
tudinal steel was sufficiently spplied during the pipe-manufacturing process,
and whether the pipe core reached its specified strength during the wire-
winding operation. Appropriate measures should then be taken for impr.ve-
ment, for example through the use of cpoxy resin for repairs.
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Figure 35. Prestressed steel bar wound on the pipe core

Figure 3€¢. Weight-balanced tension-type wire-winding machine
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3 Steel wire capstan 4 Wire-fastening and guide device
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7 Tension-treansmitting device 8 Steel-cable guide pulley
9 Steel cable 10 Weight block
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Protection of circumferential pre-stressed wire

The service life of pre-stressed concrete pite is rather long, but the
circumferential pre-stressed wire can break due to rust erosion and cause
failure of the pipe. In general, a cement mortar layer 15-20 mm in thickness
i mechanically o. manually made on the pipe surface as a protective
coating. A wmethod curc~ently used to protect circumferential pre-stressed
wire is to apply a rust-preventive coating on the wire. The most practical
method is to install a container of rust- preventive material nn one side of
the gaitry in the wire-winding machine as shown in figure 37. When the wire
passes through the conteiner, a rust-preventive costing is automatically
applied to its surface juet before it winds onto the pipe core. Then, if Lhe
cement mortsr protective coating fails, the rust--preventive coating will
still remain on the steel wire itself.

Figure 37. Automstic application of rust-preventive coating on
prestressed wire

7
Key: 1 Gantry 5 Steel-wire guide pulley
2 Pipe core 6 Tension-transmitting device
3 Wire-fastening and guide device 7 Rust-preventive container
4 Steel wire capsten




Hydraulic pressure test

Permeability resistance and crack resistance can be determined by using
a hydraulic pressure test. The equipment used in conducting hydraulic
pressure tests is a water-filled type of hydraulic pressure testing machine.
For larger-diameter pipes that will be subjected to higher pressure, an
internal-sleeve- type hydraulic pressure testing machine, as shown in
figure 38, may be more convenient. The latter type can greatly reduce the
total thrust of water pressure against the bulkhkead at both pipe ends, m-king
water sealing between the bulkheed and the pipe rcasier to carcy out.

Figure 38. 1Internal-sleeve-type hydraulic pressure testing machine
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1 Water intake valve for pressure test
2 Connection to electrical pressure test pump
3 Connection to water pump

4 Water-filling valve

S Air release valve

6 Pressure gauge

7 Machine support

8 Stationary bulkhead

9 Water-sealing rubber ring

10 Tension rod

11 Steel sleeve

12 Prestressed concrete

13 Movable bulkhead

14 Hand wheel




Since pre--stressed concrete pipes vsed in hydropower stations are always
1aid slong a hill slope in the open air and are not subjected to earth pres-
sure and other live loads actirg on the ground surface, the pressure used in
hydcaulic examinstions is always taken as 1.3 times the sum of the hydro-
static pressure and water-h.mmer pressure increment, that is, 1.3 times the
designed internal water pressure. If percolation and cracks do not appear in
the pipe under such water pressure conditions, the pipes may be considered
acceptable. All pipes should be instslled and employed only after passing
both the permeability resistance and the crack resistance test.

More than ten years of usage have shown that pre-stressed concrete pipes
possess higher creck resistance and better peirmeability resistance. 1Tt has
been verified that use of this type of pipe in hydroelectric stations under
200 m of water head is both feasible and safe. Pre-stressed concrete pipes
with a dismeter of less Lhan 1,300 mm can be manufsctured with comparatively
simple equipment on site or in the plant.

Use of relief valves

If the load of a hydropower unit is rejected suddenly during operation,
the governor will sutomatically csuse the turbine quickly to close its guide
vanes, consequently producing the penstock pressure rise 7 end the turbine
speed rise £ - 7 and 2 can be both expressed us functions of the principal
variable Tg;, the closing time of the guide vanes. 1t is known from the
characteristics of the penstock and the turbine thst ¢ will vary contrary
to 2 for a certein range of variation of T,. That is, whep T,
increases, ¢ will decrease while 5 incresses, and vice versa. For a hydro-
power station with short penstock (normally the starting time or penstock
T, is less than 2.5 seconds) reasonable values of 7 and £ can be obtained
if T, ir properly selected. For a hydropuwer station with long penstock,
however, it is often impossible to select an appropriste value of Tg; that
will make both ° msximum and 8 maximua frll within an sllowsble range. 1In
such 8 case, 2 surge shaft or surge tank is usually installed to achieve
acceptable values of % maximum and £ maximum, thereby ensuring stability of
the regulation system. Such an sarcangement shortens the effective length of
the penstock and reduces the value of T, within allowable limits. However,
using surge shafts requires larger amounts of building meterials, higher
construction costs and an incresse in the time needed for construction.
Moreover, for some sites, surge shafts asre difficult to construct owing to
poor topographicel and geological conditions. 1In order to reduce capital
investment and speed up construction, a scheme of replacing the surge shaft
with a relief valve employing a novel all-oil control system was developed.
Tests conducted on a single relief valve st one hydropower station, and
further industrial tests and four years of operating experience st another,
have shown that the application of type TFW-400 relief valves with an ell-o0il
cont=ol system cen successfully replace a surge shaft.

