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I. General Description of the Freject

Beijing-Miyun Diversion Canal is a main canzl for
conveying water from Miyun Reservoir to Beijing. The
head work of the canal lies in the downstream bank of
the regulating reservoir of Bai River Water Power Sta-
tion of Miyun Reservoir, It joins with the diversion
cznal cf Yorgding River at Yuyuan Tan and flows to 3&i-~
jing City.

The cascade water power stations on the Beijing-ili-e
yur Diversion Canal are for developing the water re-
socurces concentrated at the existing 8 drops within the
rengz oF 3¢ km from Geng Zhuang Zi head work to Xi
i Scang downstream ¢f Huzirou Reservoir. The total
Lead cf %tkis canal is 35 m.

Ir accecrdance with the development plan, the exisi-

ing 8 drops were merged into 5 water power stations
arranged ati the inlet sluice cf the main canal, at the
érops No.2, No.3, No.6, and at one side of the Xi Tai

Shang drcp. The overall installed capacity is 11400 kw.

13 .Engineering Geology

The geclogical survey of the cascade water power
stavions of Eeiji-g-Miyun diversion canal was accomp-

lished successively between the Octcber of 1977 and

N




hole,were bored at eaca staiion. Tae overzll lermgtih
cf boring was 228.76m, of which 11.88" were in the
foundation rock; 156.88° in the sand and gravel; 662
in the cohesive soil.

Now, tkh> fouandation condition 2né the groundwater
level on the site of the water power station No.3 is
briefly described as follows.

Fcundation conditions at ths site of s*taticn Yo.3:

The surface layer is firne sanpd extending t¢ & depiz
of 0-1.2 B, Its thickness varies sligntly with the
relief. The fine sand leyer is underlain by 2 gravel stralum
with zmore ;han 80 % of gravsl zné remsining ¢f coarse sani,
fié'gravel’stratum*aﬁdvé the=-dzpth c? 129 and that de-

low the depth of 20 - peind: compcsed of gravals

0
4

-
p 3 - e s . - - b
r2zter then 10 and ke gravel strztuz dztween 12

and 20" in depth mainly ccnsists cf gravels less then 1¢%=,
The gravels are largely composed of ignecus rock znd
are more cr less rounded in shapa. The gravels are
weakly weathered 2t their surfzces., The bearing cepa-
city of the sand aré gravel foundaticn is 4kg/cm2 and
the intern2l friction angle ¢f the gravel is 350.
Berings showed that the geoclogic structure within

the sit2 of the station changss very little, with si-
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mitzr condition of sedimsatetion, 2ad that the strzti- .
granhic2l structure and its metsrial ccopesiticn 2re statlz,
From the observation of the nearby waitsr wells, the

o .
below the grcund

highest groundwater level is 13 - 14
surface and the minimur groundwater level is 18 - 13 ©
deep.

The vermeability of the straia in the district is
considerable., The continucus pump test oftered a per-

pe2biiity coefficient of 100 - 200m/d.

I1I. Develcpment Plan of Znergy

(1) Arnual diversion flow:

In azccordance with the shcert-zné long-term plans
of #a*2r demand with the consideraticn of water consumptiicn
along ‘he canzl, the annual average {lows for power gen-
araticn vary for different eascade stations, as listed in
Table 1.

Pror the statistical znalysis of the data observed over
man& vears on Beijing-Miyun diversicn canal, the number of
days for rsleasing water increases with increasing annual
diversion flow. As the arnnual diversion flow is 5x108m3$
the darys of rel:=asing wa%er may rezach 158 days and a3 the
annual flcw increases to 7.0 x 108m3, the annual discharge ‘

days are expected to reach 200 cays.




Table 1 Annusgl diversicn flcw

- Water pover staiion

Iten Unit = - ;
No.1|¥c.2 No.3!Nc.4iHo.5
sdnnual Sa0rt- 1683 5 | 5| 4.8| 4.6{ 4.3
average term
Diver.
sion bong= 1408201 7 | 7| 6.7] 5.42 6.1
| tlow ternm : | | 5
] . .

