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Decentralizaetion of Hydro Power Generation is now t=ing generally
accepted as one of the potential and expedient ways of developing
energy resources to meet the integrated rural requirements, as well as
to support projects and programmes for rural industrialization and

decentralization of industries in develoring countries.

UNIDC organized "The Second Seminar-Workshop/Study Tour in the
Develovment and Application «f Technology for Mini Eydro Power
Generatiorn (MHG)'", Hangzhou, China, 17 October 1480 and Manila,
Prilippines, 3-8 Novemter 1980. One of the cbjectives of the Seminar-
Workshop/Study Tour was to promot:c the exchange of experiencss in the
rlanning, construction and epplication of Mini Hydro Power Generation
Units in the developing countries, particularly to l=arn the method ¢f
planning and programme implewmentation of the People's Republice of

China.

At the meeting, =ie Chinese Delsgates presented a number of
parers on Mini-Small Yydro Power Generaticr based on their experi~nces.
However, many narticitants requested UNIL? for more Information on the
Chinese experiences. Hence, "'NIT0 asked the Chinese Authorities to

osn of the

I d
e

nrepare this publication., It was decidal that the first edi
Manuzl should rot be expected Lo be perfect but it would be subject
to regular modifications and improvements based uvon suggestions from

the readers.

It is intended that Lhis Manual would be complementaru, as well as
supplementary to the previous UNTDO publicaticn, entitled "Mini
Hydro Power Stations - A Manual for Decision Makers" (Publication
No. UNTDO/IS8.225). Alss the reader's atrtention is drawn to e numbter
of other documents prepared in connection with the aforementicned Workshops

in Hengzhou and Manila.

The preparation of this Manual was made possible by the contributiorn

of the Chinese Government to UNIDO's Industrial Development Fund (UNTDF)
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Deruvty Chief Engineer
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Lanchow Design Institution
Ministry of Water Conservancy

Mr. Liu Kewei
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UNTDO sincerely hopes that the Manual will serve as a practical
and useful tool in planning Mini-Small Hydro Power Generation in the

developirg countries.




CONTENTS
oSO8
CHAPTER 1: GENERAL ASPECTS . & & & & ¢ ¢ v ¢ o o o o o o o o o . .
I. China's Hydro Power Resocurces and their Development. . . . . > e e
II. The Dewvelopment and Construction of MHGs . . . . . « ¢« ¢« &« « + . .
III. The Roles of MHG in the Social Economy . « « . + + &« ¢« v ¢ o o o« &

Iv.

A,

B.
CHAPTER 2:
1.

II.

AI

B.

C.

D.

Promoting the water conservancy for farmland and thus
creating conditions for rapid development in agriculture.
Developing the county-run or commune-run industries

using economical MHG power supplies . « « « &+ ¢ « ¢ « « &
Accumulating funds for the county, commune and production
brigade . . . ¢ ¢ ¢ ¢ 4 4 e 0 s b e e e e e e e e e e
Promoting the development of ural electrification an’

mechanizaticn « o« & ¢ ¢ ¢ ¢ ¢ o o o o o 2 ¢ o o s o o s =

The Organizatiocn, Programming. Implementation and Operaiion of

Organization chart of MHG in Chira. . . . . . . . ., . . .
Proce ures. « . « ¢ ¢« ¢ o ¢ ¢ o o s 4 ot s e 0 0 s e o
l. Riverplanning . « o ¢ ¢« ¢ ¢ ¢ v ¢« ¢ ¢ 4 o o o & «
2. Design .« . o ¢ v o v 4 e e e et et e e e e e e e

a. Proliminary design. . . . . . . . 0 . 0 0 0 .

b. Detail drawing. . o ¢ ¢ ¢ ¢ o o ¢ o s o o o o &
3. Construction . . &« v ¢ ¢ ¢ ¢ 4 ¢ ¢ ¢ 4 6 e 0 s 0 e e
4. Oporation. « ¢ ¢ o o ¢ ¢ o ¢ o ¢ o ¢ o o o o o o » »

5. Maintenance. . . . . . ¢ ¢ ¢ ¢ ¢ 4t b e e e e e . .

mucl m umsum . L] . - . - . L4 . . - . . L . . -

Dependence of MHG Development on People Masses . . . . . . . .

Sources of Finance . « ¢ ¢ « ¢ o o o o o ¢ o ¢ o s o o ~ o .

III- o“rall leing m 'u.lti"PurpOBO Utilization ® e o s e o+ o e e

Iv.
V.
CHAPTER 3:
1.
11,
‘.
B.
C.

Supply of BRaw Materials for Fower Unite and Auxiliary Equipment. .

Policy of integrating MHG into the Wational Grid . . . . . . . . .

BECCHOMIC CONSIDERATIONS FOR MMG . &+ o &« v o o o o o

Economic Analysis of China's MHG . . . . . . . . . . . . . .

Comparing MHG with other Energy Sources. . . . . . . ¢« « « « &

Small th’mal genoration. L] * * L] L] L ] . L] . L] . . - L] L] .
Small diesel generation . . . . . . . . .. .. . . ..

Extension from the grid . . . . . . . « ¢ . ¢ o ¢ ¢ « « &

O O O O O D wooNON W

10

10
10
10
11
11

13

13
17
17

21




- iv -

D. Bilogas generation ..........cecuiuierecncncccncaaaaaccananens

E. Other energy sources for generation ........c.cuieceecne-n.
CHAPTER L: EXPLOITATION AND DESIGN ....c.uiciiccrnmnennnancaacenns
I. Design Criteria of MHG ..........iiiiiiniienenrnnacnans-
II. Planning ... iiiitiiiiiiiitiieiittitiiereaserccasocasonanns
A. Overall planning ........ceuiiiiricennrcancnacannnnes .o

B. Feasibility of cascade development .............ccvveunn

C. Overall arrangement of MHG plants and major power plants
and integration of MHG to the grid ........ciiviivvnannn

D. Choosing the best alternative with favourable power-
economical features ...........iiiiireiereennancaccnncna

E. Selecting a site with favourable topographical,

geological and hydraulic conditions ...............uu..
F. Saving c nstruction materials and ensuring the
availability ....iiieinnniiiiitaaataecncsanasononnanns
ITI. Hydrology ..ceiuiiinnonnconecnnonassensessssasssoasscnosens
A. General description ......iieievecnreeenececnaanansaceana
B. Run-off calculation ......c.ceirieiiienrnnnnrrnnncncaonns
1. Methods for E&a calculation ......ciiiirenennnanaann
(a) Isohyetal method ....ceveveeeenennnenenennenns .

(i) Application of an isohyetal map of
annual average run-off depth (¥) or _
mean annual average run-cff modulus (M) ..

(ii) Method for estimating annual fun-off
from a precipitation isohyetal map .......

(b) Estimating annual run-off from annual
precipitaticen ....... ch e et et ceasaratetennaens

(i) Evaluating the annual preciptiation
series of the project's basin ............

(ii) Evaluating the annual run-off series of
the project's basin ........... ... ...

(c¢) Calculating annual run-off of the project
station from annual run-off of the reference
station (hydrological analogal method) ........

2. Selecting a design sample year ...........cceneeooa-

21
22

2L
28
28
28

28

29

30

30

31
31
31
32
32
32
3k
35
35
36

37
38




a. Design annual run-off volume......coiiiieoerncnennnacsnnnns
L. Distrivutlon of design annual run-ofl Il & yedar..oeeee....
(1) Hydrograph of 2 typical JeAr.ec.ueeeeceeccrnneeenacnns

(ii) Petermining the flow hydrograph in the ungaged area..

3. Determining low discharge whkeve hydrological data

1S UNAVAILIAEL . c vt it e i it ces teeinseeeoeesoonsosasananoasaenanas

1. Design discharge of the flood peak.......coiiivveiiinennnn.

a. Computation of design peak discharge by observatory

t. Computation of design p2ak discharge by other

160 o9 a @ 1o 1=

(i) Estimating design peak discharge frcu the
design storm - rational rathod........... ...,
(ii) Empirical fOrmMULA ...vvveveennernnennenenneennnns

(iii) Investigation and calculation of the

historical flood....iviueiieineeeencococonnnnann

2. Design f100d VOIUME. et v ettt vrnnreeseoreecasennsaeennonnns
3. Des.gn flood hydrograph. ..o eineneeeeeeennnenncnnannenn
(i) Enlarging the typical fiood hydrograph...........

(ii) Simplified designed flcod hydrograph.............

D. Establishment of a stage-discharge relation

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

IV, Water Ener g .ottt tineeieenncessenesasannsosssesoenossosnsesnnns
A. Electrical 1oad...ciutiitteniinennneeenanessenasnaasnaneraanannenns

1. Daily load.. e ieeenoarosnonnnnnns cesecaans Ceeteeneens

2. Annual 1034 Qi8EraM. . .ve et rennneneeesoanaonannneeaseonsonos

B. Run-of-river hydro plant........c.ciiiiiiinreenereonenanocnanenness

1. Determination oOf firm POWEr....iv it ieoronossesseconnnaneanns

2. Mean annual power oUtPUb. ... .. nie ittt ittt

3. Determining the installed capacity...eeveeevrrrrnnenaecnnnnnns

a. Installed capacity is a multiple of the firm power........

Installed capacity is based on annual utilized hours..... ,

c. Installed capacity is fitted by the standardized turbine-

generator unit.... .....iiiiiiiiiaa., i ceeereas

C Daily regulating hydro plant.........c. it neenennvneensennns
1. Concentrated power generation......... sovevuerreiueneenconons

2. Interval power Operation......c.ueeeurie i nerenennssnnnnnas

D. Annual regulating hydro plant........coiiiiiiiiniirnnnnnan, e

L2

L2

L3
Ly

50
50
53
Sk

Sk
5b
54
56
58
60

62

62
63
6h

65




V. Type of MHG and case Study ....cveriennroenrnnnoneonneencnns 66
1. Hydro power hous=s acting as water-retaining structures AT
2. Hydro power houses located at the downstream side
of the Gam ..ottt ittt i ittt tite st renesnannnan 7C
B. "Diversion type" plant - the head obtained by the coaduit
L5378 o0 B L A o = 77
C. '"Composite type"” plant - the head obtained partially
by dam and by conduit ....iueii ittt e e 8L
D. Various lay-outs of water power exploitation ............... 8¢
1. Utilization of falllsS ..vuinuernerecancancnancnnnsonnnns 8a
2. The utilizaticn of rapid and natural 4rops ............. 8¢
3. Utilization of drops on the canal .......cocvuivnrenennn. 27
L, Utilization of the river €lbOoW ....eieeeeerecoeonooneesens 28
5. Water diversion in trans-river basins ............cc.u... 91
6. Utilization of high land 18KeS ....vevrvevnemnnnanoeneans 92
7. Utilization of tide potent.al ......c.iiiiiniinnnannnns 92
8. Intercepting submerged water or collecting springs
for hydro generation .........c.ciiciiiiierenrieanennnnnn 93
VI. Electrical Scheme and Step-Up Sub-Station .................. 23
CHAPTER 5: HYDROELECTRIC MACHINES AND EQUIPMENT FOR MHG ....... 99
I. Hydro Turbine Generaztor Sets for MHG ............. ... ..., g9
II1. Main Auxiliary Equipment ........eeveenerrorercocnrnnnanns 107
III. Complete Set Equipment Supply .-ceviviiienneareanrenanan. 109
CHAPTER 6: RESEARCH, DEVELOPMENT, TRAINING, COST REDUCTION
OF MHG ot iiiiiit it iiareneonsoasscsnesunoncnnaneones 110
I. Research ... e i e e 110
A. Application of pre-stressed concrete pipes in MH3 plants 110
1. Advantages of pre-stressed concrete pipes ......... 110
a) Low cost and low consumption of steel ......... 112
b)) DUrability .vvvvvrr ittt e e 112
c¢) Convenience in installation and better water
sealing of Joints ....evevreinenenennoennnnanns 112
d) Low maintenance COSt +.veveeererreerenennannnns 113
2. Design of pre-stressed concrete LiDES .....vuvun... 113
a) Design Criteria vuvveeeeienneeneneeennaneennnns 113

b) Computation of pipe ....cvviviniiiinninnnnn. 113




- vii -

3. Manufacture technology and quality examination of pre-

stressed concrete PIpeS ...ttt ittt it it et 115
a) Control of longitudinal DPre-stress ......c....eeeeeeen.. 116
b) Quality control of aggregates .............. e 118
¢) Control of concrete mixing proportion ..........cee.... 11R
d) Control of the centrifugal process is divided into
three stages ........ .. et e et vesess e 119
(i) Slow speed CC.ETOL tviviennennnenn venneeenanasnnennn 119
(ii) Intermediate speed control .......cc.eveveevnenenenennnn 120
(11i) High speed control ...iuieeeuiieeeneenonnnacneneneennnnnn 121
(iv) Control of operation techniques ..........cievveveennn. 122
e) Control of the circumferential pre-stress ............. 122
f) Protection of circumferential pre-stressed wire ....... 124
g) Hydraulic pressure test ......oveeeveerenene . ve venennn. 126
B. Application of Relief Valves in MHG .......civevuennccnnn., 127
1. Type TFW-L00 relief valve with all-oil control system . 129
a) The construction of the valve pProper .............. 129
b) The control system of the relief valve ............ 131

2. Stability and transient process quality of the turbine
regulating system employing relief valve .............. 133

3. Serieal design of the relief valve and its application 134

II. Technical INNOVALION «uviveirennenesueeeeeneeoenee soseonnn 137
A. Water resistor device ........viivrennn. et ecaceece e 137
B. Third harmonic voltage excitation system .................. 139

1. Economic viability

2. Good technological performance ................ e 1ko
3. Less maintenance and repair wWOrk .........ceeeveeeuennss 1L0

C. Guaranteeing quality and raising the reliahility of
the POWETr SUDPDLY tvvncenreenrennnanneenneeensonnes e, 140
III. MHG personnel training ............c..... ettt 141
IV. Reduction of cost of MHG ................ et 142
A. Earthdams .................. ettt e . 143
Stone masonry dam ............ ettt e ee.. 1LY
Dams of simple construction ...... et eee it e, 1L7
1. Hard shell dams ......cevveiiiine veinsneennnennnsenonns 147
(a) Construction of hard shell dams ............u.... . 1k7
(b) Structural desSign ..........vvvvuuunnn. e, 148
(c) Construction techniquUes ..........oeevvenvineennnn. 149
2. Dry laid stone dams ......cvtiiiii it aneaas 150

(a) The seepage barrier for dry laid stone masonry dam 153

o T o e + 154




- viii -

(c) Foundation treatment ....ueeueninreeenenoeeeenennnenns
(d) QuUALIty CONMLIOl t.vrvieiieie e e it ieeeeanacaanns
Overflow earth-rock dam ......vititvininenenennnensnnnenn

Rockfill dam

.............................................




LIST OF FIGURES

No.

4-1

4-1G
4-11
4-12
4-13
4-14
4-15
4-16
4-17
4~18
4-12
4-26
4-21
4=22
4-23
4-24
4-25
4-26
4~27
4-28
4-29
4-30
4-31
4-32
4-33

Title Page
Precipitation - Run-off Curve........veevinncvrnnnnnnnn
Simplified triangular flood hydrograph. . . . . . . . . 49
Typical daily load diagram. c e e e e e e e e o o 53
Daily average output durationcurve . . . . . . . . . . 55
Daily regulation (a). « « ¢« v v o ¢ o o o« v o« o .« .. 64
Daily regulation (b). . . . « v & ¢« v & 4 v v v v o o . 65
Ganzi MHG staticn (1)........ . . ., . . ... ..... 68
Ganzi MHG station (2).......... e e e e e e ... 69
People!s hydroplant . . . . . . . . . . . . . e o e o s 70
Yanwotan MHG station..... e e s e s e e e . e o oa e e« T
Yanwotan MHG station (1)..... ., . . . . . .. e e e . T2
Yanwotan MHG station (2)..... e e e e e e e e e e e T3
Yunxiao MHG station . . . « . . &« ¢+ ¢« & v ¢ & o . « o o 14
Keixi I MHG station . . . . . . . . . e e e e s e 15
Layout of Stage I - Meixi MHG station . e e e e .. . 16
Double Dragon MHG station . . . . e . e e s e e e . 718
Baizhangtan MHG station . e 6 5 o 6 4 6 a e o s o = o 19
Qingtong MHG station. . . . « . « « . . e s . . . .. 80
Chongshan MHG (1) + « + & v v ¢ 4 v o v o 0 o v o o . . 82
Chongshan MHG (2) . « « v « v & v ¢ « 4 ¢« o v » o o« » . 83
Qing Yuan MHG station . . . e e e e e e e e . . 84
Zaixi MHG station . . . . . . . . B < 1
Wilization of rapids « . + « « . . . e e e e e . 86
Separate layout of power house and drop . . . . . . . . 87
Plan of Water Power Station No. 3 on Beijing-Mimy . Canal E8
MHG station on Beijing-Mimyun Canal..........cc.evurone 89
Water Lane MHG Station. . . . ¢« ¢ ¢ ¢ ¢« « ¢ ¢ ¢ « o o & 91
Datan MHG Station . . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 4 o o o o o 92
Single bus scheme (unsectioned) . . . . . . . . « . . . 94
Single bus scheme 6.3 kV (sectioned). . . . . . . .. . 95
Generator-Transformer block . . . « « « « ¢ ¢« « « « . 96
"Bridge' scheme . . . . e e s e e e e s e e ... 96

Single bus scheme 10.5/38.5 kV. .

91




LIST UF TABLES
No Title Page
-1 Definition of Smull HG/Mini HG/Micro HG......eoviirininininnnn. 2
1-2 Organization Chart of MHG in China.....ccuviennaiinaininnnnn T
3-1 Technical and Economical Analysis of MHG plant

(MAIVersion tyPe ) ettt it e i et et 1k
3-2 Technical and Economical Analysis of MHG plant ("dam type")... 15
3-3 Technical and Econom: -al Anzlysis of MHG plant ("run-off

and COmPOSIte BYDE )it ir ittt et eaaernianen s 16
3-4 Cost of -~ Newly-Built Small Thermal Power Station............. 18
3-5 Operational Expenses of a Small Thermal Power Station......... 19
3-6 The Production Rate of BiogasS.....eececirvirenrnnnnnncneennnnnn 22
L1 Classification of Water Ccnservancy and Hydro Power Projects.. 25
L2 Classification of Hydraulic Structure.........eecenconenneenns 26
L-3 Design Flood of Permanent Hydraulic Structures in

NOYMALl OPerabion. . ceesveeeneeeeenneroenseeenunseeeanneeeannns 26
Lol The Lower Limit of Design Flooda of Permanent Hydraulic

Structure in Abnormal Condition.......c.ceeiiinineinenennnnnn.. 27
L5 Peak Discharge Parameler G.....eececrecvreneneoneaneenneeecenn 45
L-6 T1 F table of & AISErict..vneeeunnneinenne e L9
L7 Norm of Power Consumption.....eeveeereienuceenneennn sonoenns 51
L-8 The Capacity of Power Transmicsion and Transmitting

Distance of Different Transmission Voltage................... 52
L-9 Table of Value C (installed capacity/firm power).............. 59
4-10 Design Annual Utilization Hours of the Installed Capacity (hr) 60
11 The Ins:alled Capacity of Cascade Stations on Beijing-Mimyun

02 ¢ - 5 90
5-1 Serial Number of Various Types of Hydraulic Turbines.......... 101,2+3
5-2 Capacity of Hydroelectric Generators.......c.cveeuverreeeeeans 10445
5-3 The Operating Conditions of a Portion of Hydroelectric

Generating Units of Different TypPeS....eeieverennercreoeonnsns 106
S-4 Type Of Speed GOVEINOTS....couueeesunsesesesarssssssanonsssnnns 107
6-1 Main Features........ e et ettt e . 135
6-2 The Reference Dimension of the Dam with a Stone Masonry

Outer Shell..... c.iiirnuiereoneeannenorestsosansssensncnnes 150
6-3 Dimension of Dry Laid Stone Dar for Reference................. 153
6-L The Dimension of Chaokuche Typne Dam for Reference............. 158




No.
6-1

6-2

6-3

6-4a
6-4b
6-5

6-6

6-1

6-8

6-9

6-10
6-11
6-12
6-13
6-14
6-15
6-16
6-17
6-18
6-19
6-20
6-21
6-22
6-23
6-24
6-25

Title
Huangtonjiang MHG station. . . . . . . .

Shuixia MHG station. « « « ¢« ¢« « & ¢ o &

Dimension of PSC pipe. . . « ¢« « « « . .

Connection of electric wire and steel bar.

Connection of arc welder and steel bar .
lengthening of steel bar . . . . . . . .

Concrete placement of pipe core. . . . .

Pre~stressed steel bar winded on the pipe core . . . .

Working principle of winding machine . . . . . . . . .

Self-coating of pre-stressed steel bar .
Water pressure test machine. . . . . . .
Structure of pressure relief valve . . .

Diagram of control system. . . . . . . .

Comparison of stability region of governor .

e o e o o

Range of application of pressure relief valve. . . . .

Type of earth dam. . . . . . . . . . . .
Yanwotan hollow gravity dam. . . . . . .
Masonry Lardshell dam. . . . . . . . . .
Cross section of masonry hardshell dam .
Cross section of dry laid rubble dam . .

Types of dry laid rubble dam . . . . . .

Cross section of Laxia "Composite dam" .

* Treatment of the toe of dry laid rubble dam.

Structure of the top of "Composite dam". . .

Cross section of Chaokoushe "Composite dam".

low overflow rock-fill dam . +« « ¢ ¢« ¢ & o &

111
111
114
117
117
118
120
123
124
125
127
130
131
134
135
144
146
147
149
151
152
155
157
157
159
160




-1 -

CHAPTER 1: GENERAL ASPECTS

I. China's Hydro Power Resources and their Development .

China has rich water resources with a total potential capacity of about
630,000 MW, of which 370,000 MW are feasibly exploitable. China's geogra-
phical features are characterized by high lands in the west and low lands
in the eest. Most of China's main rivers originate in the western plateaus.
Furthermore, precipitation is abundant in southern China and therefcre,
hydro power resources are richer in this area in comparison to the northern

area, where precipitation is quite low.

Since liberation in 1949, the Chinese govermment has attached greati
importance to the exploitation of hydro power resources and has had great
success. The total installed capacity increased from 160 MW in 1949 to
19,450 MW at the end of 1979. However, the exploited hydro power only i
uses about 5% of the total water resources. The potential for future

development is extremely large. i

Based on statistical data, in 1979, coal-fired energy ranked first as
a power energy in China, petroleum was listed as second and water power,

which covers only 174, came last.
The water power resources using medium and small rivers are ..1lso

abundant (by rough estimation, about 15C,000 MW).

As for the definition of a SHG/Mini HG/micro HG, it varies between

the different countries and organizations, as shown in the following table.




Table 1-1 Definition of Small HG/Mini HG/Micro HG

Ceuntry of Organization SHG Mini HG Micro HG
(%) (kW) (kW)
t hmandu
g:hinzi 100~1 000 up to 100
UNIDO _
HangzhoW-hanila
Seminar 2,001-10,00C | 101-2,000 up to 10
China by the unit up to 6,000
by the installed i
capacity up to 12,000
Philippines up to 5,000
Peru 500-5, 000 51-500 5=50
Roinania 5~5, 000
Thailand® up tc¢ 1,000
Turkey* 1,001~ 101-1,000 0-100
9,000
Usa Mp to
15,000
Sweden 100-1,500
Preparatory committee for
the UN Conference on New
and Renewable Sources of 1,001~ up to 1,000
10,000

Ehergx (Panel on Hydro-

power

#) Classifiel not sv clear
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According to the develonmen
hydro powsr plants with a total installed capacity up to 12 MW, each unit

s d

of the rural are
below 6 NW as well as the small local grids which are mainly integrated in
small hydio power plants are classified as small hydro power generation
(SBG). In order to avoid confusion, it has been agreed upon to use mini—
hydro power generation (MH%) instead of (SHG).

II. The Development and Construction of MHGs

Water power is a cheap, clean and renewable energy resource. Since
the liberation, the Chinese government has attached great importance to
the development of MHG. Up until the end of 1979, China constructed more
than 89,000 MHG statione with a total capacity of 6,300 odd MW.

The annual power output by MHG in 1979 was 11,900 gWh, about 35% of
agricultural electricity consumption (including irrigation and drainage,
commune-run small factories, side~occupation industries, rural lighting,
cte., excluding county-run industries). Based on statistics, by 1979,
out of the total 2,000 odd counties, 1,500 had established their own MHG.
About 771 counties relied mainly on MHG for supplying electricity tc indus-
try and agriculture. Thanks to the power supply both by the state-run
grid and the scatter~d MHG, 87% of the people's rural communes, 62% of
the production brigades and 50% of the production teams aiready are using
electricity.

