B .
Lot o A

3.5 Power and Power Generation

In the current Interim chort (3) of the Detailed Design, the type and height of
Jatibarang Dam was again reconsidered. A rockfill type dam of 77.0 m high
was employed instead of a concrete gravity type dam of 77.5 m high. In
connection with other modifications of dam design, total head for hydropower
generation changed from 62.7 m to 65.99m and as the result, installed capacity

- of the hydropower station was revised to 1 ,500kW, as shown below.

P ”98xEerGxHer
=98 x 0.858 x 0.951 x 64.3 x 3.0

L =1,542 kW
=1 500 kW
wherc Er 0.858 o - : efficiency of turbine
=0.951 - o ' : efficiency of generator

' Hc NWI.148. 9m— TWLSZ 91m— hm. ‘Net head '
© =643m .

Chy,=1.690m ©: Headloss
Q=3. 0m3/s' R ' . . Discharge

The annual average gcncratlons of present and futurc stagcs are 0, 020 MWh _
‘and 8, 640 MWh respecllvely '

6 02{) MWh 5 790 MWh x 1 50071, 440
8,640 MWh = 8,307 MWh x 1,500/1 440

Item - - | Optimum Scale Study | Definitive Plan

Reservoir NWL(ELm) - | - 1486 | . 1489
Tailrace - WL (ELm) 859 . | 891
GrossHead = - (m) . | -~ 627 65.99

Power Output (kW) = co,s0 0 1500
Annual Encrgy (MWh) R .
' ' present stagc o T 5,790 - © 6,020
- future stage - - - 8,307 8,640
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3.6. Design of Penstock
3.6.1 Design Iead

The desrgn head of the outlet works is generatly dctermmed on the basis of the
maxlmum water pressure head in the condunt system The maxrmum watcr prcssurc
head is computed consrdermg the effects of the static head and thc water hammer

~ -+ pressure head in the pipe system The statlc head can be obtamed by subtractmg the
: 'elevatron at the calculated pomt from the reservoir water level. The water hammer
pressure is generally computed by solvmg the equation of contmurty and equatron of -

' motlon of ﬂuld in c0n31deratron of the charactcrrstrcs of the prpe system

(@A) Mcthodology'

The watcr hammer is a pressure transrent m a prpe system due to a rapid reductron

of ﬂow velocrty caused by an adjustment of the setlmg of a control gate or a
change in' the operatlon of a turbme There are alot of the methods used for the
‘.rwater hammer analysrs In thrs study, a FORTRAN computer program made by
i unsteady flow equatrons was emponed for computmg the water hammer in the

B condurt systcm of theJatrbarang Power Statlon :'._I{‘:_: Co
L - (a) Bastc EqUattoﬁs PR

' The equanon of motlon and the contmmty equauon uscd for thc waler

hammer analysrs are -

- Equatiort of Motion e SRR
Ecluation of Corrtihuity RN |
Bt ‘ )

Where o N L :
. 5 Velocrty in theplpelme B
h : Water head

- 3-76"-[7 .



Hydraulic loss coefficient in the pipeline
Velocity of pressure wave |

Acceleration of gravity

Time

If the head loss is neglected then the above equatrons become as follows
s ho+F(t+H)+f(t—~) |

L veve —[F(l+*~)+f(f——)

' By further transformatron, the followmg expressrons can be obtarned

ko S -ve)- 2f(t—-*—) e

X

| h_hﬂ _E_(v.__vo)azp(t.'_.__,) . : (4)

Where I' and f are the heads of backward and forward waves at the moment 7

- of r-x/c and f+x/c; ho i is the 1n1tral pressure head vo 1s mltral velocrty, and X

'represents the drstance between the calculated pomt and the reference pornt

The watcr hammer at any point can be computed by solvrng Bq (3) and

Eq.(4). For example the pressurc head at pornt M deprcted in Sketch “A” at

the moment of t, hp, can be determined in the followrng manner usrng known '

pressures at points L and R.