In the sbove-mentioned scheme, the total length of tunnel plus punstock
was 1,950 m, the head 83 m and the unit capacity 1,600 kW. TIn the case of s
rejection of the full load in all three units, the penstock pressure rise
is 14.5 per cent and the turbine speed rise 24.4 per cent. These values sre
apprecisbly lower than those for a design with e surge shaft (/ = 24 per
cent, £ = 32 per cent) and very close to the optimum vaiues 7 : 11.2 per cent
and { 1 25.5 per cent, The transzient stebility under conditions of no-load
end on- load disturbance for the turbine regulating system elso meets the
requirements of the power ststion. A saving of 90 per cent of the cost of a
surge shaft was realized in addition to the power station's being put into
commission one year ahesd of schedule.
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Type TFW-400 relief valve with all-uil control system

The action of the relief valve must be sensitive, safe and relisble when
used in place of a surge shaft in hydropuwer proj2cts. Most relief valves
used in the past were of the mechanicel type. Experience hes shown them to
be unreliable, and the action of relief vaives also lags behind that of guide
venes by up to J.5 seconds. Consequently, =ven if a relief valve is
installed in a hydropower station, the penstock pressure rise wili still be
very high. Special safety measures would have to be taken to protect the
penstock in case of relief valve failure. Mechanically controlled relief
valves could not therefore completely take over the function of reducing the
water hemmer. Vari-us designs of relief valves with hydraulic control
systems were somewhat improved but shortcomings were still quite evident.
For example, some valves still retained a time lag of 0.1-0.4 seconds; some
valves required an increase in the capacity of turbine pressure oil systems;
and others had complicated systems comprising Jlarge numbers of control
elements that were difficult to edjust on site. The above -mentioned short-
comings have all been overcome in the type TFW-400 relief valve. The valve
proper snd control system are described below.

The type TFW relief valve (see figure 39) is of a horizontal arrange-
ment. The main servomotor and pilot o0il chamber are integrally connected
with the valve casing, thus ensuring a simple construction and compact
arrangement .

The cast-st:el valve casing is msde up of two partialiy spiral-shaped
ducts symmetrical to the vertical centre line. Stay vanes in the valve
casing will turn the incoming water into vortex flow, thus achieving effec-
tive energy dissipation before the water is discharged into the tail-race.
The valve is equipped with an air supply device to reduce vibration during
operation.

The valve plug, which may be conical or round, is made of cast steel
with surfaces plated with chromium for rust prevention. Several balancing
holes are provided on the valve plug to reduce operating pressure.

Sealing of the valve is ensured by the close contact between the
stainless-steel overlaid seal rcing on the valve plug and the removable
phosphorous-bronze seal ring on the valve body. These two surfaces are
precisely ground and fitted to give satisfactory sealing.

The main feature of the relief valve control system (see figure 40) is
the employment c¢rf pressure oil for direct and complete control and
operation. It also has s two-step closing device for the guide vanes.

The action of the control system is outlined below:

(a) When the turbire load is constent, the ;‘s<ton of the main distri-
butor is at the middle pusition and the oil under pressure . flows into the
closing chamber cf the relief valve via a throttle hcle, while the opening
chamber is connected to the drain. Because the oil pressure in the closing
chamber of the main servomotor is higher than the water thrust on the valve
disc, the relief valve remains in a closed position;

(b) When the turbine load is reduced by a small amount (within 15 per
cent of the rated output), the main distributor only moves upward a small
distance, so that s limited amount of oil under pressure ,, enters the closing
chamber of the maein servomotor to make the guide vanes close slowly, while
the relief valve remsins closed;




Figure 39. Structure of

Key: 1 Valve casing
2 Valve disc
3 Balancing chamber

- 99 .

pressure relief valve

4 Hain servomotor
5 Pilot oil chamber
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(c) When more loed is rejected momentarily (greater than 15 per cent of
rated output), the upward 1 tion of the meain distributor pistor is much
larger and the relief valve opens quickly at the same time as the guide vanes
close. The action of the two is synchronized with a zero time lag;

(d) As the turbine load i.creeses, the o0il under pressure o flows
directly into the opening chamber of the msin servomotor. The relief valve
remeins at the closing position;

(e) The stepped closure device is thrown in when the relief valve
starts to open fast. The relief valve accelerates to the position determined
by the limiting ring and then proceeds at a lower speed, thus causing the
guide vi es to close in two stages. The breakpoint of the two-step device
cen be easily adjusted on site.

Should the relief valve fail to work, the guide vanes have to be closed

slowly to ensure that the penstock pressure ricz will not exceed sllowable
limits.

Figure 40. Relief valve control system
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Stability and transient process quality of the turbine regulating system

When using the relief valve, the following problems are of great impor-
tance: calcvlation of the maximum penstock pressure rise ¢ and the maximum
turbine speed rise 2 when the load is rejected; and calculstion of the tran-

sient stability of the turbine regulating system when small disturbances
occur.
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For many years the practice has been to compute the two aspects of the
same problem separately. That is, in the case of load rejeciion, formulas
such as the Allievi formula were used for the calculation of the maximum pen-
stock pressure rise . and the S.M.S. formula for thet of the maximum turbine
speed rise . Tn the case of small load disturbeances, the stability and
transient quality calculations we~e carried out by simplifying the original
high order regulating system tc a third-owder system consisting of an ideal
turbine, end ideal governor and a rigid-column water hammer. Obviously, such
a method of calculation will not be suitable in cases of hydroelectric sta-
tions with a long penstock end a relief valve.

