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Pref ace 

Decentralization of hJdropower generation has become one of the accepted 
means of developing energy re11ource" to aeet rural energf requireaents and 
support progr&a1es of rural indust~aalizatlon and decentralization of indus
trJ in developing countries. 

UJIIDO organized the Second Seainar-Workshop/StudJ Tour i.1 the Develop
ment and Application of TechnologJ for Rini HJdropower Generation (MJIG), ~eld 
at Hangzhou, China, fr011 17 October to 2 November 1980, and Ranila, 
Philippines, frOll 3 to 8 November 1980. One of the objectives of the 
Se•inar-Workshop/StudJ Tour vas to pr0110te the exchange of experiences in the 
_.lanning, construction and application of aini-hJdropower generation units in 
d~veloping countries, and in particular to learn the aethods of planning and 
progr....e iapleaentation applied in China. 

The Chineiie delegates at the aeeting presented a nuaber of papers on 
aini-hJdropower generation in China. However, aanf participants have asked 
UNIDO for aore inforaation on Chinese experiences in that field. UJllD<i 
therefore requested the Chinese authorities to prepare this -nual. It was 
decided that the first edition of the manual should be subject to regular 
modification and iaproveaent based on suggest:ons subaitted bf readers. 

The -nual is designed to complement the previous UNIOO publication 
entitled "Mini-hJdropover stations; A aanual for decision makers" 
(ID!S!R.1/1). Its preparation, aade possible bJ a contribution of the 
Government of China to the United NalioDI Industrial Development Fund, was 
aainlJ the work of: 

Guo Ruizbang 
Deputf Chief Engineer 
Shanghai Bureau of Water Cons~·vatlon 

The author was assisted bJ: 

Zhu Xlaozhang 
Doputf Chief Engineer 
Lanchow Design Instltu~ion 
Rinistrf of Water Conservation 

Liu Kevei 
Depulf Chief of Division 
Sichuan Province Bureau of 
Water Conservation 

Lu Renchao 
Engineer 
Hunan Province Bureau of 
Water Conservation 

Lee Renlin 
Engineer 
Hunan Province Bureau of 
Water C?nservatlon 

The aanual was reviewed bJ: 
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Bai Lin 
DeputJ Head of the Division of 
HJdropover 
MinislrJ of Valer Conservation 

UNIDO hopes that the •anual wi 11 serve as -'l practical and useful tool in 
pl,nning •ini-hydropover generation in ieveloping countries. 
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ABSTRA~ 

In line with its national policy of rural industrial development. China 
has for many years pursueJ en active progranme of mini-~ydropower generation 
to meet the energy needs of rural areas, parti~ularly 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, tect· .. 1ical problems of exploication 
and de:.ign. production of machines and equipment, promotion of research and 
development. manpower training and other important aspects of the promotion 
and implementation of mini-hydropower projects. 

SOKKAIRE 

En application de sa po!itique nationale de developpement inuustriel des 
zones rurales. la Chine. depuis de nombreuses annees, poursuit activement un 
prograane d' implllntation de petites centrales hydroelectriques devant 
permettre de sa~isfaire les besoins e~ergetiques des zones rurales, notaament 
celles qui sont isolees du reseau national 1e distribution. 

La presente etutle decrit l'experience de la Chine dens ce domaine, les tt 

pol i tiques et les mesures aJoptees, les aspects economiques, les problemes 
techniques de conception et d'exploitation, la fabrication des machines et de 
l'equipement, la promotion de la recherche-developpement. la formation de la 
main-d'oeuvre et les autres questions importantes que soulevent le lancement 
et la realisation de prcjets concernant les petites centrales 
hydroelectriques. 

EXTRACTO 
•· 
' 

De cnntormidad con su politic a nacional de desarrollo industrial del Ml 
campo, China lleva muchos anos aplicando un activo prcgrama de producci6n de ~ 
electricidad con pequenas cen,rales ~idroelectricas para satisfacer las 
necesidades de energia de las zonas rurales, en particular de aquellas zonas 
aisladas no conectedas a la red electrica nacional. 

El estudio describe las experiencias chinas en este ambito y trata lo 
relati~o a las politicas y las medidas, los aspectos econ6micos, los 
problemas tecnicos de la explotaci6n y el diseno, la producci6n de maquinaria 
y equipo, el fomento de la investigaci6n y el desarrollo, la capacitaci6n de 
la mano de obra y otros aspectos importantes del fomento y la realizaci6n de 
proyectos de pequenas centrales hidroelectricas. 
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INTRODUCTION 

Ch:na has rich water resources with a total potential capacltJ of appr~x
iaatelJ 680.000 lfti. of which 370.000 llW aaJ be feasiblJ exploited. The geo
graphical features of China are characterized bJ high lands in the west and 
low lands in the east. Kost of its aain rivers originate in the western 
plateaux. Precipitation is abundant in southern China. hJdropower resources 
being richer there in comparison wLb the northern area. whert. precipitation 
is quite low. 

In 1979 coal ranked first as an energf source in China, petroleua was 
second and water. which accounted for onlJ 17 per cent of total energf pro
duction. came last. HJdropower generation currentlJ involves onlJ about 5 per 
cent of total water resources. The potential for future development is there
fore great. 

The definitions of small hJdropover generation. •ini-bJdropower genera
tion and aicr~-hJdropower generation varJ 111DOng different countries and 
organizations. as reflected in table 1. 

In China hydropower plants with a total i nslalled capacity of up tc 
12 MW, units of less than 6 MW and s•all local grids ar:e classified as saall 
hydropower ~eneration facilities. However, in order to avoid confusion, the 
term 111ini--hydropower generation (MffG) will be extended to cover such facili
ties in this publication. 

A. Development and construction of MHG stations 

Water power is a cheap, clean a~d renewable energy resource. Since 1949 
t.he Government of China has attached great importance to the development of 
MHG. Up to the end of 1979, China constructed 110re lhan 89,000 MHG stations 
with a total capacitJ of approximately 6,300 MW. 

The annual energy output bJ MHG in 1919 was 11,900 GWh. or approxi .. tely 
35 per cent of Plectricity consuaptlon in agriculture. BJ 1979, 1,500 out of 
a total of a~produtely 2 ,000 counties had established their own MHG aad 
nearly 700 counties relied mainly on MHG for supplJing electricity to industrr 
and agriculture. 

The construction of MHG stations in China was initiated on the basis of a 
nation-wide movement in agricultural co-operation conducted in the earlJ 
1950s. Rural areas remain comparatively underdeveloped wi'hin the economJ as 
a w:iole. A huge 8Jlll>unt of electric power ls needed for the development of 
indut.trlal and agricultural production. It was difficult to meet the short
lena 1'eeds of rural areas, and even impoa.::~ble to do so in the reaote rural 
region,·, by aaerely relying on largP.- and mediu•-scale power stations built 
through government investment. 

Pull util.~ation of the scattered small hydropower potential in combina
tion with water utilization for other purposes ls ensured by constructing 
power stations lo aeet local electricity deaand. There are aanf slat ions, 
each covering certain areas, scatler~d throughout the countrr. A local net
work was formed and connected to the government-run grid. This should help 
meet demand in rural areas for electrlcltJ and proaote a quicker development 
of agriculture with less government investment. 
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Table 1. Classification of hydropot"er stations according 
to power capacity 

Country or organization 

China 
By unit 
By installed ce~acity 

Peru 

Philippinf!s 

Re>11ania 

Sweden 

Thailand 

Turkey 

United States of Aaerica 

UNI DO 

lathllandu seminar ~/ 
Hangzhou-Manila se•inar ~/ 

Preparatory CO!mlittee for 
the United Nations 
Conference on New and 
Renewable Sources of 
Energy (Panel on 
Hydropower> 

~I Seminar-Workshop 
Transfer on Mini Hydro 
10-14 September 1979. 

)!/ See preface. 

Micro
hydropower 
generation 

(tw) 

5-50 

0-100 

Up to 100 
Up to 100 

Up to l 000 

Mini
hydropower 
generation 

(kW) 

51-500 

Up to 1 000 

101-1 000 

100-1 000 
101-2 000 

t;p 
Up 

S.all 
hydropower 
generation 

(tw) 

to 6 000 
to 12 000 

500-5 000 

Up to 5 000 

5-5 000 

100-1 500 

1 001-5 000 

Up to 15 000 

2 001-10 000 

1 001-10 000 

on the 
Electric 

Exchange of 
Generation 

Experience and Technology 
Units, lathmandu, Nepal, 

In China, the development of MHG has been rapid and •ay be roughly 
divided into three stages: the total annual 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, 
&pproachlng 1 aillion tw bJ 1979. At the current stage of technological 
development in China, the 'onstruction of a MffG plant with an installed 
capacity of several thousand kilowatts takes about two years, fr0111 the begin
ning of construction to the co.missioning of its first unit. The design 
capacity of projects being iapl ... nted should be aore than three tiMs the 
total installed capacity in the s ... year, that is, if the total installed 
capacity in one year ls 1,000 Ill, the design capacity ~f projects being imple
mented in the s ... year sho~ld be approxlaately 3,000 llW. 
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MHG production costs are rather low 1 aaountlng to approJ:imatel:r 2-3 fen 
per k'olh, whereas t~e productian cost of the ••all thermal coal or diesel-fuel 
puver stations is abuut 10 fen or aore per twb. 

B. Role of llHG in the econoa1 

la. recent :rears, as the result of a large-scale construction programme. 
llHG has played a very iaportant economic role. Its advantages are described 
belov. 

llHG proaotes the efficient use of vater resources for farmland. thus 
creating conditioras for rapid development in agriculture. Wherever there is 
11HG 1 irrigation can be rapidly developed and the means of protection against 
floods and droughts improved. For exuaple 1 in Enping Count:r. Guangdong 
Province. the Jinjian~ river cascades have been harnessed and 130 llHG statlo•• 
vitb a total capac:. ·., of 36 Ml built. Drainage and irrigation improved 
rapidl:J thanks to the potfer supplied b:r llHG. At present, all 18,670 ha of 
far11land along both banks of the Jinjiang river are irrigated and the 8,000 ha 
of low-lying faraland previousl:r threatened by water-logging have been changed 
into stable and high-yield farmlands, regardless of flood and drought. 

The econoialcal pover supplies produced b:r llHG have furthered the develop-
aent of county-- or c~une- operated industries. In ••nJ 11e>untainous regions 
the availabi 1i ty of llHG led lo the establishment of industries in such bran
ches as agricultural machinery, cement, fertilizers, paper, textiles and 
food. For example, an installed pover capacity of 18,000 ltV is currently 
available as a result of IUIG in Hendong CounlJ, Hunan Province. In 1979. the 
annual energf output vas 7(' QA. Total industrial output is several times 
higher than it vas before the introduction of llHG. 

On thG other hand. the development of local industrf speeds up the 
exploitation or llHG. Local factories usuallJ run by the county manufacture 
ujor llHG equipment and also do the maintenance and repair vort. Thus. the 
development or llHG i~ interrelated with that of industrJ at the local level. 

llHG contributes to the accumulation of funds for development. An llHG 
Station on an irrigativn c~n•l in Sichuan Province. with an installed capacitJ 
of 6,400 ltV 1 bas had • J'e&rly income of 1 1 940 thousand Yuan renainbi ('llMB) 

since it was conmiuiooed. An MHG station in Hubei Province. with an instal
led capacity of 2,400 ltV, took only four 1ears to recover its initial invest
ment. The Dafeishui llHG station in Sichuan Province has an installed capacity 
of 5,000 kW. over the last nine years it has had a total income of 10,270,000 
¥RMB, several times the original capital investment. 

MHG promotes the development of rural electrification and Mt'hanizallon. 
Power supplied bJ MHG also enriches and promotes the cultur.: life of the 
people and speeds up the construction of new villages. 

In short, the developaent of MHG has a pro.Ising future in China. llHG 
can aupplJ llHt of the energy consUlled by vfllages and towns in regions with 
abundant water power resources. However, the rate o• increase in power sup
plies cannot 11&tch the increasing deund for electricitJ to help meet social 
needs and i11prove living standards, and there is still much ro09I for i11prove-
11ent in the operation and 11anagell8nt of llHC stations. The potential of the 
installed equipaent has not yet been fully utilized in some places because the 
construction of trans11lsslon lines and substations has lagged behind the con
struction of the llHC elation. Such proble111 11ust be solved in the near future. 
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I. ORGANIZATION AND PLANNING 

The organizational units involved in llHG in Chin~ sre shown ir. table 2. 

A. Project development 

The atages involved in the development of tr.iG projects are outlined below. 

River elannhg 

River planning should be carried out bf the central Gov~rm.ent, the prov
ince, lhe prefecture or lbe county. depending on the i11partance of the river. 
If the river is the concern of 110re than one province, the planning; worts 
should be undertaken by the llinhtrr of Water Conservation. If the rivet is 
localed within one province but involves more than one prefecture, the 
planning works should be done by the provincial bureau of water con•~rvation. 
The su.e principle is applied to river planning for a saall river located 
within a prefecture or county. 

The river planning report should include 11ediua- and long-tera 
development plans and cover the first atage of iaolementation of the project. 
The prefeaaibilitf study is also a part of this at•ge. 

After approval of the river planning, th~ design wort for the first stage 
of the project should be continued. llHG projects usuallf involve two steps. 
naaelf preliainarr design and detail drawing. 

With regard to preliainarr design. the design wurlt of a ... 11 llHG project 
ls COllaOnlr undertaken bf the countf. Approval of the design of the llHG pro
ject h given at the provincial level when the unit capacltr h greater th••: 
500 ltV (or the transal1sion line ha1 a voltage of l5 ltV or 110re), and at th~ 
prefecture or county level when the unit capacitf 11 less than 500 ltV. 

The aain considerations in approving the design are social demands, the 
capabilities of the national. provincial or local authorities, an:I econoaic 
benefits. 

The detail drawing should be undertaken bf the countf if the unit 
capacity is leu than 500 ltV. llHG project• with rather large unit capacitf 
should be undertaken bf the prefecture or province design institute. 

After approving the prellainarJ design, the planning c~lttee decides 
whether the project 1bould be listad in the budget of the current rear or the 
following one. Construction of tbi1 project can then be started. 

Con1tructlon 

A countJ llHG station lflth a capacltJ of greater than 500 ltV 1hould be 
organized bJ the countr and supported bJ a profa1slonal taaa froa the prefec
ture or province. 

A countJ llHG 1tatlon with • capacltJ of leu than 500 ltV sbot•ld be organ
ized bJ the COllllUne or brigade and al10 supported bJ a profe1sional teaa frOll 
the prefecture or province. 
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Field organization involves the local wort-force and a professional te .. 
consisting of engineering, installation 'nd transaission line technicians from 
the province or prefecture. 

Table 2. Organizational units involvea in tUIG in China 

Level 

c~ntral Governaent 

Provincial governaent 

Prefectural authority 

Countr governaent 

Organiaation ia charge of 
water conservation 

Ministry of Water 
Couervativn 

Bureau of V.ter 
Conser1tation 

Departaent of Water 
Conservatioa 

Division of Water 
Conservation 

Organization in 
charge of MHG 

Departaent of Fara-
land Water 
Conservation. 
Division of 
Hydropower 

Divisloio of 
HJdropower 

Division of 
Hrciropower 

HJdropower unit, 
KHG companf 

Note: The count1-level hfdropover unit usuallJ is the grass-roots office 
dealing vi th the design, construction, operation and maintenance of KlfG st•-· 
lions. Maaf counties now have • total installed capacity of 10-20 MW and dis
tribution lines several hundred kiloaetres in length. 

Operation and aaintenance 

Operational regulations and records are established in each KHG station. 
Maintenarice and ainor repairs •aJ be undertaken by the countr. Major over
hauls should occasionally be done bJ the prefecture. 

B. Polict guidelines 

The Gover011ent of China and the authorities concerned have established a 
series of policies for the development of MHG, the eleaents of which ere su•
.. rized below. 

Qependence of MHG develop!!ent on the .. stes 

The self-reliance of the .. .,., in the developiMnt of MHG should be 
stressed. The counties. people's c01M1unes and their subdivisions are encour
aged to develop MHC, according to the prLlciple of "whoever invests in and 
builds a ttation will own, aanage and benefit frOll it". If the MHG station is 
invested in and jointly built by several organizations. it will be owned by 
thea. Thi• policy has proved aore than once to be • fatter, better and aore 
econoalcal way to expedite the development of MHG. 

Sources of finance 

The sources of financing will aainlJ be local organizations et different 
levels and gover1U1ent subsidies usually a.ounting to approxiaat•ly 30 per cent 
or total invest:11ant. 
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lu order lo expand the role of loan•. the Sichuan Provincial People's 
Bank has laid down lbe following five requir..ent• to be met when applfing for 
a loan: 

(a) The p..-oject design and budget ... t be prepared and approved bf lhe 
relevant authorilJ and lirted in the construction iteas for the current fear; 

(b) The supplf of power units and the aain construction aaterials aust 
be confil'll"ld bf t\e departments concerned; 

(c) ll aust be possible to cmiaission the llHG ~tation during the current 

fear; 

(d) Power aust be available for tranaaission and consumption after coa
pleticn of the llHG station; 

(e) A certain amount of self-financing aust be ensured. 

If all the above-•ntioned requirements are fulfilled, the loan will be 

gr~nted. 

Overall planning and ... 1tl-purpose utill&ation 

The planning. geological exploration and design work for llHG ausl be 
carefullJ done and the construction cloself supervised in order lo ensure 
qualitf and eff.iciencf of operation. 

llHG aust be based on a natural river sfstea, on its hydrological and geo
logical conditions and on load deaands. Tbe principle of overall planning and 
aulti-purpose exploitation ausl be observed, attention being paid lo 
co· ordination between lbe deparlllenta concerned and to the solution or prob
lem• relating lo power generation. flood protection. irrigiation, navigation, 
fisheries and log-l90ving. 

The feaaibllilJ studf and design report of a llHC plant with a unit 
capacitJ greater than SOO kV (including tbe corresponding substation and 
transalssion line) aust be approved bf the Bureau or Deparlllent of Waler Con· 
vervancf al the provincial level. The design docuaenl of a MHG plant vilb a 
unit capac i lf less than 500 kV au•l be approved bf the Depart1Nnl of Valer 
Conservancf at prefectaral or counlf level. lf the MHG project concerns tvo 
provinces. counti'•· cOllllUnes or brigades, an agree1Nnl between the tvo side• 
aust be attached to the docu.ent. 

A llHG station cannot be listed &110ng the construction ilea• For a gi~ttn 
financial 1ear unless the design docu.ent is approved. 

Syppl1 of raw .,terlal~ 

A MHG unit, with a capacltf of less than SOO ltW, is usuallJ aanufactured 
by a local factorf. A certain &110unl of the raw aalerials are supplied by the 
centrel Governaent, but the reaalning aaterials aust be provided bJ the prov
ince or aunlclpalilJ. Power unila, with " capacity of greater than SOO kW, 
are aanufactured and controlled bf the central Governaent in accordance with 
the plan. In China. in order to daplifr the procedures of supply and to 
speed up the const.ruction schedule. equipaent for MHG aust be supplied bf lite 
aanufacturer \n coaplele sets. 
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Int•;ration into the national grid 

Priority has been given to local COHl9Ptlon of energy produced bf llHG. 
In order lo give full plaf to JlllHG ano to l11prove the reliabilitJ of the power 
supplf. ilHG plants aay be gradual:i.1 integrated to fora a local grlJ, and 
evenluallJ integrated into the national grid when the nece••arJ conditions are 
satisfied. 

The operation, owner•hip and acllllnhtratlon of a llHG plant re11aln un
changed following an integration agree.ent. Both the uatlonal and the local 
grid have the responaibilitJ of giving active support to the integration of 
IUIG •tations. If operation of the grid la lnt.erruptr.I, the IUIG •tat ion• .. , 
be operated lndependenllJ. 
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II. ECONOMIC FACTORS 

Tile special economic features of MHG in China are as follows: 

(a) Tile construction period is short and the results are quick; 

(b) Local aaterlals and labour are fully utilized; 

(c) Equipment is d011estically and even locally aanufactured when the 
unit capacitJ is less than 500 ltW. 

Because of the large dze of China, local conditions differ widely frol'I 
region to region, with the capital cost of llllG ranging from 500 to aore than 
2,000 MB per ltW. In general, the cost i~ 1,000-1,300 MB per kW. 

Tile techalcal and econoaic features of 25 MHG plants ~uilt during the 
1960s and 1970s in various locations are presented in tables 3, 4 and 5 (the 
water head ranges fr'Oll 4.5 to 612 • and the installed capacity froa 150 to 
12,000 kW). The cost breakdown for the different MHG stations is affected by 
the differing lengths of the transalsslon lines. A breakdown of total coslR 
produces the following range of values: civil engineering, 42-65 per cent; 
equip11ent, 31-48 per cent; transaission lines, 4-14 per cent. 

A. Comparison of alternative energy sources 

Ill the exploitation of the energy resources of China, lop pl"iority is 
given lo 11eeting the requirements of the agricultural sector. tn this section 
a comparison will be aade between different sources of energy. 

For an econoiaic coaparlson between different energy sources total i nvesl
ment and annual operation coals are usua~1y taken as a whole. At present, the 
aethod of "years for coapensation" is generally adopted. When the total 
investaent Z1 of alternative 1 ls g:eater than z2 of alternative 2, and 
the annual ope::ation cost F1 of alternative 1 is lower than r 2 of alter-· 
native 2, a coapariso~ can be made by calculating N (years of compensation). 