(2) Diversicn discharge for power

Based on the diversion capzcity of the existing
carial and the need of consumption of waisr, “h2a design
discharges for the stations zre 60-70 m3/s.

(3) Design head

The mein reason for adopting a scheme ic merge the
existing € drops into 5 power stations was thzt ine
difference between the maximur and 4the minimua water
heads for the first 6 water drops wes considerable,

(see Table 2)

Table 2 The difference in water heads fcr the drcos

L
“~

Name of " o - YN
Ithdrops AIO.1 51002 &‘0.3 !I v‘4
~

'Difference cf - }

[ERNIE
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Bxcerot the wat.r i2ad ol sitation No.+, which I3
rather big and resches 5.572, ths heads oI stasions
0.1, ¥e.2, Nc.3, ¥c.5, Wo.6 are all small., Tris is
not favourable tc the choice ~f the type ¢i iturbine.
Through comparison cf seversl aliernatives, it was
decided to combine the water heads cf stations No. 1,

Yo.2 2nd No.5 with the heads of sta s Yo.2, Yo.4 and
¥o.f resgeciivaly. So, the develcoment schzme of 5 ces—~
cades i3 reascnable from the peint cf view ¢of eccnemy.

mhaye iS no zmuch @ifference in the instailed capacizy

irnsest-e

'3
(44
el
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Y e Pt : —~ 2 - ~ 3 <
to +the advantage of convenisnt nan2gemant anl main-

The d2sign n2ads for cascade stztions Neo.1-5 ware

-

. The head Zor station No.t: *. the degign
averess nei head 6.5 ©, the maxinmum nat head 8.7 o
and 4re zinimum net hesad 4,2 o,

2.The he2ds for staticn No.2-4: The gross heads

-

£cr stationr Mo.2 2nd YNo.4 are 21l 4,7 & ané <heir

iesig net heads are 4.5 m: the gross hsad for staticn

i
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Nc.3 is 6.7 m; its design net head is 6.5 o,

3, The head for staticn Le.5: Za2ted upen the flue-
taztion of the water level in Huziroun iaserveoir, 1iTS
design avarags nat head is 4.5 z,ous will be 6.C—in
prospective pericd,

4. The choice oi types of'turbine-generator.

In ordar to decrease %he variety and quantily of ma-
chines and tre voltage level for Irns convsniancs? cf
desigh, construction, cperaticn and mzinssnancs, in
211 the sitations were instelled type-Z37¢3-1x-200
water turbines, connected withk 1% gen=raicrs e twe

types, cne wiih an output of 1000 Xv (25.r.v.=. j&nd

.
A
L

the other with an ousput of £CC Zw (214.35r.3.2
The parameiers of ihz paching sess selzczed for
a1l the water ssations ar: 1iszzd in Tetle Z,

(5) Zconomical ban2fil:

‘Aceording to the calculaticn, the diversion flow
of 5—7X108m3 per annum will produce an anrnual energy
of about 2800C00Ckwh-3940C00Ckwh,D cascalde water powsr
staticns c2n 2cconcnizs 2 great quantity ol fuals,

IV. Ganerzl Laycut of Power Stations and Design

of Bulliinrgs

(1). Genzral layout of power stations.

-
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Teble 3 The parameters of the chosen

mazsrins s2ts for all $zz pewer siations
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toe casczds
power 3tations was that the existing Zeljing-Miyun 41~
version canal should be kept in normal operation and
the convenisnt construction of the station should also
be ensurad.

1. Water pcwer station llc,.i:

On the right bank of trz canal head work is lce2at:zd

a power house with a2 downstream 2preon, Its tailwater




channal is ccnnectad to the ~zin canzal., The davelo-
paent type of water power stations is diversion type
power sitaiion. Thers arec three service gates, (stecl
vertical-1lift gates, each being 4.6 = x 2.7 n) with
the (provisicn of emergency gzte-slots trask racks.
Dewnstrear .o@f the sluice g2tes zre the 3 culverts with

section-of 3.46 n % 2.5 m ané 2 .l2ngth cf 19.6 r.