The present study treats the transient stebility of the regulating
system on the basis of wmodern control thzory and integrates the calculation
for large and small perturbations. It teskes into account the non-linearity
of the turbine elements and some important non-linesar factors of the
governor, such as the saturation characteristic of the frequency measurement
device, the stroke limit of the dashpot, and the dead band and stroke limit
of the main distributor and servomotor. Accurate results on both regulation

guarantee and stability, as well as transient quality calculation, may be
obtained simultaneously.

The computation has been presented in the paper entitled "Application of
relief valves in small hydroelectric stations”, prepared for "The Second

Seminar Workshop of Transfer of Technology on MHG", orgenized by UNIDO in
1980.

Figure 41 compares the relative stability of a relief valve and a surge

shaft for a unit equipped with a type XT-600 governor (mechanical type) when
operating separately.

Figure 41. Comparison of stability region of governor
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The units run smoothly when they are connected to a large network, but
when each unit cerries an isolsted load, the stability under small perturba-
tions mainly depends upon the performance of the governor, because the larger
the penstock, the higher the performance demand on the governor. Therefcere,
when making the choice to use relief valves instead of s surge shaft, -
phasis should be put on the technical requirements of the governor according
to the actual conditions of a given hydcopower station.

Serial design of the relief valve and its application

The initial three sets of TFW-400 relief wvalves with all-oil control

systems were successfully put into operation early in 1976 at Longyuan hydro-
power station, Hunan Province.

Serial design of the relief valve for turbines of different type are
under way. Seven models for various head ranges with four dismeters ( : 400,
<600, 800 and :1,000 mm) have been designed and manufactured. The main
dats is shown in table 24.

The range of application of the various relief valves is shown in
figure 42.

Figure 42. Range of application of pressure relief valves
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Table 24. Main features of TKW relief valves

TFW TFW TFW TFW TFW TFW TWF

Ttem 4007130 405,320 600/130 600/300 800/80 800/160 1 000/100

Diameter D; (wm) fOO 400 600 600 800 800 1 000 ! y
b

Maximum stroke Yy (mm) 80 100 150 150 200 200 250 8

Nominal head Hp (m) 130 320 130 300 80 160 100

Maximum head

Hpax = (1 4 ) Hy (W) 160 400 160 360 100 200 120

Maximum discharge

Qy (corresponding to

Hpax) (m376) 3.15 7.67 10.9 16.4 12.8 21.7 26.3

Weight of valve (tonnes) 1.2 ) 8.5




Relief valves in place of surge shafts have been used in more and more
projects and stations after the successful experiences at the Longyuan hydro-
power station.

Investment savirgs of more than ¥RMB 5.4 million have been achieved as a
resul:. The above savings do not include cases where topographical and geo-
logical conditions have not permitted the construction of a surge shaft.
Investment savings in these cases are difficult to evaluate precisely.

The following conclusions may be drawn from the foregoing snalysis:

(a) The relief value with all-oil control systems exhibits advantages
in sensitivity (no time lag), safety and relisbility, simplicity in struc-
ture, convenience in adjustment and maintenance. A hydraulic interlock is
built betwesn the relief valve servomotor and the turbine servomotor to allow
accurate synchrnization. With added safety to the penstock snd the turbine
thus ensured, t..e stepped-closure device permits the selection of better
parameters of regulation. Values of - and : can be determined from two
independent time constents, that is, the value of -© from the turbine slow
closing time and the value of ; from the fast closing time T,;

(b) The relief valve with all-oil control systems will not act in case
of small perturbations. When selecting governors for s hydropower station
equipped with relief vealves, the governor temporary speed drop by, the time
constant of the damping device Ty and other related parameters should have
the largest range of adjustment possible;

(c) Becasuse of the difference between the flow characteristic of the
turbine and of the relief velve, a perfect match is difficult, with the
result that a pressure depresssion often takes place at the beginning and end
intervals of guide vane closing. Uniform variation of flow in the whole
penstock system cen be attained by rational selection of opening and closing
intervals of the relief valve end guide vanes. Pressure depression cen thus
be retarded or avoided.

B. Technical innovation

Water resistor device

A water resistor device may be used in place of a surge shaft. Success-
ful results have been obtsined by some hydropower stations using s pressure
relief valve instead of a surge shaft, although it involves certain limita-
tions. A pressure relief valve is applicable only to medium or small hydro-
power stations with a medium or high head. A plant with a low head and a big
fiow would require an oversized valve and involve complications in manufsc-
ture, high cost of outlet structure etc. 1t is also unsuitable to use the
pressure relief velve in ststions where the silt content v the water is high.

In 1962, & water resistor dovice was first used at the Wang Jia Chang
power station (instelled cepacity 3 x 1,360 kW), Hunan Province, to replace
the surge shaft in order to overcome the difficulty of building & surge shaft
at the foot of the dam. The total cost in bui.ding the water resistor device
was ¥RMB 30,000 while the cost of building s surge shaft in the originsl
design would have been ¥RMB 110,000. Since then, the water resistor device
has been recommended for use in other power stations in China and further
improvements have been made.

