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I. General Description of the Project 

Eeijir.g-Miyun Diversion Canal is a main ca~~l for 

conveying water froc Miyun Reservoir to BeijL~g. The 

head ~ork of the ca.71al lies in the downstream ba.."lk: of 

the regulating reservoir of Bai Riv~r Water Fower Sta

tion of lti.yl.lll Reservoir. It joins with th2 diversion 

canal cf Yongding P.iver at Yuyuar .. Tan and flo#s to Bai-

ji.71g City. 

Tl:e cascade WE.ter powe~ stations on the BeijL"lg-1·li ... 

:11:.r.. Diversion Canal are for developi.tlg the water re-

so-.i_~es ccncent1~ted at the existi.~g 8 drops with!:: the 

re~ge c: 3v km f~om Geng Zhuang Zi head work to Xi 

r-i Shang d~wnstream cf Hua.irou Reservoir. The total 

Ir. acccrdance with the developoen-; plan, the ex:.s~-

ing 8 drops were merged. i!:to 5 water power stations 

arranged. aL the inle~ sluica cf the main canal, at the 

drops No.2, No.3, No.6, and at one side of the Xi Tai 

sn~~g drop. The overall installed capacity is 11400 kw. 

11.Enginae~ir.g Geology 

The geological survey of the cascade water power 

station3 of Eei~i. ·g-Miy..m di·:ersion canal was accocp

lishiad successively bet·ween the Gctober of 1977 and 
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the i"la!'Ch of 1978. Two holas, 13-30~ de~p for a suigle 

hole,were bored at eac~ st~tion. ~ne overall le~gth 

of bori.~g was 228.76°, of which 1~.~ were in the 

foundation rock; 156.Ss° in the sand and gravel; 60~ 

in the cohestve soil. 

Now, tt.,:) fo~.!ildation condition and the grcur..d'42.te:-

level on the site of the .rate~ power station Yo.3 is 

briefLy described as follo~s. 

Foundation conditions at the site of station 1To.3: 

c of 0-1.2 • Its thic~ess var~as slightly ~ith tte 

:-elief. The fine sand lay&r is underlaL~ by a g:-avel st~a~-.i?: 

T1:e ·gravel: stratw:?··acov~ the:.dapt~ ·ct 12c and that be -

low the depth of 20~ · ~ai~l: co~pcsec o: g-~~vels 
... 

12 .... 

and 20~ in depth mainly ccnsists cf grav~ls lass tha~ 1Cc~. 

The gravels are lP-rg~ly coffiposed of igneous roe~ and 

are more er less rounded in shaFa. The gravels· are 

w&akly weathered at their surfaces. The bearL~g cepa

city of the sand ar.d g~vel foun~~tic~ i3 4kg/c~2 and 

the intarnal friction a~gle cf the gravel is 35°. 

Bc:.. .. ings showed that the geologic stru.ctur~ ·111 thin 

tha si t·1 of thia station changes very little, ~i th si-
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mi:~r condition of ~edil:la~tation, a:id tt~t the strati-

gra~tical structure and its cetarial ccnposi~ion a.re statl~. 

Prem ~he observation of the nearby water wells, the 

higl:est groundwater level is 13 - 14 c below tte ground 

surface a.."'ld the r:li.n~ groundwater level is 18 - 19 m 

deep. 

The permeability of tte strata in the district is 

CQnsiderable. The continuous pump test oft~red. a par-

ce~bility coefficient of 100 200c/d. 

III. De-;elopmer.t Pla.n of ~nergiJ 

( 1) A?:Lual di,rersion flow: 

In accordance with tt~ shcrt-a.nd long-te!':l plans 

f .._ i-1 d · •h •n · · t · ~ • • · o we-~!" ... e=.a.n . 't1:.".. ... •• e consic.era 1cn o ... -.. a ... er cor.su.:ip ... ion 

along :r.~ canal, the annual average flows for power gen-

era.tier.. vary for diffare=:~ oascad.e sta. tions~ as listed i:i 

Table 1. 

Pr-or:. the statistical an~lysis of the <1.ata observed over 

ca."ly ye9.rs on Beijing-Miyun diversion canal, the n~ber of 

days for rel~asing water increases with increasing an..~ual 

diversion flow. As the annual diversion flow is 5x108m3~ 
the da~'S of rel·aasing wa";ar ?:a? reach 158 de.ys ~"ld a.s the 

a.nnuai flew increases to 7.0 x 1c6m3, the annual discharg~ 

days are expec~ed to reach 200 days. 
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Table 1 Annual •l.iversicn flew 

' i 
t. ~ ~ater power station 

) I . Iteo Unit ... 

No.1JNc.2INo.3!Nc.4iNo.5 
I I 

! 
I ' ' . ! i 

.Annual .. , Short- 108'::J.3 5 5 4.8 4.61 4.3 i 
averagE"" term 

I 
Diver_ 

I 108::3! sion Long- 7 7 6.7 6.4] 6.1 
I ' flow tero I l 

i 
I i I 

~ 

(2) Diversion discharge for pcwer 

Based on the diversio~ capacity cf :he existi...~g 

car.al and the need of cons~pticn cf water, ~ha aesig:i 

discharges for the stations are 60-70 m3/s. 