-0

Tre culvert-outlet is ccrnected t¢.the.imlet of the
ccicrste spiral cese c¢f the pcwer house through 2 5 o

long tronsiticn section.

founczticn slzb, -rhicnh i8.24,.252 long and 14.5 o wide,
The arrangement and ths dizmersion of water power sta-

tion Ne.1 wers the sonm

O
o
n

tiose of stations le.2-NC.S.

(2]
W

r.2 access highver Lizg tc th2 norih of the powsr
nous2 and Is conn=ctsd with trhe inlet sluice higaway.
Cwing to the limitation cf t:2 topogrzphiczl candi%icn,
the power house is connected with a downstream a2pron -
of 16.8 m(L) X 20.4 m(W)., Thars is 2 trarsition sszc-
tion with & twistad surface ¢ a 1:5 inverse slcre at
tiie dictance of 5 m from tne outlet of ths draft

tube. And further downstreaz the 17.2 m long strecight

seéction of the tailrace is ccnnected to the curved one.

The bese width of the tailraece is 87, the side slope is




1:2 ané the tailrace is 75 m long.

A substaticn was irstalliz=4d on the right side of
the power house and connected with the concentraled
switching station of water power staticn No 3

through 2 35 'KV cutgoing line,

ower stations No 2-5:

N
L )
=
[
ct
4]
H3
(o]

They wsre arrangad respectively at drors Yo.2,

-
)

¥o.4, Tc.6 2ni 2t cne ovank c¢f the reguiszticn sluic:

'y

gese 2% X Tai Srhang., The zligrnments cof th2 power 1Iusss
are 211 paralle with tkhat of the c2nal, The distancss

L. After the reTu-

\J

z to 5
laticn gate for tha drop 13 closed, the water will Ge
Girertsd shrcugh the onirance channel of the peower itusze
+0 gezerats electricity. The tail water returns %o %h:
decwmsirazn cznal of the regulation gate, Juring the

repairing cr a2ccident of the machine set of the wat:

1%

-~
-

power station, the water may still discharge to the
dowvnstrean by opening the regulaticn gate. Tie power

houszss ¢ pewsr 3tations Nos 2-5 are 211 water ratain-

X

ing structurszs, which are directly subjected to the
water lozd and maintain their stebility by ineir dead
welights,

Cn the upstrzam side of the power house there 2ars
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o2 52 y 3,2 cmergeney gates and trash recks. The

ply from the canal and the high suction head of the
nachine set, it was decided thet 1o tailrace gate would
be provided for thke 5 cascade water pover siziions. The
machine set uay be checked and repaired according o
rlan, not in the irrigation pericd. The upper stiruc-

ure cf the power house ccntains the zzin and 2UW¥i-

lizrv mactire halle and insstsllztion Day. The conirel
v

ct
o

cantre is located 2t siaticn HNo,3. On the rizrt side
¢? tkhe rpain machize hall was bwilt 2 twe-sStcrs
liary machine hall, in whichis the general cconirci room.
In every cascads power house there are 3 water tur-

bii:e-generztors., Their specing= ar 2 7-. The crezne spen
is 8 n, "he dimension c¢f ths powir hcuse, including
the installation bay is 30.52m(length) X 9.5 = (width)
x.9.99 n(height). (The height from the foundation f100r
of the pcwer house to the top of the generator flocr

i3 13.67 &), Cver. the draft tube there is an cuxilizry
cachine hnll with e dipensi:tn <f 24,25 m(langth) x 4.7z
(width) x 4.55 olheigut).