The construction of MHG in China was initiated on the hasis of a
nationwide movement in agricultural co-operation conducted in the early
1950s. Rural areas are comparatively backward in the econom» 4 huge
smount of electrical energy is necessary for the develops- idustrial
and agricultural production. It was difficult to match .18 necded
in wide rural areas in a short time, and even impossible in the remote
rural regions, by merely reiying on large and medium scale power stations
built by state investment.

Full utilization of the scnhtter:2 emall hydro power potential in
combination with water utilization for other purpcses is made by construc-
ting stations and locally feeding electricity. There are numerous stations,
each covering certain areas, scattered throughout the country. A local
network was formed and then connected to the state-run grid. This should
help meet the demands in rural areas for electricity and promote a quicker
development of agriculture with la2sa state investmenti.
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¢ developing t&mpo of HOG has veen ratner fas™ and can

be roughly divided into three states: in the 1950s, the total znnual

capacity installed was only several thousand kK; in the 1960s, the total

annual capacity installed was several dozen thousand kW; in the 1970s,

the increased total annual capacity was several hundred thousand kW and

by 1979, the increased installed capacity even approached one million kNW.

According to the present level of technology, the construction of a MHG

plant witk an installed capacity of several thousand kW takes about 2

years, from the beginning of caonstruciion to its first unit being put

into commission. The installed capacity of all the constructing

projects should be more than three times of the installed capacity which should
te completed in tie same year, 1.e. if the total installed capacity in

one year is 1,000 MW, the design capacity of the project undier construciion

in the sane year should te some 3,000 MW.

The production cost of MHG is rather low, approximately 2-3 Fen
(Chinese currency) per kWh compared to either the small thermal coal
or diesel fuel power statinns where the production cost is about 10 Fen per ‘
kWh or more. ‘

III. The Roles of MHG in the Social Economy

In recent years, as a result of the large scale construction of MHG,
both staff and the masses have seen that although the scale of the MHG
stations is small, the number is large. MHG has played a very important
role. The advantages of MHG are as follows:

A. Promoting the water conservancy for farmland and thus creating

conditions for rapid development in agriculture.

Wherever there is MHG, irrigation can be rapidly developed and
the means of protection against floods and droughts can be improved.
For example, at Enping County, Guangdong Province, the Jinjiang river
cascades were exploited and 130 MHG stations with a total capacity of
36 MW were built. Drainage and irrigation improved rapidly by means
of the power supplied by MHG. At present, all 280,000 mu of farm~
land along both banks of the Jinjiang river are irrigated and ihe
120,000 mu low-lying farmland previously threatened by water logging
have been changed into stable and high yield farmlands, irrespective
of flood and drought.




~5-

B. Developing ths county-run or commune-run industries using

economical MHG power supplies.

Previously, in many of the mountaineous regions there was nc
industry but after the establishment of MHG, various industries
such as agricultural machinery, cement, fertilizer, paper, textile
and fcod have been developed. For example, there is now an installed
capacity available of 18,000 kW of MHG in Hendorg County, Hunan Pro-
vince. In 1979, the annual power output was 70 gWh. The total
industrial output is several times nigher than it was befors im-

plementing MHG,

On the other hand, the development of local industry speeds
up the exploitation of MEG. Now, major MHEG equipment is manufac-
tured by local factories (usually run by the county). The mainte-
nance and repair work for MHG is also done by local indastry. Thus.,
the development of local MHG zad the development of iocal Industry

are interlocked.

c. Accumulating funds for the county, commune and production

brigade.

The Red Guard MHC Station on the People's canal (irrigation
canal) in Peng County, Sichuan Province, has an installed capacity
of 6,400 kW and a yearly income of 1,940 thousand Yuan from the
time it was put into commission. The Yellow Dragon MHG station
in Wufeng County, Hubei Province, has an installed capacity of
2,400 kW. The return of investment took only four years. The
Dafeishui MHG Station 1° Dayi County, Sichuan Province, has an
installation of 5,000 kW. 1Its total incom: for the last nine years
was 10,270 thousand Yuan, s.veral times the original capital invest-

ment .

D. Promoting the development of rural eiectrificati.n and

mechanization.

Power supplied by MHG also enriches and promotes the cultural
life of the people and speeds up the construction of new villages.
The rural population applauds MHG by saying that "wherever a MHG
p..ant is established, ~ big change will follow".

In short, the development of MHG has a broad future in China.

Small hydro power is an important energy rource for the modernization
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of agricultural incustries. Wherever there is a rieh water power
resource, MHG can supply the main energy for the villages and towns
in that region. This is due to the following conditions: (1) the
power potential of MHG is widely scattered and easily accessable;

(2) the technology of construction is popular.

The tempo of the increase in power supplies cannot match the
electricity demands needed for soc.al economy and for improvement
in the living standard. Even iLough the consumption of electrical
energy in the rural areas is rather low, it must be remembered that
the operation and management of MHG is still at a backward level.
The potential of the installed equipment has not yet been brought
into full play in some places as the constructicn of transmission
lines and substations lag behind the construction of the respec—
tive MHG station. Therefore, even after the starting-up of an MHG
station, the power supply is still limited by the ability to trans-

mit power. These problems have to be solved in the near future.

The Organization, Programming, Implementation and Operations of MHG |

A. The following is the organization chart of MHG in China on

various levels.
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Table 1-2 Organization Chait of MHG in China

Level

Organization in charge of
water conservancy

Organization in charge
of MHG

Central Government

Ministry of water conservancy

Department of Farmland water
conservancy - Division of Hydro-
power

Provincial Government

Bureau of water conservancy

Division of Hydropower

Prefectural Authority

Devnartment of water conservancy

Division of Hydropower

County Government

Division of water conservancy

Section of Hydropower - MHG Company

Remark: The county level section of hydropower usually is the grass root office dealing with the design,
construction, operaticn and maintainance, and distribution of the MHG. Now, many countries have a
total installed capacity of 10 - 20 MW and distribution line several hundred km in length.
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The procedures are carried out as follows.
1. River planning

River planning should be carried out by the central govern-

ment, province, prefecture or county, socording tc the scope of

the river. If the river is the concern of mure than one provirce,

the planning works should be undertaken by the Ministry of Water
Conservancy. If the river is located within one province but is
related with more than one prefecture, the planning works should
be by the provincial bureau of water conservancy. This same
principle is applied to river planning for a small river which

is located within a prefecture or county.

The contents of the planning report of a river should in-
clude plans for the development in the near f:iure, distant
future and for the project at the first stage of its implementa-
tion. The pre-feasibility study is alsc a part of this stage.

2. Design

After the river planning has been approved, the design work
in the first stage of the project should be continued. For MHG

projects, there are usually two steps.

a. Prelir:nary design: In a common case, the design work
of a small unit MHG project is undertaken by the county.
Approval of the design of the MHG project is given:

(i) at the provincial level when the unit capacity>
500 kW (or the transmission line 35 kV or higher);

(ii) at the prefecture or county level when the unit
capacity S00(kW.

The main considerations in approving the design are:

(i) social demands;
(ii) capability of state or province or the local
authority;

(iii) economical benefits.

b. Detail drawing: This should be undertaken by the
county if the unit capacity is less than 500 kW. MHG
projects with rather large unit capacity should be under-

taken by the prefecture or province design institute.

After approving the preliminary design, there will

be a comprehensive balancing done by the planning committee

[ —
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to decide whether this prioject should be listed in the
budget of the cu-rent year cr the following one. Then

construction of this project can be started.

3. Const ruction
a) A county MHG with a capacity SOQkW should be orga-
nized by the county and supported by a professicnal team
from the prefecture or province.
b) A county MHG with a capacity 500¢kW should be orga-
nized by the commune or brigade and also supported by a
professional team from the prefecture or province.
c) Field organization is composed of two parts:
Professional team: Engineering team ) from the
Installation team ) province or
Trancmission line team) prefecture
Common labour: organized by the local authority
4. Operation
Operational regulations and records are established in each
MHG station.
5 Maint eanance

Maintenance and minor repairs may be undertaken by the

county. An overhaul repair should be cccasionally done by the

prefecture.
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CHAPTER 2: POLICIES AND MEASURES

The Chinese government and the relevant leading awthorities have
established a series of policies for the development of NEG, as summarized
belows

I. Dependence of MHG Development on People Masses

Stress should be put on the self-reliance of the masses in the deve-
lopment of MHG. Counties, people's commuies ani/cr their subdivisions are
encouraged t» develop MHG. The principle cf "whoever invests and builds
a station vwili own, manage and benefit"™ must be implemented. If the MHG
station is invested in and jointly built by several organizations, it will
be owned by them. This policy has shown more than once to be a "greater,

faster, better and more economical”™ way to expediie the development of MHS.

1I. Sources of Finance

The sources of financing (including loans) will mainly be taken from
local organizations at different levels and also subsidized by the central
and provincial governments. The subsidy offered by the government is
usually about 30% of the tctal investment.

In order to have loans play a greater role, the Sichuan Provincial
People's Bank laid down five requirements for the application of a loan:
(1) The project design and budget has to be made and approved by the
relevant authority and listed in the construction items for the current
year. (2) The supply of power urits and main construction materials has
to be confirmed by the departments concerned. (3) A possibility must
exist of putting MHG into commission in the current year. (4) Power can
be consumed and transmitted after the completion of MHG. (5) A certain
portion of a self-financed fund has already been secured. If all the

above-mentioned requirements are fuifilled, the loan will be given.

III. Overall Planning and Mu) .i=-Purpose Wilization

The construction of MHG must be in compliance with the natural ob-
Jective law. The planning, geological exploration and design work must be
carried out carefully; the supervision cf the construction must be exact

and strengthened to ensure quality and efficiency.
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Tre planning of MHG will be made in accordance with 2z natural
river system one by one, on the basie of the hydrological, geological
conditions and load demands. During planning, the principle of overall
planning and multi-purpose exploitation must be observed. Attention
should be paid to the co-ordination between the departments concerned
and to the sclution of contradictions among power generation, flood pro-

tection, irrigation, navigation, fishery and log passing.

The MHG >roject's documents will be approved by the following: the
feasibility st idy and design report of a MHG plant with a unit capacity
greater than 500 k¥ (including the corresponding sub-station and trans—
mission line) must be approved by the bureau or department of water con-
servancy at the provincial lewvel; {he design dc~vment of a MHG plant vith
a unit capacity less than 500 kW must be apprcved by the department of
water conservancy at prefectural or county l:vel. If the MHG project
concerns two provinces, two counties, two communes or two brigades, an

agreement between these two sides must be attached to the document.

The MHG cannot be listed among the construction items for the

current year without the approval of the design document.

IV. Supply of Raw Materials for Power Units and Auxiliary Equipment

The mini-hydro power unit (capacity less than 500 kW) is usually
manufactured by a local factory. A certain amount of the raw materials
are supplied by the state but the remaining materials must be supplied
by the province (or municipality). Power units (capacity larger than
500 kW) are manufactured and controlled by the state according to the
plan. In China, in order to simplify the procedures »f supply and to
speed up the construction schedule, the equipment for MHG must he sup-

plied by the relevant corporation in complete sets.

v. Policy of integrating MHG into the National Grid

Priority has been given to local consumption of MHG. In order to
give full play to MHG and to improve the reliability of the power supply,
the MHG p.ants may be gradually integrated to form a local grid and even-
tually even integrated to the national grid when the necessary conditions

are satisfied.

An agreement of integration should be signed and implemented bat the
running and marketing of a MHG plant is still undertaken by itself in
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accordance wiih ihe agreement. The ownership and odminist
the MHG remains unchanged after the integration. Both the national grid
and the local grid have the responsibility to give active support to the
integration of MHG. If the grid is interrupted, it is permitted to disin-
tegrate the MHG and operate it independen:ly.




CHAPTER 3: KCONOMIC CONSIDERATIONS FOR MHG

I. Economic Analysis of China's MHG

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

(l) The construction period is short and the results are quick.
(2) Local materials and iabour are fully utilized.
(3) Equipment is domestically manufacturzd and even locally

when the unii capacity is less than 500 kW.

Due to the largeness of China where local conditions are quite
different from region to region, the capital cost of MHG ranges widely
from 500 odd Yuan per kW to more than 2,000 Yuan per kW. In general,
the cost per kW installation ranges from 1,000 to 1,300 Yuan.

Tables 3-1, 3-2 and 3-3 show the technical and economical features
of 25 MHG plants built in the 1960s and 1370s in Zhejiang, Guangdong,
Hunan, Jiangxi, Sichuan Provinces and Guangxi Zhuang Avtcnomous Region
(the range of the water head is 4.5-612 m and the range of the installed
capacity is 150-12,000 kW).

As fcr a breakdown in cost, the differing lengths of the trans-
mission lines in the various MHG stations ef ‘ect the breakdown costs to
a certain extent. The percentage of the breakdown cost to the total cost
is summarized as: civil cost 42-65%, equipment cost 31-48%, transmission

line cost 4-14%.




Tab. 3-1 Technical and Economical Analysis of MHGplant ('diversion type")
. , Desipgn Design Ave. Total Annual ave. Cost of
Pl ant Name (i:gigigg) Pigzn:r discharge Max. head inst.cap. ?i;ﬁlyizzg utilization S:S;w Z:SEWH generation
CMS discharge M KW hours p P Ferp /VIH
CMS {Yuan) | (Yuan)
Zhangwangmiao | Jiangxi diversion 64 10 8.44) 2 x 1250 478 4800 950 0.19 2.61
. . . 3 x 1250 .
Yongan Sichuan diversion 63 11 10.0 3 x 250 665.08R 7989 1498 0.19 1.194
Tonglienyen Jiangxi diversion 8.88 22.9 22.4 1760 130 k215 730 0.28 2.5
Tongkouqi Zhejiang |diversion h.o L8.4 L6.9 | 2 x 800 1A6.1 2000 1038 0.27 3.8
Yaqi Zhejiang |diversion 11 51.6 S0.4 LLis50 650 3120 1460 0.46 1.0
. . . . . 1 x 200
Tangshaoshui Jiangxi diversion 2.5 56 55 1 x 800 110.3 716 1100 0.24 3
Minyangkuan Jiangxi diversion L2 76 75 2 x 1250 266 3670 1064 0.27 2
Tongyuan II Jiangxi diversion 3.6 80 80 2 x 630 109 2822 860 0.27 2.5
Kenghuang Zhejiang |diversion 0.32 9% .6 93.6 200 19.83 2500 992 0.4 3.8
Guangxi
Xixiankou Zhaung diversion 3 132 130 2 x 1600 260 3150 813 0.26 2.5
Auto.Reg.

Datian Zheliang diversion 1 181 181 3 x  Loo 87.5 5000 729 0.1L6 2.5
Chongshan Hunan diversion .6 210 210 4 x 250 87.66 3360 876.6 | 0.26 3
Jiangkou Hunan diversion 0.28 612 612 2 x 500 8k 1200 8ko 0.11 1.5




Tab. 3-2 Technical and Economical Analysis of MHG plant ("dam type")
. Design Design Ave. Total Annual ave. Cost of
Plant Name (;2332322) T;E:ngf discharge Max. head inst.cap. T?g lezzg utilization g:s;w S:SEWH generation
CMS discharge M KW hours P P Fen /KWH
CMS {Yuan)| (Yuan)

6 x 1500
Yangtang Hunan * 6.8 5.5 L.s5 y x 252 2090 4334 2090 0.484 1.2
Qingshan Zhejiang * 21.8 13 10.9 {4 x 500 205 2500 1025 0.3k 1
Dalongdong | Guangdong * 12 25 20 2000 238.9 4380 1195 0.27 2
Maoqi Hunan * 20 L5 36 L x 1250 T61 3920 8L2 0.2 1.2

1l x 3200

»*

Yangwotan Hunan 12 S0 43,75 > x 3000 80 '
Kaofeng II | Hunan * h.x 0.48 136 136 L x 500 Y
Kaofeng I Hunan * 3 x O0.77 219 202.5 | 3 x 1250 321.9 5450 556 0.102 2.1

* Power house at the downstream side of dam




Tab. 3-3 Technical and Economical Analysis of MHG plan* ("run-off and composite type")

Pran Hame | Locttion |Mme of |yl Do) N | mend [instoeap. |10t cont |GG | cone | comt | oion
MS discharge M KW hours Fer, /KWH
CMs (Yuan) | (Yuan)
Chenjiang Zhejiang ;yeggtr- 10.8 4.5 L.25 | b x 715 L0.6 5500 135, 0.24 3
Xutang Zhe)iang | - do - 3.9 5.7 5.5 { 2x 715 27.63 5225 1841.0 | 0.36 1.9
Chenguan Hunan - do - 13.68 5.125 4,125 8 x 500 551.47 6150 1400 0.207 2.5
Ganqi Hunan - do - 16.9 11.6 10.5 10 x 1250 2005.3 6150 1600 0.26 0.9
Tongkengqi Zhejiang |composite 0.5 150 136 2 x 500 99 3500 990 0.33 4.83
Tongbai Zhejiang [composite 3.4 310 300 2 x Looo 1250 L1k 1563 0.3 2.5

-91-




-17-

il. Comparing MHG with other Energv Sources

China is very large and has many various kinds of energy sources.
According to the planning load demand, the requirements of power for agro-
technique must be met first. A comparison between the various alternatives
of energy exploitation will be carried out. Priority is given to cheap and
good quality energy sources which are available locally. It is preferable

that the rural electricity supply is based on indigenous energy resources.

The economic comparison between different alternatives usually takes
the total investment and annual cperation cost as a whole. At present, the
method of "years for compensation" is commonly adopted. When the total

investment Z1 of the alternative 1 is bigger than 22

and the annual operation cost F& of alternative 1 is lower than F2 of the

alternative 2, a comparison can be made by calculating N ("years of com-

of the alternative 2,

pensation").

2, -2

R (1)
2 1

After N is obtained, other factors such as the availability of a local
source, technical status and economic ability of the investor, etc., must

also be taken into consideration. N usually takes about 10 years.

In China, the following alternatives to MHG for rural electrification
are:

(1) a small thermal power station or diesel generation

(2) an extension from existing regional or state grid.

Biogas generation, geo-thermal generation and wind power generation
for some specific places can also be considered according to the local

characteristics.
A. Small +hermal generaticn.

The capital cost and the operation expenses of a newly built
small thermal power station (1960s statistic figures) are shown in

Table 3~4 and Table 3-5, respectively.
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Tab. 3-4 Cost of a Newly-Built Small Thermal Power Station

' 1
! Cost i ]
Capacity of | Breakdown cost Cost
power station ! Total cost ; (Y :;/KW\
(KW) (10,000 Yuan) | Equip-! Civil | Installa-| .. u g
. Miscella-
ment works tion necus
% z % :
2 x 750 150 65 17 10 8 1000
2 x 1500 270 60 2k a 900
2 x 3000 50L 60 2L 8 84C
2 x 6000 876 58 26 8 730
1 |




@

Tab. 3-5 Operational Expenses of a Small Thermal Power Station
Capacity of De:ii::';:c:?‘n’ wages, Number of Domestic Coal Peakload Cost of
X . overhead power . Cost utilization ,
power station material and expenses employees consumption consumption (Yuan/KW) hours/year generation
(XW) s?;zinggt)s (Yuan/KW) (men/MW) (%) (kg/XWH) (hours ) (Yuan/KWH)
1 x 750 97.3 7.3 T0 14-15 1.17 1200 1500-2000 0.144-0.,120
1 x 1500 87.5 k0.6 60 11-12 0.875 1080 2000-2500 0.099-0.086
1 x 3000 81.8 30.4 4s 10-11 0.625 1010 2500~3000 0.069-0.062
1 x 6000 71.0 16.9 25 8- 9 0.578 876 3000-3500 0.051-0.047




Usually, the small rural themal power stations are built near
the town or region where fuel can easily be obtained and where no

water resources are available or are far from the state grid.

A coal burning thermal power statiom should be built where indi-
gencus coal is available or only a shcrt distance from the coalmine
and loading centre. Shortage of indigenous coal and long distance

transpcrtation of the coal will greatly raise the cost of generation.

In comnarison to MHG, operation and management of a small thermal
generation is rather complicated. The cost of generation is higher
(8-15 Fen/kWh) and will also be effected by coal prices. The adap-
tability of the load change is poor. Pollution from a small thermal
plant can also be rather sericus. All these are unfavourable factors
which must be taken into consideration before building a small thermal

power station.

The eyploitation of MHG can save coal fuel and supply cheap power
as well. A hydro plant with a regulating capacity can play an impcr—
tant role in taking away some of the burden during peak load. The
shortcoming of MHG is power deficiency in the dry ceason but the con-
struction of small thermal plants can make Up this deficiency. There-—
fore, constructing small thermal plants in the developing grid, which
is mainly comprised of hvaro plants, can make up the power deficiency

in the dry season and thus raise the reliability of the power supply.
B.Small diesel generation.

In China, the capacity of diesel generation is usually smaller
(below 100 kW). They have been primarily built in smaller towns and
in small factories, mines and other enterprises. The capital cost
of a diesel station (about 500-600 Yuan/kW) and its domestic consump-
tion is low. The starting and shutting down operation of a dierel
generation is rather simple and requires only a small number of
operators. However, due to the diesel consumption, the cost of
generation is rather high. A higher level of tecnnology in operation
and management is also required. As a result, only in cases where
the load is not heavy, the load centre is far away from the coal mine
or grid and where a hydraulic sources is not available in nearby
regions, or is only a makeshift as an interim power source, should -

diesel power station be adopted.
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C. Fxtersion from the grid.

Power supply frcn an existing regional or state grid may be
more reliable and of better quality because grids have sufficient
capacity to supply power to rural areas. This makes them more adaptable
for regions where the load demand rapidly increases. In comparison
to MHG and the necessary extension cof transmission lines from the
regicnal or state grid, in most cases, if the construction costs of
the existing power plant in the grid is excluded, the cost of the
power supply fed frcm the grid will be lcwer. Therefore, in rural areas,
where demands are uigh, a grid is nearby but water power rescurces
are net available, the pcwer supply must depend upon the extention
of this grid. At present, however, owing to the deficiency of power
in the grid, it is difficult to meet these scattered rural lcad
demands in the near future. Furthermore, long *ransmission lines
are required to feed the distant rural villages and +he constructicn
of new medium or large scale power plants will rneed large investments
by the state, as compared to MHG. The censtructicn pericd cof these
medium or large scale power plants is alsc longer than fer MHG. In
short, MHG offers these special traits: full utilizaticn of the
scattered water potential, adaptability te the scattered distributicn
of rural villages, and it combines water Uses for other purposes with
fag, wiich all should encourage local authorities at the different
levels to deveiop MHG within their capabilities. There is alsc a
reduction of investment by the state and a shorter censtructicn
period with quicker results. Hence, it is preferable to buil+ MHG
where water resources are available to provide electricity for local
villages. This will not only reduce the bturden on the grid but will

also meet the rural load demand within a short period of time.

Connecting MHG plants into a network or an integration of MHG
plants with the regional or natisnal grid is recommended in order to
fully utilize the water power. From the point of view of uninterupted
power supply for the promotion of agricultural production, the inte-

gration of MHG is a viable measure.
D. Biogas generation.

Statistics have shown that the capital cost of biogas generatiun
is lower than MHG, only 400-500 Yuan per kW of biogas generation.
Equipment and technology for biogas generation is rather simple and

can be done by most of the commune or brigade. However, biogas pro-
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duction is limited by conditions such as good sealing (the lowest
temperature must be higher than 9°C) and the supply of raw materials.
In some rural areas, biogas is presently used for cooking but is
hardly ever used for power generaticn. Biogas generation with a
small capacity, usually several kW to tens of kW, is only used in

a few places.

Biogas is a sort ¢f inflammable gas whick contains mainly methane
and ie produced from organic waste materials through a process cf
fermentation by anaerobic bacteria under certain temperatures, acidity,
alkality and airtight conditions. It is usually made up of 55-70%
methane (CH4) and is one type of good gas fuel.

An estimation of gas production from various materials is found
in Table 3-5.

Table 3—6 'The Production Rate of Biogas

Material used Biogas yield per day (MB)
a b0-50 kg pig's dung 0.2 |
a large buffalo's dung 1-1.4
0.5 kg fresh herring 0.3
0.5 kg hay 0.12

At present, the equipment for biogas generation uses a type of
double burning. This equipment is usally refitted from diesel engines
by simply putting a biogas-air mixer at the air inlet. It uses diesel
oil as well as biogas. When biogas is the main fuel, only a little
amount of oil is used at the beginning. Diesel consumption is increased

when the biogas is not sufficient or the supply of biogas is interrupted.
E. Other energy sources for generation.

Aside from the above-mentioned energy sources for generation,
there is geo-thermal generation, solar energy generation and wind power

generation but all of these are still in the experimental stage.