(3) Desig:i head 

The ca..;n r£ason for aiopting a scheI:le tc: cerge t!:e 

axisting e drops into 5 power stations was ttat the 

difference between the maxi.mun: and the mini.r::n• . .::::i water 

heads for the first 6 water drops was co~siden:i.ble. 

(see Table 2) 

Table 2 The difference L~ water heads f cr the drcps 

·--~of ' . 
! I~ o. 4 

J I 

Ne. 6: !To. 1 ~1C;.2 ~· 3 : :; C • 5 I I~er:i _drops ..... o. 
I 

Differen~e cf ! 5.67 
I 

2.34 3.47 2 .. 22 -3 "'I . 2.92 wat~::- t.e '.l;l • .::. ! 

I 
··----
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rathar big and. re~~~es 5. 67"C.., the hear.s o: sta~r..O!lS 

Ho. 1, !Ic.2, ~c.3, Nc.5, ~io.6 are all sr:.all .. This is 

not favourable tc the choice ···f -:he type c: turbir-.e. 

Through co~pariscn cf several al ter:;a-:ives, it wa.s 

decided to combina the water heads cf stations No. 1, 

!!o.3 and !Io. 5 with the heads of stations No.2, No.4 and 

caies is reasonable !rem the pcir.~ cf view cf eccncmy. 

~~ere is no :::_\;_C..~1 dif:arer..ce ; n tte installed capaci 'ty 

31 ,n:, ~.,.., ... ,,..::::. ... ~ .... .; ... al ~ ... ~-.::::.s ... ,.....::.n• 'T., - ·er a ·'a .. ~.,, t,,. __ .e , . .,, ~., V••- l,,,;._:!*"" ~1- J-.1..- 1.,,. ~J.J.J. .;:,;,"'-- •• If 

l.·r.-1e-::~-c. ....... ~.::::. ... vrN· "'a"I ,:.::::.,...,..-::.!:ls.:. ·a·· 24 9 :-f... 
•• _.., ___ .\# !-'-· ..... .u .J '""'-'-~·-- - J • ,.,, especiall:;, 

t!le qua.nti t:t and variety of 1ll:-bine U.."li ts m~j· decrease 

-:er:a::.ce iu:?"L":g cper~ tier.. 

The d~sign haads for cascad.~ stations !io.1-5 ware 

deter.::.ir..ed as follow3: 

1. The head :9or station No. 1 :. the d~sign 

a11e~2.e;-3 !'let head 6. 5 r:., the ~a.xi::n..u:i net head 8. 7 c: . 

and t~e ~in~UI:l net head 4.~ ~. 

l.The he~ds for staticn 1o.2-4: The g~oss heads 

fer staticr • .; !Jo.2 and ~fo.4 are all 4.7 ::-. a.."lC: -:he:.r 

iasigr. net ha~d3 a~e 4.3 m: tha gross h~a~ fer st~ti:r. 
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Nc.3 is 6.7 m; i~s desi~ ~at head is 6.5 ~. 

3. The head fer $taticn r;c.5: 3a.2e.i ~pc!1 ;:;he flue-

tu~tion of the water level its 

d~sigr: avaz-ags nat heac is 4.5 =,but will be 6.~in 

prospec~ive parted. 

4. The choice of types of tu..rb~e-gencrator. 

In order to decrease ~ha variety and quantity of ma-

chines and tte voltage lavel for :ca co~vG~ianca of 

desigh, construction, cperaticr. and o=.:.n~:r.a:lc2, i.!l 

all tha sta~ions wera installed typa-ZJ7f:-:::-200 

types, one wit~ an output of 1000 K'w (25~r.p.=.)and 

the 

The paraJJsters cf t!!.3 r::=.c!:i::e se-:;.s sel~c":e:i for 

·AQcording to the ca:icula.ticn, the diversion flo· . ..

of 5-7X108m3 per ann'll.'l will producd an a::mual energy 

of about 2800COOCkwh-3940COOOkwh.5 cascaie wat~r powar 

sta.ti.cns ca:-i -=c-cnooiz.a. a g=.:at q:;.s....~"";i:ty o~ fuals.. 

IV. General Layout of Power Ststions and De.sign 

o:f .3u1ldings 

(1). Genaral layout of power stations. 
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TP.ble 3 ~ha par:-i.-::aters of the chosen 

~~chi.::e sets fer all t~~ pc~er sta~ions 

Ite:is 

Design !'~ad! 
I 

m 

Divarsic:i : 
d.ischarg-= ~o3 Is ' 

f o:- pc•.\ar 

tar t:irbi..~e · 

·.;~·~..,. "'-"'--
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I 
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power static~ 
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,. ,. 
00 

.-.-y 
, I 
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f • - • 
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Th~ principl~ cf the general layc~t c: tte casc~~a 

po·..;er stations was tr_at the existing :2eij ing-~·!iyur.. -:.1-

version canal should be kept in nor:i.al operation and 

the con1/eniant construction of the station should also 

be ensured. 