This device is similar in principle to the load balance. Cslculations
should be made of the rise in pressure and speed if Lhe load is suddenly
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rejected to see whether to use a water resistor device or not in a hydropower
station. The water resistor device should be applied only when the calcula-
ting value exceeds the sllowable value stipulated by technical regulations.

When the load is suddenly rejected and the active capacity in the gene-
rator stator simultaneously disappears, the water resistor should be put into
operation at that moment by the starting elements es a dummy load. The speed
governor would therefore not be shut down, the guide vane would shut only a
little snd transition processes with little fluctuation would be produced in
the pressure penstock and the unit. When the unit is stabilized after
loading up the water resistor, it can be unloaded gradually and the unit shut
down. By this operation, the pressure and speed rise can be guaranteed
within the permissible range stipulated by the regulations.

If the loading-up of the water resistor and the disappearance of the
active capacity in the generator stator happens at the same time, the value
of pressure and tucrning speed will not be raised. 1In fect, because of the
impossibility of synchronism in operation of the starting elements, the
loading-up of the water resistor always lags behind the disapprarance of the
active capacity in the generator. When the time lag between the loading-up
of the water resistocr and the disappearance of the sctive capacity in the
generator lengthens, the effectiveness of rcducing the pressure and the rise
in turning speed will be decreased. On the contrery, the sooner the water
resistor is loaded up, the more obvious the efrectiveness will be. The
starting elements for the device should therefore possess high sensitivity.

An analysis of operations in hydropower stations, shows that accidents
might have happened in the generator or in the water resistor when the latter
was put into operation. 1t is therefore assumed in the design criteria that
one unit is suddenly unloading entirely and not loading up the water cesis-
tor. 1In that case, it should be guaranteed that the value of pressure and
the rise in turning speed do not exceed the perm.!‘ed values.

It is rare that inner accidents happen to both units at the same time.
In such an emergency, the rise in pressure is permitted to exceed the sllow-
able value but is limited by the pressure value at which the penstock will be
destroyed (the prolongation of the closing time Ty could also be adopted).

In order to prevent the rejection of the water resistor, a spare-water
resistor device should be installed, but special attention must be paid to
its maintenance and repair during the operstion.

Experiments carried out in three hydropower stations showed that the
water resistor can take the place of a surge shaft in operstion, and that the

effectiveness of the water resistor is affected by the time lag in putting it
into operation.

Third harmonic voltage excitation system

The manufacture and testing of the third harmonic voltage excitation
system was started during the 1960s in Chins. At present, there are two
categories of third harmonic voltage excitation in China. One js for a unit
of less than 500 kW in capacity, which generally uses single-phase harmonic
winding in providing excicing current to the magnetic field of the generator
through non-contcolled silicon rectifiers. Though simple in structure and
cheap in cost, {t hss the shortcoming of being unstable ir parallel
operstions and therefore has not been often used. The olLher category is for
generator sets greater than 500 kW, all of which use SCR as the rectifying
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component. Types of harmonic winding include a three-phase and & single-
phase winding integrated with a fundemental wave winding. 1In China, there
are three provinces where success has been achieved in trials with this type
of excitation. Three types of generator with a capacity of 1,250, 630 and
800 kW, respectively, have been built and erected in several staticns and
operated for 5-8 years with good stability, not only in isolated operation
but also in various forms of parallel operation.

One of the advantages of the third harmonic voltage excitation system is
its economic viability. TIn a 630 kW generator, type TSW 143/39-12 (with T
indicating synchronous generetor, S hydro, W horizontal, 143/39 aismeter and
length of stator laminated sh-et in centimetres snd 12 the number of poles),
the excitation facility originally used was a d.c. exciter and an old
compound excitation regulatc . Later, the magnetic poles of the motor were
modified and a set of additionel third harmonic winding was added to the slot
of the stator with the stator sheet diameter unchanged. A set of speciaslly
designed SCR and an automatic regulator was fitted to the generator. The
cost of the new excitation system is 87 per cent of the older system, and if
only the cost of the excitation system is accounted for (with generator
proper excluded), the nCtw type is only 58 per cent of the older one.
Moreover, the harmonic voltage excitation saves sabout 50 per cent in the
amount of copper used in the system. Even compared with the generslly used
SCR excitation, which operates with a transformer at an outside terminal of
the generator, the harmonic voltage excitation can produce savings in both
cost and copper.

In addition to having the advantages of SCR excitation, harmonic voltage
excitation has other excellent features, such as the ability for self-
sustained functioning and the very little influence on it of frequency fluc-
tustions.

Another benefit to smaller stations is that harmonic voltage excitation
requires less maintenance and repair work in comparison with the d.c.
exciter, which often requires mechanical processing in dealing with the
commutator erosion.

Nevertheless, the design and theory of this type of excitstion continue
to pose challenging problems which China is seeking to resolve.

Guaranteeing quality and increasing the reliebility of the power supply

MHG stastions with a unit capacity larger than 500 kW are ususlly
equipped with an automatic governor control and a voltage regulator. Under
normal conditions, both the voltage and the cycle would be kept within the
sllowable range. For stations with a unit cepacity less than 500 kW, the
governor is controlled manually and the excitation system is either
hand-controlled or automatic. 1If the station operates independently, the
fluctuation range of the cycle and the voltage can be large. 1In local grids,
the allowed fluctustion range of the cycle is from +1 Hz to -1 Hz, end thet
of the voltage is from +5 per cent to -10 per cent.