The water hammer travel lime frorn pornt L to pornt M AIM, is expressed as .o o

follows

t-/\';',- P
tn

l‘*




The travel time from R to M is
A(g = AXR/CR S R (6)

" From the correlatlon of the location of the three pomls I, M and R, the
; followmg formulae can be obfained '
Ay = XL+AX\1 (7)

e @

3 By combmlng Eqs (3) (5) and (7), the followmg is obtained:

c Cy : '
hP M"’P—"L:u tgv‘"&”r O

Also Eqs (4) (6) and (8) yleld the followmg
Cx

o I’_er”?"'.o -hm iy Y 2 R vpeis S (10)
Where the rlght -handed terms in Eq (9) and Eq. (10) represent the values at .
the moment of t- At and the left handed tenns ate the ones at thc moment of
. _ o _

'mm@mmﬁmwhﬁﬂ MM%WC@&%@MMW
= cRQJ(ZgARhO), Eq. (9) and Eq. (10) can be transformed into the foliowmg
dlmensmnless forms R D L AP S _
' | h' + 2qu h L+ 2qu L : ; ' (11)
- 2pud =N 2 D
:In whach AM and AR are lhe secnonal areas of the plpelme at pomts M and

R, and he and Qa are the slatlc head and the dlscharge under steady state

i condmon, respecllvely

| It the head loss of the waterway 1s taken into account the Eqs (11) and (12)

g :become as follows '

T L L
e

d-f&%%gd%m.'] jh,_' . am .



K = We-2peq’r+ agl'sla's

ay = Ahy/hy

ag = Ahge/hy ‘ :

Ahyy = ;Head loss b_é_tween I])O_il_l_ls L ar@ M _undcr tht_::cqlid_il‘ion of Q,
Bheo '

Head loss between pointé_ M and I:l_uil_deg_tht_i condition of Q,
If the right- handed terms in above cquallons are known, (he h' and q’ at pomt
M located between L and R, can be casﬂy obtamed by a stcp by-step mclhod

stamng wnlh a steady statc condmon

R ) Speciﬁc Formuiﬁé at Différei‘lt"Ki‘nds :Q'f Cél_c-:'ilrlated. Points

~The h' and q al a speCnf" c pomt obiamed by subsntulmg the spec1flc -

- parametcrs for Eq (13) and Eq (14) are expressed as follows

| Ehmmalmg h' from Eq (13) and Eq (14) lhen :
: - K, -K, '

ges )

2(pm+pn) RN

Subshlutmg Eq (15) for Eq (14) lhe followmg can bc obtamed -
- h Kl 2qu o R : (16)

L M R
T . Sk E)[Eh L SRR

Consudcrmg that thc head at pomt M is always bemg kepl aé the stauc' e |

: head ho, then
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- ii) aLdnmnstLeamenﬂ_\mhaﬁmurfam |

_Similaf to the above, h* and ¢’ can be obtained
W' = lyh, = ho/hy = 1
K =N
q =
s ZpM g

Skﬂmh uD;:v .

o Sincé q .is 0.0 at lixe ups'lr"e-a_ﬁi'c'l‘o.s';in.g-én'd,' lhen Lo

h": Kz .

Sketch “E” s

. Since q' is 0.0 at the downstreant closing end, then

: h'=.Ki1;' |

(18)

9
0)

ey

@



=

L
ﬁjE:B[Eh l'fE:J} : .

vi) albranching point

The pressure. head, K, and !ﬁc discharges, q'y, ¢ a'nd q's can be obléined_

by | S |
= h'+2PMLq'I=K1 : (23)

_h'-ngqg:l{z . I 24
W -2ppq3=Ka o0 ne o @5)
Coodi=datgs T (26)

. Reé'rr'anging the Eqs.(23);{25), l_hén |
g K, -H
' ' ] 2P,
i, _N-K, -
| qi opn |
L K=K,
a3 :2 Prn

Sub::;lilu.ti_ng Eqs.(27)~(29) into Eq(26) and ‘ré'a'r'r‘énéi.ﬁg,i then

Where _ ST
. -Ks = l_l'RR'ZPRRQ'RR}_(.IJIQ'RRIQ'RR. S
@ = Mgk
Ay = Head loss between p(.)i_n_lS:MRﬁ;l;dr RR U'ﬂdf;i' the condition
Do s .__E__" -
ML MRM.RR  RR R

Sketch “G»

Cae6

. @) R
_'(25)'

K L'.l+53*+ﬁ)/[—l—++i+--~l-:) ey
NP PR Pre}f \ P Pr Prr) :




" vii) atclosing end of turbine

The discharge thrbugh the turbine under the normal condition, Q,, can
" be obtained by - Co
| o QeACee)” &)
o a ' Where | e
i Ag : Sectional area of the pipe

Yo Effc(_:tivc head u'ndc: the normal condition

The dlscharge lhrough the turbme durmg closmg penod Q, can be
_' .c'(pressed as . . o _
S '_Q='GA6 e @
 Where L e o
y : Effective head during’closing'peﬁbd
"G :  Relative openmg of the guide vane, G itlI‘o
- To : Closmg hme of the gmdevane S

" From Eq (31) and Eq (32) thc ratio of QIQo, q can bc calculated as
:E_follows S T S S
S e Q/Q;,=jc(wo)'” B 3

-f Slke.tChW“H” U

Rearrangmg ‘the abovc cquallon the followmg dlmcnsmniess cquauon _'

o T Ht'icanbeobtamed S R

R o Where, . R 5 R
N |3 ho’)'o

s B

Wug= Daaho

- :.1-__.-.3_;6:;1- :‘;}'f P



Solving Eq.(13), Eq.(14) and Eq.(34), then . .