In China, a group of experimental underground hot water power
stations have been built. The temperature of water used in those
stations is under 100°C. At present, two approaches are used for
generation. They are (1) low boiling point actuating medium approach,

and (2) pressure reducing -~ volume expanding approach.
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Solar energy generation in China is still in the experimental
stage. There are two types of solar energy generztion; one converts
solar energy intc heat energy and then mechanical energy into elec-
tricity, and other one generates electricity directly from solar

energy such as the solar battery.

Wind power generation is more suitable for grassland, pastoral
areas, in-shore islands and remote mountainous districts where wind
energy is plentiful. A wind power generator has been instailed on

an in-shore island and is being used to desalinate sea water.

The quality and quantity of solar energy and wind power gene-
ration is effected by natural conditions and thusly not very stable.

To compensate, an energy storage device (such as a battery) should

be provided but this adds a lot of expense.
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CHAPTER 4: EXPLOITATION AND DESIGN

I. Design Criteria of MHG

The classification of hydrc generation projects and their structures
shall be in accordance with the norm (classification and design standards
of water conservancy and hydro power projects) (in mountainous and hilly

areas SDJ 12-78).

As for the design of hydraulic structures, aside from the above-
mentioned norm, the specifications stipulated in the design norm of rele-
vant hydraulic structures shall also be observed. In the seismic region,
the nom (design norm of the earthquake effect on hydraulic structures
SIJ-10-78) shall also be followed.

Tables 4-1, 4-2, 4-3 and 4-4 are given for reference.




r @
Table 4-1 Classification of water conservancy and hydro power projects
Grode of |Scale of Classification .
Gross Reser- Flood prutection Irrigation|Instal-
Project |Project | voir capacity. Area led ca-
6 .3 City and Indust- Farmlend 3 pacity
(10° M°) rial or mine area (logi;lnu) (101 ) (M)
I Large (1) ==1000 PSR dt city
industrial oi‘ ~~5000 =~ 1500 =750
mine arca
Jmportant city.
II Large (2] 1000-100 Industrial or 5000-1000 | 1500-500 750-250
'‘mine areca
. Mediwn size city,
I11 ¥edium 100-~-10 industrial or’ 1000-300 500-50 250-25
mine area
* * Town and common
Iv Small (14 10-1 industrial or < 300 50-5 25-0.5
mine arsa
v Small (2% 1-0.1 <5 <. 0.5

~Ge-




Table 4-2 Classification of hydraulic structure

Grade of pcrmanent structures
Grade of Projects I Temporary structure
Major structure | Minor structure
I 1 3 4
II 2 3 4
ITI 3 4 5
IV 4 5 5
| \'s | 5 | 5

Tedle 10-4-3 Design flood of permunenv hydraalic structures in normal operation

Grade of structures 1l 2 ‘ 3 4 5

Period of recurrence
of flood (yrs) 2000-500

500-100 ’ 100-50 50-30 30-20

—Q72-




Table 4-4 The lower limit of design flood of permanent hydraulic

structure in abnormal condition

[ Crade of structure

Type of Dams 1 2 j/ 4 5
Period of recurience (years)

Earth dam, |
rockfill dam, 10,000 2,000 1,000 500 200
dry-leid rubble dam
Concrete dam, !
nasonry dam 5,000 1,000 500 700 200
and others
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IT. Planning

The main points in planning a MHG station are selecting the type of
MHG, choosing the site and sequence of construction, deciding the
zzale of MHG, roughly selecting the type of structures and the layout,
comparing the alternatives for transmission and distribution lines, and

estimating construction costs.
The main considerations which must be studied during planning are:
A. Overall planning.

According to the principle of overall planning and comprehensive
harneesing, a general investigation must be made of water resocurces
in connexion with the development condition of the local industry and
agriculture, and load demands. During planning, it is necessary *o
have a reasonable co-ordination among the various departments concerned
and to assess the quantity of water available and the pericd of water
consumption. It is also necessary to comprehensively consider various
possibl: purposes for this water, including flood control, irrigation,
power generation, navigation, water supply for industrial and domestic

use, and fishery.
B. Feasibility of cascade development.

The "cascade development' is based upon the hydrological,
topographical and geological conditions, distribution of farmland,
mineral resources, losses of water impounding and other technical and
economical factors. After comprehensive analysis and comparison, the
top priority development project can be seiected and the first stage
of the project can be determined. In general, hydroplants with a
storage dam are preferable for the upstream first cascade because the
inflow regulated by the storage may improve power generation, irriga-

tion, navigation and water supply.

C. Overzll arrangement of MHG plants and major power plants

znd integration of MHG to the grid.

Small hydro power in rural areas mainly supplies electricity
for agriculture by product processing, for irrigation and drainage,
as well as for illumination. The major power plants provide electricity
to industries run by the people's ccmmunes or counties and tc big
electrical pumping and drainage stations. In order to make the power
supply more reliable, it is advisable to set up a local grid to inte-

grate the MHG plants, or 4o integrate the local grid to the state grid




to increase the electrical power and improve the capacity of the
power supply. When a grid is formed, the power from various sources

can complement one another.

If conditions permit, the MHG may be operated tc¢ supply reactive

power to the grid and thus improve its quality of power supply.

D. Choosing the best alternative with favourable power—economical

features.

Reliability and economy are the basic requirements for a project.
In hydro plant planning, the power—economical features are used to

measure the economic feasibility of a project.

The main power features of MHG are firm power Ng, installed

capacity Ni, mean annual output Ea, etc.

The main economic features of MHG are investment, running costs,

profit, etc.

Beyond the total cost, some unit costs are commonly adopted
for investment comparison, such as unit cost per kW, unit cost per
kWh, annual running cost which includes depreciation of structures and
equipment, overhaul and repair costs, maintenance cost,

overhead expenses and wages.

A water conservancy and hydro generation project with multiple
purposes usually has comprehensive benefits such as flood control,
irrigation, navigation, log passing, etc.. All these benefits should

be considered comprehensively.

As for the net income of power generation, it can be formulated
as:
% =‘£SNi E, ( Yuan/year) 2)

Where SNi = net income per kWh  ( (uan/kWh, obtained from

selling price - operation cost per kWh).
Symbol i denotes different users (the selling price :or agri-

culture and industry are different).

Ei = the power supply tc the users during a mean year (kWh/year).

Coof s lyin s owater

.......

L a hvdro gencration project oo b i
to industrial and domestic users as well as to the (i;p |

benefits in this case will be calculuated according tco concrete conditions.
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The return period of the capital cost may be computed by

T = % (year) 3)

where Te = the total investment

XN = net income per year.
At present, TR = 5-7 years (usually adopted) and limited by 10 years.

TR is an index shown in the general conception. It can not shc.
the feasibility when an increment of investment is applied. For example,
in a hydro plant of high head and low discharge, an increment of discharge
may sensitively increase the power output, so the feasibility of the
alternatives to trans-drainage area water diversion is usually studied.
In this case, the return period of increment investment for diversion
of the ex-drainage area flows should be compared. The calculation is

as follows:

ATe
When A T, = return period of increment investment (year)
A Te - increment investment ( yuan)
A XN = net increment income per year (yuan/year)

A TR 10 years are usually adopted.
E. Selecting a site with favourable topographical, geological

and hydraulic conditions.

During the planning of a hydro plant, the selection of site and
layout of the dam, conveyance structure, power house and transmission
and distribution yard are very important and very much depends upon

the topographical, geological and hydraulical conditions.
Attention must be paid to the selection of a favourzsble site.

F. Saving construction materiale and ensuring the availability of

equipment.

During planning, in order to save steel, timber, ocement, etc.,
it is better to make full use of the available local materials. For
the selection of equipment, priority should also be given to the local

manufacturers.
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I1II. Hydrol ogy

A. General description

At present, China has already established more than 17,000 hydro-
logical stations of various kinds. Among them, 2,900 are standard
stations mainly distributed on the big rivers and only 114 are located
on the small rivers. MHG stations are mostly built on small rivers,
therefore, shortage of hydreclogical data is a common condition. Gene-
rally, the hydrological work of a MHG is carried out by in situ investi-
gation as well as by necessary calculation using hydrological handbooks.
These hydrological handbooks have compiled relevant hydrological data
and statistical parameters (expressed in isolines or graphs), formulas
and worked examples. In case of a shortage of data, thev are very help-
ful for the hydrclogical calculation of run-off and flcod of the medium

and small water projects.

In general, for MHG plants with a unit capacity larger than S0C kW,
hydrological analysis should be presented in thre design report; for MHG
plants with a unit capacity less than 500 kW, no special hydrological

analysis is necessary.

The main points of hydrology for the design of rural MHG are as

follows:

l. to provide run-off data for water energy calculations;
2. to provide flood data for dam design;

3. to provide high and low stages for power house design;
4. to provide flood stage data for the design of cross

structure for the conveyance canals.
B. Run-off calculation

If there is more than 15 years observatory data which reflects
the rule and variation of the hydrological data of the high, medium
and low water years of the design frequency at the project site, fre-
quency calculation can be directly carried out. If there is appro-
ximately 10 years observatory data, the first step is to elongate
the series and then calculate the frequency. If there is merely
6-7 years data, it still can be used as the basic data for extra-
polation. If there ia only 2-3) years data, or even no observatory
data at all, the transposition method is proposed. It is then necessary
to select a neighbour basin with rather long series data and where the

natural geographical conditions are similar to the project basin. These
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long series data can be transposed to the design project. If there is

no run-off data, but only precipitation data available, the run-off can tce
calculated from precipitatiocn. In this case, attention must be paid to
the following: when the mean annual average precipitation is about

1,500 MM and the mean annual average run-off co-efficient is over 0.5,
there is a good relationship between precipitation and ruwn-off; in an

arid region, where evaporation is large, the variation of precipitation

and run—-off may los> their correspondence and relations may be inequal.

Hydrological data is usually lacking on medium or small streams.
An isohyetal map or determined statistical parameter by data analysis
of a similar neighbouring region can be utilized, from which the fre-
guency characteristics of annual run-off may be obtained. Generally,
the Cv value at the graviiy of the prcject basin can be taken frow
the regional hydrology handbook and then take Cs in relation with Cv. Thus,
where there is a lack of hydroiogical data, the determination of a mean
annual average run-off Qaa is the key for establishing the annual run-—

off frequency curve.
1. Methods for Qaa calculation
a. Isohyetal method

The hydrological isohyetal map is derived from the rule
of geographical distribution of the hydrological characte~
ristics value (aunual run-off, co—efficient of variatiou Cv,
etc.). It is based upon the processing and analysis of
nunerous data. The isohyetal map is provided by plotting the
hydrological characteristics value at various stations. Each
hydrological characteristics value may be drawn in an isohyetal

map for easier application.

(i) Application of an ischyetal map of annual average
run~of f depth (y) or mean annual average run-off
modulus (ﬁ)

Based on the observatory data and the drainage area,
which is controlled by the hydrological staticn by means
of the principle of water balance, it is possible to es-
tablish an isohyetal map of the mean annual average run-
off depth y If there is no hydrological station near the
project site but the isohyetal map is available, the mean
annual average run-off depth of the project can be deter—

mined by the isohyetal map. When the drainage area of
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the project is small and the isohyets ar-: flat, it is
possible tc use the y at the gravity of the drainage
area as the mean average annual run-of{ for the whcle
drainage basir. Otherwise, the whole basin must be
divided into several sub-areas and the mean annual
run—off depth of the whole basin computed by weight

of area and isohyet.

_ 7 §
yo— o x 100 - 2 () 5)
?y 10 1,000 F

where F = basin area in km2

Wa = the mean annual average run—cff volume in m3

As ; is obtained, the formula for calculating the mean
annual average discharge of the project staticn is:
Qaa = Wa ~ - 1'000£F6 - yF T (cus) 6)
31.5 x 10 31.9 x 10 31.5 x 10

Again, by means of the ischyetal map for the co-efficient
of variation Cv of the annual run-off, one arrives at the
Cv at the gravity of the catchment area, and can then
obtain the co-efficient of skewness Cs by analysis.
Through help of the table of the nodulus raiio co-effi-
cient Kp of the Pearson type III curve, the Kp value of
the specific frequency can be found out for design purposes.
The annual average discharge of the specific frequency
can be calculated as:

y'F
31.5 x 10

Qaap = aaa xKp =Kp x

3 (cMs) 7

In the same way, the annual average discharge of varicus
frequencies can be calculated. Finally, the theoretical
frequency curve of the annual average discharge is

est ablished.

In China, the isohetal map of the mean annual average
run-off modulus was given in the hydrological handbook
computed by the relevant provinces. The mean annual average
discharge yielded per km2 of the catchment area is called

the mean annual average run—off modulus M:
M= —-9%3-—- x 10° (1i/sec/km2) 8)
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where F 1in km2

Gaa in 105 li/sec
or Qaa = ——E—— (cMs) 9)
1,000
When and if the isohyetal maps of Yp (znnual run-off
depth with frequency) and Mp (annual run-off modulus with
frequency) are available, it is possible to find out
directly the annual run-orf volume of the specific
frequency. For example, if the annual run-off of a
design percent chance by means of a Yp or Mp isohyetal
map is desired, the annual run-off depth Yg and annual
run—off modulus Mg with specific frequency at the centre
of gravity of catchment area can first be determined.
The following fcrmula is then used to calculate the
annual average discharge of the design percent chance

cf the hydro plants

Yg°F

Qaag = 3 (cMs)
31.5 x 10

Qaag = —EL — (cHs) (10)
1,000

(£1) Method for estimating annual run-off from a precipitation

isohyetal map.

If there is no run-off isohyetal map, the mean annual average
run-off volume of the hydro plant may be computed with the help

of a precipitation isohyetal map. The formula is:

3 = -
31.5 x 10° x 10 31.5 x 10
where Yo = mean annual average precipitation (mm), examined

from the precipitatinn isohyetal map

e run-off co-efficient, related to rainfall volume and
its intensity, topography of basin, evaporation, soil
and water conservation, etc. _/  value varies on a
large range, some smaller than 0.2 and some greater

than 0.6.

In plain areas with good soil and water conservation as

well as large evaporation and infiltration, a smaller o<
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ralue is proposed but, on the contrary, a larger v-:iu-
is taken. As 1t 1s not easy tc get an exact value of the

co-efficient ,{ , formula 14 is used for a rough esiimate.

The isohyetal maps are presented in the publicaticns
of the provincial or prefecturzl hydrological handbook
in China. Attention should be paid tc its applicable
range aiid conditions. If the drainage area is very small,
the influence of non-regicnal factors increase and thusly,

the application of an isohyetal map may result in errors.
. BEstimating anrual run—off from annual precipitation.

The above-mentioned isohyetal method is a simple method. It
is, however, sometimes difficult to use the hydrological handbook
or there is an increased amcint of data since the publication of
the handbook. In these cases, estimating the annual run-off series
by means of the annual precipitation is proposed. This method
is rather complex and if not done carefully, the accumulated errors

will be many.

(i) Evaluating the annual precipitation series of the

proJect's basin.

For ungaged areas, precipitation data from a nearby
rainfall station to the design area should be transposed.
The following points should be kept in mind during trans-

position:

(1) As rainfall varies from one area to the other, data
of the nearest neighbouring area should be preferably
used in transposition.

(2) The location of the raingages used for transposition
and of the project's basin should be situated in the same
climate belt.

(3) The effects of rainfall variation due to elevation
must be taken into consideration, corrections being made
1f necessary.

(4) Select rainfall gages with long observatory data

(over 15-20 years) as the transposed station.

When there is only short-period data (at least more than
5 years), it is better to first establish the correlation

between the short-period data and the nearby gage with long-

U
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pericd rainfall data in order to elongate the short series
to a long series of 19-20 years (using the cerrelaticn analysis

method) and then transpose it to the project basin.

Correlaticn analysis has been widely used in hydrolcgical
calculation. It can be used for data interpclation and extra-
pelation, checking and ccrrecting of data and deriving empirical

formulas, etc.
Evaluating the annual run-off series of the crcject's basin.
1. Selecting the reference staticn and reference basin.

In order to exchange the annual precipitation for annual
run-cff, it is necessary to establish a correlation between
annual precipitation and run-off. If there is no hydrolo-
gical station in the project's basin, the correlztion is not
available for that basin. 1In this case, it is re:cessary to
evaluate the correlation between precipitaticen and run-off in
the basin where hydrological staticns are established and then
to transpcse this correlation to the project's basin. This
transposed hydrological station and the drainage basin are
called the reference station and reference basin, respectively.
In a normal case, the downstrean nearby station with a catch-
ment area closing at the project's basin area or tc a neigh-
bouring station and basin is p-eferable to a reference station

and basin.

2. When a reference station has been selected, the corre-—
lation points of annual precipitation and annual run-off

volume of the reference basin should be vlotted.

If there are several rainfall stations in tne reference
basin, the average value of precipitation of those stations

is usad.

3. Analysis of the correlation curve and transposition for

the project's basin.

During the selection of the reference basin, it is neces-
sary to compare and analyse the factors which will influerce
the annual run-off of the two basins. With a small basin,
the factors are: average height of the basin; relative
direction of slope and air current; forest, farm land, soil

and water conservation; average gradient of basin; forest,
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soil and geclogical conditions; supply of underground

run-off, etc.

If the conditions of two basins are similar, it is
possible to plot a smocth curve through the correlative
pcints and also obtain the inner and outer run-off series

as shown in Figure 4-1.

G, Calculation of the annual run--ff series of the

pro.ect's basin.

Sorrreal /D/chfr Faw o oos (107D

0 f{?ﬂﬂa / /6(47/ d‘/f‘ Crerr)
’ /[;:y -/ P/?U)O/ f‘d}l/b'r o Alusrs a/f

Corve

By means of the correlation curve in Figure 4-1, the
annual run-cffs of the project's basin can be determined by
the annual precipitation and the annual run-off series of
the project's basin. A series of more than 15-20

years is desired.

c. Evaluating the annual run-off of the project station from
annual run-off of the reference station (hydrological analogal

method),

If there is a nearby hydrological station where the natural
geological conditions are similar to the project area, it is
reasonable to select this station as the reference station. Long-
period hydrological data or prolonged data of the reference station

i8 required.
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If the difference between the two drainage areas is 3-5%
only, the data c¢f the :-eference staticn can be directly applied.
If the difference is about 10-15%, it can be transposed according
to the ratio of area:

F
Qa = e Qar (CMS) 12)
when the distribution of precipitation is unequal, correction

of precipitation must be taken into consideration.

Q = ;?i: . Fz + Qar (CMS) 13)

where Qa, Qar = annual run-off volume of the project's site
and of the reference station, respectively
F, Fr = drainage area of the project's site and of

the reference station, respectively (km2)

Xa, Xar = annual precipitation of the project site and
of the reference station, respectively (MM)
2. Selecting a design sample year

To compute MHG, three specific years are usually taken as the

design sample years:

- Low water year: The run-off of the low water year
is used to predict the performance of MHG in dry years.
75-80% chance is used in the annual run-off series for
this specific sample year.

~ Medium water year: Usually a 50% frequency in the annual
run~-off series is selected as a medium water year.

- High water year: It is symmetrical to the low water
year. A 20 or 25% chance is used in the annual run-off

series for this specific sample year.

There are two main tasks in the selection of design sample years:
to determine the annual run-off of the design sample year and to deter-

mine the distribution of the design annual run-off volume.
a. Design annual run--off volume.

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

can be evaluated.
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T. Distribution of design annual run-cff in a year.

The distributicn of the stream cr river run-off{ in a year
is uneven. The distribution within a year is not cnly different
from other years with different annual run-coff volume, but alsc
guite different even frcm years with egqual annual flow. Since
trhe flow distribution withirn a year has a larse influence cn
tne operaticn of the reserveir and hvdre electrical statien, a
reasonable flow distribution within a year cf the design annual

run-off is required.

In practice, the selection of flow distribution within a
year of the ammual run-off is the determinaticn of a hydreograph
of the design annual run-cff. Fcr a yearly regulated hydro
electrical station, the distribution can be shovm in the monthly
average discharge. For run-of-river or daily regulating hydro
electrical stations, it is necessary to give the daily discharge

of the design year.
(i) Hydrograph of a typical year.

The first approach is to select a typical year from the
observatory annual run-off data. The annual run-off volume
of the typical year must be equal or close to that of the
desigr year. Then, the flow distribution within the typical

year is used as the distribution of the design year.

The second approach is to select a flew distribution
in a year in which observatory data has shown to be adverse
to a typical year of the project. In this case, an adjust-
ment must be applied according to the ratio of the annual

run-off wvolume.

The co—efficient of correction K is:

annual run-off of design year 1h)

K= annual run-off of typical year

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

year is thusly obtained.
(i1) Determining the flow hydrograph in the ungaged area.

— Approach 1: By means of observatory uata from the
nearby similar basin, using one of the above two
methods, the flow riistribution within a year of the

design annual run-off is determined.




- Approach 2: By use of a regicnal hydrolegical hand-
book, the percentage of monthly inflcw tc the annual
run-off wvolume of the nearby similar river 1s computed
(this percentage is based on a lot of observat:ory data).

The monthly flow of the preblem site is then calculated. '

- Approach 3: According to the typical annual precivi-

tation distribution withir a year of the design fre-
guency (this precipitation is within the catchment
area of the project's site), the discharge hydrograph

of the design year of the same frequency is simulated.

3. Determining low discharge where hydrological data is

unavailable.

If there is no hydrological data within the catchmer.. area
upstream of the project's site, hydrological data of the reference
basin, where the drainage area, hydrc—-geological conditions, soil,
vegetation are similar tec the prcblem basin, can be used fcr esti-
mation. It can be transpcsed directly or, if necessary, be cor—
rected by using the drainage area's ratic. Pield investigation
and measUring are also Used to determine the design low daily

discharge.

The design percent chance of the MHG plant has a wide range
(50-85%). For this low percent chance MHG plant with Pd=50% cr
a little higher, field observation works are emphasized. If the
required reliability of power suprlv is high or the water resources
are abundant but there are not many consumers, 1t is sugpgested that
the average daily diccharge in the mean dry season be observeld ani

investigated and used as the firm discharge of the MHR plant,

For the selection of low iischarge, attention must be paid
tc¢ the discharge whicu will be extracted when pnlanning or building
a hydraulic project on the uUpstream reach of the river or tri-
butaries. This discharge must be deducted from the design low

discharge.

There are several approaches for investigating and measuring
low discharge:
- investigatring or estimating the low siage and then
calculating the low discharge Using the hydraulic

formula.

- measurement by floating marks.
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- measUrement by weir.
- determmining low discharge by means cf a daily

discharge isohyetal map or table.

For estimating annual rurn—off in those regicns where there
is a shortage of hydrological data, different apprcaches can be
applied to make a comparison. The results cf the evaluated run-

off usually may be checked in the following ways:

~ check the balance of the streamflow for downstream
and upstream on the main stream (include main tri-
butaries).

- check whether precipitation is larger than the run-
off wvolume in the same period, check the
of the run-off co-efficient.

- check whether the Cv of the run-cff is greater than

the Cv of precipitation in the same period.

~ check whether the regional distribution of the mean ‘
value and Cv is equal in comparison with the nearby l
statien.

- check the equalness of run-off distribution in each

period from the flow hydrograph.

C. Floods

For the prefectural and county level backbone yearly-regulated
hydro power s*ation, attention must be paid to flood protection as it
is of great concern to the lives and property of the people masses and
will also determine success of failure of the project. If there are
flood protection demands in the downstream, the reservoir must under—
take the task of flood detention to reduce the flood peak. It is
necessary that when a flood of certain specific frequency occurs, the
downstream discharge can be lowered below the allowable one. This
certain specific frequency is called the design standard of the flood prec-
tection. Generally, flood protection of agriculture is 2-20%, for

industrial districts or Urban areas it is 0.2-104.

In a water conservancy project, when a flood of designed frequency
has occured, destruction of the main hydraulic structures (dam. pover
house) must be prevented. As feor the MHG project, the main task of
the flood protection is to gharantee the safety of the hydraulic

st ructures.
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The design criteria c¢f medium and small hydraulic structures is

shown in Tables 4-3 and 4-4, for reference on pages 26 and 27.
1. Design discharge of the flood peak

a. Computation of design peak discharge by observatory
data.

If there are hydrological stations upstream or down-
stream from the nearby project site, usually, a long-term
flood series {over 20 years) is available; thus, frequency
analysis can be carried out based upon the flood data.
Investigation data of historical floods is also valuable
in determining the design flood discharge. The calculation

steps are as follows:

(i) calculate and plot the empirical frequency of
the annual maximum discharge series;

(ii) determine the mean of flood peak value Qfav,
co-efficient of variation Cvf and other statis-
tical parameters;

(iii) take a skewness co-efficient Csf, for small
catchment, in common cases, Csf is 2-4 times Cvf;

(iv) analyze and verify the investigated data of the
historical flood and estimate its frequency;

(v) use the principle of curve fitting to fit the
points on the theoretical frequency curve as
closely as possible to the points on the emperical
frequency curve (the influence of the historical
flood could also be taken into consideration) and
eventually obtain the Csf in times of Cvf. The
points on the upper part of the curve will be
emphasized during the fitting of the curves;

(vi) the peak discharge of different frequency can be

obtained from the flood frequency curve.
b. Computation of design peak discharge by other methods

The sites of MHG plants are usually located in the lngaged
region. In these cases, the synthetic method of peak flood, flood
volume modulus of the nearby gages basin and the storm idohyetal
map, as well as the regional synthesis method of storm run-off

calculating parameters, is recommended to determine the design
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flood. The other way Is to determine the desien flood by

regional empirical tormulas.