Following the rapid development of MHG stations, small power networks
have arisen in meny places, helping to improve the relisbility of the power
supply. Usually, the installed capacity of & £:id on s county level ranges
from several thoussnd to ten or twenty thousand kilowatts. The experience of
many counties may be summarized as follows:




- 107 -

(a) 1In order to improve the relisbility of power supply, the establish-
ment of s small local grid is necessary. Integration of a small local grid
with the national grid is advisable if the necessary conditions are satisfied;

(b) The small iocal grid must be equipped with several big units in
order to bear the hesviest load and to stabilize the running of the grid;

{¢) The small local grid must have a sufficient installed cepacity end
enough spsare rapacity;

(d) The tesk of each power stetion in the grid must be reasonably allo-
cated by strengihening the dispatch work;

(e) The stiucture of Lhe network should be imwproved to raise the
quelity of the transmission lines;

(f) Relay protection may be improved by dividing it into ‘hree grades,
or county, commune and production brigades, in order to minimize the srea
possibly affected by accidents;

(z» In order to improve communications, all power stations without
feeding lines with a voltage of 35 kV may be equipped with communication
equipment connected with the county dispatching room.

C. Personnel training

There are various channels for technical training of MHG personnel,
including institutions of higher learning, extramurel courses and on-the-job
training.

A number of colleges and universities in China have departments which
specialize in the field of water resources and hydropower. Vesrious engin-
eering faculties are also concerned with hydropower. Graduates of these
institutions usually become the high-level technical forces in hydropower
exploration, design, construction, installstion and resesrch.

Secondary technical schools are usually established by the province or
municipality and sre widely spread out in areas where water resources are
abundant. Gradustes from secondary technical schools are usually sent to the
Division of Water Conservation in the province, prefecture or county. They
are the main workforce in MHG stations at the county level.

Technical schools for workers are svailable to train skilled workers in
the field of hydropower construction, installation, operstion and maintenance.

Extramural training courses are on different levels. Ususlly, the
state- level course is sponsored by the Ministry of Water Conservation and the
participants are nominated by the province. 1Tn most cases the trainees form
the main workforce of the province. The training courses sponsored by the
province are attended by skilled technicians who work in the county water

conservation section. These courses sare periodicslly organized according to
the demand.

New MHG plants in China sometimes send their workers to old plants for
training through practice. After training, the workers sre sent back to the
new MHG and work as apprentices.
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J.  keauction of costs
weoscape faken to reduce the cost of MHC in China incluade the feollow
. srnd orlannirg and site selection; reasonable selection 0 the tyo= of
~xpioitation and project layout; multi-purpose utilizatinn; cerializatiocn,
standardization and popularization of machines and cquipment; adeption ol the

ceanlts of voooreceh and dovelspment of pre-sitressed concrete pijes, pressurs
solief valves etc.; and good design of electrical schemes and network struc
turves ard proper voitapge selection. The use of local mat .rials and dam types
af :impl.: construction are also effective means of reducing MHG costs.

The dam 1s the main structure used to ohtain the water head in the dam
type hydropower plant. Dams are Aalso erected in the diversion-type hylro-
power plant, bt their main function is to improve the intake conditions.

Dams brilt in MHG projects in China are usually of Lhe overflow type
designed ta discharge the flood in order to snve the structures for fland
release. They have & height of less than S-6 m. Some of the dams built
tising local material are described below.

Facth damsg

Earth dams are the most popular dam types in China. They can be built
using local material and simple machinery. 1If the dam material is available,
earth dams are adaptable to almost .11 kinds of foundations.

In the construction of earth dams, different kinds of embsnkment
material have been used, such as loess, alluvial clsy, gravelly cuhesive soil
and sand and gravel. 1n provinces with Lumid and rainy climates in southern
China, lateritic soil has also been frequently used. Such soil, which has a
nigh fractiosn of clay particles, is usually used as the impervious core of
the earth dam. %igure 43 illustrates different types of earth dam.

In regions where sand and grav~] are insufficient but cohesive soil is
abundant, homogeneous dams have been built in an overwhelming majority. The
homogeneous earth dam, simpler in constrvction and able to be compacted by
tamping equipment, has been widely adopted in China, especislly in regions
where there are deep depcsits of gravelly cohesive soild and loess. Homo-
geneous earth dams represent 65 per cent of the earth dams completed.

Stone masonry dam

Stone masonry dams requira 40- 50 per cent less cement lhan concrete dams
and also less timber. They can be built with simpler equipment which is easy
tn operate. In comparison with earth dams and composite dams, the stone
masonry dam is better for desling with the (lood either during construction
or when in operation. A stone masonry dam can even be overflooded during the
construction period. Such dams ususlly have a2 large number of effective
working days per yesr.

The number of stone masonry dams built in China is less than that of
earth dams. 1n Hunan Province necarly seventy MHG plants with a total in
stalled capacity of 413.5 MW (approximately 60 per cent of the totsl
installed capacity of MHG in Hunan Province) have stone masonry dams, 60 per
cent of which are gravity dems.