9 =Ky + (K Ko™ 3%
M=K -2pm0" BT (36)
_ hm = K + 2pr 0’ Sl EX)
Where |

Ky= G2B(9ML"‘PR) _ _ L 0

Ke=GB(K-Kp) . |

- e e e e

o-Sketeh 4P

:'(B) Caleulafed Cases and _Pererﬁeteee - =
The calculauons were camed out for six cases shown in 'Iable 3 6 1 The Cascs 1
- '_ thru 4 were adoptcd for determmmg the deSJgn head of the plpe sys(em and -
- Cases 5 and 6 are for checkmg whether a negahve pressure occurs in (he tallrace -

: when the turbme was closed The main paramelers for calculauons were as
follows

' Calculated Parameters .

:rMammum Des:gn Dlscharge y R 60 ; _':'-_':m3/s-r.‘-
* Maximum Powcr Dlseharge ' ) _-;30" ] ;m3/s" RO PO
- .:f,Roughness COBfflClel‘ll L i Concreie _ ‘nc~00125_ AL e e €
S : . - Steel g —00115_5-7,,__,. o
"Cenlerlme of Turbmes (Q,Dlstrlbutors) EL ..84 70 m
- -,_Uml Welghl ofWater L e E W0~ 1 000 kgf/ni.3
. Acceleration ofGravnly A "G= 98 _; : o m

_FhleknessofPlpe T 'j_ t—90 Cmm

7368 S



Elastic Modulus of Steel E = 2.1x10" kgf/m?

Elastic Modultus of Conerete ~ ~ ° EC‘:_Z'_{X-I'()" kgf/m’
Elastic Modulus of Rock """ Bp=1.2x10° - kgf/m®
Elastic Modulus of Water =~ K= 20)«108 ~ kgffm®

Poisson’s Ratioof Rock =~ :‘v "03

Closmgﬂme The closing time of the gmde vanes is one of the most important
design consrderatrons The tlmmg of closure of the gu1de vanes will affect the

water hammer pressure

_mmmmwmmymme@&ﬁmk3MMmmmmem,
_ charactenstrcs of the generator and the turbme system The manufacturers usually -

guarantee the functromng of the equrpment on the basis of the desrgn pressure

: and the ratro of the momentary speed varlatron, both of Wthh are specrfled inthe =

COﬂtl’ﬂCt c

’I‘hrs closmg time of 3. 5 seconds was adopted for the water hammer analysrs in

this study

‘ Eam_y_elmtx ‘The wave Velocmes along dlfterent portlons were calculated_ -

usmg the foliowmg expressrons o
SEPRY A L LR ; 38)
c/ g{K+E,} 2
o Alﬂngihe_StesLBme_emhﬂddedthIunnel L
) wo (1 2r Lo T 19
Al _”} e

/ @ 2 R
Et _ 2r,Ft g mE,; |




- Where, _ S
K Modulus ofcompressnbllltyof water

- Ec @ Modulus of elasncnty of concrctc

E Modulus of elashc;ty of steel ; -

E - Modulus of clashcuy of lhe surroundmg rock | L
m, P01sson s ratio for the snrrounclmg rock

Wo o ~ Unit wc1ght of watcr ‘ .

f : Extemal radlus oflhc plpe :

n- - Intemal radlus of Ihc pipe
Is Excavated radlus ofthc iunnel

rs | : Acccleranon of gravlty

 Sketeh 3 ST

, .If the dlamcter of lhe slcel p1pc and mcdlum around thc stecl plpc are

" different along the reach betwccn two calculaled pomts an cqunvalcnl wave
velocity and equwalent area w;ll be adopled in the portlon The equwalent

wave vclocnly, cm, and the cqu:valent secuonal area, Am, arc cxpressed in thc .

followmgmanner '
EL. |
EL /al i
S3L
EL /A

ln whlch Lb A and G arc lhe lcngth sechonal area, and wave velocnly of the =

calculated reach rcspcctlvely

@

o

The calculated pomls are deplclcd in F1g361 and lhc locatlons of thc._r SR

calculated pomts are descrlbed in Table 3, 6 2



)

' =“The distances from the entrance of the intake, scclional arcas and wave
‘ velocrtles are summarlscd in Table 3.6.3. The head losses for drfferent cases
are listed in Table 3. 6. 4.