T thevre s reliable histor 1c0d date aiid ius chance
of occurence can meet the requirements of engineering design,
these historical floods can be used directly or by proper
correction for the determination of design flocd. Some
approaches for the determination of design peak discharge

are described as follows:

(1) Estimating design peak discharge from the design storm -

rational methcd.

When the drainage area of the river is smaller than
500 km2 in the mcuntainouUs region or semi-mountainous regicn,
the basic formula estimating flood peak discharge frem the

intensity of storms is:

Qf = 0.2718 4 ip F - 0.278 & rin F (CMS) 15)

where 0.278 = co-efficient of unit exchange
ip = design storm intensity (mm/hr)

;5 = co=-efficient of the peak run-off; the ratic
of the run-of{ volume to the storm volume
during the flood peak period

S = rainfall density; the maximum cne hLour
precipitation (mm/hr)

7 = time concentration of flow; also called +he
time of flood collection (hour). In a small
basin, it may be assumed that the time ccncen-
tration of the peak discharge e~quals the dura-
tion of the storm.

= storm recession co-efficient

= drainage area (km2)

The following are ways of determining the main para-

meters and co-efficients of the rational method:
(i) Basin parameters:

F = drainage area of the control section of the
projJect's site

L = distance from the remotest point of the
watershed to the project's site along the

river channel (xm)

J = averare gradient of the river channel
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The above-menticned three parameters may be

. . 1
measurea irom the ———— topographical man.
50,000 'OPographical ma

Storm parameter S (rainfall density) can be formu-

formulated as: -
H K H
24n p 24
S = ——"—— = de——
B l-n 1= ( MM/hr)

24 24

)
(o
~

where H?_4D = the 24 hours design storm volume in
a given frequency (M{)

H24 = the mean annual meximum 24 hour stcrm
volume (M) (can usually be obtained
from isohyetal storm parameter maps)

Kp = can be cbtained from the Kp table
(according tc local rata cr take
0324 = 3.5 Cv24) by frequency p and Cv,
Cs of the maximum 24 hour storm

n = stom recession co-efficient (n varies
with rainfall duration). When the dura-
tion of the rainfall is less than one
hour, take n = ny if the duration is
equal to one hour or longer, take n =

n, (n is obtained from the handbook on
<

hydrology).

. Time concentration T (hr) is the duraticn of the
flocd concentration in the basin. It is related to
the length of river, channel gradient and velocity
ot flow concentration. It alsc varies with the
size of the flood. There are empirical formula and
nomograph of time c~ncentration computation which
are adaptable to the local conditions offered by

relevant regions.

L. Flood peak run-off co-efficient g6 is related t»
topographical conditions, water and soil conservation,
flood frequency and its antecedent factors. If those
factors are similar, the smaller the drainage area,

the larger the ¢ value will be.
(ii) Empirical formula

On the basis of the observatory data, referring to flood in-

vestigation and taking natupal geography into consideration, the
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empirical formula for determining flood peak discharge can be

R . — S Al a 2 al e . —— o~ £ - B LS |
GlIalysCu aliu UQrAVEeW LIl LIS Varluud [CRli0lid. vlie 01 tue enplricdal

formula is shown as:
-¢c F (cMs 1
Q, =CF (cxs) 7)

where pr = peak discharge of a certain frequency (CMS)
F drainage area (ka)

C

o flood peak discharge modulus. Its empirical

parameter which is concemed with the frequency,
is presented in the regional hvdrological hand-
book. Uswally, at a fan shaped basin with steep
channel gradient, the value of Cp becomes larger;
while at a narrow shaped basin with a flat channel
gradient, the value of Cp becomes smaller.

K = area co-efficient, which is an empirical co-efficient
related to the regicnal natural geographical factcers

(also presented in the handbook on hydrology).

Ancther form of the empirical formula is:

2
pr = qSF’3 (cus) 13)

where S = rainfall density (MM/hr) (presented in the hydrological

handbook of the relevant region, or calculated by
formula (16)). 1

q = peak discharge parameter, as shown in Table 4-5

Table 4-5 Peak Discharge Parameter ¢4
¥

Item River channel Run—off Velocity during| Peak discharge
Area of flood gradient co—-efficient | concentration parameter
concentration [yJ;) z v (m/sec) | a
Rocky mountainous region Y 15 0.30 2.2 - 2.0 0.60 -~ 0.55
Hilly regiorn > 5 0.75 2.0 - 1.5 | €.50 - 0.40
[oess hilly rogion > 5 0.70 2.0 - 1.5 0.47 - 0.37
Plain, flat slope region > 1 0.65 1.5 = 1.0 | 0.40 = 0.30

where g is calculated by formula g = 0.42)5 V'O'7
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(iii) Investigation and calculation of the "historical flood"

The historical flcod occured much earlier in history but
ocbviously was never measured. Due to lack of data, it is now
necessary through the help of historical flood investigation to
observe an elongated flood series in order to achieve a reliable
calculation. This is the approach usually applied, especially
in the ungaged area.

The main point for historical flood investigation is to
discover reliable flood traces. From these, the corresponding
peak 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 factors of the design
section can be calculated. Then, using the hvdravlic formula,
the flood peak discharge corresponding to tiie investigated flood

stage can be calculated.

2. Design flood volume

Fer medivm or small projects, the daily storm flood
volume is generally used or, at times, a three day flood

volume. For these gaged rivers, long time flood volume

observation of one to three days is available through frequent
analysis and calculation, the design flood volume can be

determined according tc the design frequency.

In medium or small drainage area~ where there is a shortage

of data, volume of one flood is usually taken into consi-

deration. There are two approaches uUsed for estimation:

(i) Volure of one flood is estimated from the approximate
accumulated volume after a storm lasting a maximum

of 24 hours.

Wdf = 1,000 h24d F ﬁ?..... (10)
where Wdf = design flood volume (@3)
h2{d = the maximum 24 hours excess rainfall

depth (MM) of design flood frequency.

The steps for calculating h24d are as follows:
- obtain from the hydrological handbook the mean

annual average for a maximum 24 hour storm volume

H24 and Cv24 of the annual maximum 24 hour storm;




=47~

- find out the design storm modulus factor Xpd from
the hvdrological handbeok, according to its design
flood frequency and Cve4.

- calculate the 24 hour design sterm velume H24 from
H24 and Kpd, formulated in H24d = Kpd H24. (2n)

- according to H24d, consult the H24-h24 curve pre-
sented in the hydrological handbock and obtain the
maximim 24 excess rainfall deoth h24d.

(ii) Estimating flood volume by 24 hour design storm

volume and the corresponding run-off cc-efficient:

Wdf = 1,000 H24d ;t;,( 24 - F (md) (21)
where H24d = 24 hoér design storm volume, (MM) can
be obtained from the hydrological
handbook.
;j' = sterm point - area ratic , can be

obtained from the hydrological hand-

book. The small catchment value

is larger when F{300 kmz,gf'approaches

1.0. f

the run-off co-efficient of a 24 hour

L2

storm and can also be found in the

handbook.

3. Design flood hydrorrarh.

There are two approaches Used to calculate the hydrograph

for flood roUting.
(i) BEnlarging the typical floed hydrograph.

If the annual maximuUm flood series is available,
+he design flood hydrograph can be derived from enlarging
the typical flood hydrograph.

It is awared to sclect the flood hydrosrarhs in
high water years vhere the data is both rich of renre-
sentativeness and cormparatively reliable and where the

ocurrence of flood peaks is adverse to the safety of engineering.

The discharge on the design flood hydrograph is the
product of the discharge on the typical flood hydrograph

and a co-efficient ¥f>1 (i.e. enlarged)

f o]
Kf = -g-f—f (r2)

vhere Qif = desigm flood peak (CMS)
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£ = the flood peak on the typical flrond

hydrograph (CMS)
(ii) Simplified designed flood hylrcgraph.

The establishment of the design flcod hydregraph
in the ungaged watershed is related to the apprcacr
used to compUte the floocd peak discharge. The flocd
hydrograph can be directly derived from both the “nit
hydrograph and isochrones. If the flcod peak is calculated
by rational formulas and regional empirical formulas, there
will be only the neak discharge value but no flood hydro-
graph. Therefore, the simplified design flcod hydrcoraph
must be applied.

Mountain tributaries have small catchment areas,
the basin slope and channel gradient are rather steep
and the flood raises and falls fiercely. Here, the
design flood hydrograph for small projects cen be sim-
plified as a triangle, as shewn in Figure 4-2. Preferatly,
the simplified hydrograph should be selected with reference

to the natural flood hydrograph data of nearby regions.

The volume peak relation of the simnlified triangle

of the design flood hydrograph is:

Wdf = L Qdf-T
_ oWdsf (73)
T = ~@r
where WAf = voluWne of design flood

Qdf = peak discharge of design flocd

Taking a synthetic analysis based Upocn the inves-
tigatory and observatory data, the empirical relation
between the duration of rising segment Ti, [{locod duration

T and various catchment areas are provided for aprlicaticn.

To illustrate this, Table 4~6 shows the relation-

ship between 2% and catchments in a district in China. It

is the result of analysis and synthesis of Ti and T of

many flood hydrographs.
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Table 4-6 %1"‘ F tatle of a district.

F (KN2) | 1=3 | 4=10 [11-20 | 21-40 | 41-10C |101-200 | 201-50C | 501-1,000
% 0.374 | 0.352]0.337 |0.325 | 0.312 0.300 | 0..33 0.277

Using form¥la 23, T can be obtained if the design
flood peak discharge and design floed volume are given.
Referring to the %i-F of the problem basin or a nearby
similar basin, the Ti can also be determined. After this,

a simplified triangular design flood hydrograph can be

plotted.
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D. Tstablishrent of a stage-discharse relation

1. For the ungaged watershed, the stage-discharge
relation can be derived from +he results of hydraulic
calculation used with the investigation data. The

selection of roughness must be prudently done.

The transition of the river bed and the wvariations
in the control conditions must be taken into consideration

in advance.

2. If there is stage data but no discharge data, it
is possible to transpose the upstream or downstream stage-

discharge curve (with observatory data) to the problem site

by means of determining the correlation between the Up-
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strean and downstream stages. Extranclaticn through
reasonable methods is necessary if the design condition

is out cf the range of the observed data.

3. The influence of backwater should be taken into !

consideration if necessary.

IV. Water Energy

Water energy cdesign is used to determine the power features of the
designed hydro plant. It consists of flow regulation, firm power, installed
capacity and mean annual power output, etc. These indexes reflect the power
benefit of the hy€ro plant and the extent of the utilization of the water
rescurces of this developing creek or river. In this paragraph, the selec-
tion of the installed capacity of a run-of-river and daily regulated MHG .

plant will be covered in detail.
Technical data collected for water energy design is as follows:

- Hydrological data: includes characteristics of the drainage
basin; flow series at the plant site; the stage—iischarge
curve at the plant site; and monthly precipitation and eva-
poration data.

- Reservoir's area curve and capacity curve.

— DVemands of multiple-purpose utilization: water demands for
irrigation, water supply, navigation and log transportation !

- Load status: includes the range of the power supply for the
project plant and the characteristics of load of the regional
grid.

For the water energy design of rural MHG plants, both the data required

and/or calculations can be simplified.
A.  Electrical load 1

In China's rural area, the main users of electricity are irriga-
tion and drainage, agro-based product processing, field operation,
farm machinery repairing, fertilizer and pesticide, animal husbandry,

paper, sugar industry and tile, etc. Their average power consumption

is showvm in Table 4-7.




Table 4-7 Norm of power consumption

Item Power consumption Item Power consumption

KW~hr
Threshing 612  KW-hr/Ton Brick and tile 50 /100Cyuan
Grinding 40 " Pastecide 80 Kw-hr/ Ton
Husking 30 " Sugar 12 Kw—hr/ Ton
Edible o0il 60~90 v Farm machinery 40-80 Kw"h!‘/lOOCyu,za.n
Nining g v Fertilizer 30 KW-0T /mon
Paper 500~600 Electrical pumping H=20" 0.091 KW-hr/M>
Illumination 15~25 Watt/household Electrical pumping HegoM 0.181  n/m

_Ig-
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First, it is important to calculate the power consumption needed

in the near and distant tuture in order to determine the scove ot the

power plant. If the power plant is over—installed and the der and load

is low, a waste of capital cost incurs.

On the other hand, ir it is

under—installed (when the water head and flow are fully utilizea) and

the demand load is high, this resultc in the need tc construct a new

plant or enlarge the existing one.

As for the independently operated

run-of-river station, only maximum load computation is carried out

according to the demands of the reliable power supply. Necessary to

collect is:

- Range of power supply, scope, type of production, number

of shifts, load period, capacity of equipment, and rate

of utilization for the various equiprent.

- Annual and monthly power consumption and the working days

of each month of the various consumers.

~ Present and future population of the towns which are

located within the range of power supply and their power

consumption, including agro-based subsidiary lines and

their quantity.

The range of power supply of a hydro power plant will be deter—

mined by the regional load status quo and its possibilities cf develop-

ment. The relation between the range, transmission voltage and trans-

mission capacity is shown in Table 4-8.

Table 4-8 The capacity of power transmission and transmittins disterce

of different transmission voltage

Capacity of Transrmitting
Voltage of transmission power transmission distance
line (kV) (kW) (km)
{
.22 < 50 0.15 &
.38 <100 0.6 <
10 200-2,000 6-20
35 1,000-10,000 20-70

Among these loads, the annual load for industrial purposes is
rather even, but the daily load varies widely according to different

working shifts and the kind of production.

electrical pumping and drainage is the main consumer in rural areas.

At present, in China, the
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There are three characteristic values (Pmex, Pav and Pmin)
in the daily load Adiapram. PraX indicates the maximur load in a
day. TIn coirder to meet the power supply, the total installation
capacity of the kydro plants must be larper than this value.
Pav is the averape load in a day: 2h x Fav is the daily power
supply. Prin is called the base load. Using these three charac-
teristic values, the daily load diagram can be divided into
three parts. Peak load (the load withk larpe fluctuations) is

ahove the Pav part. The middle load is tetween the peak and

base load.




2. Annual load diagram:

The annual lcad diagram is used to express the lcad variations
within a year; usually taking the load as the ordinate and time

(month or day) as the abscissa.

If the agricultural power supply is large in this grid, due
to its strong seasonal property, the peak load will not occur
during the dry season. For example, if a hydro plant is designed
mainly to supply power for pumping drainage, there will be no load
demand in the dry season. Therefore, it is not important to deter-
mine the percent chance of discharge in the dry season, but it is
very necessary to study the hydrologic characteristics in the
drainage season, in accordance with the load demands of pumping
drainage to determine the firm power and maximum working capacity
of the hydro plant.

Usually, two typical daily lcad diagrams for both winter and
summer are provided according to the year of the design load level.
As for rural MHG, it is not necessary to set out the load diagram,

only the load characteristics of the power supply will be taken

into consideration.

B. Run—~of-river hydro plant

1. Determirnation of firm power: J

When hydrological data is zvailable: First, the duration
curve of the daily average discharge should be plotted. According
to the design percent chance of the hydro plant, the firm dis-

charge on this duration curve should be determined.
34

When hydrological data is not available: Determine the fimm
discharge corresponding tc¢ the design percent chance using the above-

mentioned method described in part ITT of this chapter. 1

The firm power of the hydro plant is formulated as:

N, = AQ,H (kW) (24)

whe N
re G

%

2. Mean annual power output:

firm power

firm discharge i

lue to the variation of power outputs in different hydrolo-

gical years, the mean annual prwer output is adopted as an index
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to express the yield of power energy of a hydro power plant.
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Figure 4-4 shows the duration curve of the daily output
in the medium year, taking Fil as the installed capacity of the
said hydro plant. Ni and the duration curve intercept at point
b. 1n Figure 4-4 the b d >n the curve indicates that the natural
flow output is larger than Ni . The output of the hydro plant,
however, is limited by Ni . If the b ¢ on the curve indicates
that the natural flow ouiput is less than Nil, then the output of
the hydro plant is operated according to bc. Oabc is the working
condition within a year; area oabc is the annual power output of
a medium year (Eal in Figure 4-4). It is obvious that the mean
annual output varies with the installed capacity of a hydro plant.
When the installed capacity is increased from Ni to Ni2 (Ni2 =
Ni 4AYX ), the arnual power output is increased from Ea to Ea
+AE . In a normal case, the rate of AE will be not sensitive
when the installed capacity is too large, i.e. ANI = AN2,
45E2(23§1. Several alternatives are proposed with different in-
stalled capacity to calculate their mean annual ocutput and then
to plot the Ni - Ea curve. The designed mean annual output will

be checked from this curve when the installed capacity of the

hydro plant has been selected.




3. Determining the installed capacity:

For a run-of-river hydrc plant, the capacity is ccuposed

of the fellowing:

a. Maximum working capacity: maximum working capacity
is installed to meet the maximum load of the consumers.
Usually, the maximum working capacity will net exceed

the firm power.

N, =N, (kW) 25)

maximum working capacity

Ny
Ne

firm power

b. Spare capacity: there is no spare stcrage in the
run-of-river hydro plant. It has no ability to
undertzke the emergency spare or load spare capacity
in the grid.
The repair work of the units in a hydro plant
can be done in the dry season or low load period.
If the seasonal capacity is standstill in the dry
geason, his capacity can te used for inspectior spere. T°
irrigation is the main function of a hydro plant,
repairs can be planned for the non-irrigaticn period.

If there are still difficulties, additional spare car-a-
city ror rerair rust be eensidered.

c¢. Seasonal capacity: the maximum working capacity of
a run—of-river hydro plant is determined according
to the firm discharge. In order to fully utilize the
water energy in the high water season, some seasonal
capacity may be installed when the following ceondi-

tions are provided:

- there is a thermal power nlant in the grid
so that the seascnal power output in the high
vater period can save the fuel of the thermal

powWwer plant;

- there are seasonal power censumers inside

the range of the nower sunply; aside frem
electrical pnmping, alsec seasonal nrocessing.

If there are large consumers such as electrical

furnaces foar irei, aluninium and fertilizer,
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calcium carbide, etc., the benefit of seasonal

energy may be fully utilized.

- Integration of this plant into the big grid:
seasonal power energv can be transmitted to

the big grid.

~ Annual regulating reservoir in the grid: during
the generating of seasonal power by the run-of-
river hydro plant, the hydro vlant with an annual
regulating reservoir will impound the water in
the reservoir. This means that the water and

the power are mutually compensated for.

There are three approaches for determining the seasonal

capacitys:

(i) Annual operating hours for the additional

capacity:

In order to utilize the seascnal power energy,
the seasonal capacity must be installed. The capital
cost, overhead expenses, etc. will, however, increase.
The rate of increase of the seasonal output will be
reduced when installation is high. Generally,Qhc is
used ds an index for reference to verify the viability
of the increment for the seasonal capacity.

_ AE ;
h, = AN)hs (hrs) 26)

wherea N = an increment of installed capacity

on the basis of a certain installed

cavacity (kW)

AE

an increment of annual power
output corresponding toaN
Ah = the annual operating hours of
the additional capacity according
to the duration curve of the
natural flow daily output (hre)
Ah_ = the adeopted annual operating hours

of the additional capacity sprcified

by the relevant department




(ii) The return years of the increment investment:

Examine the viability of the seasonal capacity by the
annual benefit of the seasonal power energy. I+ is reasonable

if the return is within 3-5 years.
(iii) The annual operating hours for seasonal capacity:

It is shown by the following formula:

h, = N_s}yhS (hrs) 27)
s
vhere Es = seasonal energy
Ns = seasonal installed capacity
h, = computed annual operating hours of

seasonal capacity
h = specified value of the annual
operating hours for seasonal capacity
vhich is related to the regional energy
and economical conditions and espe- ‘
cially to the consumers of seasonal |
energy. In some regicns in China,
hs = 1,800-2,500 hours are recommended
(24-3 months)
For those rural MHG or hydro plants with a rather large capa-
city but with deficient economic and load data, the following sim-
plified methods are proposed for selecting the installed capacity:

a. Installed capacity is a multiple of the firm power:

The firm power of the hydro plant is first calculated
and then an analysis is made of the compositior of grid, load
characteristics, water resources and multiple-purpose utilization,
to determine the installed capacity as a multiple of the {irm

power

N, = C N 28)

where C = ratio of Ny to NG;
i = installed capacity;
NG = firm power.

Table 4-9 shows the empirical statiscical data of C

in several regions for reference.




Table 4-9. "I'a}:'.rciro_fﬂ'faiue ¢ (installec capacity/firm power)

The character of hydro plant C
Rural MHG ( < SO0KW)
operating independently 1.5-3.5
%
-8
9 Tég For power generation only 2.0-3.5
0w |
g Qs
s ﬁgg Mainly for power generation and 2.5.4.0
§ g+ a| secondarily for irrigation i ’
g ., be
R -] 5 g
B3 “n Ordinary facilities 3.0-5.0
::' °‘.‘2 (] hg)
oz | ~f
ﬁgﬁp e od faciliti 2.5-4.0
- C les e )l oe
o 2«!-5 gz Go acili 4
g
o For power generation only 2.5-4.5
2 1
%,,, Mainly for power generation and 3.0-4.5
v 0 secondarily for irrigation d .
£ &
5 0
g5 b
s g e9 Ordinary facilities 3.5-5.5
o A +
g 286
£ g - o
w2 a5 Good facilities 3.0-4.5
= A = A
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hanen ~w
<“3LT= CON

The mean annual power energy E, divided by the total

installed capacity Ni of the hydro plant is the annual

utilization hours ha of this hydro plant.

(e

h =
a2

o

29)

Its fermula iss

ha is equivalent to the annual operation hours under full

load and indicates the extent of utilization of mechanical

and electrical equipment.

Table 4-10 shows empirical statistical values of the

design annual utilization hours used in some regions.

Table 4-10 Design annual utilization hours of the installed capatity (hr)

Character of hydro plant

ha (designed)

Run-of-river

Kind of regulation

Daily storage

Yearly storage

Agricultural and

5
Ti/~ sideline production > 4,500 > 3,500
o x| and illumination
X
E§'o
o
n
5 V| Small industry ard
H ~| illumination of the [ > 4,500 >3,500
o town
Mainly for puwrping amd
secondarily for other uses 5,000 4,500% 2.500 - 4,000

percent-
TO power

ot s
the grid

age
in

With hi

Rather large
industrial users
in continuous
preduction

5,000 - 6,000

5,000 - 6,000

4,000 - 5,000

Common consumer

5,000 - 6,000

4,000 - 5,000

3,500 - 4,000

With low percentage of
hydropower in the grid

4,500 - 5,500

3)500 - 4)500

3,000 - 4,000
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It must be mentioned that the above methods a and b
have their adaptability. Adoption of these methcds will depend
upon concrete conditions. When Table 4-) and Table 4-10 are

used, the following points must be taken into consideration:

-~ In regions rich in water resources, the high value of
the design annual utilization hours ha and low value
C (ratio between installed capacity and firm power)
will be selected in comparisen to the regions where

water resources are poor.

~ In the centinental climate arz2a where the flow dis-
tribution of creeks and/or rivers is uneven within
a year, C may be used as the highl value and ha used

as the low cne.

- If there are several hydro plants (with large regu-
lating storage) in the grid, the new designed hLydro
plant will undertake a rather uniform load. There-
fore, high ha value and 1~w C value is propecsed, and

vice versa.

~ In the grid, when there is large variation in the
daily load diagram, if the base load and partial middle
loud are undertaken by the thermal plant and run-off
hydro plant, the low ha and high C value will be
selected for the new designed hydro plant, znd vice

versa.

- In hydro plants which utilize the irrigation water
(regulated by reservoir) as its water source, the
firm power of this type of hydro plant +ill be rather
low and the seasonal energy rather high. In this case,

high € value will be taken.

- The ha and C of the non-regulating hydro plant depend

upon the extent of utilization of seasonal energy.

- If there is spare capacity in this desipned hydro

plant, low ha and high C value are recommended.
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c. Installed capacity is fitted by the standardized

turbine-gererator unit.

No matter what method is adopted tc determine the
installed capacity, manufacture and supply of the mechanical
and electrical equipment must be taken into consideration.
In some cases, the installation of a hydro plant is mainly
determined by the availability of the units. If a standar—

dized turbine-generator unit is selected, purchase is easy.