Figure 44 shows a cross-section of the Yanwotan masonry hollow gravity
dam, Hunan Province. The geological conditions are favourable; there are
rock outerops on both abutments. The depth of sand and gravel deposits is




Figure 43. Types of earth dam

S//

> 3 U r-r 7 &5
.22 b _<
__——cfféﬁjz”/’ K= 1070 .
< e ey Sandy gravel\ y o 72N S RS
Y1 7T 7 I S G G S o
Geanite e ;
— — 25 —
i
(a! Homogeneous
5
V78.0
Rock-fill Filter

Sand and

\ Sand gravel
and gravel T
‘ PR
'% Sandy gravel o Ok -
Y SN FARED SEEE Y Y Y Y Y Y Yy Y

(b) Central core

Filter -4
\ zZ=0.4 - .
T2 >0 Ty so./
Y As0.2 -

4f’f///<(".' ~
7 1
;////////;and and gravel

"-. o, Sandy gravel deposit »
Y h b § T Y T Y w T M 7 1 7 T
_..'5i 655 ~_j Dam axis

(¢) 1Inclined core




- 110 -

Figure 44. Yanwoten hollow gravity dam (c-oss-section)
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8-10 m. The length of the overflow masoncty hollow gravity dem i: S9 m and
the maximum height 66 m. The width of the hollow cavity is 16.5 m at the
bottom, the height of the cavity 24 m, and the cavity area 15 per cent of the
dam cross- section. The foundation of the cavity part need not be stripped to
speed up construction and reduce the uplift pressure. The construction
period of the Yanwotan masonry hollow gravity dam was only 20 months,
covering two dry scasons and one high-water season. The dam body was raised
above the low-water level in only one dry season. During the high-water
season, the dem body has been overflowed seven times for a totsl of 99 hours,
but only five working days have been interrupted. The maximum overflow depth
is 9 m.

In a narrow valley with Cfavourable geological conditions, a stone
masonry arch dem can be built with thinner dem cross-sections and less
volume, producing savings of 40-50 per cent in stone masonry and approx-
imately 40 per cent in cement, as compared with gravity dams. 1In miuntainous
regions with wide river valleys, some stone rmasoncy multiple arch dams have
been built. 1In a stone wasonry arch dem, the volume of stone masonry used
could be from 30 to 50 per cent less than that of gravity dams.

s_of simple construction

Hard--shell dams

Hard-shell dams are composed of dry-laid rubble or dumped sand and
gravel as its main part and wrapped by cubble laid in cement mortar or by
concrete as the hard shell in order to prevent seepage and erosion. The
first example of this type of dam, built in 1965 in Guangdong Province, still
proves satisfactory. 1In 1967, the same type of dem with & dry-laid rubble
hard shell was experimentally constructed in Zhejiang Province (see
figure 45). Hard- shell dams sre suitable as low weirs on rock foundations in
places with abundant sand and stone but insufficient soil.

Figure 45. Masonry hard-shell dam
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Since the body of hard-shell dams consists of loose material and
uncemented - that is, dry-laid - rubble, rock-fill or sand gravel, whenever
any part of the hard shell is cracked it is eagy for the entire dam body to
collapse. Attention must be paid to both the structural design and the
supervision of dem construction,
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The foundation of Lhe cut-off wall which also supports the q1ard shell
must be properly treated, extending 0.5 m deep into the sound rock. 1t is
not nccessary to treat the foundation of the other parts of the dam. For
example, a dam 17 m in height in Guangdcng Province has an overburden 6 m
deep. Only the sand and gravel at the cut-off wall have been removed. The
overburden under the dam core is untreat J. However, quality coatrel of i{he
dam core must be well supervised to aveid the unallowable settlement of the
core which, as 8 result of separation between the core and shell, can cause
damage to the dam.

Structural design

In view cf the convenience of ccnstruction and the reduction of the
lateral pressure of the core, the slope of the upstream shell is selected as
1/0.3-1:1. The slope of the downstream sh:11 is rather flat, usually taken
as 1:1-1:2, in view of the overflow. 1t is preferable to form the acch
action of the stone mesonry hard shell, in which case, the shell will stand
any settlement of the core. The slope of the shell may have an even flatter
design if necessary.

Tne stability calculation of the hard-shell dam is basically the came as
with he gravity dam. As the materials of the sh.1 and core are different,
different. specific weights of material must be considered aid different fric
tion co-efficients in che foundation used. The core materiel is considered
permeable. Uplift forces acting upon the rore ace neglected. The placement
density of dry-laid cubble is -1 : 2.1 toanes per m3 (propertion of vaids
less than 25 per cent), of sand and grave! -y - 1.7/ 1.8 toannes per a3
and of stone masonry shell .5 = 2.1:2.2 tonnes oer m3.

fhe hard shell is supported by the dam core. The thickness of the «<hell
is 0.6-1.5 m in most cases, although 7.3 m 15 sometimes adopted for high
dams. The outer shell is made of rubble laid in cement mortar plas the
cement rortar facing, or rubble 1laid in cement morter or concrete plus
reinforced concrete facing (see figure 46). The thickness of the einforced
concrete facing is at least 0.7 0.2 m and will be increased for the cucved
parts. Both the longitudinal and transversal reinforcement steel bars are
6-9 mm in diameter. The spacing of contraction jnints along the dam axis is
not allowed to exceed 40 m.