1. Watar pcwer station nc.1: 

On the righ~ ba~k of tts canal ha~d work is lcc~t~d 

a power house with a downstrsa:::i g,prcn. Its tailwater 

I 
l 
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cc2.!"..n~l is cc!'lile~ted to the ~~i~ canal. T~e ~evelo-

pment type of ·,,ato:::r pcwer stations is diversion type 

power st~tio~. There are th?"ee service gates, (ste~l 

vertical-~ift gates, each being 4.6 ~ x 2.7 c) vith 

tt.ec.prc-r.i.s:Lcn_.o.f emerge:ic:y g!:.te .. slo·ts trase racks. 

Dcwnstrea.r:_oi' the sluice gates are the 3 culverts w:itl: 

~section-of 3.46 o ~·2.5 m a...~d a.length cf 19.6 ~. 

T~e culver~:outl.at is cc~~ected .tc.tne_i!tl.et of .th; 

cc:i.crata s~ir2l CE.Sa- cf tha p:wer hcuse throu.g!: a 5 ~-

long tr"=-I:Siticn SdCtion. 

fcund2-ticn sle..b, ··!::.c!" .. is.24,25r:! lo?:g 2.!:d 14.5 ~ wide. 

ti on N'c. 1 we::---a the .3::J:9 a.s t::.ose o: static::s :io. 2-NO. 5. 

?!-.~ accass higtwa:: :!..b.si; -::c t:~e :::orth of the pow-:~ 

house a!li ~s conn~ct~d witn ~~e i..~let sluice hig..~way. 

Owing to the limitatior. cf t~a topog::::-~p~ical cc..~di~icn, 

the power house is c..onnected with a downstream apron 

of 16.8 m(l) X 20.4 m(W). There is a traLsitio~ sac-

ticn with a twisted sarface cf a 1:5 i.nv~rse slcpe at 

the ditta::ice of 5 c from -:ne outlet of th.a draft 

tube. And furt!:er downstrea.:: the 17.2 c long strn.ig!:t 

section of the tailrace is connected to the curved one. 

The be.se widt.t of the t~i.l~aa~ is ffl '-·the. Side _slcpa is 

' 
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1:2 and the tailrace is 73 m long. 

A St..bstaticn was ~stallad on the right side of 

the power house and connected iiith the concentra.:ed 

slot'itc.."iing s.tC1ti6n of water now-er station No 3 

through a 35·KV cutgoing line. 

2. Water power stations Na. 2-5: 

Thay -.-:ere arrang~d respectively at dro~s ~To. 2, 

are all pa.ra.lle with that of the ~an~l. The dist2.Il~~s 

tat·..;een t:~~r:! r-2.nge fror:i 5·'J :: to 55 m. After the rt:- :-.i-

laticn gate for tha drop is closed, the water wi!: b~ 

c.-i··---,..•-A •:..r ... ·u-h ~h,.. ,.,.,-r~"'ce en· a,... .... -"'l "" th 0 •. ,., ·:'-.:;..., u-=· .... J•J. "'"' e:,.. 1..1. t:' ~ ... ~ _,.,. ........ c 0-. -- pc.,,~~ 

to ge~eret;:; electricity. The t?.il water returns to -;t.:, 

C.c•.ms~r~2-:-:: ce-!'lal of the regulation ga. ~e. Ju.ring t~ a 

rep9 irin€ er e.cc id en t of th8 machine sat of the ~ra. tr::· 

power station, the water may still discharge to the 

oawnstrea=i by opening tha regulation gate. IT':1e polhe::-

ho~se.s o: pcwer stations Nos 2-5 are a.11 ~.,rater r~tai.-r-

ing str~~ta~~s, which are directly subject~n to tha 

water lo~d and r!:2.i.'"ltai."'l thei::- stability b~· their dead 

weights. 

C~ ·cte l.lpStr~a.m Sid.a Of the power house there are 
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gates are cont!'olled. by fix;d lift ·.-;i!~~r.es. 

According to the characteristics o: ths wat€r S~'l>-

ply froc the canal aud tte high suctio~ head of ~he 

cachine set, ~t ~.s decid~d .10 ta.ilrace gate would. 

be provided for the 5 cascade water power stations. The 

machine set uay he checked and !'Cpaired accor~ing to 

ylen, not in the irrigation period. The upp~r struc-

ure cf tte power ~o\..:.Se cc!'ltains the ::::..i."l a...,:. a.'..lY.i.-

liary ma.~!:':ir.e ha2.ls and i!lS~c.lla:>;ion b'::1y. ':he ::c:ntrc: 

c:..mtre is located at sta t::.c:-~ no. 3 ~ On tt.e !"i.S!'--~.; side 

lin.ry ma.chine hall, in ;iri:ic!:l is tte general ccr.-:rc: rocr:.. 