(1) 

Arter N ls obla i ned, other factors such u the availability of a loc.a·1 
source, technical status and econo•ic ability of the investor etc. must be 
taken lnlo account. N usuallJ u.ounls to about 10 years. 

In China, alternatives lo MHG for rural electrification include small 
thermal power station• or diesel ,eneration and an extension of the existing 
regional or state grid. 

Biogu, geo--theraal and wind power generation can also be considered 
according to the local conditions. 

~•all tben1al generation 

The capital coat and operational expenses of a newlr-bullt small thermal 
power station are ahown in table• 6 and 7. 



Tabla 3. Technical and econo•lc ana4y1l1 of Mite plant• (dlver1lon-type) 

Tot.al Total COit Average Coit 
De•lgn Mazl•u• Average in1t.a\ hd (lho11und1 annual Coit per Coil or 

Location dhcharge head head capacity of utlllntlon per kW kWh generation 
Plant nu1e (province) (•31•) <•> (•) (ltWl (IRMB) (h) (llMB) (VRMB) (fen/kWh) 

Zhangv•.npao Jhng:rl 64 10 8.44 2 :r l 250 4 780 4 800 950 0.19 7.61 

'long an Slch11an 63 11 10.0 3 11 l 250 6 650.H 7 989 l 498 .:>.19 1.194 
3 :r 250 

Tongllenyen Jlang1l a.ea 22.9 22.4 1 760 l 300 " 215 730 o. 211 2.S 

TOOl&lto•· .. i Zbejh111 4.0 48.4 "6.9 2 I 800 l 61>1 2 000 1 038 0.27 3.8 

'laql Zbej lang 11 51 .6 so . .- 4 450 6 500 3 120 l uo o. 46 •. o 
.... 

Tang1h101h11I Jhng:rl l • 200 VI 
2.S 56 SS l 103 " 716 l 100 o.:u 3 

l I 800 

Minyanglt111n Jieng:rl 4.2 76 75 2 I 1 250 2 660 3 610 l 06" 0. '11 2 

tongy11an lI Jlangd 3.6 80 ao 2 • 630 1 090 2 822 1160 0.27 2.S 

le111hvang Zhejiang 0.32 94.6 93.6 200 198.3 2 500 992 o . .- 3.8 
C..ang:rl 

llhlanlto11 Zhavng 3 132 130 2 • 1 600 2 600 3 150 1113 0.26 :l. s 
Avt.onOllO~ I 

legion 

Oat Ian Zhejiang l 1111 181 3 • 400 1115 5 000 729 0.146 2.5 

Chong1han ff11nan 0.6 210 210 " • 250 876.6 3 360 876.6 o. 26 3 

Jhngltov ffvnan 0.28 612 612 2 • 500 uo 1 :lOO uo O. ll \. s 



Table "· Technical and econo•lc analy•I• of WlfC plant• Cd .. -type) 11 

Total Total Avena• 
De•l111 llul•wa Ave rag• luh\l•d coat annual Coat Coat Coit of 

Location dhcharge bead head capac lty (thouu11d1 utlh:atlon per per generailon 

Plant 11- (province) <•31•) <•> <•> Clr.W) of llMB) (h) lr.W lr.Wh (fen/kWh) 

I 

1'aa1tan1 Hua an 6.1 5.5 ". 5 
6 11 l 500 20 900 " 33• 2 090 o ..... \.2 ... 

" II 2S2 "' 
Qlngallen Zhejiang 21.1 13 10.9 " • 500 2 05J 2 500 1 025 0.34 1 

Delonadoaa Cu•aadong 12 25 20 2 000 2 319 " 380 \ \95 0.27 '2 

llaQ'i I Hur.an 20 "5 36 " II \ 250 1 610 3 920 142 0.2 1. 2 

1'a•1-taa Hunan 12 50 u.n 1 • 3 200 800 
2 I 3 000 

laofeag II Hunan •• 0.41 136 136 4 I 500 

laohaa l Hunan 3 I 0. 11 219 202.5 3 I l 250 3 219 5 450 556 0.\02 2.1 

!I Power-bou•e at dCMm•tre .. •ld• of d ... 



Table 5. Tecbnlcel and aconCM1lc analral• of tllfG planl• (run-off-lJP• and c.,.po•ll•-lrp•l 

Total Total co•l Avera&• Co•l Co•l 
De•l1n "•alaua Aver•&• ln•lalled (t.houund• ennud per per Co•l of Plant Loe a lion Trpe of dl•char1• head hHd c•paclt.r of ullllut.lon kV kWll 1eneratlon 

n- (province) plant (•31•) (•) <•> (kV) Vlllflll (h) (¥11111) (VIJii) (fen/ll:Whl 

Cllenjlan1 Zllej Ian& lun-ort 10.1 4.5 4.:n 4 ll 75 406 5 5,0 l 353 0. 24 3 .... ... llulan& 'lhejla111 lun-ort 3.9 5.7 5.5 2 ll 75 276.3 5 225 l 141. 9 0.36 l.9 

Clle111uaa Nun a a lun-off 13.61 5.125 4.U5 I 11 500 5 5U.7 6 150 l 400 0.207 2.5 

Gaaql Nu a an lun-otf 16.9 11.6 10.5 10 11 l 250 20 053 6 \SO l 600 0.26 0.9 

ton1t.•141I Zllejla111 c-po•lte 0.5 150 136 2 ll 500 990 3 500 990 o. 33 4.13 

To111bd Zllejlan1 c-po•ll• 3.4 310 300 2 II 4 000 n 5t·.o 4 lU • 563 0.3 2.5 



----------

Capac ilr of '!'otal coat 
a tat ion (thouaanda 

(kW) of VRJllB) 

2 ll no l 500 
2 ll l 500 2 100 
2zJOOO 5 040 
2116000 8 760 

Table 7. 

Depree ht! on, 
charge of 

CapacitJ uf aaterlel and Wagea, 
a tat ion apare part• overhead a 

(kW) (VRICB/kW) (VRJllB/kWI 

l ll 150 97.3 41.3 
l II l 500 87. 5 40.6 
1113000 81.8 30.4 
1•6000 71.0 16.9 

Tabl•' 6. Coit of a newly-built 111all thenHl i-ot1er elation 

C!at breakdo!!!J 

!qulptHnt Ch\ l wori".1 lnatallatlon ":oat 
(percentage) (percentage) (per-cent age) "l1cellaneou1 (¥RMB/kW) 

65 71 10 8 1 000 
60 24 8 8 900 
60 2• 8 8 840 
58 26 8 8 730 

Operational ezpen1e1 of • ••all then1al power atatlon 

Nuaber of Domeatlc Peak-load 
eaployeea power Coal utilization Coat o( 

per MW conaumptlon con1u111ptlon Coat (houri per generation 
generated (per-centage) (kg/kWh) (¥RMB/kW) year) (¥RMB/kWh) 

70 14-15 1.11 l 200 l S00-2 000 0 .144-·0. uo 
60 11-12 0.875 l 080 2 000-? ~00 0.099-0.086 
45 10-11 0.625 l 010 2 S00-'1 000 0.069-0.062 
25 8-9 0.578 876 3 000-J 500 O.OSl tl.047 

.... 
00 
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S111all rural thermal power stations are usually built near a town or in a 
region ~here 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 'lr its long-distance lr'ansport would substanthllJ raise the cost of 
generation. 

Compared with MHG stations, the operation and •anageiaent of a saall 
thermal gawer station is rather complicated. The cost of generation is 
higher (8-15 fen per kWh) and will be affected hr coal prices. The 
adaptability of the load change is poor. Pollution ft-Oii a small th@nnal 
plant can also be rather serious. Such unfavourable factors aust be taken 
into account before building a small thermal power station. 

The exploitation of MHG stations can save coal fuel and supplJ cheap 
power. A hydropower plant with a regulating capaci tJ can plar an important 
role in taking away some of the burden during peak-load. The shortcoaing of 
MHG is power deficiency in the dry season, but the constr-uction of saall 
thermal plants can malte up this deficiency and thus imp; ve the reliabilitf 
of t.he power- supply. 

~malJ diesel generation 

In China the capacity of diesel power stations ts usually less than 
100 kilowatts. They have been primarily built in smaller- towns and in small 
factories, mines and other- enterpr-ises. The capital cost of a diesel station 
(about ¥RMB 500--600 per kW) and its domestic consumption are low. The 
starting and shutting--down of a diesel station is r-alher simple and requkes 
only a smal 1 number of opera ton. 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 requir-ed. As a result, only in 
cases wher~ the load is not heavy, the load centre is far away fr-om the coal 
mine or grid, and hydnulic sources are not available in near-by i:-egions or
only serve as an inter-im power- sour-ce, should a diesel power- station be built. 

~xtension of gr-id 

The power supply ft-om an existing r-egional or state gdd may be 11e>re 
reliable and of better- quality because grids have sufficient capacity to 
supply power- to rural areas. This makes lhem mor-e adap~.able for regions 
where the load demand rapidly increases. In rural area• with a nearby gr-id, 
without water power re1ource1 and wher-e demand is high, the power supply must 
therefore depend upon the exh'lsion of the grid. However, owing to the 
limi i..ed capacity of the 4sdsting 0rid1, it wi 11 be difficult to t ai:at-
tered rural load demand ln the near future. Moreover, long l 'raion 
lines are required lo feed distant rural villages and the construc1 new 
medium- or large-1cale power plant.a will need larger government · tment 
than MHG. The constr-uction period for the plant• is also longer than ft>r 
HHG. ln short, MHG offers the following advantage•: le11 government invest
ment and shorter construct ion lime; full ut i 1t zatlon of the scattered water 
putential; suitability for distribution lo widely dhperaed rural villages; 
and the comllnation of MHG with water uses for other purpo1e1. fuch advan
tage• should encourage local authorities to promote the development of MHG to 
the f~llest extent possible. Con~ecting MHG plant• into a network or an in
tegration of MHG plants with the regional or national grid is •ecOlllended in 
order to utilize water-power fully. From the point of view of uninterrupted 
power supply for the pro110tlon of agricultural production, the integration of 
MHG ie a viable measure. 
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Biagas generation 

Statistics have shown that lhe capital cost of blogas generation, which 
is onlJ ~ 400-500 per kV, is lover lhan that of MHG. Equi(lllent and 
technology for biogaa generation is rather slaple and can be done by most of 
the commune or brigade. However, blogas production la llaited by conditions 
such as good sealing (the lowest te111peratu£e must be higher than 9•c) and the 
supply of raw materials. In some rural areas biogaa is used for cooking but 
hardlJ ever for power generation. Low--capacity biogas generation of up to a 
few dozen kilowatts occurs in a few places. 

Blogaa la a sort of infl .... ble gas that contains mainly methane 
(55-70 per cent) and la produced from organic waste aaterials through a 
procell8 of feraentation bJ anaerobic bacteria under certain conditions of 
teaperature, aciditJ, alkalinitJ and airtightness. 

An eatlaate of gas production froa various aaterials is given ln table 8. 

Table 8. Biogas production rate 

Material used 

40-50 kg pig dung 
Large buffalo dung 
0.5 kg fresh herring 
0.5 kg hay 

Biolu yield 
(m /day) 

0.2 
1-1.4 

0.3 
0.12 

The equipment currenllJ uKed for blogas generation la generally refitted 
froa diesel engines by alaplJ putting a biogaa--air mixer at the air inlel. 
It uses diesel oil as well as biogas. When biogas la the main fuel, only a 
s .. u amount of oil is used at the beginning. Diesel conauaption is in
creased when the biogaa is insufficient or the supply of biogas interrupted. 

Other energr sources 

In China the exploitation of geo-theraal, solar and wind power reaain in 
the experi111ental stage. A group of experimental underground hot· water-power 
stations have been built. The te11pe1.ature of water used ln the stations is 
less than loo•c. At present, two approaches are used for generation, one in
volving an actuating aedium with a low boiling-point, and the other involving 
pressure reduction and volume expansion. 

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

ll:lectricitJ generated froa wind energy is aore suitable for grauland, 
put.oral areas, inshore islands and rellOle and windy mountain districts. A 
wind-energf generator has been installed on an inshore island and is being 
used to desalinate sea water. 

The quall ty and quantl tr of solar- and wlnd··energJ gen•rat ton is 
affected by natural conditions which are a source of instabllitJ. An energy 
storage device such as a battery, although costly, would therefore be useful. 

I 
I 

I 
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Ill. EXPLOITATION AND DESIGN 

A. D!•ign criteria 

The following cla••ification of hrdropover projects and hrdraulic slruc
lures is based on tbe clasalfication and design standards of water conserva
tion and hydropover projects and of hrdraullc structures. Jn seismic 
regions, earthquake design standards for hJdraulic •truclures are also 
applied. 

Table• 9- 12 are included for reference. 

B. Planning 

In planning a MHG station th~ main concerns are as follows: selecting 
the trpe of station; choosing the site and sequence of ronstruction; deciding 
lhe scale of MHG; selecting the type of structures and lhe larout; comparing 
the alternatives for tr:ans•hsion and distribution lines; and esti•ating co.
slruction costs. The ••in points requiring study during the planning phase 
are described below. 

Overall planning 

A general investigation must be made of waler resources, taking into 
account the development of local industry and agriculture and load demands. 
During planning the various deparlaents concerned should co-ordinate their' 
work, and the quantltr of water available and the f~rlod of water consuaptlon 
should be assessed. The various possible uses of the water, including flood 
control, irrigation, power generation, navigation, waler supplr for indus
trial and de>11esllc use and fishery, should also be considered. 

Feasibllltr of cascade development 

Cascade develop111ent is based upon hydrological, topographical and geo
logical conditions, distribution of farmland, mineral resources, water l•
poundl ng and other technical and economic factors. In general, hydroplants 
with a storage dam are preferable for the upstream first cascade because the 
regulated inflow may improve power generation, irrigation, navigation and 
water supply. 

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

Small hydropower plants in rural areas mainly supply electricltJ for 
agriculture, for irrigation and drainage, and for illumination. The major 
power plants provide electricity to industries run bJ co .. unes or counties 
and to big electrical pumping and drainage stations. Jn order lo ••ke the 
power supply more reliable, it is advisable to set up a local grid lo inte
grate the MHG plant., or lo integrate the local grid into the state grid. 
When a grid ls fonaed, the power front various sources can ce>11ple1Nnt one 
another. If conditions per•il, the MHG station may be operated lo supplJ 
reactive power lo the grid and thus improve the quality of the power supply. 

Choosing the be1t alternative 

Reliability and economy are the basic requirements for a project. The 
main power featuret of MHG are fl ra power, i n1talled capacity, 11ean annual 
output etc. The main economic features are investment, running costs, profit 
etc. 



Table 9. Cla11lflcatlon of water con1ervallon and hydropowe~ projtct1 

Flood 2rotection Irrigation 
Gro11 reeervoir Size of city, area tnetalled 

Grade of Scale of capacity lndu1trl al or (thoueand1 capacity 
project project <•illiona of a3) mining area Farmland of ha) (di) 

""' ·------------------· - - ---- ""' 
I Large (1) ··l 000 Very large .333 ·100 ·, 750 

II Large (2) l 000-100 Large 333-66 100-33 750-250 
III Medium 100-10 Medium 66-20 33-3.3 250-25 

IV S.all <l > 10-1 Small ··20 3.3-0.33 25-0.5 
v S.all (2) 1-0.l . 0.33 ·O. 5 

-----
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Table 10. Classification of hydraulic structures 

Grade of Grade of E!raanent structures Teaporarf 
project Major structure Minor structure structure 

I l 3 4 
II 2 3 4 

III 3 4 5 
IV 4 5 5 
v 5 5 

Table 11. Period of flood recurrence for penaanent 
hydraulic structures in normal operation 

Grade of structure 

l 
2 
3 
4 
5 

Period of flood recurrence 
(fears) 

2 000-500 
500-lOQ 
100-50 

50-30 
30-20 

Table 12. Lower limit of flood recur~ence for 
permanent hydraulic structures 

in abnormal condition 

Type of dam 

Earth dam, rock-fill 
dam, dry-laid rubble 
dam 

Concrete d&lll, masonry 
dam and others 

(Years) 

Period of flood recurrence for 
structures graded l to 5 

1 2 3 4 5 

10 000 2 000 1 000 500 300 

5 000 1 000 500 300 200 
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In addition lo total cost. various unit costs are c~nlf adopted for 
investment C011perison 0 such as unit costs per k.V and per kWh. annual running 
costs (including depreciation of structures and equip11enl). overhauling end 
repair costs ... intenance cost. overhead expenses and wages. 

A 11Ulli-purpose veter conservation end hfdropower project usually brings 
comprehensive benefits in flood control. irrigation. navigation, log driving 
etc. 

The net incOlle froa power generation •aJ be fol"llUlaled as follows: 

~(SN)ili (118 per Jeer) 
l 

(2) 

<S,.>i = Net selling price per kVh (118 per twh, obtained froa 
selling price ainus operating cost per kWh> 

The sfabol i denotes different users (the selling price for agriculture 
and industry are different). 

Ii ~ AIM>unl supplied to user l during a mean year (twh per fear). 
The return period for lhe capital cost .. , be coaputed bf the following 

formula: 

(year) (3) 

where Te = Total investment 

XN = Net income per fear 

Al present, TR is usuallJ 5-7 years, with an upper liait of 10 years. 

TR as an index does not reflect lhe feasibility ••peels of en incre
ment of inveslaenl. For exaaple, in • hydropower plant of high head and low 
di.charge, an increMnl of discharge 11ay significantlf increase lhe power 
output. Hence the reasibilitf of alternatives to trens-drainage-erea waler 
diversion is usuallf considered. The return period of the increllN'nt or 
investment for diversion of the dreinage area flows is calculated es follows: 

(year) (4) 

where :.TR ·~ Return period of incremen'- or tnvest.11ent, usuallf taken 
lo be 10 years 

.1.T8 ... lncre11ent oo. tnvestaent (MB) 

·.XN -. Nel increment or incoae per year (MB per year) 

During the plenning or • hydropower plant, the selection of the sitP and 
layout of t.he d•u•, conveyance structure, power· house and lranannl n ion end 
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distriballon Jard are werf important and largelJ depend upon the topograph
ical, geolor.ical and hdJraulical condition•. lloreower, in or-der to •awe 
steel, llllber, cement etc., full use should be .. de of awallable local 
aaterials and prioritJ giwen lo local .. nufacturers in the selection of 
equipment. 

C. H1drolog1 

China has already eslabli•hed miore than 17,000 hdJrological •tations of 
variou• kinds. blong thea, 2,900 are •tandard stations .. inly distributed 
along big rivers and onlJ 11 per cent are located along ... 11 rivers. Since 
llllC stations are mio•tly built on s .. 11 rivers, shortage of hydrological data 
is a common condition. Generally, the hJdrologlcal wort of a llllG station is 
carried oul by on-site inwestigation and hy calculation• based on data con
tained in h1drological handbooks. ln general, for llHG plants with a anlt 
capacity larger than 500 kV, a b1drologlcal analysis sbould be presented ia 
the design reporti for llllG plants with a unit capacit,J less than 500 kV, no 
special hydrological analysis ls needed. 

The following hydrological data are retulred for the design of rural llllG 
slalions: run-off data for waler energy calculations; flood data for d .. 
design i data on h igb- and low-water stages for power-house design; 
flood-stage data for the design of cross structure• for conveyance canals. 

~un-orf calculation 

If hydrological data COll~iled over a period of miore than 15 .Jears 
reflect patterns of change during the high-, .. diua- and low-waler years at 
the project site, frequency calculation• can be direcll.J carried out. If the 
data cover approxl .. tely 10 year•, the first step i• to extend the •eries and 
then calculate the frequency. If lhe data cover only 6-7 fear•, it can still 
be used u a besis for extrapolation. If data have been c011piled for only 
2-3 years or not al all, the tran•posilion .. thod is recom.ended. It i• then 
necessary lo select a neighbouring basin with a rather long data serie• and 
vith natural geographical conditions •i•ilar lo tho•e or the project basin. 
The long data series can be lran•po•ed lo the de•ign project. If onlJ pre
cipitation data are available, the run-off can be calculated fro• precipita
tion. In that case, when the mean annual average precipitation i• approxi
mately 1,500 .. and the 111ean a11.nual average run-·off coefficient over 0.5, 
there is a good relationship between precipitation and run-off. In an arid 
region with a high evaporation rate, pr-ecipitation and run· off patterns •aJ 
bec<>111e irregular. 

Hydr-ological dale is usuallJ lacking for- medlu• or small strea•s. An 
isohyetal 11ap or •tat.i•tical data for •i•i lar neighbouring regions •aJ be 
used to determine the frequency characteristics of annual run-off. ln 
g"'neral, the coefficient of variation Cv at the centre of gravllJ of the 
project basin •ay be taken frc>1a a regional h1drolog1 handbook and the coef
ficient of skevneH c8 dete· 'lined in relation to Cy· Thus, where there h 
a lack of h1drological data, a mean annual average run·-off Qu mu1l be 
be deter•ined in order to eslabll•h the annual run-off frequenc1 curve. 