As for the number of units in a hyrec plant, usually
Ni<1,000 kW, 2 units is preferable; when Ni = 1,000-3,000 kW,
2-3 units are selected. The number of units in most MHG

plants is less than 4.

The capacity of each unit usually is equal or near tc the
firm power. If no suitable unit can be offered, the capacity !

of each unit should be at least 1.€ tires of the firm never.

On the whole, there are three simyplified aprrosches for fetermininge !
the installed capacity of a hydro rlant. The first aprorachk is to tale
firm power as a prime factor. After calculating the maximum working
capacity, selection of the installed capacity is worked out by
analysis or is a multiple of the firm power. The second vay is
selecting the annual utilization hours which is related to the
regional power resources load character and regulating ability of
the hydro plant. The third approach is fitted by standardized
turbine-generator units. In the practical design works, in
those rural MHG (installed capacity less than 500 kW), the water
energy design will be taken as simple as possible to avoid comnlex

calculations.
C. Daily regulating hydro plant

The daily regulating hydro plant provides a regulating storage
with the capacity to redistribute the natural flow within one day. The
computation of the firm power and mean annual power output of the daily
regulating hydro plant is basically the same as with a run-of-river plant.
Their differences are: the up-stream nomal high water level of the
run-of-river plant is a cons‘ant while the up-stream water level of the
daily-regulating plant fluctuates between the normal high water level

and the dead water level. The average water level is used to calculate

the power energy.




As for the installed capacity of daily regulating MHG plants, due
to the ability of redistributing the natural flow within one day, the
24 hour power production is equal to the energy produced by the natural
irflow of the same day. Therefore, the maximum load may be larger than
the daily average output and the installed maximum working capacity
(to meet the maximum load demands) can be larger than the natural flow

firm power.
The following two cases are used for illustration.

1. Concentrated power generation: Figure 4-5 shows a daily
regulating hydro plant. Its generation is concentrated in h
hours. In this case, the designed low water natural inflow is
concentrated at h hours for power generation. The maximum dis—

charge in the time concentration is
QG x 24 x 3600 24

Sax =T Rx %00 T 1B % 30)

Hence, the maximum working capacity of the daily regulating hydro

plant is 24 !
- - e \
R N )
24

where NW = working capacity

N

G inflow firm power

Obviously, with the same design percent chance, the maximum working

capacity of theAdaily regulating hydro plant is 2% times trat of the

non-regulating hydro plant.
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The vertical shadowed arez in Figure 4-5 is the required
daily regulation storage. The formula is

T = (1.10-1.15) x Q( 24-h) x 3600( m) (32)

where 1.10-1.15 is the safety co—efficient, considering )
insufficient and incorrect data, as well as computation

error.
2. Interval power operation.

In considering the demands of both the power consumers and
the water consumers, the water and power supply is divided into
several time intervals according to the natural inflow. The first
step is to determine the water and power supply of the time
intervals other than the peak load period and to deduct them from
the daily inflow volume. The remaining water is used for the peak

load period. Therefore, _
Q X 24 x 3600 - (V& +V

5)
Uax h x 3600

(cMs) 33)

The maximum wcrking capacity

I&G x 24 x 3600 -~ (V1 + Véi]
Mo = AQ, H=A{ h x 3600 XH 34)

where H = head difference between the average up-stream
water level and the downstream water level (varies

with the corresponding discharge).

The required daily regulation storage is shown in the

shadowed area of Figure 4-6.
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As for spare capacity and seasonal capacity, there is no
substantial difference between the run-of-river plant and the daily
regulating plant. The only different point is that: if there is
a daily regulated hydro plant with rather large capacity, short
distance to the load center and short water conduit, it is possi-
ble to consider this hydro plant for undertaking the extra load

for frequency modulation.

When a major hydro plant of prefectural or county level isc
under planning, it is better to work out the typical design daily
load curve of the grid, and then, by means of the daily energy
mass curve, to determine the maximum working capacity of this
hydro plant. The first step is to calcalate the daily firm out-
put E, (EG = 24 NG) according to the firm power N,. The second
ntep is to consider the load of the grid and the characteristics
of the main power stations of the grid as well and then to decide
the working position (the load to be taken by this hydro plant).
Finally, by the balance of daily firm output on the daily lcad

curve, the maximum working capacity woulu be determined.
D, Annual regulating hydro plart

Annmual regulating storage must be provided for an annual regu-
lating hydro plant. The natural inflow will be re-allocated within

the year in order to meet the demands for power and other purposes.
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The basic principle of flow regulation is the water balance at
any time interval. Tae difference between ocutflow and inflew is the
variation of storage of the reservoir at that interval. It is shown

in the following formula

T o_w g _r 7 3
whereaﬁN = the natural inflow ewnptied intc +he reserveir
in certain +ime intervals (m3)
LXW; = the cutflcew of the reservoir in +he same

pericd for water supnly tc +he relevant
depart ment (m3) (inciuding waste water
in the flcod season)

1;wl_ = water losses in the reservcir in *he same
pericd (n3)

+AW = the variation of stcrage in *he same pericd.

In computing storage regulaticn, as both the natural inflev and
the water consunpticn are given, it is easy to find out the starting
and ending time of the water sunply by the reservoir and thus, the dry
water season can be determined. By means of the water balance frrmula,
computation is carried on in time intervals. Thus, the water deficiency
of eacl. tine interval can be calculated., The summaticn of water defi-
ciency in the total dAry season is the total volume of water vhich will
be supplied by the reservnir, i.e. the reguired volume ~f storage regu-

lation.

As for the water energy design cf the reservoir which main functinn

is power generation or irrigation (power and irrigation are both inde-
pendent and dependent) its desifn has been recomrended in various

litcrature and will not te repeated in this book.

V. Type of MHG and case study

The capacity of hydro generation is proportional to the water head and

flow. Therefore, in order to obtai~ hydrn power, the head difference between

the upstream and downstream of the hLydro plant must be determined.
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According to the form of head concentration, the hydro plant is

classified into three types.
A.  "Dam type" plant - the head obtained by the dam

The construction of a dam or movwable barrage impounds the flow of the
river and forms a reservoir as well as raises the upstream water level.
Therefore, a head difference between the upstream reservoir level and
the downstream river level exists. In a so-called "Dam type" hydro
plant, the reservoir water is diverted to the hydro plant by means of
a tunnel or pipe and water turbine generator units generate the power.
However, according to the layout of the hydro power houses, these hydro
plants can be sub-classified into two types; hydro power houses acting
as water retaining structures and hydro power houses located at the

downstream side of the dam.
1. Hydro power houses acting as water-retaining structures:

Figures 4-7 and 4-8 show the Ganqi MHG plant, Hunan Prcvince,
a hydro power plant erected in the river bed. The stability of
the structure is maintained by the combined weight of both the
dam and the power house. The drainage area is 1,170 km2, which
is 96% of the Mi river basin. It is a multi-purpose water con-
servancy project for irrigation, power generation, and navigation.
The maximum height of the dam is 20.5m ard the length of the dam
axis is 454 m. The hydraulic structure is composed of a pumping
station, a hydro power station, a navigation lock, log passers
and the dam. Ten DJ 510-LH~-180 water turbine generator sets
were installed in the power house with a total capacity of 12,500
kW. The design head is 10.5 m and design discharge is 160 CMS.
Mean annual output is 76.8 million kWh. This MHG plant was

integrated into the southern Hunan grid.
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Figure 4-9 shows the small hydro power house erected on
the main irrigation canal in the Tukiangyen Irrigation Area,
Sichuan Province. H=Tm, Q=16 CMS, 2x320 kW and 1x125 kW turbine
generator units are installed. Fifty-five percent of the power
generation supplied is used for agricultural purposes and 45%
for industrial and family consumption in the nearby towm.

About 300,000 Mu of farmland is irrigated by the tailwater.

2. Hydro power houses located at the downstream side of the

dams

Figures 4-10, 4-11 and 4-12 show the Yanwotan hydro plant,
Hunan Province. The power house is located on the right bank
of the downstream river bend. The water is diverted by a ﬁK
3.5 m tunnel to the power house. The drainage area of the dam

Bite is 457 km2. The mean annual run-off volume is 407 million

m> and the storage capacity is 87.6 million m3

at the normal
high water level. Thus, the reservoir has the capacity for

yearly regularion.
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This project is mainly comprised of an overflow masor.
hollow gravity dam, power house and tunnel. The crest length
along the dam axis is 140 m and the maximum dam height is 66 m.
There are two HL 230-LJ-134 units, 3,000 kW each, and one HL
123-LJ-140 unit installed in the power house with a total installed
capacity of 9,200 kW. The design flow of the turbines are 12 and
12.6 CSM, respectively, and the maximum working head is 50 m. The
ennual output of this hydro plant is 33.9 million kWh. In consi-
deration of the load characteristic of the county-run industry
and full uv*ilization of seasonal power, this hydro plant was put
into parallel operation with a 3,750 kW county-run small thermal
plant. During the highwater season, the hydro plant plays the
main role while in the low water period, the thermal plant is
used to supplemen! the power supply. This kind of county~run
network including both a hydro and a thermal plant is quite
reasonable. The Yanwotan hydro plant not only supplies +he power
to the county proper but also supplies the reactive power to *he

Central Hunan grid, thus improving the quality of power.

Figure 4-13 shows the Yunxiao hydro plant, Guangdong Pro~
vince. The power house is located at the downstream side of
the non-overflow rubble masonry gravity dam. The working head
of this hydro plant is 31 m and the total installation is 2x

500 kW. The tailrace is used for irrigation.

F/ﬁ- 24-13 Yipxiao MHG
_5'1‘0 7‘/'0 )




Figure 4-14 and 4-15 show the Mei stream stage I hydro
plant. The height of the earth dam is 47 m with a storage capa-
city of 65.5 million m3. The installed capacity of the power
plant is 4x1,250 kW. The power plant was put intoc commission
in 1962 and completed in 1967. The tailrace of the stage I plant '
can be utilized for the irrigation of 100 thousand farmlands and
also used as the water source for the downstream cascade power

plants.
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In general, the special features of the "Dam type" hydro

plant are as feollows:

~ Erects dam and rovable barrare cn the river to forrm the
reservoir and ro concentrate the head. The reservoir
has a comprehensive prcfit. 1In the case of the MHG
plant, the reservoir usually is used multi-purposely

for irrigation, flood retention and navigation.

~ The power house is located rather near the dam. The
water conduit is rather short, therefore, hydro plants

of this kind are adaptable to rather large design flow.

-~ If a high dam is constructed for water head concen-
tration, then the geological conditiors, the technology
of dam construction and reinbursement of the reservoir

must be taken into consideration.

B. "Diversion tyne" nlant - the head ottained ty the counduit

structure.

The head of this type of hydro plant is formed mainly by a con-
duit structure. A low weir or sluice gate is eracted on the river to
divert the river flow to the ceonduit, such as a canal, tunnel, penstock,
etc., and finally to the power house. This type of hydro plant is
adaptable to the upper and mniddle reach of the river wvhere the upstreanm
land is not possible to impound and the downstream reach comtains scme

rapids, falls or eltows.

Figure 4-16 shows the Double Dragons hydro plant. A 2,600 m canal
was built to divert three water scurces from the Decuble Dragon snring,
the Lotien reser'*sir, and the Nine Dragen reserveir. The canal is
connected by aﬁﬁ(h45 m penstock, 407 m in length, tc the power plant,
The head of the hydro plant is 196 m. The installed capacity is 512 kW
and the design flow is 0.6 CMS.
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Figure 4-17 shows the Baizhangtan stage III hydro plant,
Hubei Province. The length of the diversion canal is 2,800 m,
The available head is 66.5 m. The design flow is 2.7 CMS. One
800 kW and 1-500 kW set (same turbine model HL 702-WJ-50) are
installed in the power plant. The annual output of this power

plant is 3 million kWh.
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© shows the Qingtong hydro plant, Guangdong

province. This plant is a backbone power station of the county
with an instalied capacity of 3x1,600 kW. The design discharge
is 1.6 CMS for each unit. The length of conveyance structures
including tunnels, pre-stressed inverted syphon pipes and flumes,
is 23 km. The available head is 142 m. The penstock of this
hydro plant is ¢0.8 m pre~-stressed concrete pipes.

/7:,? A-r8 &,’,7\7 -Aswj MHG
Sration
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There are also certain high head hydro plants with vater
heads mor~ than 200 m in various provinces in China. For example,
in the Huangtonjiang hydro plant, Guangdong Prcvince, the water
head is 218 m and the discharge is 1.5 CMS. The installed capa- '
city is 3x800 kW. The penstocks are pre-stressed concrete nines.
In the Lantong hydro plant, Guangxi Zhuang Autonomous Region, the
water head is about 430 m which is concentrated by a canal with
a length of more than 2.8 km. The length of the venstock is
1,100 m and the design flow is 3 CMS. The total installed cana-
city is 3x3,200 kW.

Figures 4-19 and 4-20 show the Checngshan hydre plant, Hunan
Province. The design water head is 612 m, which is the highest
among the MHG plants of the "diversion type" in China at present.
The drainage area of the dam site is only 4.13 km® and +he
effective storage capacity of the reservoir is 2.5 million m3.
The length of the canal is 1,045 m and the length of the penstock
(ﬁS = 35 CM) is 1,446 m. There are 2 CD10-WJ-90/1 impulse |
water turbine generator units installed in the power house 2t rresent.
Each unit capacity is 500 kW and the design flow is 0.12 CMS
each. The mean annual output is 4.17 million kWh. From this,
69% is used for agricultural purposes and 31% for small industries

and agro-sideline product processing.
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Figure 4-21 shows a photo of the Qing Yuan MHG plant,
Fujian Province. The length of the conveyance canal is & km.
The head concentration is 46 m. The design flow of this plant
is 2.6 CMS. Three 265 kW units are installed in this power hcuse.

Ffi,lr'ﬂ Ql'nﬁ Yuan
MHG Stalicn

In general, special features of the “Diversion type" MHG

plant are:

- In mountainous regions, if favourable topography is
available, a big water head may be concentrated by
conduit within a short distance. The low dam or sluice
gate at the headwork of the canal intake causes the low

reimbursement of reservoir impounding.

- No storage for regulation; the in®low from creeks between
the dam and the hydro power house sannot be used for power
generation.

C. "Composite type” plants: In some cases, the head of the hydro plant is

obtained partially from the dam and partially from the counduit. This is the

so~-called 'composite type" plant. In mountainous areas. most of the "comncsite
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type" hydro vlants serve both flood retention and
irrigation, with the exception of a few hydro plants
which are planned for power generation only. Figure

4-22 shows the Zaiqi hydro plant, Fujian Province. The
hydro plant is located near the Wuyantou Fall. Upstream
of the fall is a wide valley and a flat gradient vhich

are both favourable for storage impounding, but downstream
of the fall, the river has a steep gradient. This layout
of this project is: At the upstream of the fall, an earth
dam is constructed. The height of the dam is 17.2 m and the
effective storage capacity is 3,000,000 m3. The power
house is located at the downstream of the fall. The con-
veyance structure is a 130 m long tunnel with bottom slope
i=7.7% and a penstock 418 m in length. The total head of
this "composite typez" hydro station is 240 m. The design
flow is 2.1 CMS aud the total installation is 2x2,160 kW.
The main purpose of this hydro plant is power generation.
The cailwater may be utilized for irrigation and the flood

attack may be reduced to some extent at the downstreanm.

4 FA-22
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On the whole, from the point of view of head concentration,
hydro plants with a dam or with a conduit make up the two basic
categories. The "composite type" hydro plant is a combination
of these two basic types. In cases where falls, rapids, drops
in canal, river elbows, high land lakes or trans-river basin
diversions exist, the hydro plant with a conduit or the "compo-

site type" plant are usually preferable and will be described in D.
ot this paragreaph.

Various lay-outs of water power exploitation
1. Wilization of falls:

Falls are a natural head ccucentration. Usually, falls
have small flow varietions within a year's period and are an

ideal water potential for exploitation.

In the Yunnan Province, a 40 m fall was exploited f-r pover
generation. The Dishin hydro plart has a total installation of
3,250 kW.

In the Tongchen County, Hubei Province, there are several
falls near the Paizhantan. After the construction of a 400-500 =
conduit, the concentrated head is now about 140 m. Hydic plants
which utilize falls are low in cost and less work, and thus present

a preferable alternative.
2. The utilization of rapid and natural drops:

In mountaincus regions, ‘here are usually rapids (several
meters or ever. more ) or natural drops along the stream or river.
These rapids or natural drops may be exploited for power generation.
If the river flow is plentiful and there is a favourable tonography,
only a low diversion weir 18 required to divert the water withoui
the use of a dam, as shown in Figure 4-23. Adequate measures should

be taken to protect the power house and canal from flood attacks.

FI? £-23 U‘f/'/ya//bh 0/ ’a, v
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3. Wilization of a.ops on the canal:

Figure 4-24 shows the hydro nlant in Guangdong Province,
which irrigates by means cf dreps. The layout cf the power house
and canal drop are separate. This layout is of a hydrec plant
constructed at an existing irrigation scheme where the drops along
the canal can be utili~zed. pll existing structures can he utilized

only a new power nouse wili scon De puilt. 'his method of power

exploitation reduces the cost considerably.

Frig ~ #M Spporate [ayour of

Poner howse <ﬂ&179

Figures 4-25 and 4-26 chow hydro plants on the Mimyun-
Beijing Canal. This canal conveys the water of the Mimyun Reser-
voir to Beijing. ‘there are eight existing <rops within 30 km.
The total water potential is 35 m. The water potential of these
eight drops are combined into five stages for exploitation, pro-
ducing a total instzlled capacity of 11,400 kW.
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‘Table 4-11 shows the design water head and the installed
capacity of these 5 MHG piants.

Table 4-11 The installed cavacity of cascade stations

on Reijing-Mimyun Canal

Hydro plant
ITEM
1 11 111 iv v
Design net head (m) 6.5 4.7 6.5 4.7 4.5
Installed capacity (kW) | 3x1,000 3x600 3x1,000 3x600 3x600

In order to minimize the types of water turbines needed and
the number of sets and voltage levels for these 5 stations, water
turbire mode) ZD 760-LH-200 has been adopted in all of these fiwve
stations: turhines with a working head 6.5 m courled with a 1,000 kW
generator (250 rpm) and turbines with working heads of 4.5 m
coupled with 600 kW generators (214.3 rpm).

Accordi-g to an annual flow volume of 500-700 million m3,
the annual oatput of these 5 stations is estimated at 238-39.4
million kWh.

4. Utilization of the river elbow:

In some mountainous areas, valley and river elbows are very
developed. In some cases, the river elbow looks like a ring and
the river gradient is rather steep. By a short cut conduis, =

water head can be utilized for power generation.

Figure 4~27 shows a sketch of the Water Lane hydrn plant
in Green Dragon county, Hebei Province. The length of the ex-
ploited river elbow is 7 km and a short cui tunnel 1,580 m in
length has been constructed. The head concentration is 85 m.
The total inetallation is 1,375 kW. This ie a backbone hydro

plant in the Green Dragon county.
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5 Water diversion in trans-river basins:

In some cases, particularly in hilly regions or river nets,
the distance between the two rivers or two canals is not so far
but a water head exists. The water diversion trans-river basins
may be taken into consideration as a power generation source. Due
to this, the tail-water flows downstream to the lower river. The
water flow of the higher river will be reduced and that of the low
river will increase. 'the sequence of flow-in and flow-out between
the higher and lower river must be studied comprehensively regarding
the requirements of irrigation, navigation, water supply, etc. on
the downstream region. A technical-economic analysis is also z

necessity.

The Datan hydro plant, Guangdong Provinca, is an example of
such water diversion in trans-river basins. An 80 m tunnel and a
200 m canal have been constructed to divert the water of the Datan
river to a lower small creek. The head available is 210 m. The

total installed capacity is 640 kW, as shown in Figure 4-28.
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6. Utilization of high land lakes:

iIf there is a river or lake near the high land lake, poten—

tial energy may be exsloited by diverting the higher water to the '
lower river or lake for power generation. !‘

7. Utilization of tide potential:

China has a long seashore and many estuaries. There are many
‘tes where tide potential utilization is feasible. This kind of
hydro plant has special features; low head and large flow but is
complex to construct, resulting in larger construction costs. At
present, there are only & few such tide power plants in operation

in Chinas

~ Dalain hydro plant Shunde County, Guangdong Province:
installed capacity of 144 kW.

~ Kaotan hydro plant, Xiangshan Covnty, Zhejiang Province:
a tide head of about 4 m. The design flow is 8.5 CMS;
installed capacity is 275 kW.

- Jing gong hydro plant, Rushan County, Shandong Province:
installed capacity of 165 kW.

= Liuho hydro plant: power is generated by the tides of
the Yantze estuary and has an installed capacity of 80 kW.

On the +hnle, these pilot tide prwer generations are small in

scale.

The first pilot tidal power plant with two directional gene-

ration was recently put intn commission (the No. 1 unit). This
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+idzl prwer plant is located -t the termminal of the Luecqi Bay,
Wenling County, Zhejiang Province, where +ide notential is abun-
dant with a maximum tidal head of 3.93 m. The installaticn of a

6x500 kW +urbine generator unit is olanned.

3. Intercepting submerged water or cellecting snrings for hydro

generation:

In Liyang Ccunty, Jiangsu Province, a nrcduction team dug
water pends in an arear approximately 50 hectares i crder tc
collect flews from creeks and brooks. The tlcw accumulated during
the day tine will be utilized for power generaticn in the evening.

There is a 3.2 kW MHG plant. The head cf power generation is 8 m.

In Nixing Cour*y, Jiangsu Province, a stone masonry cut—cff
wall was built to retain the submerged flows and raise tlLe water
level for pover generatien. A pecple's commune in Green Dragon
County, Hebei Province, uses the same apprcach t¢ retain the sub-
merged flows. A hydro plant with an installation 2x40 kW was

constructed with a design head of 3 m ond flow of 2 CMS.

Vl. Electrical Schene and Step-llp Sub-Station

The electrical design of the MHG stations, differing in design frcm
hydraulic ensineering, is not very influenced by tlLe variation of natural
status. Hence, in svite of the respective special features in +he elec*rical
design oI snall stations in different places, they are fundamentally the

same.

At .resent, the prevailing voltage level of MHG in China is as followss
The voltage cf « generator set with a capacity of less than 500 kW is
generally 400 V, which is transmitted at 10.5 kV through a 0.4/10.5 kV
step-uo transformer. The transmission radius of such a station is not
greatar tiian 15 km. The voltage of generator units at a capacity of 500-
6,000 kW is generally 6.3 kV. 'hree levels ~f out-feeding voltage, i.e.
6.3, 10.5 an: 38.95 kV, may occur in such stationc. 11 a few ploces, 110 kV

has appeared.

Transmission voltapge nf 6,3 kV hae been adnpted in previously con-
structed stations but have recently been replaced by 10.5 ¥V. The 3.1% kV

voltage level used previously has beer dismissed in the oresent.

There are numerous tynes nf orincinal electrical schemes in Cl.ina,

The most ~nften used rnes are:

1. Singrle bug scheme at grenerater voltiya, vectinned and not
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sectioned (refer to Pigures 4-29 and 4-30);
2.  Block of generator - transformer {refer io Figure 4-31);
3. Step-up sub-station at voltage 38.5 or 10.5 kV:

(a) "Bridge" connexion (refer to Figure 4-32)

() Single bus {refer to Figure 4-33)

(o) Block of transformer line (refer to Figure 4-29).

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

a > 6.3 KV

g #-29 Tingle bus scheme
( vnoectionesd)




- 30 lm.\.\s,W\N Bus Sche re E.3KV
( sectioned )
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All high voltage equipment required for a power station in China can
be produced in that country. Up to the present, all except very few provinces

and autonomous regions have manufactured their own electrical equipment,

Complete switching sets are used for most 6.3 kV electrical facilities,
in which circuit breakers, disconnection switches, instrument transformers,
even metering and some relay protection and operating components are erected
according to various composite schemes of primary and secondary wiring. These
are provided to customers in complete sets. There are several tens or more
varieties of seriation schemes of complete switching sets available for

sel~.tion by the designing personnel of MHC stations.

Outdoor types are generally used fur 38.5 kV electrical facilities,

whi~h are usually asgembled in outdoor sub-stations.

The design standard of relay protection in an MHG station is similar
for various places. The relay protection is usually comjosed of differential,
over-current, over-voltage, overload, grounding fault, Puchloch protection,

etc. Up to the present, the relay protection comnonents usually used in
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China have been electromagnetic iypes. Transistor relay protection com-

ponents are being used on probation at ocnly a few stations.

There are also numerous ways of controlling MHG stations. The most

adopted trpes are:

1. Centralized control in a central control room (generally
used in comparatively large stations).

2. Controlling on site of a generaicr room with a special
control and metering panel.

3. Controlling on site in a generator room using compleie

swWwitch sets.