I!l evary cascade power !".:.ouse there a.re 3 ·,rater tur

bi.l!e-ge!lers.tor~. Their spaci..~g~ ~r~ 1=. Tte crane sp~r. 

is 8 ~. The dim~nsion cf ~h2 pow~~ house, inc:~ci::.g 

the installation bay is 30.52:i(length) X 9.6 ::: (wi:!th) 

x."9.99 o(height). (The height from tha. !olllldation flOOr 

of ~he power house to the top of the ganerator fleer 

is 13. 67 o). C:v~r. :the: draft tube th3re is Gn ~uxili~r~~ 

c~chir.~ h~ll with a dil:iensi:n :f 24.25 m(ldngtt) x 4.7~ 

( • dt"" ) • - - (,,. - . ~ ) w_. • .l % "t,.'.)'J ~ ••• dl.gu.., • 

Upstreac 0! ~ne power to~ze is a prasaura forabay 

. with a recta.ngule.r section, Its bcttom 

t 

I 
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width is 19.8 ~, th~ longitudinal slope of bottom 

floor 1: 5, and the two retainL"lg -;ro.11.s en either siie 

are of grs.vity type. The upstrea~ of forebay is conr 

nected throug.~ the transition cenal of the twisted.s.ur-

face to that of ~ort:lal section. The bottcc ~"'idths of 

the entrance canals !or water power s.tationa Nos. 2-

4 are 8 m, The Side slopes cf the canals are 1: 2. 5. 

~he bettor: ;i.idth of the ca!lal for station ~To 5 is 
.., 

10 -. The side ~lope is 1:2. All their lo~gi~ud~al 

gradier-ta are 1/4000. 

The icwnstrea:!? of t~a pcAer house is provided ~itt 

tail ·..rater apron w:ith a rectangular secticn, a bctton 

· .... .., ~ 2C 4 .rr:. .. .,1c. ...... c: • ' an in versa slope 1 : 5 ar:C. two ~avi ty·-

type re~ai.."ling #alls on oot~ sides of the apron. T~e 

aprcr. is c~nnected thrcugt tr.e transitior- section to 

the nor::r;al secticr. cf tha tailraca, :~s sacticnal 

dioension is the same as that of the ups~rea= e~tranc~ 

cru:al. 

Tte s~bstations for stations Ncs. 2-5 are on 

the left side of the powar staticns. The access highways 

~re ~lsc.on the se.::ia aida 9.nd le~1 tc the install~ticn 

bays. 

3. S~fe:y ~easuras for discharging water thrcuet 

the cascade stations 
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Since the ragulation ca~~city of tha canal itself 

is very sw.all ( tl~e cana.l :up is abou.-: 1. y- highar 

then the no:::al wate!' :_e·Jal), ·(:hen the ::ac!:ine set 

sudden:.y stops, or: ac~cu."lt· cf t!:ro"Ung off th~ full 

load because of fault, the i."lflow water a~ong the 

canal will be obst~~cted and than will rise. There-

:fore, it is ne~essary to ~ave reliable =~asuras 

fer discharging water. Ctherwise, t!:ere -.,;ill be a 

:ir. the des~gr. of the staticns: 

f1•r discharging tr.e water. The sluice adja~e=it to 

the static~ has two gates and two lifting devices. 

~very Each is operated by & 3.5 kw alectric ~otor 

and can lift th: gate for disc~:argir:g water within 

2 minutes. :n oraer to ensure reliability of pc~er 

supply for operation, the existL"'lg 10 kv overhead 

lina ir.stalled alor.g the canal is used as a special 

extern~ power so~rce an~ the existing diesel-dr~ven 

genera.tor is also retained as e.:ierg:ncj power source, 

Under the extr.~ordinary conditions t~e gate top 

of the stations will permit overflowing. When the 

!l'1 water head is 1 · on the top of the gate, th~ over-· 

I 

I 
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flowi~g di~charge will be about 15I:i3/s. 

(b). The ~eg~laticn slu.ice of drc; ~o 6 a~ tn~ vi-

Ci.."'l .;_ ty cf st.s. ti on ~Io 4 had to be reconstru.cted.. sL71ce 

the emba~kr:ent was raised and the height of tta , .: .. .._ 
-~-"' 

operated gatas are replaced by hydraulic-ope~tcd 

gates, ~vh5.ch can go up and down automatically "N"ith the 

water leval of the canal. T~us, it is possible to e~-

sure sa:a releasing of water trrough ttc sluica aft2!" 

the water risea L"'l the canal. Two 3.6 c x 3.23 = ~di~l 
gates are usaG for the sl~ice. 

(2) Dasig!". cf building~ 

1. Grade of b~ildi."lgs: 

AccordL"'lg tc the installed capacity c: :te s:ations, 

the newer housas for ttase stations are desi~ated as 

gra:la 4. 

2 • Earthquake intensity: 

The earthquake intensity of this district 1s 7 degree 

according to the seismic regionalizaticr.. In such district, 

earthquaE.e resista."lt a~alysis might r.ot be necessary in 

the design of the power house, but the aseis~ic measures 

·lw"ere still consi:lared for tr.e upper frarr.ewc·rk of the 

power house and the connections between the !'Tefabricated 



ele!:'!er:.ts. To achie".·e a ccr~ ai~ as;_Lst:ic effect, the 

frameworks an.i all tr-a el;::.ents we-re rigiC.ly cor.nected. 

to fore _ Qonolithic structure ~d the walls ware 

strengthened -with girths. 