Method• for Qaa calculation 

l•oh1etal method 

An hoh1etal •HP h derived Croa geographical patterns of dhtributlon 
of hydrological characterhtlc1 <annual run··Off, coefficient of variation 
Cy etc.). Tl is bHed on the processing and ana111is of large amount• of 
dat1 ind dr1wn up bJ plotting h1drologlc1l value• at variou1 •latlon•. 
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(a) Application of an isohJetal aap of the annual average 
run-off deFth <i> or aean annual average run-off 

llOdulus <ii> 

Based on the available data and the characteristics of the drainage area. 
it ls possible to establish an isoh1etal aap of the aean annual average run
off depth i- If there is no hJdrol~gical station near the project site. the 
mean annual average run-off depth of the project can be determined froa the 
isohJetal .. ,. When the drainage area is s .. 11 and the isohyets are flat. it 
is possible to use the i at the centre of gravitJ of the drainage area as the 
mean annual average run-off depth for the whole drainage basin. Othenrise. 
the whole basin aust be divided into several subareas and its mean annual 
average run-off depth COllputed bJ weighted average of the basin subareas and 
isoh1et. 

-
1 

v __ ;a __ Jt 103 

, Jt 106 

v 
a 

where F = Basin area in square kiloaetres 

Va ~ llean annual average run--off voluae in cubic metres 

(5) 

The formula for calculating the aean annual average discharge of the 
project station ls: 

" 3 -- a - _10 :1......tf_ = 
Qaa : 6 - 6 

31.5 :I 10 31.5 :I 10 

ir 3 <• /s) (6) 
31. 5 lt 10

3 

BJ aeans of the isoh1etal aap for the coefficient of variation '=v of 
the annual run-off, the Cy at the centre of gravl tJ of the catchmer.t area 
.. , be detenained and the coefficient of skewness Cs derived br ,.nalysis. 
Using the table of the llOdulus ratio coefficient Ip of the Pearsor. tJpe IU: 
curve, the ICp value of the specific frequencJ can be determined. The 
annual average discharge of the specific frequencr .. J be calculated as: 

(Q ) Q- IC • IC it I it F 
aa p. •• lt p p 31.5 lt 103 

<•3/s) (7) 

In the s ... vaJ, the annual average discharge of various frequencies can be 
calculatad. FlnallJ, the theoretical frequencr curve of the annu.t average 
discharge ls established. 

In China, the lsohretal .. P of the Man annual average run-off 110dulus 
ls given in the h;rdrologlcel handbook of the province concerned. The aean 
annual average discharge fielded per square kll011eler of the catch .. nt area is 
called lbe .. an annual average run-·off modulus ii: 

Q... 3 1 ~ i ..::.:. :I 10 (l•- lal-,, . , (8) 
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H - ilF <•3/s) ence Q 
.. 103 (9) 

If the lsohyetal aaps of Yp (annual run--off depth with frequency) and llP 

(annual run-off modulus with frequency) are available, it is possible to 
deleraine the annual run-off volume of the specific frequencJ. For exaaple, 
if the annual run--off of a design percent chance is to be found by aeans of a 
Y or M isohyelal .. p, lbe annual run--off depth Y and annual run-off p p g 
modulus Mg with specific frequency al the centre of gravity of the catch
aent area ausl first be determined. The following foraula is then used to 
calculate the annual average discharge of the design percent chance of the 
hydropower plant: 

YF 
g <•3 ls) 

31.5 x 103 

If F 
3 .,. --']- (a /s) 

10 

(b) Kethod for estiaating annual run-off froa a 
precipitation isohyetal .. p 

(10) 

lf there is no l"UD-off isohyetal aap, the aean annual average run-off 
volume of the hydropover plant may be coaputed on the basis of a precipita
tion isohyetal aap. The foraula is: 

where 

-= 

• 

10
3 

.-,, ' • 
31.5 x 103 x 101 

nx F 
--~a- <•3 /s) 
31. 5 J[ 10

3 (11) 

= Mean annual average precipitation (na) derived froa the precipi
tation isohyetal .. p 

a = Run-off coefficient, related lo rainfall volume and its 
intensity. lopographJ of basin, evaporation, soil and water 
conservation etc. 1l varies widelJ, frOll less than 0.2 to 
greater than 0.6. 

ln plain areas with good soil and water conservation and high rates of 
evaporatlm1 •nd lnfi ltration, a saaller ·• value is recoa.ended. Since the 
exact v~lue or the coefficient '• is difficult to deteraine, Coraula 14 is 
used for a rough estiaste. 

Regional hJdrological handbooks in China contain isohyetal aaps. How-
ever, if a drainage area is very saall, the influence or non··regional factors 
increases and th• use of an isobretal aap •aJ lead lo error. 
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Eslimaling annual run-off fro• annual precipilalion 

The above-mentioned isohyelal method is relatively simple. However. a 
hydrological handbook is sometimes difficult lo USP, or fresh data may have 
emerged sincP. ils publication. In such cases, er,imating the annual run-off 
series by means of the annual prec i pi ta ti on ~ :> recoanended. This method is 
rather complex and •ust be applied carefull~ to avoid errors. 

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

For ungauged areas. precipitation data from a nearby rainfall station 
should be transposed to the design ar~a. 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 basin should 
be located in the saae climate belt; 

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

(d) Rainfall gauges providing data accumulat.:~ over long periods of 
observation O'.i--20 years) should be use:f for transportatit.!I. 

When only short-term dAta (covering at least 5 yeal"s) is available, it 
is better first to correlatP. the short-term data with long-term rainfall data 
from a n~arby 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 interpolation and extrapolation, the checking and 
correction of data, deriving empirical formulas etc. 

(b) Evaluatini 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 lo establish a cor
relation between annual precipitation a11d run-off in the project basin. A 
reference drainage basin and hydrological station must therefore be used to 
establish a correlation that can be transposed to the project basin. In 
general, a nearby downstream station 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. 
If there are several rainfall stations in the reference basin. the average 
value of precipitation of those stations should be used. 

2. Analysis of the correlation curve and transposition for the project basin 

During the selection of lhf! 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 i11portant: average 
heigh\. 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 &upply of underground run-off. 
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If conditions in lvo basins are similar, il is possible lo plot " sr.oolh 
curve through the correlative points and also obtain the inner an,• ..>uter 
run-·off 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 lhe annual run-off of the project slation from annual run-·off of 
the reference station (hydrological analogue method) 

If there is a nenbJ hydrological station wt:ere the natural geological 
conditions are similar to those of the project area, it could be used as lhe 
reference slalion. Long-term hydrological or reference station data are 
required. 

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

Q • ~ Q <•31•) 
a Fr ar (1?.) 

When the dhtrlbution of precipitation h unequd, correction of precipita
tion auat be taken int-• account. 

Q .. _:_.__.i_ 3 
,. I (a /a) a r •ar ar r 

(13) 
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Annual run-off volume of the project site and of 
the reference station 

Drainage area of the 
reference :talion (tm2) 

project site and of the 

Annual r-~c!pitation of the project site and of the 
reference station (na) 

Selecting a design saaple year 

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

(a) ~ow-water year. The run--off of the tow-water year is used to pre
dict the performance of the MHG plant in dry years. A frequency of 15-80 per 
cent is used in the annual run-·off series for this sample year; 

( b) Medi um-water year. Usually a frequency of 50 per cent in the 
annual run-off seri~s is selected as the basis for a medium-water year; 

(c) !fi&h-water ...!!..!!:· It has a symmetrical relationship to the low
waler year. A frequency of 20-·25 per cent is used in the annua 1 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 distribu~ion of the design annual run-off volume. 

Design annual run-off volume 

According lo the above-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 stre&:n or dver 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 lhe flow distribution within a year has a large influence on lhe opera
tion of the reservoir and hydropower station, a reasonable flow distribution 
within a year of the design annual 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 
annual run- off. For a hydropower station regulated on a yearly basis, the 
distribution can be shown in lhe monthly average discharge. For run-of-river 
hydropower slalions or those with daily regulation it is necessary lo give 
the daily discharge of the design year. 

(a) ffydrograph of a typical year 

The first approach is lo select a typical year on the basis of the 
annual run-·off data. The .-.nnual run- off volume of the typit.al year must be 
equal or close to that of the design year. The flow distribution 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 flov distribution of a year for 
vhich the data is adverse and untypical. In this case, an adjustment •ust be 
made according to the ratio of the annu•l run-off volWIN!. 

The coefficient of correction I is: 

1 
: Annual run-off of design year 

Annual run-off of typical year 
(14) 

The discharge of a typical year times I is the discharge of the design year. 
The flov distribution vithin the design year is thus obtained. 

Cb) Determining the flov hydrograph of an ungauged area 

On the basis of data obtained from a similar basin nearby, using one of 
the tvo methods described above, the flov distribution vithin a year of the 
design annual run- off is deterair,ed. 

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

According to the typical annual precipitation distribution vithin a year 
of the design frequencr (this precipitation ls within the catchment at"ea of 
the pt"oject site), the discharge hydrograph of a design year of the ~ame fre
quencJ is simulated. 

Determining low discharge ..rher~ hydrological data ls unavailable 

!f there are no hydrological data on the catch111ent at"ea ups,ream of the 
project site, data on the reference basin, where the drainage area, hydro
geological conditions, soil and vegetation are sl•'lar to those of the prob
le• basin, may be used to establish estimates. They can be transposed 
directly or, if necessarJ, corrected by using the ratio of the drainage 
areas. Field investigation and measuring are also used lo detennine the 
design low daily discharge. 

The design per cent c1ance of an MHG plant has a wide range (50-85 per 
cent). For a low per cent chance MHG plant with a frequency of SO per cent 
or a tittle higher, field observation vorks are important. If the required 
rel iabi 1i ty of power supply is high or the water resources are abundant but 
there are not •••Jf consullOn, it is suggested that the average daily dis
charge in the mean dry season be observed ind investigated and used as the 
fin1 discharge of the lfHG plant. 

Por the selection of low discharge, attention 11ust be paid to the dis
charge that will be extracted when planning or building a hydraulic project 
on the upstrea11 reach of the river or tributaries. This discharge 11ust be 
deducted frot1 the de1ign low discharge. 

There are several approaches for Investigating and measuring low dis
charge. TheJ inchde: estl11atl11t the low stage and then calculating lhe low 
discharge using lhe hfdraulic fot"lllUh; 111easur811ent by floating marks; meu
ure11ent bf weir; and deten1intng low discharge bf 11eans of a daily dischat"ge 
isohfetal 11ap or table. 
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For estimating annual run-off in regions where there is a shortage of 
hJdrological data. different approaches may be applied to make a compari3on. 
The run-off estiaates aaJ usuallJ be asseHed by checking the fol lowing 
points: the balance of the streaa flow on the mainstream (including main 
tributaries); whether vrecipitation is larger lhan 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 Cv of precipitation during the sa•e 
period; whether the regional distribution of the mean value and Cv is com
parable to that of the nearbJ station; and the regularitJ of run-off distri
bution on the flow bJdrograph. 

Floods 

Attention musl be paid to flood protection for hyJropower stations at 
the prefectural or countJ level. If there are flood protection demands down
streaa. the reservoir must be used for flood detention. ~en a flood of a 
certain sp..!clfic frequencJ occut"s, U:e downstream discharge may be lowered 
below the allowable one. This frequencf ls called the flood protect~~~ 
design standard. GenerallJ, flood protection \s 2-20 per cent for.- agri
culture. and 0.2-10 per cer.t for industrial districts or urban areas. 

In a water conservation or MllG project, the main task of flood protec
tion is to guarantee the safety of the hydl"aulic stl"Uctures (dam, powel"
house). 

Design criteria for medium and small hydl"aulic str.-ucture · 1re pl"esented 
ln tables 11 and 12. 

Design discharge of the flood peak 

Computation of design peak dischal"ge fl"om flood data 

If then 8l"e ne8l"by hydl"ological stations upstl"eam Ol" downstl"eam from 
the pl"oject site. a long-tera flood series (over 20 7eal"s) is usually avail
abt~. Frequency ana1Jsl9 can thus be carried out based upon the flood data. 
Hl1torlcal flood data 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; 

Cb) Determine the mean of flood peak value <Qr> av• the coefficient 
of variation <Cv>f and other 1tati1tlcal paraaetel"1; 

(c) Taite a sltewneu coefficient CC 1> f• which, for a small catch
ment, ls u1uallJ 2-4 times <Cv>f; 

Cd) Analyse and vet"lfy the investigated data on historical floods and 
estimate their frequency; 

(e) Use the principle of curve-fitting lo flt the points on the theo
retical frequency curve as closely u pouible to the ooin~• on the empirical 
frequency curve (the influence of the historical floods could also be taken 
into account) ind eventually obtain the <Cs>r in times of CCv>f· The 
points on the upper p8l"t of the curve will be nphubed during the fitting 
of the curves; 

Cf) The peak discharge of different frequencf can be ~bt1ined fl"om the 
flood frequency curve. 
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Computation of design peak discharge by other methods 

MHG plants are usually located in u~guaged regions. In 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 parametPrs, is reconnended to 
~~ten11ine the design flood. An alternative 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 flood1t can be used to determine 
the design flood. Various methods of determining design peak discharge are 
described below. 

(a) Estimating design peak discharge from the design stona 
(rational method) 

When th'! drainage area of the river is smaller than 500 1ta2 in a moun· 
tainous or semi-mountainous region, the basic formula for estimating flood 
peak discharge Qr from the intensity of storms is as follows: 

Qr = 0.278 tip F = 0.278 + ,s n F (113/s) 

where 0.278 = Coefficient of unit exchange 

i Design storm intensity (nn/h) 
p 

(15) 

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--houl" precipitation) (nn/h) 

Time concentration of flow (or lime of flood collection) 
(hours). ln a small basin, it may be adsumed that ~he lime 
concentl"ation of the peak discharge equals the duration of 
the storm. 

n = Storm recesssion coefficient 

F = Drainage area (km2) 

The main parameters and coefficients of the rational method are p~esented 
below. 

F s Drainage area of the control section of the project site 

L 2 Distance from the remotest point of the watershed to the 
pl"oject site along the river channel (km) 

J s Average gradient of the river channel 

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

Storm parameter S (rainfall density) may be formulated as follows: 
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(16) 

where 1124p -= 24-hour design ston11 volume in a given frequency (nn) 

Mean annual maximllll! 24-hour storm volume (mm) (usuallJ 
obtainable fro• isoh1etal stora parameter maps) 

n = Storm recession coefficient (which varies with rainfall 
duration). When the duration of the rainfall is less than 
one hour, take n = n1; if the duration is one hour or 
longer, take n n2 ( n may be obtained froa a hydro
logical handbook). 

IC 
p Can be obtained from the IC table (based on local data or 

the formula Cs24 = 3.5 Cv~4) by means of frequency 
p and Cv• Cs of the maximum 24-hour storm 

Time concentration t (hours) is the duration of the flood concentration 
in the basin. It is related to the length of the river, channel gradient and 
velocity of flow concentration. It also varies with tha 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) F.mpiri~al formula 

On the basis of the available flood data, and taking into account 
natural geoi;raphical factors, empirical formulas for determining flood peak 
discharge can be applied in the various regions. One of the formulas is as 
follows: 

<Qr>p (17) 

where CQf>p = Peale discharge of a certain frequency (ml/sec) 

F Drainage area (ltna2) 

CP = Flood peak discharge modulus. Its empirical para11eter, 
which is concerned with frequency, is presented in the 
regiont·l hydrological handbook. Usually, for a fan-shaped 
basin ~ith a steep channel gradient, the value of CP 
becomes la1·ger; while for a narrow-shaped basin with a 
flat channel gradient, the value Of Cp beCOIMIB s•aller. 

IC Area coefficient, which ls an e•plrlcal coefficient 
related to natural geographical factors (also presented in 
the hydrological handbook). 
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Another for11 of the e•pirical fonnula is: 

(18) 

where S Rainfall densitJ (na/h) (presented in the regional hJdrological 
handbook or calculated bJ means of fon1Ula (16)) 

q = Peak discharge pa~~ter. as shown in table 13 

Table 13. Calculation of peak discharge parameter 

River 
channel 

Area of flood gradient (J) 

concentration (percentase> 

Roctr 
aountatnous 
region >15 

HillJ region > 5 

LoeH hillJ 
region > 5 

Plain. flat 
sloping region > 1 

Run--off 
co

efficient (¢) 

0.80 

0. 75 

o. 70 

0.65 

VelocitJ 
during 

concentration (v) 
(mis) 

2.2-2.0 

2 .0--1. 5 

2 .0-1. 5 

1.5-·1.0 

~I q is calculated bJ formula q 0.42 ~v0.7. 

Pe alt 
discharge 

parameter (q) ~/ 

0.60-0.55 

0.50-0.40 

0.47-0.37 

0.40-0.30 

(c) Investigation and calculation of historical flooding 

The main point for the investigation of historical flooding is lo dis-
cover reliable flood traces. From these. the corresponding pealt discharge can 
be calculated. Generally, according to the surveyed longitudinal 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 pealt discharge cor
responding to the Investigated flood stage can then be calculated using the 
hydraulic fonnula. 

Design f?~od volume 

For medium or Hall projects, the daily stol"lll flood volume is generally 
used or, at times, a three-day flood volume. Flood volume observation of one to 
three da1s, involving frequent analysis and calculation, is carried out for 
gauged rivers. 

In .. dium or ••all drainage areas where there is a shortage of data, one 
flood h usually anal1sed. Two methods of est f ma ti on are used. One involves 
esti .. ting the volume of on~ flood from the approKimate accumulated volume after 
a 1ton1 lasting a 11axi111111 of ?4 hours. 
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Wdf (design flood volume) ~ 1,000 (h24>d F ml (19) 

where Ch24 >d = Maximum 24--hoJr excess rainfall depth (na) of design flood 
frequencJ 

The steps for calculating (b24)~ are as follows: 

(a) Obtain from a hJdrological handbook the mean annual average for a 
maximum 24-hour storm volume H24 and (Cv> 24 of the annual maximua 24-hour 
stora; 

(b) Find out the design storm modulus factor (ICp)d from the hy~:-o-
logical handbook, according to its design flood frequencJ and (Cv> 24 ; 

(c) Calculate the 24-~our design stora volume CH
24

>d from s
24 

and (ICp)d 
formulated in (H24 >d = (ICp)d 824 ; (20) 

(d) On the basis of (H24)d and the H24-H24 curve presented in 
the hJdrologlcal handbook, obtain the maximum 24- hour excess rainfall depth 
(h24>d· 

The other method involves estimating flood volume by 24-hour design 
stor111 volume and the corres?onding run-off coefficient. 

(21) 

24-hour design storm volume (aa) (obtainable from the 
hydrological handbook) 

Storm ~oint -- area ratio (obtaf.nable fr:om the hydro-
logical handbook). The small catchment value is lar:ger: 
when F ' 300 1aa2 and ; appr:oaches 1. 

Run-off 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. 

!nlargin&. __ the~ical _ _flood .tixdrogr!J!h. If the annual mulmum flood 
series is available, the design flood hydrograph can be derived by enlarging 
the lJplcal flood hydrograph. High-water yeors for which data are both 
represenlativP. and reliable, and when the flood peaks are adverse to 
engineering safety, should be selected. 

The discharge on the design flood rograph ls the product of the dis-
charge on the typical flood hydrograph and a coefficient Kr~ 1 (i.e. en
larged). 

(72) 
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where Qdf : Design flood peak <•3/s) 

Qtf : Flood peat on the tJpical flood bJdrograph (a3/s) 

$implified design flood b1drogra2b. The establishaent of the design 
flood hJdrograph in the unguaged watershed is related to the method used to 
compute the flood peat discharge. The flood bJdrograpb can be directlJ 
derived from both the unit bJdrograph and isochrones. If the flood peat is 
calculated bJ aeans of foraulu, onlJ the peat discharge value vlll be ob
tained, but no flood hydrograph. The siaplified design flood hydrograph aust 
therefore be applied. 

Mountain tributaries have •••ll catchaent areas, the basin slope ard 
channel gradient are rather 111teep, and the flood rises and falls fiercely. 
Here, the design flood hJdrograph for s .. u prujects can be si•plified as a 
triangle, as shown in figure 2. Preferably, the siapllfied hydrograph should 
be selected vi th reference to the natural flood hydrograpb data of nearby 
regions. 

The peak volume relation of the siaplified triangle of the design flood 
bJdrograph is as follows: 

Wdf 1/2 Qdf • T 

2Wdf 

Qdf 
(23) T 

where Wdf design flood voluae 

Qdf : design flood peat 

An analysis of the available data makes it possible to establish an 
empirical relation between the duratlt'n of rising segment T1, flood dura
tion T and various catchment areas. 

Ti 
The relationship between 'i'"" and catchments in a district in China ls 

shown in table 14. It is tlie result of lhe analysis and synthesis of Tt 
and T of many flood hydrographs. 

BJ mear.s of fonnula 23, T can be oblsined if the design flood peat dis
charge and deslgnTflood volume are given. The Ti can also be determined by 

reference to the Ti - F of the problem basin or a nearby similar basin. 
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Tables 14. Relationship between Ti/T and 
catchaent area 

CatcbSlent area r 
(ta2) Ti/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 
501-1 000 0.277 

Note: Ti is lhe duration of the 
flood rise and T the flood duration. 

A si11pllfled triangular design flood hydrograph can then be plotted, as in 
figure 2. 