Upstrearn
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.with & rectangular section, Its bottom




width is 19.8 m, the longitudinal slops of boitox
flocr 1:5, and the two retaining wallis cn either sii
are of graviity type. The upstream of forsbay is conr
nected through the trahsition cenal of the twisted sur-
face to that of normzl section. The botten widtns of
the entrance canals for water power stations Nos.2-
4 are 8 B, The side slopes of the canals are 1:2.5..
The botton width of the canal for staticn Mo 5 is
10 ©, The side slope is 1:2. All their longitudinal
gradierts are 1/4000,

The dcwnstream of tre pcwer house is providad with
ta2il water z2pron with 2 rectangular secticn, 2 tettonm
width of 2.4 ©, an inverse slere 1:5 and two gravity-

type retzining walls on ootn sides of the apron. Th

£

apron i3 connected through tre transitior sectiecn to

the normz2l secticn of the tailrace, Its scscticnzl

[(}]

+

dimension is th2 same as that of the upsiream entrance
capel,

Tre substations for stations HNecs. 2-5 are on
the left side of the power staticns, The access highways
ay: 213c on the sam2 side =2nd lecd tc the installaticn
bays.

3. S2fety measures for discharging water thrcugh

the cascades stations




Since the ragulation cap2city of ths canzl itself

Zup i3 apout 1.57 higher

3
Y
(]

is very sm2ll (the ca
than the normel water levesl), when the mzchine set
suddenly stops, on acccunt c¢f tarowing ofF the full
load bzcauszs cf fault, the inflow wassr 219ng the
canal will be cbstructec and then will rise, There-
:fere, it i1s necessery to have reliazble zzasurces

fcr discharging weter, Ctherwise, there will be a

failure caused by overtcpoing of the lavzz, For
tnis reason, the following zeasurss haves besen used

ir ths design of the stzticns:
(). The existing reg lztion sluice i3 usad

for discharging the water. The sluice adjzcent %o
the statiocn has two gates z2nd two lifting devices.,
mvary Bach is cperated by & 3.5 kw eleciric motor
and can 1ift ths gate for cisclharging wzter within
¢ minutes, In order to ensurs reliability of pcwer
supply for operation, the existing 10 kv cverhead
line installed along the canal is used as 2 special
xvernzl power source and the existing cdizsel-driven
ganerator is also retained as emergency power source,

Under the extiraordinary conditions the gate top
of the stations will permit overflowing. When the

m .
water head is 1% on the top of the gate, the over-
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flowing dizcharge will be zbecut 15m /s.

(b). Th2 regulaticn sluice of drer No 6 2% %he vi-
cinity cf station No 4 had to b2 reconsiruc+tsd, since

tne embarkment was rzised and the height of tha 1if4

b

“ram2 was act sufficient., Th: originel elscirics

[ ad
=
=

operated gates are replaced by hydraulic-operztad

gates, which can g6 up and down automatically with the
weter lsvzl of the canzl, Tkus, it is possibls to en-
surs saf2 releasing of waiter through trhe sluics afizar

the water rises in the carnzl, Two 3.6 n x 3.23

]
t
£
...l
13
[

gates are us2c for the sluice,

(2) Design cf buildings

1. Grade of buildings:

According tc the installed carpacity ¢ <he s+tations,
the vpcwer houses for these staticns ars designzted es
grade 4.

2 . Barthquzke inténsity:

The zarthquake intensity of this district i1s 7 degree
according tc the seismic regionalizaticn. In such district,
earthguaxe r2sistant analysis might rot be n=2cesszry in
the design of the power house, but the 2seismic measures
were 38till considared for the upper framswerk of the

power house and the connections between the prefavricated

., —————-
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aszismic effect, ths
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elements. To achieve

1

(0'

r2 rigidly cornnectad

ﬂ‘

3 W

[V
]

(Ii

frameworks and 21l b men
+o0 form _ monolithic structure =2md the walls were
strengthened with girths.