The latter two types are usually used in rather small stations. The d.c.

operating voltages are usually of 220, 110 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 ope-

rations can generally be realized:

1. Automatic regu’ ~tion of frequency and vcltage.

2. Centralized operation for starting and stopping the
generator sets and for regulation of loais.

3. Automatic warming on electrical and mechanical accidents
and malfunctioning.

4. Automatic operation of some auxiliary devices inr the

stations.

The electrical scheme, wiring and componernts used in au*omat:
generally still of the electromagnetic t+ype. There are few places where
triai operation of semi-conductor elements and logic circuits are taking

place. The tele-mechanization of MHC has not yet been tried.

According to the specific status in Chinz, the main objectives of

automation of MHG are to ensure the quality of electricity, tc raise the

reliability of electric supply, to improve safety, to reduce labor intensity

and to reasonably decrease the number of personnel needed for operation.

At present, most of the stations integrated in grids of different
levels have been equipped with communication facilities in connexion with
the local dispatching centre. Many stations with a 35 k¥ outline voltage

have adopted carrier telephone on power lines.

]




CHAPTER 5: HYDROELECTRIC MACHINES AND EQUIPMENT FOR MHG

I. Hydro Turbine Generator Sets for MHG

The small hydroelectric machines and equipment mamufactured by
Chinese manufacturers are now quite complete. China has equipment not only
for high head operations up to 612 meters which suits mountainous region
development but also for large disciarge and low head up to 2 m in the plain

regions. Standard designs are presently available.

According to a new regulation, hydraulic turbines are classified into
three main categories, including 27 series and 85 different types. They
are of the axial fiow type, the mixed flow type and the impulse type (refer
to Table 5-1). Generator supports are 1€ in number and 121 types (refer tc
Table 5-2). In order tc fully utilize the widely dispersed water power
resources and to furnish electricity to remote and mountainous regicns, the
mznufacturers produce a special series of 0.25 to 75 kW mini-unit sets.
Because the mini-unit sets are small in volume, light in weight, simple in
construction and low in cost, they are very appreciated and welconed by

the people residing in the moun'tainous regions.

Since China has produced a large variety of small hydroelectiric equip-
ment, it is convenient for the consumers to select the equipment which suit

them the best.

Owing to the shortage of reactive power in the rural grid, synchronous

generators are used mostly in MHG.

The requirements of standardization, popularization ard serialization

are important for Chira which has so many diversified hydrological parameters.

The advantages of these products are that they are simple to manufacture,
suitable for mass production, high in productivity, good in quality, low in

vost and easy to operate and maintain,

Up to the present, China has produced over 200,000 sets cf hydro-
electric equipment. A portion of them have been exported and the rest were
installed in more than 80,000 small hydroelectric stations scattered over a
vast region. Some of them have been in operation for more than 20 years.
Judging from their operating conditions, it has been proven that they are
sound in quality and adapt very well to the varying operating conditions
in different localities. For example, two 612 m head, 500 kW, CD1O-WJ-90/1
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impulse type units produced by Chongqing Hydrcelectric Equipment Works, have
been safely operating in Zhong Shan Hydroelectric Power Station, Dayong
County, Hunan Province, for more than 10 years. The condition of cavitation
is satisfactory. Jinghua No. 1 hydraulic turbine, through repeated operation
and comparison, has proven to be of good quality and is now listed as a
State standard (i.e. ZD 760). Recently, the Jinghua Manufacturing Works
trial-produced a GZN 005-WP-250 type double-flow rurbine generating unit
which has already been installed in the tidal hydroelectric station in the
Wenling County, Zhejiang Province. In recent years, many previncial manu-
facturers have produced a large number of equipment for the small hydre-

electric stations.

Under the leadership of the Ministry of Water Conservancy, the manu-
facturers, being more self-reliant, have made many contributions in the
construction of small hydroelectric stations. For exanple, the Machinery
Co. of the Bureau of Water Power, Guangdong Province, has produced about
160,000 kW, 1,100 sets of hydroelectric generating units. Some of the units
have already been installed in Tibet and the Hainan:lsland. This equip-

ment has already withstood the most severe operating tests.

Investigations made on small hydroelectric machines and equipment after
long periods of operation revealed that the equipment made in China is of
gimple but reasonable conc*-wction and of good quality. Table 5-3 shows
a number of hydroelectric stati.ns which have teen operated for many years

and still have satisfactory opera ing records.

In recent years, the production of small hydroeiectric machines and
equipment in China has been developingz very rapidly. Now, the productive
capability has exceeded a million kW. Besides main equipment, a whole set
of equipment can be supplied upon request. Although the produ:ts are mainly

for market at home, a certain amount is supplied to foreign countries.




Table 5-1 Serial Number of Various Types of
Hydraulic Turbines
Operating Range
Noj} Type
Head Flow | Capacity
(m) (n2/3)|  (xw)
1 ZD76O—LM—$2600,80,100, 2.5.7 lo.45-6.8 | 12-400
2 pD760-1¥Y-100, 120 2.7-7 |2.96-8.6 | 55-400
3 ED560-1v-40, 60,80 4-14 {0.568- | 12-400
7.45
4 HI260-45-25,30,35,42,50 | 9-29.7|3°327" | 12-500
5 H1220-4J-42 24-50 19+95- 200-500
- 1.375
0.15 T
6 H1110-1J-30,35,42,50,50 | 20-70 1'0?9‘ 20-600
7 CJ22-w—455lx4.5,
55/1x7 0.055-
55/1x5. 5 50-33014. 401 20-630
T70/1x9
I L3-v~-25/2x7,32/1x7
8 32/1x9, 40/ 13 36-160 8'224‘ 2
43/1x11,50/1x12 .
. 0.761- | 400-
—W-62/1 -
J K024 2/1x16 75-220) 1 262 2000
0J22-4-11C/1%12.5 220- |0.781- | 1250-
10 110/2x1-.5 340  [0.970 2500
1.445- 2000-
1.942 5000
11 (o2 22-W-125/1x12.5 300- [0.910- | 2000-
504 |1.186 5000
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12| H1240-wJ-T1 29.5 3.2 750
13| HL240-11-120 18-23 7.23-9.13 | 1000-2C00
14|H1240-1J-120 20.1-37 8§.06-10.85| 1250-3200
15{E1.240-1H-1€E0 18.5-33.5 17-23.2 25006300
16{HIL160-1J-100 84-114 6.01-6.83 | 4000-6300
17} EL160-WJ-T1 71.8-112.6] 2.81-3.54 | 1600-3200
18|HL200-14-100 67-90 7.81-8.97 4000-6710
19|HT.260-WJ~71 21.3-28.7 | 3.32-3.86 | 500-800
20| HL260-1H~-100 19-25 5.7-6.6 800-1250
21} HLz20-WJ-50 30-70 1.48-2.3 400-1C600
221 HI,220-WJ-T71 32-18 3.14- 1.33 | 800-20C0
23| HL220~-WJ -84 30-55 4,.33-5.91 | 1000-2500
24| HL110~-WJ-hC 100-145 1.4-1.52 1000-16C0
25{HL110-wJ-100 120-200 4,1-5.6 4000-6000
26| HL1CO~-wJ-T71 222-315 1.58-2.4 3200-6000
27| .D560-111-180 9-16 15.8-2%.02] 1000-2500
28| 2D560-~11i-250 10.6-15.5 31.4-44.00f 2500-5000
29{ 20510~ 1180 6.5-14.5 13-18.8 600-2000
30| GD103~-wp-275 4.5-8 39.2-57.6 1%60~3600C
Remark:

H1- Mixed flow reaction type

XI~ Inclined tubular type

ZD- Axial-flow reaction fixed-blade propeller tvpe

XJ~- Cross flow type




CJ- Impulse tyoc

GD- Tubular fixcu-olade type
W- Horizontal shaft

I~ Vertical sheoft

J- Metal spiral casing

H- Concrete spiral casing
P~ Bult

M- Open flunme

Z- Tubular type

Example 1 HIL 110-W3-35

HL 110 W J 25
L lNommal runner diameter 35 cm
Metal spiral casing
Horizontal Axis

— Runner Model 110 (specific speed)

— Mixed flow reaction type




Table 5-2 Capacity of Hydroelcctric Gencrators
Specd Y.opedm. 1500 | 1000 | 750 | 600 | 500 | 428 | 375 | 300 | 250 | 214 |187.5
NO.of poles
4 6 8 10 12 14 16 20 24 28 32
Support HO.
18 12
36.8 %6 | 18
- 40 26
4‘.3 55 40
— |
55 40 o)
49.3 75 | ss 5
100 75
59 12% 100
160 125
74 200 160 125
250 200 160
85 320 250 200 160 125
410 320 250 200 160
500 400 320 250 200 160 125
99 630 500 400 320 250 200 160
800
1000




1000| 630| 400| 320
118 800 750 500
1000| 800
1600 | 1250 8cO goo
1250 30
801
1250 | 1000| 630 320
145 1600 | 1250| 1000 500
- 630 |
3200 | 2000
2000 | 2500
148 5000 | 3200
6000
1600 | 1600 | 1250
173 2000 | 2000 2000
2500 | 1600
2500 350
6000 | 32001 3200 800] 800 1250 | 800
215 20001{ 4000 | 2000| 1000 1600
5C00 125Q
6300 | 5000 3200 | 2500 | 1250 | 1000
260 1600
2000
284 650
5000 | 4000| 2500
330 6300 3200

-Got1~
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II. Main Auxiliary Equipment

In China, the manufacturers of hydro power machinery are responsible
for provicion of main auxiliary equipment, including speed governors, excitation

facilities and automatic components, in addition to the main generating sets.

According to the manner of operation, there are five types of govemors

used in the MHG, namely, hand manual, electrical, hydraulic-electrical,
electronic—electrical and electronic-hydraulic. The number of serials

comprised in the State set standard is eight.

Table 5-4 Type of fpeed Governors

Model Capacity (kg-m) Type
TT-35 35 dingle-regulation,
direct flow.

-5 15 - do -

TT-150 100-220 - do -

TT-300 230-375 - do -

YT-300 230-375 Single-regulation,
] hydraulic-electrical
| TT-600 450-760 - do -

YT-1000 76C-1220 - do ~

CT-40 2000-3720 - ds -

The speed governor of YT-serials is an automatic governor designed in
China specially fitting the MHG stations. This governor is equipped with an
automatic flying pendulur and two servo-motors which are capable of auto-
matically regulating the speed of the turbines and cf controlling start-up
and shut-down of the turbines from a distance, as well as regulating load.
Besides, there is an electro-magnetic valve for emergency stops. This valve
can be operated by a u.c. current which controls the hydraulic passage for
prompt shutting-down of the generating set and prevents "flying accidency"”
in the case of an emergency of the station when the a.c. source is interrupted.
If the hydraulic system of the speed governor happens to fail during normal
operation, a manual operation can be undertaken through a specially equipped

hand wheel or lifting rod. The fluid and air filling of the pressure tank
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of the YI-type governor can be automaticz2lly accomplished without the help
of an outside air compressor which is required for ordinary govermnors. The
features stated above are very suitable for mini hydro power stations which

are often only equipped with simple facilities.

The YTI-serial governors are mainly designed and produced by the Tianjin
Manufacturer for Controlling Equipment of Hydropower Machinery. There are
presently also many other manufacturers having the capability to produce

these governors.

The types or excitation for generators®are numerous. In the past, d.c.
exciters with electro-magnetic regulators were mostly used. For generators
less than 100 kW, only a resistor is equipped in the magnetic field to con-

trol the excitation.

Recently, many sorts of ur-dated excitation facilities have been pro-
daced by many manufacturers in China. The fairly matured types are: a SCR
excitation with a transformer at the outside tamminal of the generator as
a power source and a tripls winding phase shift compound excitation and a
silicon rectifier with a double winding generator shunted by a reactor.
These products have been examined in different places under various modes
of long-term operation and have been proven to be reliable and have advanced
technological indicies. They have therefore been widely spread over the

country.

In certain places, some old stations have been renovated with new
electronic facilities, such as Laoding County of Guangdong .rovince, where
70% of the generators are equipped with or have been re-erected with a

SCR excitation.

From the 1970%s, 630-1,250 kW hydro generators with third harmer.ic
voltage excitation through SCR have been successfully trial-produced and
have been 2rected in several stations in Jiangxi, Gansu and Fujian Provinces.
Several years of operation have proven the reliability of this excitation
equipment, which, in comparison with electromagnetic excitation for gene-
rators of the same size, not only saves over 50% cost and 50% copper bui
also performs as a better self-forced excitaticn affected very little by

variation of frequency.

In addition, brushless excitation, which is in common use abroad, has
also been trial-manufactured and erected in some stations in the Sichuan,

Zhe jiang and Hunan Provinces.
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A serial scheme of SCR excitation for generators with a capacity of

500-5,000 kW is under preparation by the Tianjin Research Institute of Electro-

driving.

I1I. Complete Set Equipment Supply

For the sake of the customers convenience, provision of complete sets
of main electro-mechanical equipment for MHG have been organized by the
State and by some provinces. It includes the main equipment and its auxi-
liaries, transformers, high tensicn switchgears, various control and pro-
tecting panels, cables, cranes, air compressors, pumps, porcelains, etc.

In the Sichuan Province, a "Manufacturing Corporation of Power Plant Equip-
ments" has been set up to incorporate 90 or more manufacturers of power
plant facilities under the principle of specialty co-ordination. Such
corporations are also being established in the Zhejiang and Cuangdong

Provinces.
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CHAPTER 6: RESEARCH, DEVELOPMENT, TRAINING COST
REDUCTION OF MHG

China has trained many technical teams on the job in the implementation

and management of MAG, in areas such as planning, exploration, design, con-

struction, installation, operation and maintenance. Presently, efforts are

being maue to raise the level of technology, to carry out research and tech-

nical innovation, to improve the reliability of the power supply, and to

reduce construction costs. The following are the main technical aspects.

I. Research

A.

Appliceticn of pre-stressed concrete pipes in MHG plants

1. Advantages of pre-stressed concrete pipes - (hereinafter

referred to as PSC pipes)

In the past, the high or medium pressure pipes used in MHG
were usually made of steel. The supply cf steel, however, was
not adequate to meet the needs accompanying the development of
the hydro power cons‘ructions. In 1964, utilizing gained foreign
experience, the Gao-liang MHG station of De—fing County of
Zhao-ging Prefecture, Guangdong Province, successfully used
self-made spigot-and~-socket type PSC pipes instead of steel pipes.
Soon afterwards, all plante gradually began to do the same.

Up until this time, every county in this prefecture had
run a cement pipe plant. These plants mamufactured pressure
pipes 76 km in total length for 2,700 hydro-electric units.
Among these MHG plants, the highest water head is at ‘i HYuang-
tongjiang MHG station of De- qing County which reaches 218 m.
Three 800 kW generating units have been installed and 600 MM
of PSC pipes have been used (Figure 6-1). At the Shiu-xia MHG
station in Huai-ji County which has a water head of 168 m, four
3,000 kW generating units have been installed and PSC pipes
1,250-1,300 M4 in diameter have been adopted (Figure 6-2).
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PSC pipes possess the followir.g advantages in comparison with
steel pipes:

a. Low cost and low consumption of steel:

Generally, the consumption of steel can be lowered
70-90% and the cost reduced by 60% when PSC pipes are used
instead of steel penstock (those with low head 2ad large
diameter may save even more steel and cost). For example,
at the Shui-xia MHG station, about 175 tons of steel costing
approximately 310 thousand yuan was required for the steel
penstock design but only 53 tons of steel and 120 thousand
yuan was needed to manufacture the P3C pip:s. Thus, savings

in steel and cost are approximately 70% znd 61%, respectively.

All PSC pipes were tested using a water pressure test.
After keeping the pipes under constant pressure for 24 hours,
the tests revesled that a maximum water pressure of 34 k8/0m2
was possible without danger of cracks and leakage. These PSC
pipes have been in operation for four years now and are still

in good condition.
b. Durability:

The first PSC pipes were put into operation 15 years ago
in 1964. These pipes are stil. performing as well as they were
at their installation. Another MHG station located in the
suburb of Zhao-qing has a working head of 120 m. A steel pen-
stock 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 an impossibility, the steel pipe ruptured under
inner-water pressure. It was then replaced by a PSC pipe. The
P3C pipe has worked without complications from ites implementa-
tion in 1968 up until the present.

¢. Convenience in installation and better water sealing of
Jointss

The spigot-and-socket type is easy to install. The imp. -
tant point is to lay a rubber seal in the spigot end and the:
put the spigot into the socket. This technology results in
secure sealing and promotes high efficiency in installation.
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For example, in one MHG station with a head of 200 m, in
operation for over four years, the seal of the spigot—and-
socket joint is still in excellent condition. This joint

is also more capable of adapting to deformation.
d. Low maintenance cost:

Nevertheless, PSC pipes have skcricomings such as a
larger dead-weight and that they break more easily during
transportation and installation. These problems should be
overcome by taking adequate measures.

Design of PSC pipes

PSC pipes consist of three parts; a concrete pipe core re-

inforced with longitudinal pre-stressed steel, a circumferential

pre-stressed wire wound around the external surface of the pipe

core wall, and a protective layer.

a. Design criteria:

(1) necessary strength and the avoidance of leakage;
(2) sufficient rigidity in the longitudinal direction
to prevent cracks and breaking of pipes duriag
pre-stressing, unshuttering, transportation and
installation;
(3) The compressive stress of the ccre pipe (¢ must
stand as follows:
Inner diameter DI & 50 CH,Q' 3-8 kg/cm2
DI = 60-80 CMFE3-6  kgfom®
DI = 100-130 CMfc2~3  kg/cm?

Experience has shown that when the diimeter of a
pipe is lesr t'.an 30 CM, the thickness of the pipe
will be 2-35 CM and the length 2-3 m. When the
diameter is 30-130 CM, the thickness will be 4-8 CM
and the pipe length 3.2-4.2 m.

o, Computation of pipe:

The strength of the pipe depends m2inly upon the
technoiogy and workmanship during manufacture. Usually, the
results of computation are merely used as a reference in the

selection of the steel reinforcement bar. The actual strength
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measured by the water pressure test. The

following data is used for computation: (see Figure 6-3)

DI

ri =

inner diameter of the pipe in CM

inner radius of the pipe in CM

thickness of the core pipe in CM

length of the pipe in m

thickness of outer protective layer in CM
design water head in m

eyuivalent imner-water pressure in kg/cm2
ultimate strength of pre-stressed steel bar
for low carbon cold extended steel bar A3F, Rg
is 7,000-8,000 kg/cm>

= compressive strength of concrete

tensile strength of concrete

Fig. 6-3 Dimanssorr

f rPSC /wfe

In a circular direction, taking L=1 m for computation, the

tensile force on the pipe wall is:

N = 100 rip (kg) 36)

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

kN
Ae = 3¢

(cn?) 37)

(where k = the co-efficient of safety, us» 2.0).
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The following formula should be used in calculations for the

prevention of cracking:

KN = L‘h (rg*Maz) + 200 Ag) 38)
where Ah = the cross section of pipe wall in linear
length 1 m = 100t (cM2)

0,5 = effective pre-stressed force (kg/Clz)

Kf = gafety co-efficient on cracking.

_A 1
Precentage of steellff =% oo’
Substituto/1, N, Ag to (38), to obtain (&

The loss of pre-stress will be 75 and the total pre-

stress will be % = (ﬁg‘)go.a Rg. It is mandatory
that this condition must be met where 0.8 = the co-efficient

of stress control.

In normal cases, when 4 1is not as high, the summation
of loss in pre-stress lies between 1,000-2,000 kg/CHz;
for pre-stressed structures using pre-tensioned methods,
O% greater than 1,000 kg/CM2 is proposed.

3. Manufacture technology and quality examinaticn of

pre-stressed concrete pipes:

In order to satisfy the design requirements for optimal
working capability, pre-stress concrete pipes should possess
sufficient resistance to permeability and cracking as well
as sufficient durability. These two qualities derend upon
quality control during the manufacturing process. Resistance
to permeability can be effected not only by material quality
and mixing proportion but also by the pipe core moulding techno-
logy. The application and control of longitudinal and c¢ircum-
ferential pre-stress on the pipe and the concrete strength
of the pipe core are two factors affec.ing the crack~resistance
of the pipes. Rusting of the circumferential pre-stressed wire
will reduce the durability of pipes to a considerable degree.
Hence, quality control and examination of pre-stressed concrete
pipes in a three-stage technology using the centrifugal method
has been emphatically presented and fully adopted in China.
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a. Control of longitudinal pre-stress:

The longitudinal pre-stressing of pipes is achieved
by pre-stretching the longitudinal steel. This is then
temporarily anchored on the pipe mould before the pipe core
is moulded in order to increase the level of possible pre-
compressive stress after moulding. Both the electro-thermal
stretching method and the screw~rod stretching method are
commonly used to apply longitudinal pre-stress as shown in
Figures 6~4 and 6-5. The pre-stress value of longitudinal
steel is controlled by the elongation value of steel; namely,
the steel is stretched up to the specified elongation value
which can be calculated by the following equations

Ap - KXo, 39)
g

in which A ¢ = elongation value of longitudinal

steel (CM);
&k = controlled stretching stress of longi-

tudinal steel (kg/CM2);

= modulus of elasticity of steel (kg/bnz);
distance between two anchorage points
at the ends of longitudinal steel (CM);

N

300 = pre-stress loss caused by uneveness in the
steel and plastic deformation of steel

under high temperature and stress action

(kg/CMz).
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/7'79 E-Fa Corrmector o/ e foctric
wire oarndd Stmwe/ bar

Figure 6~4a — Sketch Showing Connuxion of Three-Phase Transformer Cable with Steel

1 secondary ccil lead; 2 pipe mould;
3 longitudinal steel; 4 elect ro-thermal support bracket.

i

Frq. & A, Cornrection af ore
We/der and stee/ bar

Figure 6-4b — Sketch Showing Connexion of ARC Welding Machine with Electro-Thermal
Steel

1 arc welding machine; 2 secondary coil lead;
3 pipe mould; longitudinal steel;
electro~thermal support bracket.

S

L




-118-

/ 2 3 4l 5 ]
\ .
l\
\ YRS ~
Q '\\ L;: o AR DR RRER ;
. /6\’1\ s
' L °
gl —_— 1 @ ‘
0 —4 o}
!
. . ok
! <i° : *
Qo o ‘ [
o Jﬁ ! [} =
9. - o
<= l
T AT N

Fx_y 5-5 [&fﬁen/f_vf o/(' _5&/ bar

Sketch Showing Longitudinal Steel Stretching with Screw-Rod Stretching Machine

1 screw~rod stretching device; 2 socket anchorage capstan;
k) pipe mould; 4 wire-tensometer;
% longitudinal pre-stressed steel; 6 spigot anchorage capstan.

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

b. Quality control of aggregates:

The quality requirements of sand and stone for pre-stressed
concrete pipe are generally the same a3 those for high-grade
concrete. However, clay impurities and stone powder in the
sand must be completely eliminated for the concrete to possess

sufficient resistance to permeability.
c. Control of concrete mixing proportion:

Before mixing, the proportion of concrete used for pipe
manufacture should be determined by testing and siaould not be
randomly changed or the permeability resistant property will

fluctuate. The so-called "Control of Concrete Mixing Propor-
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tion" is primarily used to strictly control the water—cement
ratio in concrete after using the centrifugal moulding method.
The remaining water—cement ratio generally equals 0.66-0.68
times the water-cement ratio before this centrifugal moulding
operation. In other words, the water—cement ratio in concrete
before centrifugal processing is proportional to the remaining
water-cement ratio in concrete after centrifugal moulding.
Therefore, the arbitrary addition of more water must be for-
bidden.

d. Control of the centrifugal process in divided into
three stages:

These stages are, namely, show speed, intemmediate speed
and high speed. Control of centrifugal technology means the
ad justment in magnitude of speed and in duration of time .of
these three stages.

(i) Slow speed control:

Slow speed rotation is the first step in centri-
fugal technology, the aim of which is to provide faci-
lity for material feeding and to make concrete materials
uniformly adhere more firmly to the pipe mould wall.

For this purpose, the centrifugal force produced by
the rotating speed should be larger than the dead-

weight of the concrete material, i.e.

”n

. w'r)n? (ko)

where m = mass of concrete (gm.sec/CMz)
w = rotation of angular velocity,

w % (1/sec),

r = rotating radius, namely, the external
radius of the pipe core (CM),

g = gravity acceleration, g = 981 cm/sec2,

n = rotating speed of pipe mould (rpm).

Consequently, the following expression for slow speed

is obtained
300
n ——
Z
Through practice, the controlled slow speed is penerally
taken as 1.5.1.6 times of the theoretical rotation speed,

i.e. the applied slow speed

= (1.541.6) X _300 (k1)
T




-120-

The slow spced centrifuge depends upon the -
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ne material distribution on
the pipe mould wall; it will be longer for pipes with
a larger Jiameter and shorter for ones with a smaller

diameter. In general, it takes between 5-15 minutes.