Figure 46. Masonry hard-cheil dam (cross section)
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Dry-laid stone dams

The dry-laid stone dam does not need cement materials. 1t is mainly
composed of rock-fill, gravel or send and gravel, with dcy stones on both the
upstream and downstream slopes. This type of dam makes full use of local
materials and may be constructed with a low investment.

In Guangdong, Zhejiang, Fukien, Sichuan and Henan Provinces, there are
various types of dry-laid stone dams built using local materials and adapted
to local conditions. Dams of this kind are more adaptable to larger deforma-
tion of foundation and can be built on sand and gravel foundations as well as
on sand or earth foundations.

During construction, the demand for diversion of river water and
drainage of foundation pits is relatively low. The laying of the stone can
even proceed under water where the depth is less than 0.5 m. The excavation
work is rather simple; only silty soil and sand and organic material will be
removed. The shortcoming of this dem is its weakness in integretion and
seepage. To overcome these weak points, the serection of stone material and
the dry laying must be strictly supervised.

A trapezoidal cross-section of this type of dam is given in figure 47,

reference dimensions are presented in table 26, end figure 48 shows several
types of dry-laid stone masonry dams.

Table 26. Reference data for dry-laid stone dams

Cross-section

Height Discharge Width of
Type of of dam per metre top Upstream Downstream
foundation (m) (m3/s) (m) slope slope
Rock <2 <3 1.5-2.0 1:0.5-1:0.75 1:1.5-1:2
Rock <2 3-6 2.0 1:0.75-1:1 1:2-1:2.5
Rock 2-5 <3 2.0 1:0.75-1:1 1:2.5-1:3
Rock 2-5 3-6 2.0-2.5 1:0.75-1:1 1:3-1:3.5
Sand and <2 <3 2.0 1:0. 1 1:3--1:3.5
gravel

<2 3-6 2.0 1:0.75 1.1 1:3.5-1:4

2-4 <3 2.0 1:0.75-1:1 1:4--1:4.5

2-4 3-6 2.0-2.5 1:1 1:4.5-1:5




Reference data for a Chaokuche-typre dam

Table 27.
(Unit:metres)
Top Bottom Helght
Top width width Bottom Total of
Over- width of of wid*h Total Thickness thickness upper-
flow of dry-laid dry-laid of bottom of each of upstresn
Helight of depth dam stones stones rock-£i1l width filter filter slope
dam (LY (b) (8y) (8p) (B3) (b) layer layers (hy) Upper Lower
10 1 2.5 1.8 3.5 10.5 14.0 0.2 0.6 1:1.% 1:1.5
15 1 2.5 1.3 4.5 15.5 20.0 0.3 0.9 3 1:1.5 1:1.75
20 1 3.0 2.0 6.0 20.5 26.5 0.4 1.2 10 1:1.75 1:2.0

Note:

Reference sywbols are keyed to figure 52.

- S1T -



Figure 47.
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Dry-laid rubble dem (crozs-section)
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Figure 48. Types of dry-laid rubble dam
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Seepage barrier for dry-laid stone dam

The main considerations in the design of a dry-1laid stone deam are pre-
vention of seepage from the dam embankment and foundetion, stability of the
dam slope and prevention of scouring of the downstream face.

In the dry-laid rubble dam illustrated in figure 47(a), an impervious
sloping clay core is used with a slope of 1:1.5-1:2.0. The thickness of the
core is 1/4 to 1/6 times the head and not less thar 1 m at the bottom and
0.5 m at the top. At the upstream side, the core is protected by a layer of
15-20 cm of gravel and then s layer of 20-40 cm of dry-laid rubble rip-rap.
Between the clay core and the dam body are two or three filter layers. If
the river is rich in silt and the low dry-laid stone dems have no seepage
barrier, the dam is permitted to seep during the first and second years. The
voids will fill up with the silt from floods and s natural impervious sloping
core and blanket will eventually be formed st the upstresm face of the dam.

On a foundation with an overburden, a clay blanket is required in addi-
tion to the impervious sloping core, as shown in figure 47 (a). The length
of the blanket is about 3-5 times the height of the dam end the thickness
1-1.5 m at the dam heel and 0.5 m at the upstream end of the blanket, where
there is a cut-off.

Apron

On unrocky foundations, an apron must be provided at the downstream
toe. The length of the apron is taken as 2-5 times the height of the dam or
1.5 times the upstream water depth. The thickness will be more than 0.5 m.
If the apron is made of dry-laid stone, the rubble must be tightly compacted
and interlocked. Downstream of the apron, a protection must be made of dry-
laid boulders :r timber cribs with & rock-fill three to five times the length
of the water head.

Foundation creatment

The key to foundation treatment for dry-laid stone dems is the treatment
of the downstream part which is very important to the stability of the dam.
In generasl, on a rock foundation, a 0.7 m cut-off trench is excavated and
backfilled with concrete masonry, as shown in figure 47 (a). Another measure
is to erect stone columns spaced every 3-4 m in the cut-off trench snd a row
of cut stone just upstream. On soil foundations, after foundation stripping,
s group of timber piles with e spacing of 1 m should be driven 1.5-2.0 m into
the ground and a row of logs put horizontslly just upstream of the piles, as
shown in figures 48 (a) and 49 (b). 1In addition, s downstream spron must be
made to protect from scouring.