3, Foundation siress requirement and foundation

treatment for power house

On the basis of *the e¢xdlceration infermaticns,
one half of the foundation slzb of pcwer hcus2 of
station No.1 was constructed cn the foundaticn rack,
another half on sand and gravel., It was nol possitle
to rezove 211 the sand ané gravel becauss ¢ the res-
tricticn of topographical conditiin, H2nce, *he power
house was not built on the saze kind of fourndatica. To
prever.t the differential sa2itlercent <f the foundation
2fter completion ¢f power ncuss,grous pipe: were em-

bedded b2fore th2 placsmant ¢ foundztion zl.=ts, Con-

solidation grouting was 3¢t dcne until thz turbine
and spiral cass floor had b2:zn ccneretad
The foundaticrn slabs .f thz noewer hous:ss for sta-

vicas Zcs.2, 3, 4 were bullt ¢a sand zné g

N

vel foun-

ke
0

i

-
\le

mate

3
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gaticn anid thzt for No 5 wzs foundz=l o

1S
‘

layers oI clayey scil and clz2y. For ouildings on foun-

1
o
ct
|—J.
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£
i
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tl.er than the rock foundztion, it is necss-

Seéry <o i7zp tha eccentricity as snz2ll as possible end




subscil shouldi e zors
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stres

b
ck
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15,

uniform in or<ic> %o 2nsure reormz2l covperation, th2
the ratio ¢f re2ximup stre3s to minimum stress should
not exceed 3 for sand;2 for dense clay; 1.5 for soft
(piastic) clay.

Turing checking the overall stability of gpower
house and the stress condition of foundaticn slabs
for all the cascade staticns under the ncrxal opera-
tion cordition (meximum water level upstrean and cor-
responding maxinmum 4t2il water level downstreanm) the
stressas in the foundation soil and tke ratic of maX-
cipuzm stress 55&3 to minimum stress Ormin were with-

-in the permissibls vziues (see2 Tatle 4.

Table 4
" . 1'::9.:( > 'Z::zl.". 5 "5':9.:{
' Name of svations (kg/cm™) (xg/cn” ) | Kmm——
i : . Tais
5 ‘ Z 1 f
| i ' { I
' i i
l 5ol : 1.63 1.49 | 1.1
[ i i 1 |
i Nos 2,3,4 1,93 0.83 | 2.3z
' ' ' !
' ¥o0.5 . 1.80 1.36 . 1.38

Prcm Table 4 it can be sSeen that tne f-undz2tion
stresses peneath the power houses are not large, 8ll

¢ ther 4c not exceed the adopted valiui~s ricommernded
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R . . . . 2 - <
fcr Tcundation bearing capacity (4kg/cz® for sand 2ni

- 2 . - s 3 . -
grzvel, 2kg/2z® for clayey scil and clay). The rziio

sicn ussd for the power house can satisfy the sta-
bility requirement.
The upstream and downstrezm retaining walls, which

were checked unéder voth rnormal and abnormzl cordiiions,

can satisfy the stability requirsment. The roiic of mox-

ioun stress tc minimuzr strszss z2lsc deces not 2xceed

1]

the permissible value, and the eccentricity is vary
sm211.

4, Seepag2 ccntrol and drzinage measures

Ths underground sespage path was da2signel a2ccers
ing tc the permissitle =xit gradient (J) of <he foun-
daticn, whick shoull not sxc=z24 C,1.

The secpage control rmaasurzs fer

m

11 the joint
oonnections of the structures within the upstream fore-
bay and the downstream apron of power house were
treated with plastic wzter stcps of type-451 éﬁd with
two laysrs of bituzminous felts and three coatings of
vitumen, The s2epage control r2asures fcr tha c2nsl
ccint were £iilad with bituniicus mortar 2ad biiumi-