Figure 2. Siaplified triangular flood bydrograpb 

• ..... 
Co\ a 

Simplified hydrograph 

~ 
~ 

Ti•e 

lstabll1hlMlnt of a stage-discharge relation 

ror the ungauged watershed, the 1tage-discharge relation can be derived 
frOll the re1ult1 of h1draulic calculation• ba1ed on the available data. The 
Hlectlon of roughne11 au1t be careful11 done. The configuration of the 
river-bed and varlation1 in cuntrol conditions au1t be con1ldered in advance. 
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lf there are stage data but no discharge date;. the upstreaa or 
dovnstreaa stage-discharge curve •aJ be transposed to the problea site bJ 
determining the correlation between the upstre .. and oownstreaa stages. 
E1:trapolation is necessarJ if design conditions lie outside the available 
data range. The possible influence of baclt-vater should also be considered. 

D. Water energy 

\.fater energJ -'esign is used to deteraine the pover features of the 
hJdropr.~~ ~lant. It involves flov regulation. firm pover. installed capac
i tJ and ..,. • ·• ... :-ual po\.1P.r output etc. These indel'.es reflect the potential 
benefit" <>' i.• • ;!!.-opo•~o!r plant and the e1:tent of utilization of the veter 
resourc. ,.. tr•' •election of the installed capacitJ of a run-of-river and 
dail.i r~;. ~·· -~~·.• i'.HG plant vill be dealt vi th in this section. 

The i~llc.ving technical data are collected for vater energf design: 

(a) HJdrological data. including characteristics of the drainage basin. 
flov sedes and stage·-discharge curve at the plant site. and 11<>nthlJ precipi
tation and evaporation data; 

(b) Reservoir area and capacitJ curves; 

(c) Dellands of •ultiple-purpose utilization. including veter demand for 
irrigation. navigation and log transportation; 

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

For the vater energJ design of rural MHG plants. both the data required 
and the calculations can be si•plified. 

Electrical load 

In rural China. electricitJ ls ••inlJ used for irrigation and drainage, 
the processir;g of agricultural products, field operations, repairing fara 
aach l nerf. an iaal husbandrf, the •anuf acture of tiles and paper, sugar pro
ducti.>n etc. Aver•ge pover consuaptlon for the different uses is shovn in 
table ts. 

Table 15. Average energf conauaption in rural China 

ActlvitJ or industrr 

Edible oils 
Fertilizer 
Grinding 
Husking 
Mining 
Paper 
Pesticides 
Sugar 
Threshing 

Energf consur?tion 

lllowatt-hours per tonne 

60-90 
30 
40 
30 
8 

500-600 
80 
12 
6-12 

continued 



Table 15 (continued) 

Activity or industry 

Bricks and tiles 
Fara .. chinery 

llectrlcal pa11plag 
••ad • 20 • 
had • 40 • 
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Energy consuaption 

~r 1,000 118 

50 
40-10 

kVb per 113 

0.091 
0.111 

~: llectrlcltJ l• 1applled for lllaalaatloa at tbe 
rate of 15-25 V per boa1ebold. 

PCRMr reqalr-at1 la tbe ••ar aad dhtaat futan -•t be ••tl•ted la 
order to deteralae tbe appropriate plaat •lze. It plaat capacltJ ezceed• tile 
~d load, a va•t• of capital occur•. Coanr••lJ, lf tbe d ..... d load ez
ceed• plaat capacltJ Cnea tile water bead aad flow are fdlJ utilized), 
eltb•r a aew plant will ba•• to be coa1tracted or tile ezl1tlag oa• ealarged. 
Por tbe \adepeadeatlJ operated raa-of-rlwer •tatloa, oalJ mzlaaa d ... ad load 
ll calculated. Tb• followlar data are required: range of powr 1applJ, 
1cal• aad trpe of pniuctloa, auaber of 1blft1, load period, capacltJ aad 
rate of atllhatloa of equipment; aaaaal ud aoatblJ pCRMr con.aptloa; 
pr .. Ht aad upected future populatloa of town• located vttllla tb• range of 
powr HpplJ aad tllelr pCRMr coa•aptloa, lacladlag agro-bHed 1ablldlar1 
u .... 

Tb• range of powr 1upplJ of a bJdropowr plant vl 11 be deteralaed bJ 
tile regloaal load u .. lt• po11lbllltl .. of deYelopmeat. Tile relatloa1blp 
bet.wttea th• range, traa .. l••loa Yoltage aad traa .. t11loa capacltJ 11 •llOlftl la 
table 16. 

Table 16. AaalJ•l• of traa1al1•loa data 

Voltage of traa .. l••loa 
line 
(ty) 

0.22 
0.31 

10 
35 

CapacltJ of 
powr traa .. l11loa 

(kV) 

~so 

<100 
200-2 000 

1 000-10 000 

Traa .. lttlag 
dhtance 

Cm> 

0.15 
0.6 
6-20 

20-70 

Tll• annual load for lada1trlal parpo1.. h falrlJ eYea, but tb• dallJ 
load Yarl•• wldelJ accordlag to dlffereat wortlag •lllft1 aad tile tlad of pro
ductloa. la Cblna at preunt, electrical pa11pta1 aad dralaq• account for 
tlle lar&••t coa1Uaptlon of llrdropowr In nral are&1. qrlcultural elec
trlcltr requlr-•t• are 1ubject to •H•onal warlatloH. !be load ••t be 
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abruptlJ tncreaeed for P1111Ping and drainage and a daJ and night power sJpplJ 
is required for irrlcatloa. The power supplJ for sideline occupations in 
rural areas is mo•tl1 concentrated in winter. 

The illumination load in towns and rural areas varies within a 24-hour 
period and over a fear. 

DallJ load 

The •1111 of industrial, agricultural and lighting loads provides the 
tJpical dailJ load on the power •upplJ, ae illustrated in figure 3. 

There are three characterl•tic values <Paax• Pay and Pain> in the 
dailJ load dla&r... Paax indicates the aaxiaua load in a daf. In order to 
aeet the deaand for power supplJ, the total installation capacitJ of the 
hJdropower plants auet exceed Paax· Pay is the average load in a da1: 
24 x Pav is the dail1 power supplJ. Pala is called the base load. Using 
these three characteristic values, the dPflJ load diagr .. can be divided inlo 
three parts. Peale load (the load with large fluctuations) is above the Pay 
part. The alddle load is between the pehlt and base load. 

Annual load dlagraa 

The annual load diagraa is used to express the load variations within a 
fear, ueuallJ taking the load as the ordinate and time (aonth or day) as lhe 
absci•sa. 

If the agricultural power supplJ ls large, the peak load will not occur 
during the drJ season. For ex .. ple, if a hydropower plant is designed mainly 
to supply power for P1111Ping and drainage, there will be no load deaand during 
the drJ season. It is therefore not iaportant to deteraine the probability 
of discharge during lhe dr1 season, but it is es•entlal to study the hydro
logical characteristics during the drainage season to deteraine the firm 
power and maxiaua working capacitJ of the hydropower plant. 

Two trpical dal11 load dlagrus for both winter and aw.er are usual11 
provided according lo the year of the design load level. With regard lo 
rural MHG, it is not neceH&rJ lo set out lhe load diagr .. , since only lhe 
load characteristic• of lhe povar supplJ will be taken into account. 

Run-of-river hxdropower elaat 

Determination of fira power 

When hydrological data is ava\lable, lhe duration eurve of the daily 
average discharge should first be plotted. According t.o the design of the 
hydropover plant, the fina discharge Qc on lhis duration curve should be 
deterained. 

When hydrological data are not. availsble, thf! aethod described in 
section C of lhls chapter should b6 used lo deteraine the finn discharge cor
responding to the design percent chance. 

The fira power of the hydropower plant ls formulated as follows: 

•c " AQcH (kW) (24) 

vb ere •c .. rlra power 

Qc .. Plra discharge 

A ~ Coefficient of fir• 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 

:z 

0 

Daily average output 
duration curve 

~"80 

Time (h) 

".J 

Figure 4 shows the duration curve of the daily output in an average 
year, taking Nil as the installed capacity of the plant. Ni and the 
durAtion curve intersect at point b. tn figure 4 the bd segment of the curve 
indicates that the natural flow output is larger than Ni. However, the 
output of the plant is limited by Ni. If the be segment of th1:1 curve in
dicates that the naturlll flow output is less thar. Nil, then the plant is 
operated according to be. The Oabc area represents aver~~e annual elec
tricity output {ii: 1 in figure 4). The mean annual output va~ies with the 
installed capacity of the plant. When the installed c3pacity is increased 
from Nil to Ni 2 (Ni 2 = N11 • !N1), the annual energy output is increased 

from Eal to ii:al + '.i1 . tn a normal case, the i decreases as installed 

Several alternatives are 
proposed with different installed capacity to calculate the mean annual out
put and then to plot the Ni - F. curve. The designed mean annual output will 
be checked from this curve den the installed capac lty of the hydropower 
plant has been selected. 

Determining the installed capacity 

The capacity of a run-of-river hydropower plant is composed of the maximum 
working capacity, spare capacity and seasonal capacity. 
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The •aximum working capacity is installed to meet thP mAximum load 
requirements of the consumers. The maximum working capacity will usually not 
exceed the firm power. 

Nw Ne (kW) (25) 

where Nw Maximum working capacity 

Ne Fina power 

There is no spare storage capacity in the run-of-·river hydropcwer 
plant. It has no abi 1i ty 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 1011 load period. If ir'rigation is the main function of a hydropower 
plant, repairs can be planned for the non-irrigation 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. In order fully lo utilize the 
water energy in the high-water season, some seasonal capacity may be in
stalled when the following conditions are met: 

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

(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 integrateo into the big grid. Seasonal power can then 
be transmitted lo the big grid; 

(d) There is an annual regulating reservoir in the grid. During the 
generation of seasonal power by the run-of-river hydropower plant, the plant 
with an annual regulating reservoir will impound the water in the reservoir. 
This means U al the water and the pt1wer are mutually compensated for. 

Seasonal capacity may be determined in three way1. 

Annual operating hours for additional 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 wi 11 be reduced 
when installation costs are high. Generally, he is used as a reference 
index to verify the viability of the increment for seasonal capacity. 

'h 
c 

3 
'N - h Choun) • 

where ·N : Increment of installed capacity (kW) 

(26) 

· ! "' Increment of annual power output corre1pondi ng 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) 