Figure 49. Treatment of the toe of a dry-laid rubble dam
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Quality control

The use of small stones is prohibited, and large stone blocks 0.6-1.0 m
in length, weighing over 150 kg per block, must be placed on the exterior
slope, dam heel, toe, crest and other parts exposed to erosion. The rocks
selected must be solid, durable and resistant to wearing and weathering. The
stone blocks on the exterior slope must be very close together and the joints
securely postioned at suitable intervals.

The construction schedule is usually to build the two sbutments first
and then build towards mid-stream. Upstream and downstresm work can proceed
simultaneocusly. The upstream parts may be slightly higher than the down-
stresm parts. They must be connected at the top of the dem and compacted by
solid stone blocks.

Afte- the dam is put into operation, it *s possible that se.tlement will
occur, especially after the first flood. A large amount of seepage may also
occur, causing some stone blocks to settle or loosen and even be washed
away. Careful inspection and maintenance must therefore be carried out, par-
ticularly before and sfter each flood. Loose or washed-awey stones must be
quickly recompacted or replaced.

Dry-lasid stone dams are widely used in small-scale hydrsulic schemes.
Figure 48 shows four types of this dam. 1In type (d), the cut stones are
placed inclining upstream to prevent their being eagily washed away and
enable them to be arranged more compactly. The angle of inclination is
1:3-1:4. Figure 48 (c) shows a trapezoidal cross-section which is easier to
build.

Overflow earth-rock dam

The overflow earth-rock dam is composed of earth and stone and easy to
construct. Since 1956, many overflow earth-rock dams on rock foundations,
known as the Chaokuche-type dam, have been built in Zhejiang Province. They
are adaptable to such local conditions as narrow valleys, insufficient soil
material, the need for large volumes of excavation for chute spillways etc.
For exsmple, the 20-m-high Laxia dam of the Chaokuche type was completed in
1966 (see figure 50). Its downstream facing is dry-laid stone masonry with
an exterior slope of only 1:0.2. Upstream of the dry-laid stone is the rock-
fill, on the face of which is laid s sloping clay core. Filter layers are
placed between the sloping clay core and the rock-fill. The crest is pro-
tected by cut stone masonry leid in cement mortar so as to permit flood over-
flow (see figure 51). Since the river bed is made of hard granite, there is
no facility for energy dissipation downstream of the dam. After several
years of operation, with an overflow depth >f less than 1.0 m, the perfor-
mance is still normal.

The downstream facing of the Chaokuche-type dam consists of dry-laid
stone blocks with an interior slope cf 1:0.1-1:0.2. It contains a volume of
65-75 per cent dry-laid stone blocks and rock-fill and epproximately 30 per
cent earth. Since the dam body may be utilized as the flood pass during con-
struction, no diversion .s necesssry.

The downstream dry-laid stone blocks sustain the lateral water and soil
pressure from upstream, for which s solid rock foundation is advisable. The
weight of each stone block must exceed 300 kg. Cut stone with a regular sur-
feace is preferable.
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Figure 50. Laxia composite dam (cross-section)

Cement-mortar-
laid rubble

Figure 51. Structure of top of composite dam

Cement-mortar- Poor
laid rubble //COﬂCfete

~ Rubble rip-rap

The stone block joints should be staggered. The porosity of the rock-
fill should be less than 30-40 per cent, with a placement density of 1.6-1.7
tonnes per m3. Filter layers are placed beiween the sloping clay core and
the rock-fill. The filter layers should be thicker than those of earth dams
in order to fit more deformstions. Quality control, particularly of the
dry--1aid stone blocks of the downstream facing, must be strictly and regu-
larly carried out.




given in figure 52 and table 27.
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Referrnce dimensions of the cross-section of a Cheokuche-type dam are
The maximum height and water head over the
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Rock- fill dam
dverflow

Rock-till dams are not overfiow tyrpes.
fecing are only uscd as weirs when they are below 3 m

penerally designed as

The upstrram slope of the weir is 1:2.1:3
a rather large volume. It
should tnerefore be
abhundant . Its

rock-fill dams without

in height, as shown in figure S3.
and the downstream slope 1:8 1:12. This implies
is, however, still easily destroyed by flooding, and

biilt on sand and gravel river beds when rock material is
building is rather simple and the cest low.

longitudinal 1 m thick partition walls of rubble laid in 50 1lbs. cement
moctar are provided at 10-15 m intervals in the direction of the river flow.
If the civer Jeposit is challow, the middle partition wall should extend into
the rock. 1If the river is rather wide, transverse partition walls are also
added. The spaces hetween the longitudinal end transverse partitions are
filled with rock-fill, gravel and coarse rand and then compacted layer by
layer. The we r surface stone masonry must he smooth and sound. The weight
of the individual blorks should not be less than 50 kg. TIn order to prevent
scouring downstream, a dry laid steone bhlock apron, longer than the
height of the weir and 0.5 m thirk, may be provided.

25 times
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FPigure 53. Low overflow rock-fill dem

Masonry
partition wall