[]
nous mih.stic, To preveat the zeepige through the swe

-




abutzents of the power house. we comerate keywalls

ep.s R N - $-- SA NSy = e
weIe TrcviisSC iCr llers2asing tic 3

W

2yzgs paton,

The drzinsge measures in ths Scuwndatiosn of dcwn-
Stream apron and those bzkind the walls wers zmainly
delerzined accerding te the conditicn of grcundwater
level. Since the groundwzter levels beneath Staticns
No.1-4 were 211 lower than the foundation sSlabs of
pcwer hous2s, during excavatiorn nc groundwater appeared
in tke fcuniaticn rits cf statiors lc¢,2, 3, and 4,
except in the fourdaticn pit of staticn Nc.1, ia whick
there was z littie guantity cf seepage water, There<-
fore, it was decided that ne filter drainags devicas
were oroviisd under the downstream aprcn slats =2nd
behind the walls,

AS the grouniwatzsr lzvel in the fourndaticn of stz-
tion lio,5 was shalloew, being 2bou= 5: below trhe ground
surface and 6" above the bottcm 02 the foundztion slabs
of power house, filter layers were. placed under ‘the
downstream apron and drain holes were 2lso provided in
the slzbs for decreasing the seepage pressure. In crdéer
tc increase {r: stavility of reiaining walls ard de-~
crease their sscticral size, drainage filters were pla-
ced behiné the walls, This will lower t-.= groundwater

level 2nd d2crease the water pr2ssurs 2¢g2inst the walls




5. Cerntruction standard

Prefabricated elements were usad for the upper sirTuc-

ture of pcwer house, Crane beams, roof plates and szve
plotes were standardized elements supplied by the precast
elernents fectory. Cclumns and- girders were precast cn
the site. Some of the el2ments, for example, crane frape,
girth znd so on, were ccneretes in. satu.

The ext2rnzl surfaces of *rz walls of powesr hous2
wers ccated with cezent meortar. Soms parts of thex were
ccvered with terrzzzs. Except that the flcors of the
ganarzstor cterey, centrel ccntrol rooc and dispatching
roon were (2vai with tzrrezze, all the cothar flocrs
were coated watih cement meriar,

The builéing ccnfiguraticn was designed cn the orin-
ciple of eccnoric fezsitility with due ccensideration of
its prattiness ané pogrnificence. The configuration ar-
rangapments were slignily diffcrent for different sta-
tions.

Windcwe a2re corderly contrdlled with window operning
mechanism for ventilaticn, The accumulatcer room and
th2 acid storzg2 room can be ventilated with axial vern-
tilatcers.

Stzel vwipndows, which were directly ordared frow the
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st2el window factory, were instaliad f:oo tasir firm-

ness 2nd durability.

V. Hydro-Machineries. Electirical Ccnrnéciicn

with Power System and Automation

(1). Hydro - rachineries

1. Water turbine

According to the choice of types of machine set,

it wzs determined to use axial flow Tix2d oblade varti-

aal turbine. I%s runrner diameter is 2CC ck. Its tyoe,
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¥zxinum need E
Cmnx
Minimum head H_,
ain
Rated dischargz Qp =
Rzated speed : n =

Rated output : N

: 10°
=8mo

= 4.5 no.
20 z°/s.
250 r.p,n.
115C kw.




2. 0il system :

Since the oil consumption in the machine sst is not
ruch, there is only cne oil »ump. 1Its overall cil
quantity is 1.54 m0, Tae capacity of oil suzp for upper
guide thrust bearing of ‘generzator was C.24 £’ and that
for lower guide bearing was 0,025 m3. Th.erefore, cil
pipe lines for supply a2nd outlst are not nesded for sia-
+iocns. The o0il can o2 f<d with 2 movable cil buckst,

The storage and purification of turbdire oil and in-

sulasing cil for 5 casciadzs stations z2rz =211 ccneenirated

n

en siaiion MFo. 3. There ars 2 Type LY-15C oil filter

cne Typs 20Y-3.3/3.3-1 cil pump =zni ons Type 2CY-5/3
m) for in-

0
th
W

-1 0il pump, cne bucket with a czgacity
sulating oil, one bucket with the sazme czpacity Jor tur-

il end one movable 0il bucket with z cavacity oI

3. Pneuratic -ysten

As the suction head of the machine =et is Hs=+1.5 m,

v

the ta2ilwater level is 0.8 m below the centre of the
runner during the full load ¢f 3 machines, and there-
fore no consideraticn is given t¢ 2ir ccnsumption in
the tailwzter in ccmpansatiocn ragine, Low pressur2
compressz2d air of 7 kg/cm2 iz supplicd culy for bre-

king and repairing. Thers ars two Tvpe 2V-0.£6/7 1lcw
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pressure z2ir ccmprassor with 2 1 n vassel fer .