· hs Adopted annual operating hours of the additional capacity 
specified by the relevant department 

~~~~-!:.!L_L_e_al"S _f>f __ ~he increment i nv~~tment. The vi ai.. • l i ty of seasonal 
capacity in terms of lhe annual benefit of seasonal power is determined. It 
is reasonable if the return is within 3-5 years. 

!f!.!!ual__Qperating_ hours for seasonal capa'!ity. 
following formula: 

This is shown by lhe 

h 
c 

where Es 

NS 

he 

hs 

E 
_! ::: hs (hours) 
N ( 27) 

s 

Seasonal energy 

Seasonal installed capacity 

Computed annual operating hours of seasonal capacity 

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. In some regions in China, 1,800-2,500 hours are 
reconwnended (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 inst•lled capacity. 

Installed capacity as a multiple of the firm power 

The firm powP.r of thP. 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 
a multiple of the firm power. 

Ni = CNe (28) 

where C Ratio of Ni to Ne 

Ni ~ Installed capacity 

Ne Fi rm power 

The value of C for hydropowel:" plantt: opeuting under' var"ying conditions 
in sevel:"al regions is given in table 17. 



Table 17. Ratio of installed capacitJ to fir11 power for 
selected hydropover plants 

Operating conditions of plant 

Rural KHG ( <500 kW) plant operating 
independently 

~:ith high percentage of hydropower in the 
grid and with regulating stora~e in the 
plant 

Power generation only 

Mainly power ~eneration and secondarilJ 
for irrigation 

KainlJ for irrigation 

Ordinarf facilities 
Good facilities 

With low percentage of hydropower in the grid 

Power generation only 

Mainly power generation and secondarily for 
irrigation 

Mainly for irrigation 

Ordinarf facilities 

Good Caci lilies 

Installed capacity based on annual hours of utilization 

Ratio of installed 
capacity to fina ~ower 

l ~-3. 5 

2.0-3.5 

2.5-4.0 

3.0-5.0 
2.5-4.0 

2.5-4.5 

3.0-4.5 

'.'.5-5.5 

3.0-·L5 

The •e"n annual power output. Ka divided by the total in1t•.alled capac
ity Ni of the plant gives the annual utilization hours ha o': the plant, 
represented by the following fonMJla: 

b a (29) 

ha is equivalent to the annual operation hours under full load and indi
catea the extent of utilization of •echanical and electrical eiuipment. 

The de1igned number of annual utillzatlon hour• in SOiie regions is •hown 
in table 18. 
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Table 18. Design annual utilization hours of installed capacity 

Type of demand and op~rating 
conditions 

Rural hydropover plant (,500 kW) 

Agricultural and sideline 
production and illumination 

Small industry and town 
illumination 

Rural hydropover plant (,500 kW) 

Agricultural and sideline 
production and illumination 

Small industry and town 
illumination 

Mainly for pumping and 
secondarilJ for other uses 

With high percentage of 
hydropower in the grid 

Rather large industrial 
users in continuous 
production 

Ordinary consumers 

With low percentage of 
hydropower in the grid 

Design annual utilization hours according 
to system of regulation 

Run-of-river Daily storage 

'4 500 >3 500 

'4 500 >J 500 

4 500 3 500 

4 500 3 500 

About 5 000 About 4 500 

5 000-6 000 5 000-6 000 

5 000-6 000 4 000-5 000 

4 500-5 500 3 500-4 500 

Yearly 
storage 

2 500-4 000 

4 000-5 000 

3 500-4 000 

3 000-·4 000 

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

(a) In regions rich in water resources, a high value of design annual 
utilization hours (ha> and a low ratio between installed capacity and firm 
power (C) will be selected; 

(b) In 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 ha a1 the low one; 

-------
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(c) If thdre are several hydropower plants (vith larg£ regulating 
storage) in the grid, the new plant will undertake a rather uniform load. A 
high ha value and a lov C value are therefore proposed, and vice versa; 

(d) In the grid, vhen there is large variatio;i in the daily load dia
graa, if the base load and partial middle load are undertaken by the thermal 
plant and run-off hydropower plant, the low ha and high C value vi 11 be 
selected for the new plant, and vice versa; 

(e) In hydropover plants vhich utilize the irrigation water (regulated 
by r,servoir) as its vater source, the firm power of this type of plant will 
be rather lov and the seasonal energy rather high. In this case, the high C 
value will be taken; 

(f) The ha and C of the nor.· regulating hydropower plant depend l1pon 
the extent of utilization of seasonal energy. If there is spare capacity in 
the plant, low ha and high C value are reconnended. 

Jnsta!_led capacity based on the standardized turbine-generator unit 

No matter vhich method is adopted to determine the inshlled capacity, 
manufacture and supply of the mechanical and electrical equipment must be 
taken into account. In soaie ceses, the installation of a hydropower plant is 
mainly determined by the availability of the units. If a standardized 
turbine generator unit is selected, purchase is easy. 

With regard to the number of units in a hydropower plant, when Ni < 
1,000 ltW, two units are usually preferable; vhen Ni o: 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 limes the firm power. 

tn 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. I.Cler 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 annual 
utilization hours, which are related to the regional power resources and the 
regulating ability of the plant. The thh·d approach is based on the stand
ardized turbine-generator units. In the practical design work, for rural MHG 
plants (installed capacity less than SOO kW) the water energy design will be 
kept as simple as possible to avoid complez calculations. 

The daily regulating hydropower plant provides regulating storage with 
the capacity to redist~ibute the n~tural flow within one day. The calcula
tion of thP. firm power and mean annual power output of the daily regulating 
hydropower plant ii basically tile same as with a run· of-river plant. They 
differ in that the upstream normal high-water level of the run-of-river plant 
is a constant, while the upstream water level of the dally 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 installed capacity of daily regulating MHG plants, 
the 24· hour power produclion · s equal to the energy produced by the natural 
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l.nflow of the same - /, since the plant is able to redistdbute the natural 
flow within one day. The maximwn load may therefore be larger than the daily 
average output and the installed maximum working capacity (to meet the max
imum load demands) larger than the natural flow of fira powt!r. 

The two cases described below are of particular interest. 

Concentrated power generation 

Figure 5 is based on a daily regulating hydl"opower plant. The design 
low-water natural inflow is concentrated in h hours for power generation. 
The maximum discharge ls: 

QC x 24 x 3,600 24 
Qmax = h x 3,600 = ti"- · QC 

(30) 

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

NW AQmu H A . 24 Q H 
h G (31) 

24 N (kW) 
h G 

where Nw Maximum working capacity 

Ne .: Fira power 

A Coefficient of firm power 

With the same design characterist~is• the maximum working capacity of the 
daily regulating hydropower plant is ti"- times that of the non-regulating 
plant. 

Figure ~. Daily regulation for concentrated power generation 
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Tbe vertical shadowed area in figure 5 is the required dailJ regulation 
storage. The formula is: 

3 Yd = (l.IO-l.I5) z QG(24-h) x 3,600 (• ) (32) 

where 1. I0-1. I5 = SafetJ coefficient, taking into account insuf
ficient and incorrect data, a1 well as coaputation error. 

Interval power operation 

In considering the deaand of both electricitJ and water consuaers, the 
water and power eupplJ is divided into several limes intervals according to 
the natural inflow. The first step is to delenaine the water and power 
supplJ of the liae intervals other than the peak: load period and to deduct 
thea froa the dailJ inflow voluae. The remaining water is used for the peak 
load period. Therefore, 

The 

QGx 24 x 3,600 - <YI + v2> 
<•3/s} ~ax s (33) 

h x 3,600 

madaua working capacitJ 
QG x 24 x 3,600 - (VI + v2> I = A·Q w aaz H = A ( 

where H = Head difference 
the dovn1treaa 
discharge) 

x ff 
h x 3,600 I (34) 

between the average upstream water level and 
water level (varies with the corresponding 

The required dail1 regulation storage is shown in the shadowed area of 
figure 6. 

Figure 6. Daily regulation for interval power operation 
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Wi lh I"egaI"d lo spaI"e capacity and seasons l capacity, theI"e is no sub
stantia 1 diffeI"ence belween the r'Un of- river' plant and the daily r:"egulating 
plant. The only diffeI"ence is thal if ther:"e is a daily r:"egulated hydI"opower:" 
plant with r'&theI" lar:"ge capacity, shor't distance to the load centr'e and shor't 
water' conduit, the plant could be consider:"ed for' under:"taking the extI"a load 
foI" fI"equency modulation. 

When a majoI" hy.kopower:" plant at the pr:"efectuI"al Or' county level is 
planned, it is better' to wor:"k out the design daily load cur:"ve of the grid, 
and then, by means of the daily ener'gy mass CUr:"Ve, to detennine the maximum 
woI"king capacity of the plant. The fir'st step is to calculate the daily finn 
output Ec<Ec 24 Ne> accoI"ding to the finn power' Ne- The second 
slep is to consider:" the load of lhe gI"id and lhe char:"acter'islics of the main 
power' stations of lhe gI"id, and then lo decide the WOr'king position (the load 
lo be taken by the plant). Finally, fr:"om the balance of daily finn output on 
the daily load CUI"Ve, the maximum wor'king capacity would be detennined. 

~~nual I"egulating hydr:"opower:" plant 

Annual r:"egulating stor:"age must be pr'ovided for' an annual reg~lating 
hydr:"opower:" plant. The natur'al inflow will be r:"eallocated within the year in 
Or:"der' to meet demand for' power' and other' pur'poses. 

Flow r:"egulation is based on the water' balance at any time inter'val. The 
differ:"ence between outflow and inflow is the var:"iation of slor'age dur:"ing that 
inler:"val. It is shown in the following for:"mula: 

wher:"e 

:.w 
c 

·w 
'N 

:w 
c 

·w (35) 

Natural inflow into the r:"eser:"voir' dur'ing cer:"tain time 
inter'vals (m3) 

Oulflow of lhe r:"eser:"voir:" dur:"ing lhe s8'e per'iod for' waler' 
supply lo the relevant depar'tment (m ) (including waste 
water in the flood season) 

.'.W Water' losses in lhe r:"eSer'VOir dur'ing lhe same period (m3) 

· :w Variation of storage during the same period 

Since both the natur:"al inflow and waler' consumption ar:"e given, it is 
easy to find out lhe starling and ending time of the water' supply and thus to 
deter'mine lhe dI")" .. :tel:" season. The water' balar.ce for'mula is used to per'for:"m 
calculations in time intervals and measur:"e the water' deficiency. The total 
water' deficiency during the dr:"y season is the total volume of water' which 
wi 11 be supplied by tt1e reservoir", that is, the r'equ i r:"ed volume of storage 
r:"egulation. 

E. Types of MHG plant 

The capacity of hydropower gener:"ation is pr'opor'tional to the water' head 
and flow. In Or:"der to obtain hydropower:", the head differ:"ence between the up
slr:"eam and downstream of the hydropower plant must be determined. 

According to the form of head concentration, hydropower:" plants are cla1-
1lfied into three types. 
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Ql!J!l:-_type plant 

The construction of a daa or 11<>vable barrage iapounds the flow of lhe 
river, forms a reservoir and raises lhe upstreaa water level. There is there
fore a head difference between the upstreaa reservoir level and the downstreaa 
river level- In a dam--type hydropower plant, the reservoir water is diverted 
lo the plant by means of a tunnel or pipe and water turbine generator units 
generate the power. However, according to the layout of the bydropower
houses, the plants can be subclassified into two types; hydropower-houses 
acting i.s water--retainlng structures and hydropower--houses located at the 
downstream side of the d ... 

~ydropower-houses acting as water-retaining structures 

Figures 7 and 8 show the Ganqi MHG plant, Hunan Province, a bydropower 
plant erected in the river bed. The stability of the structure is .. intained 
by the c<>11bined weight of both the daa and the power-house. The drainage area 
is 1,170 ta2 , which ts 96 per cent of the Iii river basin. It ts a 11Ulti
purpose water conservation project for irrigation, pot.~~ generation and navi
gation. The au:imum height of the d&ll! i • 20. 5 11 and the lenitb of the daa 
axis is 454 a. The hydraulic st:-ucture is composed of a puaping station, a 
hydropower station, a navigation lock, log passers and the daa. Ten water 
turbine generator sets were installed in the power-house with a total capacity 
of 12,500 ltW. The design head is 10.5 •and design discharge 160 a3/s. 
Mean annual output is 76.8 million ltWh. This MHG plant v11&s integrated into 
the southern Hunan grid. 

Hydropover-houses located at the downstre .. side of the daa 

Figures 9, 10 and 11 show the Yanwotan hydropower plant, Hunan Province. 
The power-house is located on the right bank of the downstreaa river bend. 
The water is diverted to the power-house by a tunnel 3.5 • in diameter. The 
drainage area of the dam site is 457 ta2. The mean annual run-off volume is 
407 million m3 and the storage capacity is 87 .6 million •3 at the normal 
high-waler level. The reservoir thus has the capacity for yearlf regulation. 

The project involves an overflow masonry hollow gravity dam, power-house 
and tunnel. The crest length along the dam axis ls 140 11 and the 11axi11ua daa 
height is 66 •· There are two water turbine generator units with a capacity 
of 3,000 lcW each and another unit installed in the power-house, the total 
installed capacity being 9,200 ltW. The design flow of the turbines are 12 and 
12 .6 m3/s, and the muimum worlcing head is SO a. The annual output of the 
plant is 33. 9 mi 11 ion lcWh. In order to ensure full utilization of seasonal 
power, the plant was put into parallel operation wt th a 3, 750 ltW count1-run 
small thermal plant. During the high-water season, the hydropover plant plays 
the main role, while in the low-water period, the thermal plant is used to 
supplement t,he power supply. The Yanwotan hydropower plant supplies both 
power to the county proper and reactive power to the Central Hunan grid. 

Figuru 12 and 13 show the Mei streaa stage I hydropower plant. The 
height of the earth daa is 47 • with a storage capacity of 65.S alllion a3. 
The installed capAcitJ of the plant ts 5,000 ltW. The plant was put into com· 
mission in 1962 and c0111pleted in 1967. The tatlraca of the stage I plant can 
be used for the irrigation of farm-land and as the rater source for the down
stre .. cascade power plants. 
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Figure 8. Ganxi IUIG station (2) 
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Figure 9. Yanwotan MHG station 



: l ... ... 
.. 
! .. • .. . 
.. • .. 
! :. 
0 ... 
t .. 
!! ... 

• 

; 

J 
t 

I 

- 56 -

! - I i!tl ; ~ i:H ~ ,.-, 

::'.~ .-

• 
··~ 

I 

~ 

i 

• 
;; 

! 

• 
l 
;' 
I! 
i 

• I 

I 

J t 
l . . 

1 

• • .. 
i .. -• .. 

//! 
j .. .. • u .. -... .. .. .. 
l 

I\ i 



- 57 -

Figure 11. Yanwotan MHG station (power-house) 
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Figure 12. Heixi I HHG station 



c :6ure 13. Meixi MHG station (layout of stage I) 
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In gene1-al, lhe special featur-es of the daa-type hydropover plant ar-e as 
follows: 

~a) The dam aad movable barr-age are erected on the river lo fonn the 
reser-voi r- and to concentr-ate the head. In the case of the MHG plant, the 
reser-voir is usually put to multi-purpose use for- ir-r-igalion, flood retention 
and navigation; 

{b) The power-house is located near thP. daa. Since the water conduit is 
rather shor-t, hydropover plants of this kind are ad&rtable to a rather large 
design flow; 

{c) If a high dam is constructed for water head concentration, then the 
geological conditions, the technology of dam consl~uction and the cost of the 
reservoir- must be taken into account. 

Diver-sion-tvpe plant 

The head of this lype of hydropower plant is fonned mainlJ by a conduit 
structur-e. 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 p~nstock, and finallJ to 
lhe power- house. The type of hydropower plant is adaptable lo the upper and 
middle reach of the river when upstream impoundllent is itot possible and the 
downstream reach contains some rapid1, falls or elbows. Data on 1elected 
plants in China ar-e presented in table 19. 

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

Length 
of canal Pen stock !lead Di1char-ge CapacitJ 

Plant Location (lam) <•> (•) <•31•) (::CW) 

-· ·-------
Baizhangtan Hubei Province 2.8 66.5 2.7 l 300 

Double dragon 2.6 407 196 0.6 512 

Huangtonjiang Guangdong Province 218 1.5 2 400 

Lan long Guang1i Zhuang 2.8 1 100 430 3 9 r,oo 
Autono110us region 

--------------------- -------

Figure 14 1how1 the Qingtong hydropower plant, Guangdong Province. The 
piant has an installed capacity of 3 1 1,600 ltW and a de1ign discharge of 
1.6 m3/s for each of the three units. The length of the conveyance 
str-ucture1, including tunnels, pr.utreued inverted siphon pipes and flumes, 
is 13 km. The available head i1 147. m and the penstock conshts of pre-
1tre11ed concrete pipe1 0.8 m in diameter. 
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Figu~e 14. Qingtong KHG station 
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Figures 15 and 16 show the Chongshan hydropower plant, Hunan Province. 
The design water head is 61? •, which is the highest aaong the MHG plants of 
the diversion t1pe in China at present. The drainage area of the daJR site is 
only 4.18 1cm2 and the effective storage capacity of the reservvir 2.5 mil
lion 1113. The length of the canal is 1,045 m and the length of the penstock 
(35 c111 in .Hameter) 1,446 •· There are 2 iiapuhe water turbine generator 
units installed in the power-house, each with a capacity of 500 kW and a 
design flow of 0 .12 113 /s. The mean annual output is 4 .11 mi 11 ion kWh, ot 
which 69 per cent is used for agricultural purposes and 31 per cent for small 
industries and processing. 

Figure 16. Chongshan MHG station (cross-section) 

'" 

Note: Elevations in metres, dimensions in centimetres. 
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Figure 17 shovs the Qing Yuan MHG plant. Fujian Province. The length of 
the conveyance canal is 8 laft, the head concentration 46 m and lhe design flov 
2.6 ml/s. Three 265 kW units are installed in the pover-house. 

Figure 17. Qing Yuan MHG station 

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

(a) In mountainou1 region1, if the topography is favoarable, a big water 
head may be concentrated by conduit within a short distance. The low d .. or 
sluice gate at the headvork of the ~anal intake limits the cost of reservoir 
impounding; 

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

In the case of the composite-·type hydropower plant, the he•~ is obtained 
partly from the dam and partly from the c<>ndui t. In mountainous areas, most 
of the composite- type plants serve for both flood retention and irrigation, 
with the erceplion of a few plants which are planned for power generation 
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onlJ. Figure 18 shows the Zaizi h1dropower plant. Fujian Province. The 
plant is located near the Wuyantou fall. Upstream of the fall is a wide 
valley and a flat gradient which are both favourable for storage impounding. 
but downstrelllll of the fall the river has a steep gradient. Upatre .. of the 
fall an earth dam is constructed. The height of the d .. is 17.2 • and the 
effective storage capacitJ 3.ooo.ooo a3. The power-house is located dovn
stre .. of lhe fall. the conveyance structure is a tunnel 130 a long with a 
bottom slope gradient of 7. 7 per cent and a penstoclt •18 a in length. The 
total head of this composite- type hJdropower station is 2•0 •· The design 
flow is 2.1 113/s and the total capacity 4.320 ltW. The main purpose of the 
plant is power generation. The tsilvater may be utili~ed for irrigation and 
lhe flood attack dovnstre .. aaJ be reduced to BOllle extent. 

J 

Figure 18. Zaixi KHG station 
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r.n the whole. fr011 the point of view of head concentration. hJdropover 
plant.a with a d .. or a conduit •ate up the two basic c11tegories. Tbe 
c011rosite-tJpe plant ls a COi11bination of the two basic tJpes. rn cases where 
falls. rapids. canal drops. river elbows. highland lakes or transriver basin 
-!iversions exist. the plant with a conduit or the c<>11posite-type plant are 
usuallJ preferable. 

Vario~: layouts for water-power exploitation 

Falls 

Falls are a natural head concentration with generally small flov varia
tions over a period of a Jear and substantial potenlir.l for exploitation. 

In Yunnan Province. a 40 • fall has been exploited for power generation. 

In Tongcben Countf. Hubei Province, there are several falls near the 
Paizhantan. After the construction of a 400-500 •conduit. the concentrated 
head h approd•atelJ 140 •· HJdropower plants which utilize falls are low 
in cost and involve lass work, which thus •ates the• a preferable alternative. 

Rapids and natural drops 

In 11<>untainous regions, there are usuallJ rapids or natural drops along 
1tre .. s and rivers vbich •ay be exploited for power generation. tf the river 
flow is plentiful and the topography favourable, onlf a low diversion weir is 
required to divert the water without the use of the d .. , as shown in 
figure 19. Adequate measures should be taken to protect the pot1er-house and 
canal from floods. 

Figure 19. Utilization of rapids 

--
Tallrace power-house 
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Canal drops 

Figure 20 is a sketch of a bydropower plant in Cuangdong Province wbil.h 
irrigates by means of drops. The plant was constructed on an irrigation canal 
where all ea:ist ing structures could be utilized. Only a new power-house had 
to be built. This method of power ea:ploitation considerably reduces costs. 

Figure 20. Separate layout of power-house and drop 

Upstreaa 
irrig•tion 
canal 

Downstream 
irrigation 
canal 

Figures 21 and 22 show hJdropower plants on the Mi•1un-Beij ing Canal. 
This canal conve1s the water of the Mimyun reservoir to Beijing. TherP. are 
eight existing drops within 30 lea. The total water potential is 35 •· The 
water potential of the eight drops are combined into five st<ages foL ea:ploi
tation, producing a total installed capacitJ of 11,400 1tV. 

Table 20 show1 the design water head and the tn1talled capacity of 5 MHG 
plants on the Beijing·Mimyun canal. 

Plant 

I 
II 

III 
IV 
v 

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

Design net 
(111) 

6.5 
4. 7 
6.5 
4. 7 
4.5 

head Installed capacitJ 
(ltW) 

3 000 
1 800 
3 000 
l 800 
1 800 

-------------------- --·----------
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In order to •1n1•tze the t1pes of water turbines needed and the number 
of sets and voltage levels for the 5 stations, the same water turbine model 
n~s been adopted in all of the stations. The .-odel includes turbines with a 
working head of 6. 5 • coupled vi th a I, 000 kW generator ( 250 rpm) and tur
bi ne1 with working heads of 4.5 •coupled with 600 tw generators (214.3 rpm). 
On the basis of an annual flow volume of 500- 700 •i llion •3, the annual 
output of the five stations is estimated at 28-39.4 •illion kWh. 

River elbows 

YalleJ and river elbows are highlJ' developed in various mountainous 
areas. In soae cases, the river elbow loolta lilte a ring and the river 
gradient is rather steep. BJ a abort-cut conduit, a 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 ea:ploited river elbow is 1 Ian and a short-cut 
tunnel 1,580 • in length has been constructed. The head concentration is 
85 • and the installed capacitJ 1,375 ltW. 

Figure 23. Water Lane MHG station 

Water dtver1ton in transrlver ba1ln1 

In SOiie cases, particularly ln hilly regions or river nets, the distance 
between the two rlver1 or two canal• is not 10 far but a water head exl1t1. 
Water dlver1lon ln tran1rlvcr basln1 may be con1ldered u a power source. 
Under such a ache .. , the tallwater flows dovn1tre&• to the lower river. The 
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vater flov of the higher river vill be redueed and that of the lover river 
vill increue. The sequence of flov-in and flov--out between the higher and 
lover river 11usl be studied c<>11prehensivelJ frOll the point of viev of the 
require11ents of it·dgation, navigation, vater supplJ etc. on the do ... "lstre .. 
region. A technical and econ011ic analJsis is also necessarJ. 

The Datan hJdropower plant, Guangdong Pro••ince, h an example of waler 