3. Foundation stres~ requireoent and fo'.l...~dation 

treatment for power house 

On the basis o! the explcration L~fcr=aticns, 

one half of the foundation slab of power hcusa o! 

station No. 1 was constructed en tte :ou...~dati~~ ro::::k, 

anotha~ half on sand and gravel. It was not possible 

to re=ove all the sand and gravel beca~s; c: t~e res-

•r~~··c~ o~ +01'V'\~~~1ca~.J. co~n~·~ ~ "' •- wl. .... - " !"'-'o- -!-'!.;. •·-- "--.J-· • 

house was not built on the sa::e kind o~ :o'.lr.~atio~. To 

preve:r:t tr..e dif!erential settler:er:: ·:f t~-e foll!:datior: 

~f'·e'!"' cc,...,...,eti o,.., c·~ ""'"wer ;.."u-~ --..... o,·- ..,i· "'~ c:: ·.-~ ..... e --" _ ,,,..,~ - •• • l""v ..... v .;::)....,,6- \,4..,, !' _..,,c- ,, __ e:r:-

con-

soli'iation gro'l.4ti~g was :'let :icn~ ur..til th~ 't;urbine 

a~d spiral case floor had bean concreted. 

The:: f our..da.ti:r; slabs .:;f t!::.> ;icwe::" ho•.ls:-s for sta-

·"~ic·1s ~c-- ~ 3 4 ···-~~e b· .... ·-· ... 1 t ~---. • _i ' - • '" , ' •• - !.- ~ '..; ' sa~:i a:lC: g:"?.vel f o un-

da tir:n an.i th~ t for !To 5 was f ou."lde:l on ~l :er!late 

la.y1::::-s o:' clayey sc il and. cl2.:.r. For 0t:.ild.i~gs on fcu.~-

C.atic·.lS ctLar than the rock foundation, i.t is n~ces-

s~ry t~ ~~~P tt~ eccant~ici~y as su~ll as nossible a~d 
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Stre.:33 G:_stri;:u.~ivn i...11 the SU.bScil S00'..4li be =er:: 

the ratio of caxi::nu:i str~3s to mini.muo stres3 stould 

not excead 3 for sand;2 for dense clay; 1.S for soft 

(plastic) clay. 

turL~g checking the overall stability of power 

house a.Ld the stress condition of foundation slabs 

for all the cascade stations wider the ncr=al opera-

tion condition (ca.xi.mum water level upstre2..:l and car-

respccding ~axi::n.a::i tail wate~ level downst~al:l) the 

stresses in the fowidation soil and tte ratio of ~ax-

.:il:lu=. stress ~a:c to oi..11i=um stress 6"'t:in we~ with-

·in the peraissjbl-: ·ral;..:.es (:see:~:;:.~::.,.). 

Table 4 

1-Ta:::;? of s~a tions 
.-;-. -;:ix 
·-- 2 

(kg/c~ ) 

l. 63 1.49 1 • 1 

Uos 2,3,4 1.93 o.83 2.32 

No.5 1.80 1.30 1.38 

Frcrn Ta.ale 4 it can be seen that the f :~"l·iS.tion 

stresses beneath the power houses are not l1rge, sll 

of the:-. 1c not exceed the adopted vaJ:.! -.. ., r-: c- ".:.';....-:ar:dec 
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for !cundatio~ bearing capacity (4kg/c~2 f~r 

of ~~x~~ str~ss tc mi..~irilu.w stress is alsc withL"'l t~e 

speci=ied range. Tterefore, the config.i....."'aticn d~~n-

sion used for the power house can satisfy the sta-

bility requirem~nt. 

The up5trea.m and downstrea= retainir.g walls, which 

~ere checked u.~der both nOI"'ual a.~d abno!'::l~l ccnditions, 

can satisfy t~e stability rsqui:-e~ent. ~te r~tic of ~2x-

U:l~ stress to =ini=:u:::. str;ss also dces ~ot ~xceec 

the per:nissible val~e, a.~d th~ eccentricity is very 

scall. 

4. Seepag~ central a:ld drainage ~eas~res 

daticr., which shcul~ not ~xce~d O.i. 

The se~page ccn~~ol ~~~sur~s f~r all the joi..~t 

oonnections of the structures within the upstreac for~-

bay and the downstream apron of power house were 

treated with ~lastic·wster steps of .type-651 and with 

two lay6rs of bi tu::inous fsl ts and three coati.."'lgs of 

bi tune!'l. ~he seepage ccntr:'.'l ::-zasur~s fer th~ c~n~.l 

~ ci:.1~ :·:er~ fillaj with b!. t·...:...":.:'...:cus r.1crt~r a:iC. ·:ii tuz:.i-
• 

r:ou...s :::-.~tic. Tc :p:-ave:i t the ~·;c::p~ge. througt ~!'.e ';~: 
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The drainage measures in th2 :ctl!'~datiJn cf jcwn-

streaia apron and those b~hir..d th& walls were =ainly 

d.eter=i..."led accc:-d.i..'"lg to -:he cc!ld.i ti~!l of g!'Cund'Nater 

lavel. SL~ce the growidvater levals beneath stations 

No.1-4 were all lower than the foundation slabs of 

pcwer houses, during excavation no grou.~dwatar appeared 

. t"" ~ ..; - . -: +- f c-+- +- • 'l 2 3 - 4 in _e .cu..~-a~icn ~-vs c ~vavions .c. , , a.~a , 