Fr. &-6 Concre = //:/47<nglvve»77‘ ¢i7£

A

/ﬁ’?ﬁhf coOre

Figure 6-6 shows the feeding process in pipe cocre

centrifugal moulding.
(ii) Intermediate speed centrifuge:

Intermediate speed centrifuge is the transitional
stage from low speed to high speed centrifuge. This
transitional speed should be uniformly increased. Due
to the relatively low water—cement ratio in concrete
used in centrifugal technology, the flowability of the
concrete mixture is relatively small. Abruptly raising
the rotation speed to a high speed will result in dis-
placement of material and conaequently cause non-uniformity
in the pipe wall thickness. Purthermore, an abrupt rise in
speed will cause skipping in the pipe mould and thusly
intensify the segregation of material. Therefore, the
principle of intermediate speed control iz to gently raise
the speed from low to high. The revolutions per minute

and the duration of time required should be Aetermined by
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practical observation. In general, the duration of time is

norrmally never rore than 10 minutes. (see Figure 6-6).

(iii) High speed control:

High speed centrifuge is the final stage of centri-
fugal technology. Importantly, it is the stage at which
the concrete will achieve its maximum density. According
to the theoretical derivation, the expression for centri-
fugal pressure will be:

k)
_ !Z:E%n? 2 _ro
F= SHo0g & —F) 42)

where F = centrifugal pressure of core concrete
| acting on pipe mould (kg/CMz);
? Y4 = unit weight of concrete (kg/CH3);

-n = rotation speed of pipe mould (rpm);
r. r = internal and external radii of pipe,

respectively (CM).

It is known from Egq L2, when the dimensions of the

pipes are constant +that the larger the rotation speed

is in high speed centrifuge, the larger the centrifugal
compressive force will be. Hence, raising the centrifugal
rotation speed is an important means to increasing the
strength and permeability-resistance of the pipes.

To choose the rotation speed in high speed
centrifuge, a rotation speed corresponding to a centri-
fugal compreasive stress reaching 0.8-1.0 kg/CM2 is con-
sidered the best{. However, the best rotation speed is
hardly ever attained due to the poor rigidity of the
pipe mould which has usually been made by a hand manual
with a steel plate 3~6 MM in thickness. The centrifugal
pressure which the pipe mould can withstond does not al-
ways exceed 0.5 kg/CHz. Based on production practice,
when a pre-stressed concrete pipe with an internal dia-
meter of 1,250 MM is manufactured, a centrifugal pressure
between 0.73-0.75 kg/CM2 is needed to enable permeability-
resistance of the pipe to reach 34 kg/CM2 or above. It

can ther safely be used in a high-head hydro-electric
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plant with a design intemal water pressure of 21.2 kg/Ci?.
Consequently, control >f high speed centrifuge should be
determined ac:coiding to the diameter of the pipe and the
magnitude of the permeability-resistant pressure required.
Generally speaking, centrifugal pressure acting upon the
pipe mould should be in the range of 0.4<0.T5 kg/CM°.

The highest limit is required for high permeability-resis-

tant pressure and the lower limit for low.

The duration of time needed for high speed centri-
fuge is determined by the degree of d»ainage, the den-

sity of concrete and sometimes by the water pressure test.
(iv) Control of operation techniques:

Considering that segregation takes place due to
the centrifugal process, the impemmeability of the concrete
pipe core mainly depends upon the mortar layer and the
cement layer. The two together are called the permeability-
preventive layer. The thickness of this layer is only
one-fourth of the entire pipe thickness. If a method is
used where both feed and centrifugal processes are done
layer by layer so that multiple pormeability preventive
layers are formed on the pipe wall, the permeability re-
sistance will be markedly increased. Generally, the feed-
and-centrifuge process can be repeated two to four sepa-
rate time, depending on the desired thickness of the pipe
wall and the diameter of the pipe.

e. Centrol of the circumferential pre-stress:

The circumferential pre—stress wire is wound around the
external surface of the pipe core wall. A weight-balanced
tension-type wire-winding machine is extensively used to
wind circumferential pre-stressed wire. The principle of
wire-winding is shown in Figure 6~7 and 6-8. The wire is
subjected to a tension equaling one-half the weight of the
weight block. The pre-stress value of the circumferential
wire can be controlled by adjusting the weight of the hung
weizht block and may be calculated by the following equation:

w=2‘;z’,('-7 43)

in which W = weight of the weight block (kg);
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ri = controlled tensile stress of circumferential
wire (kg/CM°);
fy = cross-sectional area of a single circum-

ferential wire (CMZ).

The circumferential pre-stressed wire is wound onto the pipe
core through the guide pulling mounted on the gantry. This
moves forward when the pipe core rotates. The pitch of the
wire to be wound can be controlled by adjusting the moving

velocity of the gantry.

F—Iy &-7 Frestrexsed stee/ bar
Winded o F#He /D7b¢ core

Pigure 6-8 illustrates the working principle of the weight-balanced tension-
type wire-winding machine.

I____ wire-winding system II____balancing weight system

1__ _pipe core 2____ gantry

3___ _steel wire capstan 4_____ wire-fastening and guide device
5___pre-stressed wire guide pulley 6____ pre-stressed wire

7____ tension transmitting device 8 ____steel cable guide pulley

9____ steel cable 10_____weight block

11 winch
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Figure 6-8 - Winding pre-stressed wire onto pipe core.

If circunferential hair cracks appear on the intemal
surface of the pipe core wall after wire winding, it is neces-
sary to examine whether the stiructural design of the pipe is
reasonable, whether pre-stress on the longitudinal steel was
sufficiently applied during the pipe manufacturing process and
whether the pipe core reached its specified strength during
the wire-winding operation. Then, corresponding measures
should be taken for improvement. These .ypes of circumferen-

tial hair cracks can be repaired with epoxy-resin.
f. Protection of circumferential pre-stressed wire:

The service life of pre-stressed concrete pipe is rather
long but the circunferential pre-stressed wire can break due to
rust erosion and cause failure of the pipe. In general, a
cement mortar layer 15-20 MM in thickness is mechanically or
manually made on the pipe surface as a protective coating. At
present, a method employed to protect circumferential pre-
stressed wire is to apply a rust-prevent:ve coating on the
wire. The most practical method is to install a container of

rust-preventative material on one side of the gantry
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in the wire-winding machine as shown in Figure 6-9. When the
wire passes through the container, a rust-preventive coating
is automatically applied to its surface just before it winds
on to the pipe core. Then, if the cement mortar protective )

coating fails, the rust—preventative coating will still remain
on the steel wire itself.

A7 &-9 .5}7‘ coaflf":7 a/('
frc.s-/ne;:/nj Stee/ bar

Figure 69 illustrates the automatic application of a rust-preveniative
on pre-stressed wire,

1 gantry 2 pipe core
3 wire-fastening and guide device 4 steel wire capstan
5 steel wire guide pulley 6

tension transmitting device
7 rust-preventative container.
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g. Hydraulic pressure test:

Permeability-resistance and crack-resistance can be
determined by using a hydraulic pressure test. The equipment
used in conducting hydraulic pressure tests is a water—filled
type of hydraulic pressure testing machine. For pipes with
larger diameters which will be subjected to higher pressure,
an internal sleeve-~type hydraulic pressure testing machine may
be more convenient, as shown in Figure 6-10. The latter
Lype can greatly reduce the total thrust of water pressure
against the bulkhead at both pipe ends, making water sealing
between the bulkhead and the pipe more easy.

Since pre-stressed concrete pipes used in hydro-electric
stations are always laid along a hill slope in the open air
and are not subjected to earth pressure and other live loads
acting on the ground surface, the pressure used in hydramlic
examinations is always taken as 1.3 times the sum of the
hydrostatic pressure and water hammer pressure increment,
i.e. 1.3 times the designed internal water pressure. If
percolation and cracks do not appear in the pipe under such
water pressure conditions, the pipes can be considered
qualified. All pipes should be installed and employed only
after passing both the permeability-resistance and the crack-

resigtance examination.

i
|
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Figure 6-10 illustrates an internal-sleeve type hydraulic pressure testing
machine. E
1 water intake valve for pressure test 2 connected to electrical pressure
test pump ,
3 connected to water pump 4 water filling valve

[—
—

=

1

5 air release valve 6 pressure gauge

7 machine support 8 stationary bulkhead

9 water se. ling rubber ring 10 tension rod

11 steel sleeve 12 pre-stressed concrete

13 move.ole bulihead 14 hand wheel

Yore than ten years of usage have shown that pre-stressed
concrete pipes poscess higher crack-resistance and better
permeabiability~resistance. It has been verified that appli-
cation of this sort of pipe in hydro-electric stations under
200 meters of water head is both feasible and safe. Pre-
st ressed concrete pipes with a diameter of lees than 1,300 MM
can be manufactured with comparatively simple equipment on site or

in the plant.
B. Application of Relief Valves in MHG

If the load of a hydro-eleciric unit is rejected suddenly during
operation, the governor will automatically cause the turbine to quickly
ciose its guide vanes, consequently producing the penstock pressure rise
£ and the turbine speed rise . £ and # can be both expressed as
functions of the principal variable Ts; the closing time of the guide
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vanes. It is known from the characteristics of the penstock and the
turbine that § will vary contrary to @ for a certain range of variation
of Ts. That is, when Ts increases, f will decrease while GS increases,
and vice versa. For a hydro-electric station with short penstock (nor—
mally the starting time of penstock Tw is less than 2.5 seconds) reasonable
value of £ and é can be obtained if Ts is selected properly. For a
hydro~-electric station with long penstock, however, it is often impcs-
sible to select an appropriate value of Ts that will make both g maximum
and 4? maximum fall within an allowable range. In such a case, a surge
shaft (or surge tank) is usually installed to ease the contridiction
between £ maximum and 6 maximun, thereby ensuring stability of the
regulation system. This arrangement actually shortens the effective
length of the penstock and reduced the value of Tw within allowable
limits. However, using surge shafts require larger amounts of building
materials, higher construction costs and an increase in time needed for
construction. Moreover, for some sites, surge shafts are difficult to
construct owing to poor topographical and geological conditions. In
order to cut down capital investment and speed up construction, a scheme
of replacing the surge shaft with a relief valve employing a ncvel all-
0il control system was developed. From the characteristic test for a
single relief valve at Jingganshan hydro-electric station of Jiangxi
Province and also from the industrial tests and four years of operating
experiences at Longyuan Hydro-electric Station, Hunan Province, it has
been shown that the application of type TFW-400 relief valves with all-

0il control system can successfully replace a surge shaft.
The pertinent facts of the scheme are:

Total length of tunnel plus penstock 1,950 m, head 83 m.
Capacity unit = 1,600 kW.

In case of a rejection of the ™1l load in all three units, the
penstock pressure rise § is 14.5% and the turbine speed rise is 24.4%.
These values are appreciably lower than those for a design employing
surge shaft ( € = 24%, ﬂ = 32%) and are very close to the values
obtainable under optimum closing law, i.e. & = 11.2% a.nd(é’ = 25.5%.
The stability and transient process quality under conditions of no-load
and on-load disturbance for the turbine regulating system also meet re-
quirements of the power station. A saving in cost of 90% of that of
a surge shaft was realized in addition to the power station being put

into commission one year ahead of schedule.




-129-

1. Type TW-400 relief valve with all-o0il control system:

The action of the relief valve must be sensitive, safe and
reliable when it is used in place of a surge shaft in hydro-electric
projects. Most relief valves used in the past were of the mechanical
type. These have been proved by experience over the years to be
unreliable, and the action of the relief valve also lags behind
that of the guide vanes by up to 0.5 seconds. Consequently, even
if a relief valve is installed in the hydro-electric station, the
penstock pressure rise will still be very high. Special safety
measures would have to be taken to protect the penstock in case
of relief valve failure. Therefore, the mechanically controlled
relief valve could not completely take over the function of reducing
the water-hammer. Various designs of relief valves with hydraulic
control systems were somewhat improved but shortcomings were still
quite evident. For example, some valves still retained a time
lag of 0.1-0.4 seconds; some valves required ar increase of the
capacity of turbine pressure cil systems; others had complicated
systems comprising large numbers of controcl elements that were
difficult to adjust on site, and so forth. The above-menticned
shortcomings have all been overcome in the type TFW-400 relief
valve. The valve proper and control system are described separatly

as follows.

a. The construction of the valve proper: (see Figure 6-11)
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The type TFW relief valve is of a horizontal arrangement

and consists of valve casing (1), valve disc (2), balancing

chamber (3), main servomotor (4), pilot oil chamber (5) and

water inlet and drainpipe, and air supply valve, etc. The

main servomotor and pilot o0il chamber are connected integrally

with the valve casing, meaning a small size, simple construc-

ticn and a compact arrangement.

The cast steel valve cesing is made up of two partially

spiral-shaped ducting symmetrical to the vertical center line.

Stay vanes in the valwvo casing will turn the incoming water

into vortex flow, thus achieving effective energy dissipation

before the water is discharged into the tailrace. The valve

is equipped with an air supply device to reduce vibration

during operation.
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The valve plug may be conical or round. They are 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 accomplished by the close con-
tact between the stainless steel overlaid seal ring on the
valve plug and the removable phosphorous-bronze seal ring
on the valve budy. These two surfaces are precisely grinded
and fitted to give satisfactory sealing.

b. The control system of the relief valve:

Y74

on_ (5 ~a b
}_/_7 &-72 D,‘ﬁram of control
le._x,ém

The main feature of the relief valve control system is
the employmen’ of pressure oil for direct and complete control
and operation. It alsc has a two-step closing device for the
guide vanes.

The principle of the action of the control system is as
follows:

- When the turbine load is constant, the piston of the
main distributor is at middle position and the oil
under preuuro’, flows into the closing chamber of
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the relief valve via a thrcttle hole, while the
opening chamber is connected to the drain. Because
the o0il pressure in the closing chamber of the main
servomotor is Ligher than the water thrust on the
valve disc, the relief valve remains in a closed

position.

—~ When the turbine load is reduced by a small anount
(within 15% of the rated output), the main distributor
only moves upward a small distance, so that a limited
amount of oil under pressure ,P, enters the closing
chamber of the main servomotor to make the guide
vanes close slowly, while the relief valve remains

closed.

- When more load is rejected momentarily (greater than
15% of rated output), the upward motion of the main
distributor piston is much larger and the relief valve
opens quickly at the same time as the guide wvanes close.
The action of the two is synchronized with a zero time

lag.

-~ As the turbine load increases, the o0il under pressure
#>flows directly into the opening chamber of the main
servomotor. The relief valve remains at the closing

position.

- "Stepped closure device": This device is thrown in
when the relief valve starts to open fast. The relief
valve accelerates to the position determined by the
limiting ring and then proceeds at a lower speed, thus
causing the guide vanes to close in two stages. The
break point of the two step device can be easily ad-
Justed on site.

Should the relief valve fail to work, the guide vanes
have to be closed slowly to ensure that the penstock pressure

rise will not exceed allowable limits.
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2. Stability and transient process quality of the turbine
regulating systen employing relief valve.

When using the relief valve, the following problems are

of great importance:

- Calculation of the maximum penztock pressure rise &
maximum and ‘he maximur turbine speed riseré7 maximum

when the load is rejected.

- Calculation of the stability and the transient quality
of the turbine regulating system when small disturbances

occur.

For many years the practice has been to compute the two
aspects of the same problem separately. That is, in the case of
load rejection, methods such as Allievi formula was used for the
calculation of the maximum penstock pressure rise g maximum and
methods such as the S.M.S. formula for that of the maximum turbine
speed rise ﬁ' maximum. In the case of small load disturbances,
the stability and transient yuality calculations were carried
out by simplifying the original high-order regulating system to
a third-order system consisting of an ideal turtine, an ideal
governor and rigid-column water hammer. Cbviously, this method
of calculation will not be suitable in cases of hydro-electric

stations with a long penstock and a relief valve.

The present study treats the transient process of the regu-
lating system on the basis of modern control theory and integrates
the calculation for large perturbations and for small perturba-
tions. It takes into account the non-linearity of the turbine
elements and some important non-~linear factors of the governor,
such as the saturation characteristic of the frequency measurement
device, stroke 1limit of daskpot, and dead band and stroke limit
of the main distributor and main servomotor. Accurate results
on both regulation guarantee and stability, as well as transient

quality calculation, may be obtained simultaneously.

The computation has been presented in the paper "Application
of relief valves in small hydro-electric stations" for UNIDO "The

Cecond Deminar Workshop of Transfer of Technology on MHG", 1080.
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Figure 6-13 shows the relative stability in a case using a
relief valve as compared to that with a surge shaft for a unit

equipped with Type XT-600 governor (mechanical type) when opera~
ting isolatedly. '
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The units run smoothly when they are comnected to a large
network but when each unit carries an isolated load, the stability
under small perturbation mainly depends upon the performance of
the governor; the larger the penstock, the higher the performance
demand on the governor. Therefore, wheén making the choice to use
relief valves instead of a surge shaft, emphasis should be put ¢n
the technical requirements of the govermor according to the actual

conditions of a given hydro-electrical station.
3. Serial design of the relief valve and its application.

The initial three sets of TFW-400 relief valves with
all=-oil control asystems were successfully put into operation

early in 1976 2t Longyuan hydro station, Hunan Province.

Serial designing of the relief valve for different type
turbines are underway. Seven models for various head ranges
comprised of four diameters (p koo, ¢ 600, ¢ #oo, qé 1000 MM)
were designed and manufactured. The main date is shown in Table

? -1, .
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Table 6-1 Main Features of TFV Relief Valves

TFW TFW TFW TFW TFW TFW TFW

Item 400/130 | 400/320 | 600/130 |600/300 | 800/80 |800/160]|1000/100
Diameter Dx (MM) 400 400 600 600 800 800 1000
Max. stroke Yx (MM} 80 100 150 150 200 200 250
Nominal Hp (m) 130 320 130 300 80 160 100
Max. head
Hmax = (1+§) Hp (m1 160 400 160 360 100 200 120
Max. discharge n3/sec.
Qx (corresponding to

Hmax) 3.15 7.67 10.9 16.4 12.8 21.7 26.3
Weight of valve (ton) 1.2 5 8.5

The range of application of the various relief valves are
shown in Figure 6-14.
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More and more projects came to use relief valves in place
of surge shafts after the successful experiences at Longyuan.
Up to the present, relief valves at a number of stations such
as Jinggangshan (Jiangxi Province), Changtanhe (Guangxi Zruang
Antonomous Region) and Jixi (Fujien Province) have been pvt into
normal operation successfully. Another 17 hydro-electric stations

have been supplied with 33 relief valves.

A saving of investment of more than 5.4 million yuan has
been achieved by adopting relief valves in place of surge shafts
at these MHG units. The above savings do not include cases where
topographical and geological conditions have not permitted the
constructicn of a surge shaft. Investment savings in these cases

are difficult tc precisely evaluate.
In conclusion:

a. The relief valve with all-oil control systems exhibits advan—
tages in sensitivity (no time lag), safety and reliability, simpli-
city in structure, convenience in adjustment and maintenance. A
hydraulic interlock is built between the relief valve servomotor and
the turbine servometer to allow accurate synchronization free from
multi-functioning. Thus affording added safety to the penstock and
the turbine, the "Stepped-Closure" device permits the selection

of better parameters of regulation. Values of § andgcan be deter-
mined from two independent time constants, i.e. the value of ; from
the turbine slow closing time TSS and value of (3 from the fast
closing time Thm.

b. The relief valve of this control system will not act in cases
of small perturvations. It is important to note that when selecting
governors for a hydio-electric station equipped with relief valves,
the govermor temporary speed drop lrt, time constant of the damping
device T and other related parameters should have the largest range

of adjustment possible.

c. Because of the difference between the flcw characteristic of
the turbine and of the relief valve, a perfect match is difficult,
with the result that a pressure depression often takes place at

the initial interval of guide vane closing and at the end interval.




II.

-137-

Uniform variation of flow in the whole penstock system can
be attained by rational selection of opening-closing laws of the
relief valve and guide vanes. Pressure depression can thusly be
retarded or avoided.

Technical Innovation

A. Water resistor device.

Application of a water resistor device takes the place of a surge
shaft. Successful results have been obtained by some hydro power stations
using a pressure relief valve instead of a surge shaft but it has its
limitations. It is only applicable to medium or small hydro power
stations with a medium or high head. If the hydro plant has a low head
and a big flow, this would cause over-dimensicn of the valve, complica-
tions in manufacture, high cost of outlet structure, etc. Besides, it
is also unsuitable to use the »nressure relief vaive in stations where

tre water is high in silt content.

In 1962, a water resistor device was first used at the Wang Jia
Chang Power Station (installed capacity 3 x 1,360 kW) of the Hunan Pro-
vince to replace the surge shaft in order to overcome the difficulty of
building a surge shaft at the foot ¢f the dam. The total cost in
building the water resistor device was 30,000 Yuan while the ccst of
building a surge shaft in the original design would have been 110,000
Yuan. Since then, the water resistor device has been recommended to
some other power stations in China and certain improvements have been

further carried out.

This device is similar in principle to the "load balance', which
is studied abroad. Calculations should be made of the raise in
pressure and speed if the load is suddenly rejected to see whether tc
use a water resistor device or not in a hydro power station. The water
resistor device should be applied only when the calculating value exceeds

the allowable value stipulated by technical regulations.

When the load is suddenly rejected and the active capacity in the
generator's stator simultaneously disappears, the water resistor should
be put into operation at that moment by the starting elements as a pre-
tend load. Therefore, the speed governor is not shut down, the guide
vane is only shut a little and only transition processes with little

1

fluctuation are produced in the pressure penstock and the unit. When

the unit is stabilized after loading up the water resistor, it can be
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unlcaded gradually and the unit shut down normally. By this operation,
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range stipulated by regulations.

If the loading up of the water resistor and the disappearance cf
he active capacity in the generator's stator happens at the same time,
the value of pressure and turning speed will not be raised. In fact,
due to the impossibility of synchrcnism in operation of the starting
elements, the loading up of the water resistor always lags behind the
disappeararce 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 recucing the pressure and turming speed raise will be decreased.
On the contrary, the sooner the water resistor is loaded up, the more
obvious the effectiveness will be. Therefore, it is desirable that the

starting elements for this device possess high sensitivity.

According to the analysis of operation in the hydro power stations,
it is realized that accidents might have happened in the generator or in
the water resistor when the water resistor is put into operation. There- .
fore, it is assumed in the design criteria, that one unit is suddenly
unlcading entirely and not loading up the water resistor. In this case,
it should be guaranteed ihat the value of pressure and turning speed

raise do not exceed the nermitted value stipulated by the regulations.

It is rare that inner accidents happen to both units at the same
time. In this emergency case, the pressure raise is permitted to ex-
ceed the allowable value stipulated by regulation but is limited by
the pressure value at which the penstock will be destroyed. (The
approach of prolonging the ciosing time Ts may be adopted).

In order to prevent the rejection of the water resistor, it is
necessary that a spare water resistor device be installed but special

attention must be paid to its maintenance and repair during the operation.

According to the result of experiments in three hydro power
stations, the following points can be realized:

~ 'The water resistor can take the place cf a surge shaft
in operation.

-~ The "™ime lag" of putting the water resistor into operation

affects its effectiveness.
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£

a further study is needea to improve and perfect this technical

innovation.
B. Third harmonic voltage excitation system.

This is an updated type of excitation. The study, trial-manu-
facturing and probation was started in the 19608 in China. Fairly good

results have been obtained.

At present, there are two categories of third harmonic voltage
excitation in Lhina: one for a unit less than 500 kW in capacity, which
generally uses single phase harmonic winding in providing exciting current
to the magnetic field of the generstor through non~controlled silicon
rectifiers. Though simple in structure and cheap in cost, its short-
coming is its instability in parallel operations and therefore has not

been used often.

The other category is for generator sets greater than 500 kW, all
of which use SCR as-the rectifying component. Types of harmonic winding
involve a three phase and a single phase integrated with a fundamental
wave winding, etc. In China, there are three provinces where success
has been achieved on probation with this type of excitation. Three kinds
of generators with a capacity of 1,250, 630 and 80C kW, respectively,
have been built and erected in 5-6 stations and operated for 5-8 years
with good stability, not only in isolated operation but alsc in various
forms of parallel operations. The 630 kW set of this type produced in

Gansu Province has been used in cver 5 sets.