diversion in lransriver ba&ins. An 80-• tur. .... L and a 200 a canal have been 
constructed to divert the vater of lhe Datan river to a lover ••all creek. 
The head available h 210 11 and the total installed capacitJ 640 kV. A 
sketch of the plant is given in figure 24. 

Figure 24. Datan MHG station 

•" J \ \rn ::~·~"•~ ~I' 

011m 

Highland lakes 

lf there is a river or lake near the highland late, potential energy maJ 
be exploited by diverting the higher vater to the lover river or lake for 
power generation. 

Tide potential 

China has a long seashore and many estuaries and sites where utilization 
of tide potential is feasible. Thi• kind of hydropower plant ha• a low head 
and large flov but is comple1 to construct, resulting in larger construction 
costs. There are currentlJ only a fev tidal power plants in operation in 
China, including the following: 

(a) Dalain plant, Shunde countJ, Guangdong Province; installed capacitJ 
of 144 kW; 
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(b) ICaotan plant, Xiangshan countJ, Zhejiang Province; tide hf'ad of 
about 4 a, design flow of 8.5 a3/s, and installed capacity of 275 kW; 

(c) Jing gong plant, Rushan countJ, Shandong Province; installed 
capacitJ of 165 kW; 

(d) Liuho plant; power generated bJ the tides of the Yantze estuary; 
installed capacitJ of 80 kW. 

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

The first pilot tidal power plant with two-directional generation in 
China was located at the terainal of lhe Luoqi Bay, Wenling county, Zhejiang 
Province, where tide potential is abundant wit?i a ma~im1111 tidal head of 
8.93 •· The installation of a 6 x 500 kW turbine generator unit is planned. 

Subaaerged water or collecting springs 

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

In Nidng county, Jiangsu Province, a stone masonry cut-off wall was 
built to retain the submerged flows and raise the water level for power 
generation. A people's co11111une in Green Dragon county, Hebei Province, uses 
the same approach to retain the submer~ed flows. A plant with an installed 
capacity of 80 ltW was constructed with a design head of 9 m and a flow of 
2 a3/s. 

F. Electrical scheme and step-up substation 

The electl'ical 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 a station is not 
greater than IS km. The voltage of generator units at a capacity of 
S00-6,000 ltW is generallJ 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 stat ions. Tn a few places, 
110 kV are applied. 

The trana•iuion voltage of 6.3 kV adopted in previoully constructed 
stations hu recently been replaced by 10.5 kV. The 3.15 kV voltage leveJ 
used previoualJ has also been discontinued. 

Various type1 of electrical 1chemea are used in China, the moat frequent 
ones being the following: 

(a) Single bus scheme at generator voltage, sectioned and unaectioned 
(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 ltV 
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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) 

(ii) 
(iii) 

Bridge connection (figure 28); 
Single bus (figure 29); 
Block of transfonaer line (figure 25). 

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

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

Coaplete switching sets are used for most 6.3 ltV electrical facilities, 
in which circuit breakei::s, disconnection switches, instrument transformers, 
metering and some relay protection and operating components are installed 
according to various composite schemes of primary and secondary wiring. 
The!~ 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 asse111bled in outdoor 
substations. 

A similar design standard of relay protection, including differential, 
overcurrent, overvoltage, overload and grounding f6ult protection, is used in 
MHG stations in different places. The relay protection components usually 
used in China have been electromagnetic types. Transistor relay protect ion 
components have been tried at a few stations. 

Tht:re aL also numerous ways of control I ing MHG stations. The types 
most adopted er" as follows: a central control room (generally used in com
p~ratively large stations); on-site control of a generator room with a 
special control and metering panel; and on- site control in a generator room 
using complete switch sets. The latter two types are usually used in rather 
small stations. The d.c. operating voltages are usually 220 V, 110 V and 
48 v. 

The degree of automation in MHG stations in China is not very high. In 
stations with a capacity of 500-12,000 kW, the following automatic operations 
can generally be realized: automatic t·egulation of frequency and voltage; 
centralized operation for starling and stopping Ute generator 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 components used in automation are gen
erally still of lhe electromagnetic type. There are few places where trial 
operation of semiconductor elements and logic circuits are taltin~ place. The 
telemechanization of MHG has not yet been tried. 

According to t.he specific 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 curt"ently integrated 'n grids of different levels 
have been equipped with co11111unication facilities in connection with the local 
dispatching centre. Many stations with a 35 kV outlir.c voltage havr. adop~~cl 
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 

10.5-38.5 kV 
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IV. HYDROELECTRIC EQUIPllEllT 

A. H1droturbine gene_rator isets 

China now manufactures a fairly complete range of saall hydroelectric 
equipment. It has equipment both for high head operations up lo 612 •, 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 cur~enlly 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 lo utilize widely dispersed water power resources and to supply elec
tricity to re11<>te and 110untainous regions, the aanufacturers produce a 
specid series of 0.25 to 75 kW mini--unit sets. Because the aini-unil sets 
are saall in volume, light in weight, simple in construction and low in cost, 
they e;c.. much appreciated by people residing in 11<>untainou1 regions. Owing 
to the 1hortage of reactive power in lhe rural grid, synchronous generators 
are useJ mostly in llHG. 

The requirements of standardization, popularization and serialization 
are important for China, which has so many diversified hydrological 
parameters. The advantages of these products are that they are s i11plc to 
manufacture, suitable for aai>s production, h!;;b in productivity, good in 
quality, low in cost and easy to operate and maintain. 

C11ina has produced ov:?:: 200,000 sets of hydroelectric equipment. A por
tion or them have been exported and the rest installed in 111<>re than 80,000 
small hydroelectric stations scattered over a vast region. SOllle of them have 
been in operation for more lhan 20 years. Judging from their operating con
ditions, il has been proven that they are sound in quality and adapt very 
well to the varyin~ operating conditions in different localities. For 
exaaple, two 612 m !lead, 500 kW, CDlO-WJ-90/l impulse-type units have been 
safely operating in the Zhong Shan hydroelectric power station, Dayong 
county, Hunan Province, for more than 10 year1. The condition of cavitation 
is satisfactory. The Jinghua No. 1 hydraulic turbine, through repeated 
operation and compari1on, has proven to be of good quality and been used as a 
standard of reference. A GZN 005-WP-250 double--flow turbine generating unit 
has been produced and installed in the tidal hydroelectric power station in 
Wenling county, Zhejiang Province. In recent years, many provincial manufac
turers have produced large numbers of equipment for small hydroelectric 
stations. SOiie of the units have already withstood the most severe operating 
condition1. 

Investigations aade on small hydroelectric machines and equipment after 
long period1 of operation have revealed that equipment made in China i1 well
con1tructed and of good quality. Data on a number of hydroelectric stations 
which have had satlafactor1 operating records for many years are given ln 
table 22. 

The production of s11all hydroelectric machinea and equipment in China 
has been developing •1ery rapidly. Productive capability currently exceeds 
1 aillion kW. A whole 1et of equipment can be supplied upon request. 
"lthough the equipment la mainly for the home ntuket, soae la supplied to 
foreign countries. 
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Table 21. Various types of hydraulic turbines manufactured 
in China 

Serial Number 

ZD760-Ul-40,60,80,100, 
120 

ZD760-LMY-100,120 

ZD560-LMY-40,60,80 

HL260-WJ-25,30,35,42,50 

HL220-WJ-42 

HLllO-WJ-30,35,42, 
50,60 

CJ22-W-·45/1x4. 5, 
55/lx7 
55/lx5.5 
70/lx9 

XJ13-W-25/lx7, 32/lx7 
32/lx9. 40/h9 
40/lxll, 50/lx12 

XJ02-W-63/lxl6 

CJ22-W-·ll0/lxl2. 5 
110/2x12 .5 

CJ22-W-125/lxl2.5 

HL240-WJ-71 

HL240-LH-120 

HL240-LJ-12) 

HL240-LH-180 

HL160-LJ-100 

HL160-WJ-71 

----
Head 
<•> 

----·--
3.5-7 

2.7-7 

4-14 

9-29. 7 

24-50 

20-70 

50-330 

36-160 

75-220 

220--340 

300--504 

29.5 

18-23 

20.1-37 

18.5-33.5 

84-114 

71.8-112 .6 

__ Q2erating range 
Flow Capacity 

(ml/sec) (kW) 

0.45-6.8 12-400 

2.96-8.6 55-400 

0.568-3.45 12-400 

0.235-2.45 12-500 

0.95-1.375 200-500 

0.159-1.07 20-600 

0.055-0.401 20-630 

0.084-0.66 21.5-826 

0. 761-1. 262 400-·2 000 

0.781-0.970 1 250-2 soo 
1. 446-1. 942 2 000- 5 000 

0.910-1.186 2 000-5 000 

3.2 750 

1. 23--9.13 1 000-2 000 

8.06-10.85 1 250-3 200 

17-23.2 2 500-6 300 

6.01-6.83 4 000-6 300 

2.81-3.54 1 600-3 200 

continued 
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Table 21 (continued) 

Ol!!r•ting range 
Head Flow CapacitJ 

Serial Nu11ber <•> (al/aec) (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 19-25 5.7-6.6 800-1 250 

HL220-WJ-50 30-70 1.48--2 .3 400-1 000 

Hf.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 

HLUO-WJ-60 100-145 1.4-1. 52 1 000-1 600 

HLUO-WJ-100 120-200 4.1-5.6 4 000-6 000 

HLlOO-WJ-71 222-315 1.58-2 .4 3 200-6 000 

ZD560-Lll-180 9-16 15.8-23.02 1 000-2 500 

ZD560-Lll-250 10.6-15.5 31.4-44 2 500-5 000 

ZD510-LH-180 6.5-14.5 13-18.8 600-2 000 

GD103-WP-275 4.5-8 39.2-57.6 1 320-3 600 

------------------------

lfg_ll: HL - Mixed-flow-reaction-type 
XL - Inclined-tubular--lype 
ZD - Axial-flow reaction fixed-blade propeller-type 
XJ - Crou--flow-type 
CJ - lapul•e-type 
GD - Tubular-fixed-blade-type 
W - Horizontal •haft 
L - Vertical •haft 
J - Metal •piral ca•ing 
H - Concrete •piral ca•ing 
P - Bulb 
M - Open flu.e 
Z - Tubular-type 



Tabla 22. Operating condition• of varloua tJp•• or HJdroalactr\c generating unlta 

ln1t•ll!d c•2•cl~! Daalgn 
Unit& 11 Head now Operating ti• Station Location kW (•) <•311) Turbine Canara tor (JHrl) Re1urk1 

l•hhanatan, Hubel Province 2 " 500 26-35 
aacond atqa 

2.2 HL260-WJ-60 TSW-99/37-6 5 S100oth operation 

Xhnggoa1don1 Hunan Province 3 " 300 510 0.1 CD\0-WJ-90/l TSW-991•0-6 13 Hor•al operation 
tor a long llM 

xia1uan Zhejiang Province 2 " 500 126 o.o• CJ-W-90111111 TSW-U3/J1-12 13 Nor.al operation, 
aood parror•ance, 
•••J •alnlenance 

P•nai. Zhejiang Province 2 " 100 220 0.5 CJ-W-90/hll TSW-UJ/0-10 6 Nor.al oparatlon, eacond •l•ge 
good pertor•ance, 
•••J ••lntenance 

llabu Cuangdong Province 2 I 3 000 122. 7 3 HL160-WT- 71 TSW-U6/60-6 6 Cood perCon111nce 
OD lliuv.n liver Cuu11ang 2 I 320 50 0.11 HLllO-WJ-60 TSWN-15139-8 11 Nor1111l ....:. 

Lendong loagchan J I J 200 us l CJ-W-l25/lxl2 TSW-173/16-10 3-5 Nor111al 
Cunapi Cuen111i Province 6 I 100 lU 0.6 CJ-W-9211111 TSW-U3/U-10 15 Nor111a l Yang a hen 

< ln1tdled Suangdong Province In atagu) 

ll•J•ng. Zhejiang Province 2 • l 600 25. 7 0. 79 HL:l61' ;,J-35 TSWN-59/~1-6 8 Non11al operallon, eecond atage 
high output 

Bai ~hangj I, Zhejiang Province l • 11 500 336-35• •.1 CJ-W-H6/2-HO TSW-256/115-2 20 Cood performance, f int ataga 
cont I nueo to 
operate 

Jiuguan Fujiang Province • • 800 13 8.19 ZD560-LH-120 TSN··215/11-H 5 Nor111al 

"•j ilong Zhejiang Province l • 75 6 1. 5 ZD760-1Jf- 60 TSN··59127-8 19 Nor1111 I 
reiahulJ•n Zhajinag Province 2 • 160 78 o.u XJ02-W-•Ull10 TSWN-74129-8 6 Nol'IHl 

Dongguan, Fujhn Province 2 " l 250 •3 3.5 HL720-WJ- 71 TSWN-HJ/61-10 10 Nnrr.ial aecond atage 

------- -··-------
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The serial number HL 110-WJ-35 may therefore be interpreted as follows: 

HL 110 W J 35 

l l L LNominal runner 
Metal spiral casing 

Horizontal ads 

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

dilllleler 35 ca 

B. Main auxiliary equiJ!!l!.!!!1 

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

According lo the manner of operation, there are five types of governors 
used in MHG, namely, manual, electrical, hydraulic-electrical, electronic
eleclrical and electronic-hydraulic. 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 (ltg-m) 
-------------------------
TT--35 35 

TT-75 75 

TT-150 100-220 

TT-300 ?.30-375 

YT-300 230-37!. 

TT-600 450-760 

YT-1000 160-1 no 

CT-40 2 000-3 720 

Type 

Single-regulation, 
direct flow 

Single-regulation, 
direct flow 

Single-regulation, 
direct flow 

Single-regulation, 
direct flow 

Single-regulation, 
hydraulic-electrical 

Single-regulation, 
hydraulic-electrical 

Single-regulation, 
hydraulic-electrical 

Single-regulation 
hydraulic-electrical 

---------------------------------- ---------

The speed governor of YT-·sedah is an automatic governor designed in 
Chine and specially adapted to MHG st.tions. It ii equipped wit.h an auto111alic 
flying pendulum and two servo-motors which are capable of automatically regu
laling the speed of the turbines and of contnlling start-up and shut--down of 
the turbines from a distance, as well as regulating load. Jn addition, there 
Is an electromagnetic valve for emergency stups. The valve can be operated by 
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a d.c. currPnt which controls the hydraulic passage for prompt shutting--dovn 
of the genL·ating set and prevents accidents in r.ase 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 nonnal operation, aanual operation is 
poHible by 11eans of a specially equipped hand wheel or lifting rod. The 
fluic' and air filling of the pressure tank of the TY-type governor can be 
automatically carried out without the help of an outside air comprP.ssor which 
ii required for ordinary governors. Such features are well suited for MHG 
1tation1 which are often only equipped with simple facilities. 

There are aany types of e1tci ta ti on for generators. In the past, d. c. 
e1tciter1 with electromagnetic regulators were mostly used. For generators of 
le11 than 100 kW, only a resistor i1 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 transforaer at the outside ter
ainal of the generator •• a power source, a triple-winding phase--shift com
pound excitation •nd a silicon rectifier with a double-winding generator 
shunted by a reactor. Th£se products have been euained in different places 
under various aodes of long-term operation and proven to be reliable. They 
have therefore been widely used throughout the country. 

In so11e 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 e1tcitation. 

Since the early 1970s, hydropower generators of 630-1,250 kW, with third 
haraonic voltage excitation through SCI, have been produced and installed in 
several 1tation1. 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 50 per cent in cost and 
50 per cent in copper, but also perfora1 better as a self-forced excitation 
affected very little by variation of frequency. 

In addition, bru1hleu excitation devices, which are in coaaon use out-
1'.de China, have been manufactured and installed in some 1tation1 in China. A 
''rial scheme of SCI excitation for generators with a capacity of 500-5,000 kW 
l1 also being developed. 

c. lguipment 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 1udliaries, transformers, high-tension 
swltchgear1, various control and protecting panels, cables, cranes, air com-· 
pre11on, pumps, porcelains etc. In 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-ordination. Such 
corporations are also being e1tabll1hed in Zhejiang and Guangdong Province•. 
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V. RESEARCH. DEVRLOPMENT. TRAINING AND THE COST OF KHG 

China has trained many technical teams in the implementation and manage-
ment of MHG plants, particularly in areas such as planning, e1ploration, 
design. eonstruction. 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. Research 

Pre-stressed concrete pipes 

In the past, the high- or medium--pressure pipes used in KHG plants were 
usually made of steel. The supply of steel. however. was not adequate lo meet 
the needs of hydropower development. In 1964 the Gaoliang KHG station. 
Guaugdong Province. used 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 tima. cement pipe plants had manufactured pressure pipes 76 ltm 
in total length for 2.100 hydroelectric units. The highest water head is at 
the Huangtongj iang station, Guangdong Province. which reaches 218 m. Three 
800 kW generating units have been installed and 600 i1lll pre-stressed concrete 
pipes used. At the Shiu1ia 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 1111 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. 

GenerallJ, the consumption of steel can be lowered bJ 70-90 per cent and 
the cost by 60 per cent when pre-streued concrete pipes are used instead of 
steel penstock (those with low head and large diameter may <1ave even more 
steel and cost). For e1ample. at the Shui1ia KHG station, about 175 tonnes of 
steel costing appro1imatel1 ¥RMB 310,000 werP. 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 
appro1imately 70 per cent and 61 per cent, respectivelf. 

All pre-stressed concrete pipes wer.e tested by means of a water pressure 
test. After keeping the pipes under constant pressure for 24 hours, the tests 
revealed that " maximum water pressure of 34 kg/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 operation in 
1964. When this study was carried out those pipes continued to perform as 
well as at the time of their installation. On the other hand, at an MHG 
station with a working head of 120 m, a steel penstock with a diameter of 
0.4 m was installed in 1958. Owing to erosion as well as to the small 
diameter of the pipe which made maintenance impouible, the steel pipe rup·· 
tu red under inner water preuure. It was then replaced by a pre-stressed 
concrete pipe which worked withcut complications. ' 

The spigot-and-socket-type is easy to instal 1.' The important point is to 
lay a rubber seal in the spigot end and then put the spigot into thA socket. 
This technology result. in 11ecure sealing and promotes high efficiency in 
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installation. For er:ample, 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 
er:cellent condition. The joint is also more capable of adapting to defoI'llla
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 break more easily during transport and installation. Adequate 
measures should be taken to overcome these problems. 

Design of pre-stressed concrete pipes 

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

(a) The pipes must posses& the necessary strength and 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 0c must be as follows: 

Inner diameter Di ~50 cm, ac = 3-8 kg/cm2 

Di 60-80 cm, 0c = 3-6 kg/cm2 

Dt 100-130 cm, cc = 2-3 kg/cm2 

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 •. 

The strength of the pipe de?ends mainly upon the technology and worlcman
ship during manufacture. Usually, the results of computation are merely used 
as a reference in the selection of the steel reinforcf:ment bar. The actual 
strength of the pipe is measured by the watel' pressure test. The following 
data is used for computation (see figut'e 30): 

Di tnnel' diameter of the pipe (cm) 

r1 = tnnel' radius of the pipe (cm) 

t = Thickness of the core pipe (cm) 

L = Length of the pipe (m) 

t 1 : Thickness of outer protective layer (cm) 

H 2 Design water head (m) 

p = Equivalent inner water pressut'e (kg/cm2) 
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Rg Ultimate strength of pre-stressed steel bar typically. 

<~g : 7,000-8,000 kg/ca2) 

Ra Coapressive strength of concrete 

R. Tensile strength of concrete 
'-

Figure 30. Dimensions of prestressed concrete pipe 

In a circular direction. taking L ~ 100 cm for computation, the tensile force 
on the p~;e v~ll is: 

N 100 rip (kg) (36) 

The area of the reinforcement steel bars in the pipe vall is: 

(37) 

where ks Coefficient of safety, 2.0 

The following formula should be used in calculations for the preventio11 of 
cracking: 

(38) 

where Ah #Cross-sectional area of pipe wall 100 cm long (cm2) 

n0 2 Effective pre-stressed force (kg/cm2) 

Kt ~ Safety coefficient on cracking 
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Fraction of steel u = Ag/An 

Substitute u, N, Ag and Rg_ in (38) to obtain cr 0 • 

The loss of pre-stress h 05 
0.8 Rg. Thia condition must 

and the 
be met; 

total 
0.8 is 

pre-stress at = o0 + 05 : 
the coefficient of stress 

control. 

In normal cases, when µ is not high, the loss in pre--stress lies between 
1,000 and 2,000 kg/c112. For pre-stressed structures based on pre-tension 
aethods, a 05 greater than 1,000 kg/c112 is reco11111ended. 

Technology and quality examination of pre-stressed 
concrete pipes 

In order to satiafJ dP.sign requirements for optimal working capabililJ, 
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 manufactudng process. Resistance lo 
permeabilitJ 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 lhe pipe and lhe concrete 
strength of the pipe core are two factors affecting the crack resistance of 
the pipeR. Rusting of the circumferential pre--streased wire will reduce lhe 
durability of pipes to a considerable degree. Quality control of pre-· 
stressed concrete pipes in a three-stage technology using th~ centrifugal 
method has therP.fore 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 lo increase the lC?vel of possible 
pre-~ompressive stress after moulding. Both the electrcthennal and the 
sci:ew-rod stretching method are coanonly used lo ·~·ply longitudinal 
pre-stress, as shown in figures 31-33. The pre-stress valu1i of longitudinal 
steel is controlled by the elongation value of steel. The steel is stretched 
up to the specified elongation value, which can be calculatrd by means of the 
following equation: 

(39) 

where "v. "' P.longation value of longitudinal steel (cm) 

ak ~ Controlled stretching stress of longitudinal steel (kg/cm2) 

Kg ~ Modulus of elasticitJ of steel (kg/cm2) 

I. "' Distance bet.,een two anchorage r ... i nls at lhe ends of long i tud i na 1 
steel (c•) 

300 ~ Pre-stress loss 
defonnalion of 
(kglc•2> 

caused bJ unevenness in the 
steel under high temperature 

steel and plastic 
and stress action 
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Figure 31. Connection of arc-welding machine with electrothermal steel bar 
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lex: 1 Arc-welding machine 
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5 !lectrothenaal support bracket 

5 

Figure 32. Connection of three-phase tnnsformer cable with ste'l bar 
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Figure 33. Stretching of lortgi tudinal steel 
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A wire ter.sionieter is used to measure the pre-stress value of lhe longitudinal 
steel. 

QualitJ control of aggregates 

The quality requirements of sand and stone for prt'- stressed concrete pipe 
are generallJ the same as those for high-grade concrete. However, clay 
i•purities !'lnd stone power in the sand must be completely eliminated for the 
concrete to po11e1s sufficient resistance to permeability. 

C~nlrol of concrete aising ratios 

Before mising, the proportion of concrete used for pipe manufacture 
should be delerained by lest lng and not rando111lJ changed, olherwi se t.he 
per11eabilit1-re1i1lant propert) will fluctuate. The control of concrete 
mixing ratios is priaaril7 designed strictly to control the water-cement ratio 
In concrete after using the centrifugal moulding method. The remaining 
waler-cement ratio ls generally 0.66-0.68 tl111e1 the water-cement ratio before 
the centrifugal aoulding operation. tn other words, the water-ce111ent ratio in 
co'lcrete before centrifugal proc-eung is propot'tional to the remaining waler-· 
cement. ratio in concrete after centrifugal moulding. Th arbitrary addition 
of W10re water ausl therefore be forbidden. 
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Three-slage conlrol of lhe centrifugal process 

Control of centrifugal technology involves speed and time adjustments in 
the slov-, intennediate-- and high-speed stages of centrifugal technology_ 

Slov-speed rotation is the first step in cenlrifugal technology, the im 
of vhich is lo facilitate material feeding and to make concrete malerials 
unifonnly adhere more finnly to the pipe mould Vl 11. For this purpose, t.he 
centrifugal force produ:ed by the rotating speed should be larger than the 
deadveight of the concrete material, thal is: 