except in -:l:e fcundaticn pit of station Nc.1, L"l which 

tr.ere was a li-:t.Le qt.La:i~ity cf seepage water. 7he:-e.;_ 

fore, it was decid~~ tl:at no filter dra:.r.a~e devices 

were ~roviied U.."lder the dcwnstrea:n ap~cr. 3lacs a~d 

As the grcur.i#ater l~vel ~~ ~he four:~aticr. of sta-

tion i'.ro. 5 ".(2.S sha.llC#, being aoou: 5._ below tl;.e ~CU.'"l<l 

surface ar.d 6° abova the bottc~ of the foundation slabs 

• of power house, filter layers were. placed under the 

downstream apron a"ld drain holes were also provided i.n 

the slabs for dec:-easL~g the seepage pressure. I~ crder 

tc increas~ tc; stability of retaL~i~g walls ar.d de-

crease their s~cticr.al size, dra.i~age filters ~~re pla.-

ced behL11d the walls. This ·#ill lower t:.~ groundwater 

• level a:id d.-3crea.se tne .rater pressuri: agg,inst the w.alls 

j 

I 
II 
' 

I 
I 
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s. 8o~truction sta.~dard 

Prefabricated ele~ents were us~d for the upper s~r~c

ture of power house. C~...ne beams, roof plates and e~ve 

pl~tes ware standardized elements supplied by the precast 

elenents f2ctory. Ccluc.ns a..Yld' girders we~ precast on 

the site.· S0me of the ela?:ients, !or exa.:!lple, crane fr--1:1e, 

girth and so c·n, were- ccncretaO. i..··L Si tu. 

The ext~rnc..l su.rfacas of -:!:."': ..-alls of p.c·ier !.'"~ouse 

were cc~""Ged with ce::ent z::crte:.r. So.we parts cf the:::. were 

ccvered •.1i th -:er~zz;. Ex~ep: that the floors of the 

genarator .:torey, cer.tral ccntr.:il roo~ anC. dispat~.ti!lg 

roo~ were _;'!.v~: t.·:!_~!1 ter:!''.?ZZC, all the ether floors 

The build~~g ccr.f.igu:!'~ticn Nas designa~ en the prin

ciple of eccne;ci~ :e~sibi:ity with due ccr.sidera.tion of 

its pretti.!".ess and ~~gr:ificence. The co~figuration ar-

ra.ngecents wer~ slig!".tly diff0rent for different sta

tions. 

Windows a~ or1erly controlled with window oper.L~g 

mechanis~ for vcntilaticn. The accw::iula~cr rooc and 

the acid stor~gJ rooc ca~ be ventilated witt axial ver.

tilatcrs. 

St;:al v~if'l,;_aws, which were directl~- or:ler~d fr("lm t!:e 

' 
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steel Nir.dow factory, were insta:::..1-=C: ..c- .... _,, :_'.!:air fir=-

ness a..~d durability. 

V. Hydro-Machinerie~ Ele~trical Cc~~a~ticn 

with Power System and Automation 

(1). Hydro - ~achL~eries 

1 • Wa. ter turbi.."l~ 

According to the choi~a of types of ~achine set, 

it w~s dater:::ii~ed to use axial flow fixed blade varti-

cal turbi..~e. Its rur..ner di~eter is 2CC c=. I~s ~y~e, 

specificz:.~ion 2.!10. chara.c:eristics indices are as 

follows: 

3lade i:ls~alla~icn angle 10° 

Je sign l:e~d. 

Ninimum head 

Rated discharge 

F..~ted speed 

Rated output 

F.p = 7 r:.. 

E = S • ::!l:~x ::i • 

H..: = 4.5 c. 
:i.1..n 

0 = 20 -::.3/s. ·p 

n = 250 r.p,m. 

N = 1150 kw. 
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2. Gil system : 

SL~c€ the oil ~onsm::ption in the cactine s~t is net 

cuch, there is only cne oil p~p. Its overall oil 

quantity is- 1. 54 !:13• T!le ce..pacj ty o! o"il St!!:p fo,.. upper 

guide ttrust bearing of ·gene~tor was G.24 z:3 and that 

for lower guide bearing was 0.025 c.3 • Therefore, oil 

pipe lines for supply and outlet a~e not n~eded :or sta-

tions. The oil can be f~d with a ~cvabl~ cil bucket. 

~ce storage ar.d pu~ifi~atior. of turbir..e oil ar.i ~-

sulating cil for 5 cascade stations ara all ccnc~r.trated 
.. 

.... .... . !J 3 an s,,,a.,ion ·.o. • '.:'here a:?'e 2 'I"ype :.Y-1 '50 oil filters, 

one '2:ype 2CY-3.3/3.3-1 cii pu::.p ::!...'16. o::e T:rpe 2CY-5/3.3 

-1 oil pu=ip, cne bucket with a capacity o: 3 c 3 for i~-

sulating oil, one bucket with the sa::ie capacity for tur-

bi..~a cil a~d one =ov~ble oil bu~ket ~i~h ~ ~apaci~y cf 

0.2 ::3 • 

As the suction head o~ the ~achine ~et is H5=+1.5 m, 

the tailwater level is 0.8 c below the centre of the 

runner 1uring the !'ull load cf' 3 machines, and the~.::-

fore no consideration is given tc r'.ir ccnsumption in 

the tai:·.ic.ter ·in cocp·3nsation ragica. Low pr-essura 

co~pressgd air of 7 kg/c~2 i~ supplidd c~ly fo~ br~

ki:ig a.11d. repairing. Tt~re !ire t~vo Type 2V-O. E/7 low 

' 
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pressure air cc~pr~ssor with ~ 
~ 1 ~- air vessel fer 

every cascade station. 