N
e
s

every cascade stztion,

High pressure pneuratic systen :

Each stztion has cne Type CZ 25/3CF high-pressure
air compresscr, wrhich direcstly supplies the compressed
air into the pressur: oil sump c¢f governor througk the

ajr-water separator.

4. Water supply systcm and drainage systier

There ars two Type 3 BA-9 waier gumps for cach sta-
tion. Thkey pump water frcm two sSpirzl cases for cool-

Aing the bearings of the 3 machines cf the whole sta-

ticn 2nd fcr fire extinguishing. aAll trs mecrneniczl
ard electricel =guiprcents zre located above tae naxi-
mus T2il water lavel (¢ = 68 m3/s ). Thzre i3 cp2

Type 14-6 drainzge purp used £

auiated seepags water tzlcw the maxinum tail watar leV-

el, the pump is contrclled by a water level-signallirg

device for automatic dewatering. Four Type 4 BA-25A

water pumbs were installed for the 5 stations. Tre

punps can be used temperarily to drain a2way ths accuau- .
lated waier for repairing the draft tvbe during the

stcpping of water in czanal,




5. Measuring sysism

A weter-level signelling device wa3 installied upstreac
of the regulaticn sluice fer ezch cascade staticn,
when th2 water level rises over the high wztar level,

the device gives out signz2l and automatically opens

the existing gete on the cenzl, This will ensure nc

cvertcpring of the levee,
Thera are manom2ters for spiral cases and vacuun

cr each machine set., Type

DZ-1I1-flocw-m2ters ins<tzlled for the 3 maecnines of

staticn Ho 1, car neasure the trensci 2

and ag-

curulated flow through the machine seis.

6. Choice of Crare




Since the mos:t aeavy part to bs 1iftsd by the crzne

is the rotor of the generator. Its weight is 9.1 tonms.
Hence, cach cascade station has = singls-bean bridge - .
orane with a capacity of 1C T, a span cf € m and 2 1lift-

ing height c¢f 15 =.

7. Machine repairing installation and oil test

device :

All the sguirments cf the 5 casczde staticns can be

¢ 2 repair worzshcyd lcca=tad at statieon

ct

sent fcr repzir
Nec. 3.
The turbine oil and insulating oil ar¢ sent to the

nearby 3ai River water tcower staticrn for :xa2ainztion,

(2). Zleccirical connscticn with pewar systenm

A concentrated switching station is situated on sta-
ticn No., 3 'which is the nearest station frcm the 3substa-
tion of the national system, Blgctrical voltage is
separately stepred up on staticns No. 1-4, Fach of
them nas a step-up trznsformer converting the vcltage
from 6.3 kv to 35 kv, The power then flcws through 2

35 kv transmissiorn line to the 2bove switching steticn

and from there to the national System.




is fzrther awzy frcm

s=ation, its ocutgoing line with 10 kv is directl
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sscenéary circuit of the stations

At the pressnt stage, the operation of the czscade

station is m2inly rezliz2d by men at respeciivs con—

+rol roors zrd in fuiure will Bz transitted to casczd=2

cencentraticn dispaicning, that is, there will be 2 rz-
ncte contrel of the cther.stations cn staticen Ne, 3.
3efere rzalizztion of the remcte centrol, water divar-
sicn for gen2rz2tion &nd irrigation will be cerntrzally
s<2ticn No. 3 through ccmmunicaticn
dispzichking in order to have a azarronic cperation,

centrcl room

trel couscle. A string zlecitren typs cn2 TO0 cne Cgn-
csntration contzct control is used. Control switches,
meters and signal lights are concentrated on the con=-

trol console,.