• v2r > ng (40) 

vhere m ~ Mass of concrete (g) 

r Rotating radius, n1u11ely, the external radius of the pipe 
core (cm) 

g Acceleration of gravily = 981 cm/s-2 

n Rotating speed of pipe mould (rev/min) 

The following expression for slov speed is therefore obtained: 

n 

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 lhe 
material distribulion on lhe pipe mould vall. It wi 11 be longer for pipes 
with a larger diamete:- and shorter for ones with a smaller diamete.. In 
general, it takas 5--15 minutes. 

Figure 34 shows the feeding process i11 pipe core cenlrifug~l moulding. 

Intermediate- speed rot at ion f or;ns the transitional stage fro111 low- to 
high-speed rotation. Thi3 transitiona.l speed should be uniformly incressed. 
Due to lhe relatively lov veter- cement ratio in concrete used in centrifugal 
lecbnology, the flowability of the concrete mixture is relatively small. 
Abruptly increasing lbe rotation to a high speed will result. in displr.cement 
of material and cause non-uniformit; in the t.:iickne1111 of the p.'.r-~ wall. In 
addition, an abrupt. rise in speed will cause slc:pping in the pip'! mould, thus 
intensifying the separation of material. The pr:nciple of intc:·nedlete speed 
contr:-ol is therefor:-e gently lo raise the speerl from low to Mgh. T1'e revo
lutions per minute and the lllngth of lime requiud shr.•:1(. be determined by 
practical observation. tn general, the length of til1e i: nonnally never more 
than 10 minutes. 

High-speed rotation is the final stage in centr:-ifugal technology, at 
which the concr:-ele achieves it- maximum density. The centr:-ifugal pr:-essur:-e may 
be expressed as f~llovs: 

2 2 3 

-
'_h ·_· n__ 2 r i 

I' ~ (r:- ---) 
2, 700g r 

(41) 



where F 
(kg/cm2) 
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Centrifugal pressure of core concrete acting on pipe mould 

-?h Unit weight of concrete (kg/cm3) 

n rotation speed of pipe 1110uld (rp111) 

ri,r lnternal radius and eKternal radius of the pipe respectively (cm) 

It may be shown from equaticn 41 that when the dimensions of lhe pipes are 
conslant, the larger the rotation speed, the larger will be the c~ntrifugal 

compressive force. Hence, raising lle centrifugal rotation speed is an 
important means of increasing the strength and permeability resistance of the 
pipes. 

Figure 34. Pipe core feeding process 

In high-speed centrifugal technology a rotation speed corresponding to a 
centrifugal compreuive 1treu of 0.8--1.0 kg/cm2 is considered best. How
f'ver, the besl rotation speed is herdly ever attained becauu of the poor 
rigidity of the pipe mould which 11as usually been made by a hand manual with 
a sleet plate 3-'6 na in thickneu. The C'entrifugal pressure which the pipe 
mould can with stand does not always e:a:ceed 0. 5 kg/c•2. Based on produc
tion practl ~e, when ' pre .. stressed concrete pipe with an internal diAmeter of 
125 c11 is manufactur~d, a centri fuga · preuure of Cl. 73 .. 0. 75 kg/cm2 is 
needed l<' enable the permeability resistance of the pipe to reach 34 kg/c112 
or above. lt cen thrn safely be uted in a high--head hydropower plant with a 
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design internal water pre•sure of 21.2 kg/ca2. Control of high-speed 
centrifugation should therefore be determined according to the diaaeter of 
the pipe and the magnitude of lhe pem ability-·resistant pressure required. 
Generally speaking. centrifugal pressure acting u~n the pipe mould should be 
in the range of 0.4--0.75 kg/ca2. 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 
dei;ree of irai nage. the density of concrete and sometimes by the water 
pressure test. 

Since segregation results froa the centrifugal process, the impenaeah1l
ity of the concrete pipe core aainly depends upon the mortar layer and the 
cement layer. Together they are called the penmeability prevent.ive layer, 
the thickness of which is only one fourth of the entire pipe thickness. If a 
method is used whereby both feed and centrifugal processes are don6 layer by 
layer so that multiple permeability preventive layers are formed on the pipe 
wall, the permeability resistance will be aarkedly 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 ••chine 
is extensively used to wind circumferential pre-stressed wire (see figures 35 
and 36). The wirP. is subjected to a tension equaling one half of the weight 
of the weight block. The pre-stress value of the circumferential wire may be 
controlled by adjusting tne weight of the hung weight block and calculated by 
means of the following equation: 

W-:2otfy (42) 

where W -= Weight of the weight block (kg) 

at - Controlled tensile stress of circumferential wire (kg/cm2) 

fy Cross-sectional area of a single circumferential wire (cm2) 

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

tf circumferential hair cracks appear on the ir.';ernal 11urtace of the 
pipe core wall after wire winding, it is neceuary to ex .. ine whether the 
structural design of the pipe is reasonable, whether pre-stress on the longi
tudinal steel was suffidently applied during the pipe··manufacturing process, 
and whether the pip., core reached its specified strength during the wlre
winding operation. Afpropriate 111easures should then be taken for l•pr.,ve
ment, for example through the use of upoxy resin for repairs. 
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Figure 35. Prestressed steel bar wound on the pipe core 

Figure 3t. Weight-balanced tension-type wire-winding machine 

Wire-winding •Y•tem 

1 Pipe core 
3 Steel wire capstan 
5 P~e•tre11ed-wire guide pulley 
7 Ten•ion-transaitting device 
9 Steel cable 

Balancing weight 111tea 

2 Gantry 
4 Vire-fa•tening and g•1ide device 
6 Pre1tre•1e' wire 
8 Steel-cable guide pulleJ 

10 Weight block 
11 Winch 
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Protection of circumferential pre-stressed wire 

The service life of pre· stressed concrete pi1e is rather long, but lhe 
circ1111ferential pre- stressed vi re can break due lo rust erosion and cause 
failure of the pipe. In general, a cement mortar layer l~-20 nn in thickness 
is mechanically o~ aanually made on the pipe surface as a protective 
co~ting. A a.?thod cul".:-ently used lo protect circumferential pre- stressed 
vlre h to apply a rust--preventive coating on the wire. The most practical 
methe>t'. is to install a container of rust-preventive material on one side of 
the gaa.try in the wire-winding machine as shown in figure 37. When the wire 
passes through the container, a rust-·preventive coating is automatically 
applied to its surface juat before it winds onto the pipe core. Then, if lbe 
cemient llOl"tar protective coating fails, the rust--preventi ve coating will 
still reaain on the steel wire itself. 

Figure 37. Automatic application of rust-preventive coa~ing on 
prestressed wire 

7 
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Hydraulic pressure test 

Penaeability resistance and crack resistance can be deterained by using 
a hydraulic pressure lest. The equipment used in conducting hydraulic 
pressure tests is a vater-filled type of hydrau:ic pressure testing machine. 
For larger- diameter pipes that vi 11 be subjected to higher pr~ssure, an 
internal-sleeve- type hydraulic pressure testing machine, as shovn in 
figure 38, 111ay be more convenient. The latter type can greatly reduce the 
total thrust of vater p~essure against the bulk~~ad at both pipe ends, •~king 
veter sealing betveen the bulkhead and the pipe •!asier to carry out. 

3 

\ 

Figure 38. Internal-sleeve-type hydraulic pressure testing machine 
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ley: 1 Water intake valve for pressure test 
2 Connection to electrical pressure test pump 
3 Connection to water pump 
4 Water-filling val're 
5 Air release valv~ 
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 
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Since pre--stressed concrete pipes used in hydropover stations are always 
laid along a hill slope in the open air and are not subjected lo earth pres
sure and other live loads actir.g on the ground surface. the pressure used in 
hydraul:c euainations is always taken as 1.3 tiaes the sua of the hydro
static pressure and vater-h.\9mer pressure increaent, that is. 1.3 tiaes the 
designed internal water pressure. If percolation and cracks do not appear in 
the pipe under such water pressure conditions. the pipes •ay be considered 
acceptable. All pipes should be installed and e•ployed only after passing 
both the permeability resistance and the crack resistance test. 

Kore than ten years of usage have shown that pre-stressed concrete pipes 
possess higher crack resistancf! and bette;.- permeability resistance. It has 
been verified that use of this type of pipe in hydroelectric stations under 
200 • of water head is both feasible and safe. Pre-stressed concrete pipes 
with a diameter of less lhan 1,300 ... can be manufactured with comparatively 
simple equipment on site or in the plant. 

Use of relief valves 

If the load of A hydropover unit is rejected suddenly during operation, 
the governor will automatically c&~se the turbine quickly to close its guide 
vanes, consequently producing the penstoclt pressure rise [, and the turbine 
speed rise 6 • '. and 8 can be both eir.pressed u functions of the principal 
variable T1 , the closinr, time of the guide vanes. It is known from the 
characteristics of the penstoclt and the turbine that \ wil 1 vary contrary 
to :3 for a certain range of variation of T1 . That is, whel' Ts 
increases, [, vi 11 decrease while S increases, and vice versa. For a hydro
pover station with short penstoclt (normally the starting time oi penstoclt 
T., is less than 2 5 seconds) reasonable values of [, and 6 can be obtained 
if T1 ir properly selected. For a hydropuwer station with long penstoclt, 
however, it is often impossible to select an appropriate value of Ts that 
vi 11 11alte both ~ mu:i11U111 and R mnim .. • ff.11 vi thin an allowable range. In 
such a case. 'l surge shaft or surge tank. is usually installed to achieve 
acceptable values of [, maximum and e maximum, thereby ensuring stability of 
the regulation systf!lll. Such an arrangement shortens the effective length of 
t.he pen stock and reduces the value of T., vi thin a 1 lowable 1 i•i ts. However, 
using surge shafts requires larger a11<>unts of building materials, higher 
construction costs and sn increase in the time needed for construction. 
Moreover, for some sites. surge shafts are difficult to construct owing to 
poor topographical and gealogical conditions. In order to reduce capital 
investment and speed up construction, a scheme of replacing the surge shaft 
vi th a relief valve e•ploying a novel all-oil control system vu developed. 
Tests conducted on a single relief valve at one hydropcy.-er station, and 
further industrial te<1ts and four years of operating experience at another, 
have shown that the application of type TPW-·400 relief vdves with an ell-oil 
cont~ol system can successfully replace a surge shaft. 

In the above-·ment.ioned scheae, the total length of tunnel plus p.•nstoclt 
ves 1,950 m, the head 83 • and the unit capacity 1,600 kW. Tn the case of a 
rejection of the full load in all three units, the pensloclt preuure rise r. 
is 14.5 per cent and the turbine speed rise 24.4 per cent. These values are 
appreciably lover than those for a design vi th a surge shaft ( r. "' 24 per 
cent, f. ~ 32 per cent) and very close to the optiau• values r. • 11.2 per cent 
ud ('. • 25.5 per cent. The tran:aient 1tabi1lty under conditions of no-load 
and on· load disturbance for the turbine regulating 1y1t.e• aho Mets the 
requirements of the power station. A saving of 90 per cent of the co1t of a 
surge shaft wu realized in addition t.o the power station's being put into 
connlssion one year ahead of schedule. 
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Type TFV-400 relief valve vit.h all-vil control systP.11 

The action of the relief valve must be sensitive, safe and reliable vhen 
used in place of a surge shaft in hydropt.ver proj,?cts. Kost relief valves 
used in the past were of the mechanical type. EKperience has shown them lo 
be unreliable, and the action of rel:ef valves also lags behind that of guide 
vanes by up to ~.5 seconds. Consequf!ntly, ~ven if a relief valve is 
installed in a hydropower station, the penstock pressure rise vili still be 
very high. Special safety measures vould have to be taken lo protect the 
penstock in case of relief valve fai111re. Mechanically f,ontrolled relief 
valves could not therefore completely take over the function of reducing the 
water h.-er. Var~nua designs of relief valves with hydraulic control 
systeas were S'>llevhat improved but shortcomings vere still quite evident. 
For eKaaple, some valv«..s still retained a lime lag of 0.1-0.4 seconds; some 
valves required an increase in the capacity of turbine pressure oil systems; 
and others had coaplicated systetU compru1ng large numbers of control 
elements that vere difficult to adjust on site. The above ·mentioned short
comings have all bP.en overcome in the type TFV-400 relief valve. The \"alve 
proper and control syste• are described belov. 

The type TFV relief valve (see figure 39) is of a horizontal arrange
ment. The 11ain servomotor and pilot oil chamber are integrally connected 
vith th~ valve casing, thus ensuring a simple construction and compact 
arrangement. 

The cast-st•?el valve casing is made up of two parlial1y spiral-shaped 
ducts synnetrical to the vertical centre line. Stay vanes in the valve 
casing will turn the incoming vcoter into vortex flow, thus achieving effec
tive energy dis1ipstion before the water is discharged into the tail-race. 
The valve ia 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 ring on the va!ve 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 relif!f valve control 'ystem (see figure 40) is 
the employment ~i pressure oil for direct and complete control and 
operation. It al10 has a two-step closing device for the guide vanes. 

The action of the control system is outlined below: 

(a) When the turtihe load ia constant, the ~'.orton of thP. main distri
butor is at the middl~ position and the oil under pressure : flows into the 
closing chuaber cf the relief valve via a throttle hcle, while the opening 
ch .. ber is connected to the drain. Because the oil preuure in the closing 
chuaber of the main servomotor is higher than the water thrust on the valve 
disc, the relief valve remains in a closed position; 

(b) WhBn the turbine load is reduced by a small amount (within 15 per 
cent of the rated output), the main distributor only rooves upward a smal 1 
distance, so that a limited a110unt of oil under pressure ,, enters the closing 
cha•ber of the main servomotor lo make the guide vanes close slowly, while 
the relief valve remains clo1ed; 
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Figure 39. Structure of pressure relief valve 
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(c) When more load is rejected momentarily 'greater than 15 per cent of 
rated output). the upward 1. tion of the main distributor piston is much 
larger and the relief valve opens quickly at the same lime as the guide vanes 
close. The action of the two is synchroni~ed with a zero time lag; 

(d) As the turbine load i.1creeses. the oil under 
directly into the opening chamber of the main servomotor. 
remains at the closing position; 

pressure ,:i flows 
The relief valve 

(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 lover speed, thus causing the 
g11ide Vl. es to close in two stages. The breakpoint of the two-step device 
can be easily adjusted on site. 

Should the relief valve fail to work. the guide vanes have to be closed 
slowly to ensure that the pens tock pressure ri ":':; ~qi not exceed allowable 
limits. 

Figure 40. Relief valve control system 

Stability ftnd tran1ient process quality of the turbine regulating system 

When using the relief valve, the follo~lng problems are of great impor
tance: calc1•1atlon of the maximum penstock preuure rise f, and the mui111um 
turbine speed rise f, when th~ load is rejected; and calculation of the tran-
1ient stability of the turbine regulating system when small disturbances 
occur. 
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For man1 rears the practice has been to compute lhe two aspects of lhe 
same problea separatelJ'. That is, in the case ;>f load rejection, formulas 
such as the Allir••i foniula were used for the calculation of the l11&1:i111t•m pen
stoclt pressure rise ~ and the S.K.S. formula for t~at of the maximum turbine 
speed rise t. Tn the case of small load disturbances, the stabilit1 and 
transient qualitJ' calculations we .. e carried out by si11plif1ing lhe original 
high order regulating srste• to a thit"d-o .. der system consisting or an ideal 
turbine, and ideal governor and a rigid--column water h~r. Obviousl1, such 
a aethod of calculation vill not be suitable in cases of hydroelectric sta
tions with a long penstoclt and a relief valve. 

The present 1tudJ' treats the transient stability of the regulating 
s1stem on the basis of modern control the?ory and integrates the calculation 
for large and small perturbations. It takes into account lhe non- Ii near i tr 
of the turbine elements and some important non-linear factors of the 
governor, such as the saturation characteristic of the f~equency 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 simultaneouslJ. 

The computation has been presrnted in the paper entitled "Application of 
relief valves in small hydroelectric stations", prepared for "'i'he Second 
Seminar Workshop of Transfer of Technology on MHG", organized by UNIDO in 
1980. 

Figure 41 compares the relative ~tability of a relief valve and a surge 
shaft for a unit equipped with a type XT-600 governor (mechanical type) lifhen 
operating separately. 

Figure 41. Compariso4 ~r stability region of governor 
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The units run smoothly when they are connected to a large network, but 
when each unit carries an isolated load, the stability under small perturba
tions ••inly depends upon the performance or the governor, b~cause the larger 
the penstoct, the higher the perfol"ftlance demand on the governor. Therer~~e, 
when mating the choice to use relief valves instead of a surge shaft, 
phasis should be put on the technical requirements of the governor according 
to the actual conditions of a given hydeopower station. 

Serial design of the relief valve and its application 

The initial three sets of TPV· 400 relief valves with all-oil control 
systems were successfully put into operation early in 1976 at. l.ongyuan 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 diameters ( ; 400, 
¢600, ;soo anc! : l,000 aa) have been designed and manufactured. The main 
data 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. "•In feature• of Tnit relief valve• 

----- --------
TFW TFW TFW TFW TFW TFW TWP 

ltea 400/130 ''°.)' 320 600/130 600/300 800180 800/160 l 000/100 

-
Diaaeter Dz <-> 400 400 600 600 800 800 1 000 

~ 

Maziaua •troke Yz (11111) 80 100 150 150 200 200 250 0 
w 

Noainal head Hp <•> 130 320 130 300 80 160 100 

Maziau• head 
Haair = (1 • ) Hp (a) 160 400 160 360 100 200 120 

Ma•i•u• diacharge 
Q• (correaponding to 
Hau> (al/a) 3 .15 7. 67 10.9 16.4 12.8 11. 7 26.3 

Weight of valve (tonne•) 1.2 s 8.5 
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Relief valves in place of sur,e shafts have been used in more and more 
~rojects and stations after the successful experiences at the Longyuan hydro
('owe• station. 

Ir.7estment savir.gs of more than ~RMB 5.4 million have been achieved as a 
result. The above savings do not include cases where topographical and geo
l'>gical \:Ond!tions have not pennitted lhe construction of a surge shaft. 
Investment savings in these cases are difficult to evaluate precisely. 

The following conclusions ma1 be drawn from the foregoing analysis: 

(a) Tht- relief value with all-oil control systems exhibits advantages 
in sensitivity (no time lag), safety and reliability, si111plicily in struc
ture, convenience in adjustaent and maintenance. A hydraulic interlock is 
built between tht- relief valve servomotor and the turbine servomotor lo allow 
accurate synch• l~ization. With added safety to the penstock and the turbine 
thus ensured, -. .• e stepped-closure device permits the selection of heller 
parameters of regulation. Values of .:: and .' can be detennined fro111 two 
independent time constants, that is, the value of ~ frOll the turbine slow 
closing ti111e and the value of G from the fast closing time Ta; 

(b) The relief valve with all-oil control systems will not acl in case 
of small perturbations. When selecting governors for a hydropower station 
equipped with relief valves, the governor temporary speed drop ht, the time 
constant of the damping devicP. Td and other related parameters should have 
the largest range of adjustment possible; 

(c) Because of lhe difference between lhe flow characteristic of the 
turbine and of the relief valve, 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. Unifora variation of flow in the whole 
penstock system can be attained by rational selection of opening and closing 
intervals of the relief valve and guide vanes. Pressure depression can thus 
be retarded or avoided. 

B. Technical innovation 

Water resistor device 

A water re1istor device may be used in place of a surge shaft. Succe11-
ful results have been obtained by 1oae hydropower stations using a pre11ure 
relief valve instead of a surge shaft, although it involves certain limita
tions. A pres1ure relief valve is applicable only to medium or small hydro
power stations with • medium or high head. A plant with a low head and a big 
flow would require an oversized valve and involve complications in 1u1nufac
ture, high cost of outlet structure etc. 1t is also unsuitable to use the 
pressure relief valve in stations where the silt content u; the water is high. 

In 1962, a water resistor dO?vice was first u1ed at lhe Wang Jia Chang 
power station (installed capacity 3 x 1,360 kW), Hunan Province, to replace 
lhe surge shaft in order to overco.-e the difficulty of building a surge shaft 
at lhe fool of the dam. The lotal co1t in bui.ding the water resistor device 
was YRJIB 30,000 while the cost of building a surge shaft in the original 
de1ign would have been VRKB 110,000. Since then, the water resiltor device 
has been reconnended for use in other power stations in China and further 
i•prov81118nts have been made. 

This device is sh1ilar in principle to the load balance. Calculations 
should be 111ade of the rise in pressure and speed if the 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 allowable value stipulated by technical regulations. 

When lhe load is suddenly rejected and the activP. capacity in lhe gene
rator stator simultaneously disappears, the waler resistor should be put into 
operation at that moment by the starting elements as a dullllly load. The speed 
governor would therefore not be shut down, lhe guide vane would shut only a 
little and transition processes with liltle fluctuation would be produced in 
the pressure penstock and lhe unit. When lhe 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 IJe guaranteed 
within the permissible range stipulated by the regulations. 

If lhe loading-up of lhe water resistor and the disappearance of the 
active capacity in the generator stator happens at the same time, the value 
of pressure and turning speed will not be raised. In feet, because of the 
i•possibility of synchronis• in operation of the starting elements, the 
loading-up of the water resistor always lags behind the disapp~arance of the 
active capacity in the generator. When the time lag between the loading-up 
of the water resistor and the disappearance of the active capacity in the 
generator lengthens, the effectiveness of reducing the pressure and the rise 
in turning speed will be decreased. On the contr .. ry, the sooner the waler 
resistor is loaded up, the more obvious the effectiveness 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. It is therefore assumed in the design criteria that 
one unit is suddenly unloading entirely and not loading up the waler resis
tor. In that case, it should be guaranteed that the value of pressure and 
the rise in turning speed do not exceed the perm:t ·ed values. 

It is rsre that inner accidents happen to both units at the same time. 
ln such an emergency, the rise in pressure is ~ermitled lo exceed the allow
able value but is limited by the pressure value at which the penstock will be 
destroyed (the prolongation of the closing time T9 could also be adopted). 

In order to prevent the rejection of the water resistor, a spu·e-water 
resii;tor device should be installed, but special attention must be paid to 
its maintenance and repair during the operation. 

Experiments carried out in three hydropower stations showed that the 
water resistor can take the place of a surge shaft in operation, and that the 
effectiveness of the water resistor ls affected by the lime lag in putting it 