High pressurt: pne~atic system : 

Each station has one Type CZ 2S/3CF high-pressure 

air co::::pressor, w!':ich direc"&ly s-u.pplies t!:e CQcpre s.sed 

air into the pressur= oil sump of governor through the 

4. water supply syst~m and d:-ainage ~yste~ 

There are t~o T~-pe 3 EA-9 wa~er p~ps fer each sta-

tion. Tt.ey pu:ip water f::-oc two spiral cases for coo 1-· 

.ing the baari.."lgS of the 3 t:>achines cf tl'ie ·.;hole sta-

ticn a~1 fer fire extin~ishing. ~ll :~a ~~c~anic~l 

and electrical ~quip~ents ~::-e lvcated above t~e caxi-

:ail wa~er leval ( C = 68 m3/s ). 

'''•TT\P 1''-6 dra.;,,.,c,,.."'" ., . .,,.-- ·'s-""~ ~ ............ ,,..,'r'l.;.,g ....,,.~-ti.. __ -~r>c·u.-
·J~- .2 - ..-.--5- ~....._·!-' """" o;;;;.'..l. ·-- :::'"""-'~_.... "'~" -l~- --

::::iula~ed seepage water b~lc-w the maxi=ium taJ.l ~~-t.:r leV-

·el, the pu:cp is contrclled by a ~ater level-sig:iallir.g 

device for automatic da·.-19.te:-ing. Four Type 4 3A-25A 

water p~ps were installed for the 5 stations. Tha 

puops can be used tampor~rily to drain aw~y tta accu:iu-

lated water for r~pairing the draft tvbe during the 

stcppir.g of t1P.ter in c~na.l. 

1 
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5. Measuring systac 

A wat8r-level signalling de•1ice ...,.a_3 installed upstrea.r: 

of the regulaticn sluice for e~ch cascade staticn. 

When the water level rises over the high w~~er level, 

the device gives out signal and automatically opens 

the existing gate en the cen~l. This will er.sure n: 

cvertC'O"Oi~g of the levee. 

~here are =anorr.eters for spir~l ~ases a~d vac~~ 

~eters for d:-!lft tu~e =~r each ~achi=.e set. ~ype 

DZ-II-flcw-:e~ers installed for the 3 tiac~i::..e.s. cf 

staticn No.1, car. oeas1.4re -;he tr:?.ns.c:...:n~ c.::d. ac

Cl.14!lulated .flow through the ~achine eats. 

6. Choice ~f C~.....r.e 
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Since tha ~ost heavy part to be lifted by the cr!!.ne 

is the rotor nf th~ gen~r~tor. Its ~cig~-: is 9.1 tons. 

Hence, aact cascade station has a sL"lgls-beao bridge -- -

crane with a capacity of 1G T, a span cf 6 m and a lift-

7. Machine repairing installation and oil test 

device : 

All the e~uipments cf the 5 ~asc~de st~ticns car. be 

sent fer r-3pair to a repair NCrkshcp lcca:ad at s~aticn 

Ne. 3. 

The turbine oil and. i..."lsulating oil ar\,; sen-c to the 

ne2.:-by 3ai River ·I/a ter ~c-..ver sta-:icr.. for ~xa::ii..'"l~ ticn, 

and. ~o devicds :or oil test a.:-e ins-~:?.ll~d. at eac:-~ sta-

ticn. 

(2). Elactrical cc~nectisn ~~~~ pcwar systa= 

A concentrated switc~ing station is situated on st~-

tion No. 3 ·which is tha nearest station fr~~ th~ subs:a-

tion of the national system. El~ctrical voltage is 

separatel~- stepped up o:i stations No. 1-4. Zach of 

thee has a step-up tr~nsfo:r::ar co~verting the vcltaga 

free 6.3 kv to 35 kv. The power then flows through a 

35 kv trans~issio~ line to tha ~bove switching static~ 

and from there to the national syste~. 



::5-.:.~ca ..ste.tion ~7;:,. 5 is farther away frc!:;l t~::.c switch-

!ng s~atic:·n, its o'..Atgoing line with 10 k"J is C.irectl:,.-

( - \ 
) J • Automation laval and deSie;!l of electrical 

~accn~ary circuit of tte stations 

At t~e present stage, the operation of the cascade 

station is maL~ly rec.~izad by men at respective con-

~ol r:::lor:s ar_:. in futt4re \>ill b-= tra.."lsi tted to cascade 

~cte control of the other.stations en staticn ~c. 3. 

3efcre r~al~zation of tha rc~cte control, water diver-

sic~ :or gen~ration ~nd irrigation will be ce~tr!?.lly 

disp~tcti!:g in o::-d.er to have a aa'!7'onic cper'?.tion. 