According to a primary summary, the unique advantages of this

excitation may be described as follows:
1. Economic viability:

Take a 630 kW generator for illustration, the type of which
is TSW 143/39-12 (T indicates synchronous generator, S—hydro, W-
horizontal, 143/39 ~ diameter and length of statcr laminated sheet
in CM, 12 - no. of poles). The excitation facility originally used
for this generator is a d.c. exciter and an old compound excitation
regulator. Later on, the magnetic poles of the motor were revised
and a set of additional third harmonic winding was added to the slot
of stator with the stator sheet diameter unchanged. A set of spe-
cially designed SCR and an automatic regulator was fitted to the

generator. The cost of this new excitation system is much lower

than ths old one. The cost of the original set is 100%; the cost
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of the nev set is 87Z. 1If.only the cost of the excitation system
is accounted for (with renerator proper excluded), the new type

is only 587 of the old one in price. Resides, the barmonic voltage
excitation saves sbout 507 on conper than the original one. Fven
in corparison with the renerally used SCR excitation with & trans-
former at an outside terminal of the frenerator, the harronic vol-

tage excitation can save both cost and copper.

2. Good technolosrical rerformance:

In addition to advantapes of any kind of SCP excitaticn, there
are still some marked features existing in harmonic voltage excitation
such as the excellent ability of self-forced excitation and the very

little influence on it of fluctuation of frecuency, etec.
3. l.ess maintenance and repair work:

Another benefit to smaller stations, it reauires less maintenance
and repair work in comparison with the d.c. exciter which often re-

auires mechanical processirp in dealing with the erosion of commutator.

owever, the desipn and calculation work of this type of excitation
is rather large. The penerator prorer can te revised, if necessary.
The theory of this type of excitation has not matured. China, at ypre-

sent, is still in the experimental stage.
C. Guaranteeine auality and raising the reliability of the rower suprly.

Tre quality demends of the power supply of local prids is specified as:

. + .
fluctuation of cveled - 1 ¥z, fluctuation of voltaged +5% or -107.

MPG stations with a unit capacity larrer than 500 k¥ are usually ecuip-
ped with an automatic governor conirol and a voltage repulator. Urder norral
conditions, both the voltare and the cycle woul@ be kert in the allowable range.
As for stations with a unit eapacity less than 500 k¥, the povernor is control-
led manually and the excitation system is either hand controlled or automatic.
If the station operates isolatedly, the ranpes of fluctuation of the cycle and

voltape can te larpe.

Following the rapid development of MPG stations, small power net-
works have arisen in many rlaces, helping to raise the reliability of the
power supply. Usually, the installed capacity of a prid cn a county level
ranres from several thousand to ten or twenty thousand kV. Throurh practice,
nany countries have accumulated these rich experiences which may be summarized

as follows:

i. In order to raise the reliability of power supply, the establish-
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ment of a local small grid is necessary. Integration of a local
small grid tc the state grid is advisable if the necessary condi-

tions are satisfied.

2. The local small grid must be equipped with several big units '
in order to bear the load impact and to stabilize the running of

the grid.

3. The local small grid must have a sufficient installed capacity
and also enough spare capacity.

4. The task of each power station in the grid must be reasonably
allocated by strengthening the dispatch work.

5. The structure of the network should be improved to raise the
quality of the tramnsmission lines.

6. BRelay protection may be improved by dividing the relay pro—
tection into three grades, i.e. county, commune and pro-
duction brigade, in order to minimize the area possibly affected

by accidents.

7. Improving communication: At present, all power stations with-
out feeding line 35kV are equipped with communication equipment

which connects with the county's dispatching room.

III. MEC Personnel training

There are various channels for technical training of MHG personnel.

They are:

1 School training:

- 1Institutes of nigher learning: ‘there are nearly ten colleges end

departments in tne universities wnicn specialize in tle -

field of water resources and hydro power. These are also many
depar*ments in the engineering faculties whose specialities are
also concerned with the hydro power to some extent. Graduates
(Bachelor Degree) from these schools usually become the high
level technical forces in exploration, design, construction,
installation and research of MHG development.

~ Secondary technical schools: They are usually established by the
province or municipality and are widely spread out in each pro-

vince or prefecture {where water resources are abundant). The

graduates from the secondary technical school are usually sent to
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the Division of Water Conservancy in the province, prefecture,
or county. They are the main force which work in the MHG stations

on the county level.

- Technical school for workers: The students are trained to be
skilled workers in the field of construction, installation, '

operatior and maintenance.
2. Training courss:

Training courses are on different levels. Usually, the state level
training course is sponsored by the Ministry of Water Conservancy and
the participants are nominated by the province. In most cases, they are

the backbone personnel of the prcvince.

The training courses sponsored by the province are attended by

skilled technicians who take part in the county water conservancy section.
These training courses are run periodically according to the demand.
3, Training through practice:

The ew MHG plants send new workers to old plants for training through
practice. After training, the new workers are sent back to the new MHG

and work as apprentices.

4, On-the~Job training.

IV. Reduction of cost of MHG

According to practices in China, there are many approaches to reduce
the cost of MHG:

- reasonable planning arnd selection of site;

- reasonable selection of the type of exploitation and
layout of the project;

~ multi-purpose utilization

- serialization, standardization and popularization of
machines and equipment;

-~ adoption of the results of research and development
such as pre-stressed concrete pipes, pressure relief
valves, etc.,;

-~ good design of electrical schemes and network structures,

a8 well as voltage selection.

All these approaches will result in reducing the cost of MHG. As for

the civil works of the MHG project, the adoption of available local materials
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is also an effective measure to cut down MHG cost. The Chinese people
have accumulated a lot of exmerience in conetructi
projects as well as water power projects. Besides the earth dams, there
are several other dam types of simple construction which are attractive

in their savings of cost.

The dam is the main structure used to obtain the water head in the
"dam type" hydro plant. However, there are also dams erected in the "diversion
type" hydro plant but the function of those dams is mainly tc improve +he
condition of intake.

The dams in MHG projects are usually of the overflow type used to
discharge the flood in order to save the structures for flood releasing.
These low dams are termed as weir with a height less than 5-6 m. The
Chinese people have a long history in building dikes and dams in their
struggle against disasters from floods and drought and have accumilated
abundant experience. Besides the earth dam and stone masonry dam, they
have also innovated some dams of simple construction. This is helpful
in the study for reducing the cost of MHG. Some possible dams using

local available material arz described below.
A. Barth dams.

Earth dams are the most popular dam types in China. The earth
dams permit the use of local available material and facilitate con-
struction by the people's masses due to use of simple machinery. If
the dam material is available, the earth dams are adaptable to almost
all kinds of foundations anywhsrs, due to their low requirements.

In the construction of an earth dam, various embankment material
has been used: loess, alluvial cley, gravelly cohesive soil, sand and
gravel, fine sand, etc. PFurthermore, in provinces with humid and
rainy climates in Southerm China, lateritic soil has been frequently
used. This soil (fraction of clay particles is high) is usually used
as the impervious core of the earth dam. Fig. 6-15 shows the type of earth dam.

In regions where sand and gravel is insufficient but cohesive
soil is abundant, homogeneous dams have been built in an overvhelming
majority. The homogenous earth dam, simpler in construction and able
to be compacted by simple tamping equipment, has been popularly
adopted in China, especially in the regions where there are deep

deposits of gravelly cohesive soils and loess. Among the earth dams

completed, 65% of them are homogeneous earth dams.
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B. Stone masonry dam. ! ‘

China has a long history in tiilding stone masonry dams and has
accumulated much experience., Stone masonry dams have less cement con-
sumption than concrete dams by 40-50% and also consume less quantity of
timber. The construction techniques of stone masonry dams are easy
for the people's masses as construction can be carried out with fewer,

gimpler equipment which is easy to operate. In comparison with earth

dame and composite dams, the stone masonry dam is more favourable for
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tackling the flood either during construction or when in operatiocn.
During flooding, a stone masonry dam can even be overflooded in the
construction pericd. Generally, the effective wcrking days per year

of those dams are many.

By statistics, the number of stone masonry dams built in China
is second to earth dams. For example, in Hunan Province there are
seventy odd MHG plants with a total installed capacity of 413.5 mW
(about 60% of the total installed capacity of MHG in Hunan Province)
which adopted stone masonry dams. Among those stone masonry dams,

60% are gravity dams.

Figure 6-16 shows the cross section of the Yanwotan mascnry hollow
gravity dam, Hunan Province. The geological conditions are favourable;
rock outcrops on both abutments. The depth of sand and gravel deposits
is 8-10 m. The length of the overflow masonry hollow gravity dam is
59 m and the maximum height of the dam is 66 m. The width of the hollow
cavity is 16.5 m at the bottom. The height of the cavity is 24 m. The
cavity area is 15% of the dam cross section. The foundation of +he
cavity part is not necessarily stripped to speed up the construction
and reduce the uplift pressure. The construction period of the Yanwotan
masonry hollow gravity dam was rather short. The dam body was raised
above the low water level in only one dry season. During high water
season, the dam bedy has been overflowed seven times {total 99 hours)
but only five working days have been interrupted. The maximum overflow
depth is 9 m. The dam was safe. The construction period of this dam

was 20 months which covered two dry seasons and one high water season.

In a narrow valley with favourable geological conditions, the
stone masonry arch dam can be built with thinner dam cross sections
and less Volume (savings of 40-50% in stone masonry and about 40% in
cement, in comparison with gravity dams). Besides, in the mountainous
regions which have wide river valleys, some stone masonry multiple
arch dams have been constructed. In comparison to the gravity dam,

a 30-50% volume of stone masonry can be saved. The design and con-

struction of the gravity dam, arch dam and multiple arch dam is availa-

ble in various books on dam engineering and will not be described in
this Chapter.
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C. Dans of simple construction.
1. Hard shell dams.
a. Construction of hard shell dams:

Such dams are composed of dry-laid rubble or dumped
sand and gravel as its main part and wrapped by rubble laid
in cement mortar or by concrete as the hard shell, in order
to prevent seepage and erosion. In 1965, this type of dam
was developed in Guangdong Province and still proves satis-—
factory. In 1967, the same type of dam with a dry-laid
rubble hard shell was experiementally constucted in Zhejiang
Province, see Figure 6-17. Hard shell dams are suitable as
low weirs on rock foundations in places with abundant sand

and stone but insufficient soil.

As the body of hard shell dams is loose material and
uncemented, i.e. dry laid rubble, rockfill or sand gravel,
whenever any part of the hard shell is cracked, it is easy
for the entire dam body to collapse. Attention must be paid
to both the structure design and the supervision of dam

construction.

Fg &1 INfos071Y bardshe//
Fory (it wr)

The foundation of the cut—off wall which also supports the
hard shell must be properly treated, extending 0.5 m deep into
the scund rock. It is not necessary to treat the foundation of
the other parts of the dam. For example, a dam of 17 m height in
Guangdong Province has an overburden of 6 m deep. Only the sand
and gravel at the cut-off wall have been removed. The overburden
under the dam core it untreated. However, quality control of

the dam core must be well supervised to avoid the unallowable




-148-

settlement of the core which, as a result of separation between

-

the Coré and ahell, can cause damage to the dam,
b. St ructural design:

In view of the convenience of construction and the reduction
of the lateral pressure of the core, the slope of the upstream
shell is selected as 120.3-1:1. The slope of the downstream shell
is rather flat, usually taken as 1:1-1:2, in view of ‘he overflow.
It is preferable to form the arch action of the stone masonry hard
shell. In this case, the shell will stand no matter what, -
the settlement of the core is. The slope of the shell may be de-

signed even more flat if it is necessary.

The stability calculation of this dam is basically the same
as with the gravity dam. As the materials of shell and core are
different, different specific weights of material must be taken
into consideration and also different friction co-efficients in
the foundation used, respectively. The core material is con-
sidered permeable. Uplift forces acting upon the core are ne-
glected. The placement density of dry laid rubble is){:2.1'1‘/m3
(voids ratio & 25%), of sand and gravel )', = 1.7-1.8T/m3, of
stone masonry shell*& = 2.1-2.2T/m3.

The hard shell is supported by the dam core. The thickness
of the shell is 0.€-1.5 m in most cases ( sometimes 2.0-3.0 r is
adopted for rather high dams . The outer shell is made of rubtle
laid in cement rortar plus the cement mortar facing, or rubtle laid
in cement mortar or concrete plus re-inforced concrete facing, see
Pigure €-15. The thickness of the re-inforced concrete facing is at
least 0.2-0.3 r and will be increased at the curvature parts. Roth
the longitudinal and transversal re-inforcement steel bars are €-OMM,
The spacing of contraction Joints along the dam axis is not allowed

to exceed W0 m.

At the downstreem toe of the shell, there are drainage holes
with inverted filters arranped teneath the bucket in order tc reduce
the seepage pressure on the shell. The holes are spaced 3-5 m apart
with a diameter of 10-15 (M. The inverted filter has three prades

to prevent taking out the core material or blocking of the holes.
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In view of increasing the rigidity of hard shell,
reducing the deformation and resisting the possible lateral
pressure of the filling materials, it is preferable to build
a stone masonry partition wall spaced at 10-15 m along the
dam axis inside the hard shell. The thickness of the wall
is 1-1.5 m (H€10 m). It has the advantage that if some
emergency happens in some segment of the dam, it will not

effect the safety of the dam on the whole length.

7:/\7 “lg Cross Jé(fébll Of PP FI O
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c. Construction techniques:

After the foundation treatment is completed, the rubble
laid in the cement mortar of the hard shell begins to lay up.
There is a 10-30 CM concrete cushion on the rock foundation
for a major dam in order to obtain good contact between the
rock foundation and the masonry. The joint of rubble must
be full with cement mortar. The lift of the shell must be
done 3-4 days in advance of the core material in order to
be strong enough to withstand the lateral pressure from the
core material.

According to experience, the porosity of dry laid rubble
or sand and gravel of the core material is more than 30%. Its
placement density is only 1.6-1.8 'r/m3. River san’ is usually




used to fill the voids by sluicing and thus to increase the
placement weight by 10-15%. The sluicing of sand shculd be
carried out layer by layer. The stones are first laid in a
layer 30-50 CM thick. Then, a layer of sand 5-7 CM thick is
spread on top of it and sluiced to fill up the voids between

the stones.

Table 6-2 The reference dimension of the dam

with a stone masonry outer shell

Discharge per Height of Dimension of cross section

meter CMS/m weir (m) Top width (m)| Upstream Slope] Downstream Slope

< 3 <3 1.5-2.0 1:0.75-1:1 121.3-1:1.5

3-5 o 1:1 1:1.5-1:2.0

3-6 <3 2.0 1:0.75~1:1 1:1.5-1:2.0

3-5 2.0-2.5 1l:1 1:2.0-1:2.5

6-10 <3 2.0 1:0.75-1:1 1:2.0-122.5

3-5 2.0-2.5 1:1 1:2.5-1:3.0

2. Dry laid stone dams.

The dry laid stone dam does not need cement materials. The dam
is mainly composed of rockfill or gravel or sand and gravel, with dry
stones at both the upstream and downstream slopes. This is a type
of dam which makes full use ~f local available materials. It also
allows the people's masses to construct the dam by themselves with
a low investment. Fengshun county of Guangdong Province has a
history of several hundred years in building this kind of dam. Some
of them have been in good service up to now after experiencing many
flood attacks during this long history. Ir Chongjiang County of
Sichuan Province, the 2-3 m high overtlow dam built of dry laid
ashlar (named "straw raincoat dam") has a history of more than 500
years. In Yuanping county of Shanxi Province, the dam buili of dry

laid gravel has a history of more than 800 years.
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At Guangdong, Zhejiang, Fukien, Sichuan, and Henan Provinces,
there are various types of dry laid stone dams buyilt usine -
local available materials and adapting to the local conditions.
These kinds of dams are more adaptable to larger deformation of
foundation and can be built on sand and gravel foundations as well
as on sand or earth foundations.

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

vised.

The trapezoidal cross section is usually adopted for this
type of dam, see Figure 6-19. The dimension for reference is shown
in Table 6-3. PFigure 6-20 shows several types of dry laid stone

masonry dams.
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Table 6-3 Dimension of Dry Laid Stone 'Dar for reference

Foundation Height CMS/m Width of §1$Pg
of dam(m) top (m) | Upstream Downstream
Rock <2 <3 1.5-2.0 | 1:0.5-1:0.75 1:1.5-1:2
Foundation
Rock <2 .6 2.0 1:0.75-1:1 1:2-1:2.5
Foundation
Rock 2=5 <) 2.0 1:0.75-1:1 1:2.5-1:3
Foundation
Rock 2-5 3-6 2.0-2.5 1:0.75-1:1 1:3-1:3.5
Foundation
Sand and £2 P 2.0 1:0.75-1:1 1:3-1:23.5
gravel
foundation £ 2 3=6 2.0 1:0.75~1:1 1:3.5-134
2-4 <3 2.0 1:0.75-1:1 1:4-124.5
2=4 3-6 2.0=-2.5 1:1 1:4.5-1:5

a. The seepage barrier for dry laid stone dam:

The main consideratiorns in dam design of this type are:
prevention of seepage from the dam embankment and foundation;
stability of the dam slope; and prevention of scouring of the

downst ream face.

- Rock foundation: as seen in Figure 6-194, page 151,
an impervious sloping clay core is used with a slope
of 1:1.5-122.0. The design of the thickness of the
core is 1/4-1/6 head and not less than 1 m at the
bottom and 0.5 m at the top. At the upstream side,
the core is protected by a layer of 15-20 CM of
gravel and then a layer of 20-40 CM dry laid rubble
riprap. Between the clay core and the dam body are
2=3 filter layers. If the river iz rich in 3ilJt and
those low dry laid stone dams have no seepape -

barrier, the dam is permitted to seep during the first
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and second years. Tne voids wiil fill up with the
silt from floods and eventually, a natural impervious
sloping core and blanket will be formed at the up-
stream face of the dam.

- Poundation with over-burden: On this kind of founda-
tion, a clay blanket is also required in addition to
the impervious sloping core, as shown in Figure 6-19(t).
The length of che blanket is about 3-5 H and the thick-
ness of the blanket at dam heel iz 1-1.5 m, at the up-
stream end of the blanket is 6.5 m. There is a cut-off

at the end of the blanket.
b. Apron:

On unrocky foundations, an apron must be provided at the
downstream toe. The length of the apron is taken as 2-5 times
the height of tlLe dam or 1.5 times the upstream water depth. The thick
ness will be more than 0.5 m. If the apron is made of dry laid
stone, the rubdle must dbe tightly compacted and inter-
locked. Downstream of the apron, a protection must be made of
dry laid boulders or timber cribs with a rockfill having a
length 3-5 times the water head.

C. FPoundation treatment:

The key to foundation treaetment of this dam is the treat-

ment of the downstream part which is very irmportant to the
stability of the dam. In general, on a rock toundation, a 0.5 m
cut-off trench is excavated and backfilled with concrete masonry,
as shown in F 'gure 6-19A. Another measure is to erect stone
columns spaced every 3-lI m into the cut-off trench and also a
row of cut stone just upstream of ten colurns, as shown in
Figure 6-12A. s0il foundations, after foundation strippirg,
a group of timber piles with a spacing of 1 m should be driven
1.5-2.0 m into the ground and a row of logs put horizontally
Just upstream of the piles as shown in Figures €-20A and 6-21B.
In addition, a downstream apron must be made to protect from

scouring.
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d. Quality control:

The construction must be carried on meticulously. Small
sized stones are prohibited. Big sized stone blocks 0.6-1.0 m
in length and with a weight exceeding 150 kg per block will be
placed at the exterior siope, dam heel, toe, crest and -
other marts suffered to erosicn. Cound rocks will be selected
which are durable to wearing and weathering. The stone blocks
at the exterior slope must be very close together. Joints
should be staggered in position in crder to obtain a good
integrity.

The construction schedule is usually to build the two
abutments first and then build towarde mid-stream. Upstream
and downstream can be proceeded simultaneously. The upstream
parts may be slightly higher than the downstream parts. They
will be connected at the top of the dam and compacted rightly
by sound stone biocks.

After the dam is put into operation, it is possible that
settlement will occur, especially after the first flood. A
large amound of seepage may also occur causing some stone blocks
to settle or loocsen and even be washed avay. Therefore, in-~
spection and maintenance must be reinforced. Careful inspection

must be carried on before and after each flood. Loose and
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wvashed away stones must be repaired quickly.

Dry laid stone dams are widely used in small
scale hydraulic schemes. Figure 6-20 shows four types of
this dam. DI is the "straw raincoat" dam. Its characteristics
are that the cut stones are placed inclining upstream so that
the cut stones are not easily washed away and ca. even be
placed more compactly. The angle of inclination is 1:23-1:4.
Figure 6-20C shows a trapezoidal cross gection which is more

convenient to build.
3. Overflow earth-rock dam.

The overflow earth-rock dam is composed cof earth and stone.
It is a popular type among those dams of simple comstruction.
Since 1956, the people's masses in Wenling County, Zhejiang Pro-
vince, have built many overflow earth-rock dams on rock founda-
tions, called the Chaokuche type dam. It is adaptable to such
local conditions as narrow valleys, insufficient soil materials,
the need for large volumes of excavation for chute spillways,
etc. For example, the 20 m high Chiaohsia dam of the Chaokuche
type was completed in 1966, see Pigure 6~22. Its downstream
facing is a dry laid stcne masonry with an exterior slope of only
1:0.2, Upstream to the dry laid stone is the rockfill. A sloping
clay core is then laid on the upstream face of the rockfill. Filter
layers are placed between the sloping clay core and the rockfill.
The crest is protected by cut stone masonry laid in cement mortar
so as to permit the overflow from floods, see Figure 6-23. Since
the river bed is made of hard granite, there ie no facility for
energy dissipation at the downstream of the dam. After several
years operation (the overflow depth was less than 1.0 m), the

perforrance is still normal.
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The "Chaokuche type dam" is adaptable to narrow -
valleys With rocky foundations. Its downstream facing is dry-
laid stone blocks with an interior slope of 1:0,1-1:0.2, subject
to a free fall. The volume of dry laid stone blocks and rock-
fill is about 65-T5% and 30% earth. During construction, the dam
body may be utilized as the flood pass. Consequently, no diversion
struction need be provided.

The downstream dry laid stone blocks sustain the lateral
water and soil pressure from upstream. A fresh and sound rock
foundation is advisable. The weight of each stone block must

exceed 300 kg. Cut stone with a regular surface is preferable.

Table 64 The dimension of Chackuche type dam for reference

ieht Top | Top | Bottom}Bottom{ Total|Thick- | Total |Height| Up-
Helghit) Over= widtr (width | width| width| . | ness |thick-| of |stream 31°péw
of | riow of |of ary, of cf ench| ness |upper
dans of | dry laid | rock | width|filtcr |ol the upstre<Upper |Iower
depth| gamg laid stones| fill layer (filterigm slope |slope
stones layers |s1ope
H b b1 B1 B2 B h3
) [ (M | (E) (M) (M) (») () (¥) (M)
10 1 2.5 1.5 3.5 10.5 14.0 | 0.2 0.6 1:1.5 }11:1.5
15 1 2.5 1.5 4.5 15.5 20.0 { 0.3 0.9 5 1:1.5 |l:l.75
20 1 3.0 2.0 6.0 20.5 2€.5 0.4 I.2 10 1:1.75;1:2.0
!

The joint of the stone blocks should be stappered. The porosity
of the rcnkfill are specified less than 30-40%, with a placement
density of 1.6-1.7 T/m3. Filter layers are placed between the
sloping clay core and the rockfill. The thickness of the filter
layers should be greater than thcse of the earth dam in order to
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fit more deformations. The quality of craftmanship and dry laid stcne

blocks of the downstream facing must be strictly supervised -
and regularly inspected.

The dimensions of the cross section of a Chackuche type dam '
are given in Pigure 6-24 and Table 6-4 for reference. The height
limitation of a Chaokuche dam is 20 m. Water head over the crest
should not exceed 1.0 m. when the height of the dam exceeds 15 m,

a variable upstream face with two slopes is recommended.
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4. Rockfill dam.

Bockfill dams are not generally designed as overflow types.
The overflow rockfill dams without facing are only used as weirs
below 3 m in height, as shown in Figura 6-25. The upstream slope
of the weir is 1:2~1:3. The downstream slope is 1:8-1:12. This
implies a rather large volume. It is, however, still easily
decstroyed by flood. Therefore, this low overflow rockfill weir
should be built on sand and gravel riverbeds when rock material
is abundant. Its building is rather simple and the cost is low.

Longitudinal partition walls with a thickness of 1 m made by
rubble laid in BO#cement mortar are provided at 10-15 m apart in the

direction of river flow (see Fig. 6-25). If the river deposit is

shallow, the middle partition wall should extend into the rock.
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I?f the river is rather wide, transverse nartition walls are alsoc added.
The spaces hetween the longitudinal and transverse partitions are filled
with rockfill, gravel, and coarse sand ani then compacted layer by layer.
The weir surface stone rasonry rust be smooth and sound. The weipht of
the individual blocks should@ not be less than 50 k. In order to prevent
the scouring of dounstream, a dry laid stone tlock apron may be provided.

The length of apron is 2 - S times the heipht of weir, the thickness of

apron is 0.5 m.
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