into operation. 

1hiri hal'lllOnic voltage excitati~!_te• 

The manufacture and testing of the third harmonic voltage excitation 
system was started during the 1960s in China. At present, there are two 
categories of third hanionic voltage excitation in China. One is for a unit 
of less than 500 kW in cspacity, which generally uses single-phase hermonic 
winding in providing exciting current lo lhP. msgnetic fiP.ld of the generstor 
through non-controlled silicon rectifiers. Though simple in structure and 
cheep in cost, it has the shortc0111ing of being unstable ir. psrallel 
operations and theretore has not been often used. The other cstegory i8 for 
gP.nerator sets grester than 500 kW, all of which use SCR as the rectifying 
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component. Types of har11<>nic winding include a three- phase and a single
phase winding integrated with a fundamental wave winding. Yn China, there 
are three provinces where suc~~ss has been achieved in tcials 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 st"ticns and 
operated for 5- 8 years with good stability, not only in isolated operation 
but also in various foras of parallel operation. 

One of the advantages of the third haraonic voltage excitation syste• is 
its econe>11ic viability. Yn a 630 kW generator, type TSW 143/39-12 (with T 
indicating synchronous generator, S hydro, W horizontal, 143/39 oiuieter and 
length of stator laainated sh~et in centimetres and 12 the nuaber of poles), 
the excitation facility originally used was a d.c. exciter and an old 
coapound excitation regulate: ·. Later, the aagnetic poles of the motor were 
1110dified and a set of additional t•ird bal"lllOnic winding was added to the slot 
of the stator with the stator slteet diameter unchanged. A set of s~cially 
designed SCR and an automatic l'egulator was fitted to the generator. The 
cost of the new excitation syslea is 87 per cent of the older systea, and if 
only the cost of the exci talion system is accounted for (with generator 
proper excluded), the ~~w type is only 58 per cent of the older one. 
Moreover, the haraonic voltage excitation saves about SO per cent in the 
amount of copper used in the ,;ystem. Even compared with the gP.nerally used 
SCR P.Xcitation, which operates with a transfonne?"" at an outside ten11inal of 
the genP.rator, the harmonic voltage excitation can produce savings in both 
cost and copper. 

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

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

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

~~aranteelng quality and increasing the reliability of the power supply 

MHG stations with a unit capacity larger than 500 kW are usually 
equipped with an aut011atic governor control and a voltage regulator. Under 
nonial conditions, both the voltage and the cycle would be kept within the 
allowable range. For stations with a unit capacity leu than 500 ltW, the 
governor is controlled manually and the excitation syatea is either 
hand-controlled or aut011atic. If lhe station operates independently, the 
fluctuation range of the cycle and the voltage can be large. In local grids, 
the allowed fluctuation range of the cycle is froa +1 Hz to -1 Hz, and that 
of the voltage is fro• ~s per cent. to -10 per cent. 

Following the rapid developi.ent of MHG stations, small power networks 
have arisen in •any places, helping to iaprove the reliability of the power 
supplJ. UsuallJ, the installed capacity of a ~=id on a county leveJ ranges 
froia several thousand to len or twenty thou1an~ kilowatts. The experience of 
•anr counties •aJ be su .. arized as follows: 
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(a) ln order to i•prove the reliability of power supply, the establish
ment of a s•all local gl"id is necessary. Integration of a small local grid 
with the national grid is advisable if the necessary conditions are satisfied; 

(b) The saall local grid aust be equipped with several big units in 
order to bear the he&viest load and to stabilize the running of the grid; 

(c) The s•all local grid •ust have a sufficient installed capacity and 
enough spare r.apacity; 

(d) The tP.sk of each power station in the grid aust be reasonably allo
cated by strenglhening the dispatch vorlt; 

(e) The st•~cture of lhe network should be i•proved to raise lbe 
quality of the transaission lines; 

(f) Relay protection aay be iaproved by dividing it into ~hree grades, 
or county. commune and production brigade11, in order to aini•ize the area 
possibly affected by accidents; 

<0 i In order to iaprove c011mUnications, all power stations without 
feedit1g lines with a voltage of 3S ltV aay be equipped with comunication 
eq .. ~paent connected with the county dispatching rooa. 

C. Personnel ~raining 

Therf! are various chahnels for technical training of MHC personnel. 
including institutions of higher learning, extr .. ural courses and on--the--job 
training. 

A number of colleges and universities in China have depart.ments which 
specialize in the field of water resources and hydropower. Various engin
eering faculties are also concerned with h)dropower. Graduates of these 
institutions usually become the high-level technical forces in hydropower 
exploration, design, construction, installation and research. 

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

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

F.xtramural training courses are on different levels. Usually, the 
slate- level course is sponsored by the Ministry of Watf!r Conservation a11A t.he 
participants are no.inated by the province. Tn 11101t cases lhe trainees fon11 
the main workforce of the provi nee. The training courses sponsored by the 
province are attended by skilled technicians who work in the county water 
conservation section. These courses are periodically organized according to 
the demand. 

Nev llHG plants in China 1t>111eli11es send their workers to old planlll for 
training through practice. After training, the workers are sent back to the 
nev MHG and work as apprentices. 
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.,,, <a1u,~ I<' rl'<l::ri' th<> cn"t of HHr. inn.in~ incl:1oiP t.h•· f0llo• 
: :-·,,·.;;irt ><'l•~ sitP <;PlPrli0ri; rPnsonahlP selectio;i o" thP tyn~ r.f 

r;.F'._i;r~.t H•n 11n<~ proj.~c.t_ !ayout; multi purposl' ut.ili7.ation; ~eri:iliz11tic:i, 

ot..,n:far,!1;:a•ir.ri Rnci populRri7.~tian of machines and ,'quipmF-nt; adf)ptior. •·f 1.hP 
:·.-· :~ -j: t ~: .-: : ~·:-:· :."": :_·;-; r"°h 8. iid d~·:c lopmt:-·n i of prt.· - ~ l , .• _~5 ~t·1l 'i: ,)n,~ c·et(' pi i £· :::>, pr t'-· ~ 3t.: r~ 

:-"l :Pf vsdvPs pt c.; and t;ood design of elertricnl sc-hE'mPs an<i nPtwork st ru•· 
'.•tr<:-,; ~rd prop!'r voitegP st"lE'clion. ThE' !ISP of loc?l mat ·rials <1nc! cidm typ"" 
rif 'impl.· ,·n:istruction are R]so pffective means of reducing HHG c·ost s. 

Th,o rl~m is th" main strirctur" used to olotnin thP watl'r hPac! i'1 th,. d.<m 
'YP" hyrlrov1.,pr plllnt. Dams are 11lso er.-cted in thf· divers;on-typ» hy.lro-
pnw"r plant, hit thf'ir main func-tion is to improve thP intake cnndit i0ns 

ililms h··ilt in HHG iJrcjects in ChinA are usulllly of U:f' ovPrflow typP 
•1Psirn"d to ciis<::hllrg~ the flood in order to s>.ve thl' structures for f1n•1•~ 

rt>lf'aSP. Th•'Y have e hPi:!;ht of l<?ss than 5-6 m. SomP of th» ci..ims h:1ilt 
i;sin;; locRl inah"riel arP describPd below. 

Earth dams are the most populnr dnm types in China. They can bP huill 
usini local mnterinl and simplP machinery. If the dnm materi1l is available, 
Parth dams arf' adaptahle to almost ~11 kinds of foundntions. 

ln the construcLion of earth dams, different kinds nf Pmhankml'nt 
material havP been used, such as loess, alluvial clay, gravelly cohesive soil 
and sand and gravel. ln provinces with 1.umid and rainy climates in southf'rn 
China, lateritic soil has also been frequently used. Such soil, which hRs R 

nigh fr&cthn of clay particles, is usually used 11s the impervious ror,. of 
the earth d11m. ~igure 43 illustrates different types of earth dam. 

In regions where sand And grav~l are insufficient but. coht'Sive soil is 
abundRnt, homogPnPous dams have been built in nn overwhelming mRjority. Th" 
ho'llogPneous E'arl.h dam, simpler in const.n·ction and able tn bP compnctPd by 
lamping e<JuipmPnt, has bf.'en widely adopted in China, especially in rf'gions 
where thPre arc deep drpcsits of gravelly cohesive soild nnd loess. Homo· 
gPneous earth dRms repr~sent 65 per cent of the earth dams romplelf.'d. 

StonP masonry dams requira 40- 50 per cent less cement lhnn roni::rel.e dams 
and also less timber. They can bf.' built with simpler equipment which is Par.y 
tn opPralP. ln rnmpnrison with earth dams and composite dnms, thP stone 
mnsonry dam is better 
or whrn in oprra•.ion. 
rnnstruclion period. 
working da~s per year. 

for dealing with the flood either during construction 
A st.one masonry dam can even be over( looded during l hP 
Such dnms usually have a large numbPr of pff Pct ive 

Thi:' number of stnnP masonry dams bui 1t in China is less lhBn t.hat of 
f:'arth dams. 1n Hu1111n Province nearly seventy MHG plants with a total in 
st.ellPd r.epacily of 413.~ MW (approximately 60 pt>r cPnt. of the t.otal 
instAlled rapBcity of MHG in Hunan Province) have stone mBsonry dAms, 60 pPr 
cent of which arc gravity dams. 

dnm, 
rnrk 

Fi~ure 44 shows a 
Hunan Province. 
011 tr. rops on bolt. 

cross-~ection of the Yanwotan 
The ~colo~ical conditions nre 
abut men ts. The dept.h of und 

masonry hollow ~ravit.y 

favourable; ther•~ are 
and ~ravel dC'posit!; is 
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Figure 43. Types of earth dam 
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Figure 44_ YanvotaL hollow gravltJ daa (c:oss-section) 
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8-10 •· The length of the overflow masonry hollow gravity dain i : 5q m and 
the 11ui•u• height 66 •· The width of the hollow cavity is 16.~ m at the 
bottom, the height of the cavity 24 m, and lhe cavity ar£a 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 lhe Yanwotan masonry hollow gravity dam was only 20 months, 
covering bro dry seasons and one h igh--water season. The dam body was raised 
above the low-water levrl in only one dry season. Dudng th• high-water 
season, the da• body has been overflowed seven limes for a total of 99 hours, 
but only fi~e working days have been interrupted. ThP. maximum overflow depth 
is 9 •· 

In a narrow valley with favourable geological conditions, a ston~ 
masonry arch da• can be built with thinner dam cross-sections and less 
volume, producing savings of 40-50 per CE'nt in stone masonry and approx
imately 40 per cent in cement, as compared with gravity dams. In llViuntainous 
regions with wide river valleys, some stone masonry multiple arch dAJDs have 
been built. In a stone niasonry arch dam, the volume of stone masonry no;ed 
could be from 30 to 50 per cent less than that of gravity dams. 

flard--shc 11 dams 

Hard-shel 1 dams are composed of dr.-y- laid rubble or dumped sand and 
gravel air its main part and wrapped by •ubble laid in ce111ent mortar or by 
concrete as the hard she 11 in order to prevent seepage and cros ion. The 
first example of lhis type of dam, built in 1965 in Guangdong Province, still 
proves satisfactory. In 1967, the same type of dam with a dry-laid rubble 
hard shell was experimentlll ly constructed in Zhejiang Provi nee (see 
figure 45). Hard· shell dams are suitable as low weirs on rock foundations in 
places with abundant sand and stone but insufficient soil. 

Figure 45. Masonry hard-shell dam 

Dimensions: metres 
H • Height 

"'..,_,->-~CM- Drainage 
pipe 

Sinc8 the body of hard-shftll dams consists of loose material and 
uncemented · that is, drJ··lald · rubble, rock- fl 11 or sand r.ravel, whenever 
any part of lhP. hard shell is cricked it is easy for the entire dam body lo 
collapse. Attention must be paid lo both the structural design and the 
supervision of dam construction. 
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The foundation of lhe cut- off wall which also supports the 1ard shell 
must be ~roperly treated, extending 0.5 m deep into the sound roi:k. lt. is 
not necessary to treat the foundation of the other parts of the dam. r'or 
example, a dam 17 m in height in Guangdong Province has an overburden 6 rr. 

deep. Only lhe sand and gravel at the cut-off wall have been r<!l'loved. The 
overburden under the dam core is unlreat J. However, quRlily control of thP 
dam cor~ must be w@ll s:.:pct"vis~•t t.o avnirl the unaltowable ::ettlen•enl of the 
core which, as a t"'esult of separa~ion between the core and shell, can cRuse 
damage to the dam. 

Structural design 

In view cf the cor.venience of construe!. ion and the reduct ion of lhe 
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~ll is t"'ather flal, usually taken 
as 1:1-1:1, in view of the overflow. lt is preferable to form the arrh 
action of the stone masonry hat"'d shell, in which c11se, thl' shell will stand 
any settlement of ~he core. The slope of the shell may have an even flattet"' 
design if necessary. 

~~e stabilily c11lculation of the hard-shell dRm is h11sir11lly thP ~RmP as 
with 'fie gravity den;. As t.hf' materials of the '.:h.1· and corP Rre differPnt, 
different. specific weights 0f material must PP cnnsidPr<'ri aori riiff.-r,0 nt fri.·
tion co-efficients in •. he f'lund'l.tion usl"d. ThP cnr<> matPriel is ··0nsiriPrPrl 
permeable. Uplift forces Acting upon thr r.1re 11rP nPglPrtert. ThP pl11cPrnPnt. 
density of dry- laid rubble is · 1 , 7..1 tur:11es pPr m1 (propert.ion nf V"iis 
less than 25 per cent.), of sand and gravP' 1 1 . I I. 8 t nnr:P:; p"r n, 1 , 
and of stone masonry shPll ·? ~ 1.1 2.2 tonn.-s oPr ml. 

rhe h11rd sh.,ll is support!'d hy lhP. r!Ar!l rllrP. ThP thicknr·::s nf th,, ·;h•·ll 
is 0.6- l.'i m in most casPs, althour,h 7 -1 m 1s som»I im•··c: :irlnptPct fnr ~i~h 

dams. The '1Uter shell is m11dP. of r•1hhlf' ]Air! rn ,'('mnnt m1>rlHr pl-rs th" 
CPmPnt rorter feeing, or ruhh!e laid in ct>mPnt mnrtRr nr cnn1-rf't•' plus 
reinforced concrete facing (see figure '~6). ThP thirknP~:!:: nf th•· t>inforcPd 
concrete feeing is st least 0.7 o.:·. m and will ht• incr1•,1sPd for th» r11o·Pd 
parts. Both the longitudinal and tranfiVPrsel rcinf·lrrP01Pnt :;!•~"! hars ;.;r•' 
6-9 mm in diamP-tcr. The sp11cing of C'ontr;irt.ion joint:. .1Jnnr, th•· riam ;ixis is 
not allowed to PXceed 40 m. 

FigurE 46. Masonry hard-~hell dam (cross section) 
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A· th, :i···.;1~r:-Pam tt)f' of tht."' shell. there~ drP dr-!olii1"t~ .. ~ ~.,:.•-:-· "'·; 
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"0me part of thP <lam, the ~efety of the dam as a whole 
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Construction techniquf's 
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Dr1-laid stone dams 

The dry-laid stone dam does not need cement materials. It is mainly 
composed of rock-fill, gravel or s•nd and gravel, with dry stones on both lhe 
upstre8Jll 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 
lo local conditions. D8Jlls of this kind are 1110re adaptable lo larger deforma
tion of foundation and can be built on sand and ~ravel 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 dam is ih weakness in integre.lion and 
seepage. To overcome these weak points, lhe selection 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, and 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) Cm3/s) (m) slope slope 

----------------- -----
Rock <2 <3 l. 5-2 .o 1:0.5-1:0.75 1:1.5-1:2 

Rock <2 3-6 2.0 1: 0. 75-·1: 1 l::Z-1:2.5 

Rock 2-5 <3 :z.o 1:0.75-1:1 l::Z.5-1:3 

Rock 7-·5 3-6 2.0-2.5 1:0.75-·l:l 1:3-1:3.5 

Sand and <2 <3 2.0 1:0. 1:3--1:3.5 
gravel 

<2 3- 6 7.0 1 :0. 7~ 1.1 1:3.5-1:4 

2-4 <3 :z.o 1:0.75-1:1 1:4--1:4.5 

7-4 3-6 2.0-2.5 1•1 1:4.5-1:5 



Table 27. Reference data for a Chaokuche-t1re d .. 
(Unlt:MtrH) 

Top Bott0ta Helght 
Top width width Bott- Total of 

Over- width of of wid•h Total Thlcknen thicknen upper-
flow of drJ-leld drJ-laid of botto• of each of up1treu 

hi1llt of dept.II d .. etone1 1tone1 rock-fl 11 width filter filter llope ... d .. (H) (b) <B1> CB2> <•2> (b) layer hJerl (h3) Upper Lower ... 
"" 
I 

10 1 2.5 1.5 3.5 10.5 H.O 0.2 0.6 1: 1. s 1:1.5 

15 l 2.5 1.5 4.5 15.5 20.0 0.3 0.9 5 1:1.5 1:1.75 

10 l 3.0 2.0 6.0 20.5 26.5 o.• 1.2 10 1:1.75 1:2.0 

~: Reference 1Jtlbol• are tered to fi1ure 52. 
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Figure 47. Dry-laid rubble dem (c~os~·seclionl 
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Figure 48- Types of dry-laid rubble dam 
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See~age barrier for dr1-laid stone dam 

The aain considerations in the design of a drJ'- laid stone d .. are pre
vention of seepage froa the daa e.banlcaent and foundation, stabililJ' of the 
d .. slope and prevention of scouring of the downstre .. face. 

In the dr}'-laid rubble daa illustrated in figure U(a), an i•pervious 
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 tiaes the head and not less than 1 a at the bottoa and 
0.5 a at the lop. Al the upstreaa side, the core is protected bf' a la1er of 
15-20 ca of gravel and then a la}'er of 20-40 ca of dr}'-laid rubble rip-rat-. 
Between the claJ' core and the daa bodJ' are two or three filter laJ'er&. If 
the river is rich in silt and the low drJ-laid stone dus have no seepage 
barrier, the d .. is peraitled to seep during the first and second }'ears. The 
voids will fill up with the silt froa floods and a natural iapervious sloping 
core and blanket will eventuallJ be foraed al the upstre .. fa~e of the d ... 

On a foundation with an overburden, a claJ' blanket is required in addi
tion lo the impervious sloping core, as shown in figure 47 (a). Th~ length 
of the blanket is about 3-5 liaes the height of the d .. and the t.hicknen 
1-1.5 • at the da• heel and 0.5 m at the upstream end of the blanket, where 
there is a cut--0ff. 

Apron 

On unrocky foundations, an apron •ust be provided at the downstreaa 
toe. The length of the apron is taken as 2-5 tiaes the height of the daa or 
1.5 times the upstream water depth. The thickness will be aore than 0.5 •· 
If the apron is made of dr}'-laid stone, the rubble aust be tighllJ c<>11pacted 
and interlocked. Downstreaa of the apron, a protection must be aade of drJ
laid boulders ~r timber cribs with a rock-fill three lo five liaes the length 
of the water head. 

Foundation ~realmenl 

The key to foundation trealaent for drJ-laid stone d .. s is the treatment 
of the downstream part which is very important to the stability of the d ... 
In general, on a rock foundation, a 0. '.; a cut-off trench is eJ[cavated and 
backfilled with concrete masonrJ, as shown in figure 47 (a). Another measure 
is to erect stone coluan1 spaced everJ' 3-·4 • in the cut-off trench and a row 
of cut stone just upstre... On soil foundations, after foundation stripping, 
a group of timber piles with a spacing of 1 a should be driven 1.5-2.0 a into 
the ground and a row of logs put horizontallJ just upstre .. of the piles, as 
shown in figures 48 (a) and 49 (b). In addition, a downstreu apron •ust be 
aade to protect fr<>11 scouring. 

Figure 49. Treablent of the toe of a drf-laid rubble daa 

• 

(a) lock foundation (b) larth foundation 
' 
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QualltJ control 

The use of ... 11 atones is prohibited, and large atone bl~cka 0-6-1.0 • 
in length, weighing oYer 150 kg per block, aust be placed on the exterior 
slope, d .. heel, toe, crest and other parts exposed to erosion. The rocks 
selected auat be solid, durable and resistant to wearing and weathering. The 
stone block• on the exterior slope aust be verJ close together and the joints 
aecurelJ poationed at suitable intervals. 

The construction schedule h uauallJ to build the two abutaents first 
and then build towards aid-atre... Upatre .. and downstre .. wort can proceed 
alaultaneouslJ. The upstre .. parts aa7 be slightlJ higher than the down
atreaa parts. TheJ aust be connected at the top of the d .. and coapacted bJ 
solid atone blocks. 

Afte· the d .. is put into operation, it ;• possible that se~tle.ent will 
occur, eapeciallJ after the first flood. A large aaount of seep•ge .. , also 
occur, causing aoae atone blocks to settle or loosen and even be washed 
avaf. Careful inspection and .. intenance aust therefore be carried out, par
ticularly before and after each flood. Loose or washed-away stones aust be 
quicklJ recoapacted or replaced. 

Dry-laid stone daas are widely used in sad 1-scale hydraulic scheaes. 
Figure 48 shows four tfpes of this daa. In type (d), the cul atones are 
placed inclining upstreaa to prevent their being easily wash~d awaf and 
enable lhea to be arranged aore coapactly. The angle of inclination is 
1:3-1:4. Figure 48 (c) shows a trapezoidal cross-section which is easier lo 
build. 

Overflow earth-rock daa 

The overflow earth-rock daa is coapoaed of earth and stone and easJ to 
construct. Since 1956, .. DJ overflow earth-rock daas on rock foundations, 
known as the Chaokuche-tfpe d .. , have been built in Zhejiang Province. TbeJ 
are adaptable to such local conditions as narrow valleys, insufficient soil 
••teri al, the need for large voluaes of excavation for chute spi llwa1s etc. 
For ex .. ple, the 20-11-high Laxia d .. of the Chaokuche type was c011pleted in 
1966 (see figure 50). Ill dovnstre .. facing is drJ-laid atone ••sonrf with 
an exterior slope of onlJ 1:0.2. Upstre .. of the dry-laid stone is the rock
fill, on the face of which is laid a sloping clay core. Filter layers are 
placed between the sloping claJ core and the rock-fill. The crest is pro
tected by cut stone aasonry laid in ceaent mortar so as to per.it flood over
flow (see figure 51). Since the river bed is ••de of hard granite, there is 
no facilitJ for energy dissipation dovnstre.. of the daa. After several 
rears of operation, with an overflow depth :.f leu than 1.0 111, the perfor
•ance is still nor.al. 

The dovnstre .. facing of the Chaokuche-t1pe da• consists of drJ-laid 
stone blocks with an interior slope v~ 1:0.1-1:0.2. It contains a volu•e of 
65-75 per cent dr1-laitl stone blocks and rock-fill and approxilaately 30 per 
cent earth. Since the d .. body .. ,. be utilized as the flood pass during con
struction, no diversion ~s necessary. 

The dovnstre .. drJ-laid stone blocks sustain the lateral water and soil 
pressure froa upstrea•, for which a solid roclt foundation ls advisable. The 
weight of each stone bloclt •ust exceed 300 kg. Cut stone with a regular sur
face ls preferable. 
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Figure 50. Laxia composite dam (cross-section) 

52.4 m 
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Figure 51. Structure of top of composite dam 

rip-rap 

The stone block joints should be staggered. The porosity of t.he rock
f ill should be less than 30-40 per cent, with a placP.mP.nt density of 1.6· 1.7 
tonnes per m3. f'i lter layers 1tre placed bet.ween thP. sloping clay core and 
the rock· fill. The filter layers should be thicker than those of earth dams 
in ordP.r to fit. more deformations. Quality cont.rol, particularly of the 
dry- laid stonP. blocks of the downstream facing, must be strictly and regu
larly c11rried out. 
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the cross-sect ion of a Chr.okuche-type dam are 
27. Thr ~axirau~ height and water he11d over the 

,-,,..~'-"-c· ivf'ly, :'•'.' [". ·u~--: ~ .0 ~ .. w:~"~' t'Je ho>!.;ht 

p . 
-- ~- - --- ---
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Rode f i I I d11m 

M~~:~u~ o~~~f::~ 

wa_er :evel 

Rori.- iill 1farn:; Arf' nr.t r,rn.-.r11lly dPsigne<i Af. OVPrf;nw tyr~s. •)VPrflow 

rnrlo--fill rlRms without ferin~ 11r.- only us.-rl AS wPirs whi:n th•'Y 11re bPlow 1 m 
in hPight, RS shnwn in figur·p ~~'- ThP 11pstr<>am slopP c.f thP Wf'ir is 1:7 1:1 
and the <inwnstr.-.11m slllpP !:fl 1:17. This impliPs a rathrr largP volume. It 

is, howPvPr, st.ill PAsily do•st.rnyed by floodinr,, an<l should tn.•rPfOC't'! be 
h•:ilt :m s11nd And p;rev('! river bP11r. whPn rr,ck m11tr•rilll is Ahunc'l.\nt. Its 

huil<iinr, is r11th.-.r simple Rnrl thr rr.~:t \nw. 

l.ongiturlinlll l m thirk pllrtition wAlls nf ruhb\P !kid in '>0 lbs. <:PmP.nt 
mortar arf' provirlPrl Ill 10-1'.'> m int.PrvAls in lhP rlirPrtion of thP rivPr flow. 
Tf thP. rivrr .IP.poz;it is r.hAllow, I.he mirlrllP pArlition w1111 shnulrl PXtend into 
the rock. lf lhP river is rathPr wirlc, transvPrse pArt.it.ion WAiis are also 
eddrrl. The spArrs hrtwrP.n t.hc Jr.nr,iturlinel end t.r11nsvP.rs~ pRrtitions arP. 
fi11Pd with r111'.k-fill, r,r11vrl 11nd roRrSP r.Bnd Rnd thPn compsr.t.Pd lsyrr by 
lt1yf'r. ThP WP r s11rf11r.f' !llnnr mB!rnnry mur.t hP :-:month And sound. ThP wright 
of thr individt>&l hlof"k!I r.houlrl not hr lf'!IS thAn '>0 kr;. Tn order In prPvent 
!lro11rinr, down!lt.rf'Rm, 8 dry l11irl r.t1·.np hlor.k Rpron, 7 'i t imf's longrr t.hAn thP 
hrir;ht of thP wf'ir And O.~ m thi,.k. mAy h~ providrrl. 
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Figure 53. Low overflow rock-fill daa 
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