Every machine set can be autcmatically

the console by a command "start”

or "stopr". A room is reserved in the auxiliary machine
hall ¢f station Lc. 3 for casdade Zdispatching and tele-
contrcl in tae futurs,
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and the automatical self synchronizaticn is sSupplemented,

A self skunt excitaticn with thyristor is used for

excitaticn system. Thres-przse hall

cintrcl bridge

connection with field suppression switcha is used for

station No. 2, 4 2nd 5. Three-phase

1l ccortrcl

bridge conneciion is used for stations Nc. 12nd No. 3

without field suppression switch, out wish thyristor

centrclled revsrsible field suppr<ssicn systen.

direct current pcwer 3ource : in

1

throwing off the full 1nad rcsulting in 2 Zzilure czused

by the surge beczuse of cobstructing
in %he c2nal, accumuliztors 2rs used

v = P o 7 EIEN S
awer Soure2 €ar ss2+icns Me,2 znd

Y3

prcauce great influence. k2 purros
ing for tracing out the causzss i fa
start the machine set for restoring
saurce,and to supply the 1irt wirch
gate with power source. ternating
and electric-capacitance storage dev

other stations.

ilure in tize, *c¢
the zuxiliary power
of tae regulation
current rectifier

ice are ussd for

Reserve automaticzl reclosing device i3 ccanected

between two bus-bars of the staticn power.
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Control conscless and m2in control boards zre zlil

concenirated in the central control rocm. Relay pro-

tecticn board, autcmatical operavion board ard exci-
tation board are arranged a2t the side of the machine,
2xcept the twc direct turrént boards, there is an

lace in the distribution board room (at the

[}
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ceniral corntirol room) reserved for additional
installation of secondary circuit boards when needad
ir tke future éGevelcpment.

(4). Communicaticn and lighting

In accordance witrh the chara teristies c¢f short
ss2rz overztion and oro3pective plan of <he staticrs,
2t present time there is a Type DP-dispetching te=
lephone generzl set in sta+icn ¥o0,3 for its com-
Zunication with the substation cf the power systen
and with the other st=tions,

As for the lighting of the stations, exs2pt sta~
tion No.3, (being a dispatching centre) in which due
attention is paid to prettiness cf lighting arrange-
nért in central control room and in dispatching roor,
the other stations only have general requirement for
lighting in design.

Vi. Construction and Operation Conditions about

the '‘2tzr Dover Jtations

G




Ccnstruction of these cascade stations begzn in
March 1978; in November of the samc year, staticn
No,2 was completed and connected with electrosysten.
At the same time, civil engineering works of gover
houses for statiens No,1, 3, 4 and 5 were also nearly
completed. In M2y 1979, the power from station Ho.3
was connected with system s2nd the installation ol ma-
ehirs sets had 2lsc begun 2t station Hc.l and it is
expected tc be completed at the end ¢ 1979. Ths ste-
ticns Yo, 4 and 5 are scheduled tc be ccompleted,cco-

nected with system ard put into cperaticn in 1980.

Since the stations Jc.2 and. 3 were ccnnacted wistn

the system znd generated power, ithey hava beer basical-
ly in nor=el operation,Because that the3e cascade
stations a2re seasonal cnes, pcwar generaticn is subcr-
dinated tc irrigation demand and the staticns d¢ nct

bear the pezk load,the power g=neraticn hcurs of these
stations vary with the quantity of water diversion.

The estimated annual energy hours are about 3800-4000C

hours,

The whcle engineering works of the abovz cascade
staticns are as fcllow:

Excavation of sand and gravel:16.5 x 1O4m3-

Fill of sand and grevel: 25.5 x 10°m’ ;

’




4
Concrete : 4,3 x 10'm3:

Stene masonry laid with morter: 0.6 x 104m);

Reinforcement and steel materials: 800 T.
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