(C) Calculated Results |

The maximum and minimum water pressures at cach point for the six cases are

' summarrsed in 'l bles 3.6.5 and 3.6.6 and shown in Figs. 3. 6.2 and 3.1 can be

found that the maxrmum water pressures at each point for Case 1 are the largest

'among the six cases, and the mrmmum water pressures at each pomt for Case 6

are the smallest among the srx cases. The water pressures for all six cases are

‘ larger than 0.0, that means no negatrve pressure oceurs in the whole pipe system

' The vanances of the water pressures at the upstream and downstream ends of the -

‘ turbme for the six cases are deprcted in Fig, 3.6.4. The water pressures at the

upstream end of the turbme for the six cases become the maximom before the

- complete closmg ’1 he i increase of water pressures due to water hammer for the

cases wrth branchmg tend to reach the static head raprdly, compared to the non-

branchmg cases

. The drscharge fluctuauons at the control gate of the mam water supply prpe .'

(No 13) for Cases 3and § are shown in Frg 3. 6 5. The releasmg drscharges vary '

suddenly durmg the process of closrng of the generatron system

' (D) Determination of Desrgn Head

The maxlmum water pressures and pressures whlch mcrease due to water

hammer at the upslream end of the turbme for the srx cascs are listed i in Tables

. 3, 6. 7. Although the pressure mcrease due to water hammer for Case 2 i is slightly

o larger than the one for Case 1, the mammum water pressure for Case 1 is larger

| _than that for Case 2.In addruon from the above—mentroned resulls, the maxrrnum
B . "water pressures at each pomt for Case 1 are all larger than those for Cases 2 thru

6. Therefore the maxrmum water pressures for Case 1 are adopted as the desrgn

'.'-_heads in the whole prpe system E

T ETE



| ___Finélly, the design head at the upstream end of the turbine is taken as ‘101..0 m in
consideration of some allowance. The design hcad distribution from the entrance

of the stee! -pipe(N't').S) to the ﬁpstrea_m end of the turbine (No.17) is shown below.

101.0m

68m

Upslréam‘End s
. of Turbine

' '-'Enlraﬁcét;f:"_ Lo
 Nodny

coooh SteelPipe 0 U
< (No3y . | :. DesignHead

. 4os4gm Lo

®
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T‘lble 3.6. 4(1/6)

(Q-3 m /s and MWL..L'I 155.3m)

Head Loss along E-lch Reach (Case 1)

- Length | Discharge | .. - - Head { Sum of
. Rea_ch _ (“g - Q(nﬁlsf l‘ype of .Loss Formula Loss {ni} Loss (m)
. : ﬁ L Trash racks 00000130 - 0.000
No.l-No2 | 24939 | 30 [ Friction 0.001119Q°|  0.010]
L I Entrance © 0.000664Q%| - 0.006] 0.016
No2-No3 | 4071 | 30 Friction - 0.000823Q°| " 0.007)
S e Bend (VIP1) . 10.002347Q2| - 0.021] 0.020
No3-Nod 1885731 © 30 | Friction - [0.020058Q°| o0.a81]
oo Bend @) - [0.00280607 - 0.025] 0.206
- No.4-No5 - | 110256 3.0 Friction’ - © - . " 10.024969Q?| - 0.225] 0225
[No5-No.6 | 70769 | 3.0 | Fiiction | - |0.0160260°| . 0.144| 0.144
No.6-No.7 | 35425 | 3.0 | Friction - [ . [0.008022Q?] 0072| -
L [ Benaquiry " [0.001920Q%|  0.018] 0.090
No7-Nog | 87331 | ©30 ~ | Friction . .-~ [0.019777Q?] © 0.478| B
S ST IR RREE I Bend (VIP2) :* |0.000612Q%| - 0.006| o0.184
No8-No9 | 6748 | .30 [ Friction ' - lo.0015280%] -~ 0.014] -
} IR R R Bend (HIP3)  ©  0.001327Q°| - 0.012] 0.026
RN o] 00 Branching ~ 0 ]0.000215Q7 ] Co0.000]
© N0.10-No.11| 9710 | 00 - [Friction - 10.131576Q%] 0.000
Lwa[crsupplypipe) : 1 'Bend (VIP3&HIP4)009780602 0000
R - Gradual contraction [0.003240Q0°]  0.000| 0.000
No.12-No.13| 6500 | ' 0.0 Branching . 10.013886Q%} . 0.000 e
o b retion 0.0880790%| 0.000| 0.000
Nol4-NodS| 9095 | 00 - | Branching - [0.0046280?|  0.000] .-
R Friction 120.139796Qf - 0.000] 0.000
S vt 30 | Branching _[0.000646Q%| 0006 -
No.16-No.17| 6360 | 3.0 | TFrcion . - 0.010740Q°[ - 0.097| - .
R RS | Gradual contraction 10.001210Q%} ~ 0.011{ 0.113
Draft-tube -~ ;-7 [0.020766Q°| : 0.187 -
o etion 2 lo.0001370% | 0,001
No.18-No19| 12206 | 30 [ Mitrbond . 000029307 " 0.000
(béfoic'ajir_shaﬂ)‘ .t " | ‘Graduat contraction 0.000143Q*{  0.001
"_-__ : 'Abrupt enlargcmcnf 0.00658702 . 0.005
Friction " l0.0007300%| - 0.007
. S oo s | Entrapee P T
(after air shaft) 38436 [ 30 duc toair shaft - - |0.0017650?| © 0.016
AP b BN ISR Gradual contracuon- 0.00(-)'0_2‘9()2 0000
L EBxit - 10.003189Q%] - 0.029| o6.248
o : : i = 1.280 o