-=.v.;;r".J· s-'.:;?.t:.r:::-_ ~c.s f:. central ccnt~·cl ro0c and. a ccr:-

trcl c~~s~le. ~ s:r:~g ~lectr:~ type one to c~~ c~n-

ca:itration contact cc:-itr:>l is used. Control switches, 

meters and signal lights are concentrated on the con-

trol console. Every machine s~t can be automatically 

starteG. 0r stcp;>c".l on the console by ~. coc=.and "start" 

or "stsp". A roor: is reserved in the auxiliary ca.chine 

h~ll cf station Iio. 3 for cascade dispatching and tale-

co~:rcl in tne future. 

Tr.e alectr)wa~etic typa cocpou.~d relays ~re us~d 
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as relay protaction device. As for the s~"!:~~ronizaticn 

regi!:e, :::ia:inly tha cam.:.al ex~ct Sj'!:cC.rc!liZ~ ~ion is usa·i, 

and the autocatical self synchrcnizaticn is supplamente~. 

A self shunt excitation with thyristor is usad for 

excit2-ticn s:rstec. Threa-pha.se half ~-:ntrcl briige 

connection with field suppression switch is used for 

station No. 2, 4 a.n1 5. Three-phase f'..4.11 ccctrol 

bridgt: connec i;ion is used for stations !fo. l211d No. 3 

without fiald suppressi·Jn s·,.i tch, but wi -:n thyrist()::-

ccntrcll~d rev~rsible fiel1 suppr~sSicn systec. 

Direct currs!lt pc·.iar .3ource : in c~se of sud.den 

throwL~g off the full l/"\~d. r-::sul -+;i.ng in e. .:-:-~ilur;; CGu~eC. 

-by the surge because of obstru~ting tte wa~~r !l:~ 

in the canal, accu=ul~tors are used as dir~~t cur~er.t 

:prc.luce gr.eat influ~::c~. ::he pur;os~ :..2 t :> cnsu:-~ :.~{:·.t-

ing for tracing out the caus~ o: fai:.ure L1 ti.::a, 

start tte ~achine set for restori~g the auxiliary power 

so~~ce,and to supply th~ liit wir.ch of the regulation 

gate with power source. Alt~rnating c~rrent rectifier 

and electric-capacitance storage davice ara used fo~ 

other stations. 

Reserve nutor:sti:al reclosing devic~ is ccnnect&d 

batween two bus-bars of the station power. 
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Control consoles and ~;in control boards are all 

concentrated in the central control rocm. Relay pro

tecticn board, autccatical operation board ar..d exci-

tation board are arranged at the side of the machi."'le. 

~XCept the two direct current boards, there is an 

ecpty place i."'l the distribution board room (at the 

s~de of central cor.trol rooc) reserved for additional 

i.nsta~lation of secondary circuit boards when needed 

in tte future develcp~ent. 

(.+). Comcunica.ticn B.."'ld lighting 

I~ accordance witc the cha?'actaristics cf short 

~ar= operation and pr:3pective plan o~ the stations, 

at present ti.ce there is a Type IJJ.'-dispatching te-

lephone general set L"l sta:icn No.3 for its cor.-

~~icatic~ with the substation cf the power systec 

and with the other st~tions. 

As for ths lighting of the stations, ex·~~pt sta

tion No.3, (being a dispatching centre) in which due 

attention is paid to prettiness cf lighting arrange-

cer.t i."'l central contrcl rooc and in dispatching rooc, 

the other stations only have general requirecent for 

lig!lting in desie;i. 

VI. Construction and Operation Conditions about 

tl':e ·:~t.::r :>ower :tations - --···------
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Ccnstruction of thase: cascade station.3 b~~n in 

}larch 1978; in November of the Sa.file year, staticn 

No~2 was completed and connected with electrosystern. 

At the same til:l~, civil engineering works of p~wer 

houses for stations No,1, ;, 4 and 5 were also naarly 

completed. In May 1979, the power from station Uo.3 

was con..~ected with sys~ea ar..d the installatio~ of ma-

chi!:e sets had a.lsc begu."1 at station Nc.1 and it is 

ezpected to be ccmnlated at tha end c= 1979. Tee sta-

ticn.s Ne. 4 and 5 are scheduled tc be. co:::::.ple-:ad ,ccn-

nected with syste:n a::d put into cpersticn i!l 1980. 

SL"lce t!:..a st~.tions ~To. 2 a."'ld. 3 -.,,ere cc~na cted wi "':!: 

-:he sy3tam and generated. power, tl:ey t.~va "been basicAl-

ly i.~ nor::.al operation.Because ~hat the3e cascade 

stations are seasonal cnes, pcwer ge~ar~ticn is subcr-

dinated tc irrigatio~ de~and and the st~ticns de not 

bear the peak load,the power g~neraticn hcurs of these 

stations vary with the quantity of water diversion. 

The estimated annual. e~ergy hours are about 3800-4000 

hours. 

The whcle engineering ~orks o! the abova cascada 

stations are as follow: 

Excavation of sand and gravel:16.6 x 10403; 

Fill of sand and graval: 25.5 x 104c3 ; 
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1 
Concrete : 

ReL~forcement and steel materials: 800 T. 

_,_- ~ -.,. .-.--~ -- ~-_-:!'C~---~~=-=~• "':.-=--· ""'J .... --- --- -

- - - •.• 
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