R



R

" Table 3.64216)

(Q=3m Y is and SWL—LL 151.8m)

“Head Loss along chh Rcach (Cfase 2)

o | Length | Discharge ‘ Head | Sum of
.Vl?each o (mg) | Q(mals Type of Loss , : Formula Loss (m) | Loss (m)
: N I o Trash racks 0.000017Q%| . 0.000
No.l-No2 | 24939 [ 30 Friction © - 0.001119Q°| 0,010 :
AVRERIEE T BT I Entrance 0.000664Q%|  0.006{ 0.016
INo.2-No3 | 4071 | 30 | Friction 000082307 0.007)
i oo b | Bend (Vi 0.002347Q°|  0.021| 0029
No.3-Nod4 | 88573 | 30 | Friction ' _|0.020058Q°] 0481 -
2 ool | Bend@iitPly - - [0.002806Q%]  0.025] 0.206
" [No4-No.s | 110256 | - 3.0 Friction =~ - 10.024969Q%] - 0.225] 0.225
No.5-No.6 | 70769 | .- 3.0 Friction”* *© " |0.016026Q%| . 0.144| 0.144
No.6-No.7 {35425 | ° 3.0 - { Friction 0.008022Q°| 0072
S bt pend aip2) - o.oonse0Q?]  0.018| 0.090
No.7-Nod& | 872331°| =~ 30 | Brction . * 0.019777Q°| 0178 =
o e P Bend (VIP2) . [0.000612Q2] . 0.006| 0.184
No.8-No9 .| 6748 | 30 . | Friction ' - |o.0015280%| 0014 o
R R EESN I Bend(HlPB) 0.001327Q°| " 0.012| 0.026
E 000 | Buanching 0.000215Q°| ~ 0.000| - -
No.i0-No.at | 9710 [ 00 [ Edcion ©  * lo.131576Q7| - 0.000
Kwwater suppty pipe)| ] | Bend (VIP3 & HIP4)0.097806Q7]  0.000
SRR BTN B Gradual contraction [0.0032400%| ~ 0.000| 0.000
No.12-No.i3| 6500 | ~ 0.0 . | Branching - 0.013886Q°| 0000
W e b | priction . 0.088079Q%|  0.000{ 0.000
No.14-No.1S| 9095 | - 00 | Branching . -~ - |0.004628Q%| 0.000]
oo b Prhetien - |20.1397960]  0.000] 0.000
oo P80 | Branching 0.000646Q°|* - 0.006| -
No.16-No.17| 6360 | 3.0 [ Friction - lo.010740Q%| o0.007|
b s e Gradual contraction: [0.0012100%] 0.011] 0.113
Draft-tube - [0.020766Q°| - 0.187
R 7| Friction -+~ [0.000137Q°]  0.001|
No.18 - No.19 12206 230 | Mitetbend - 7 0.0002330%]  0.002]
(bcforc alrshafl) %4 | Graduat contraction [0.000143Q%]  0.001
- Abript cnlargemcnl 0.000587Q°| © 0.005
Friction - 0.000730Q°|  0.007
oL R ERPI Entrance - .. S
(after air shaft)| 38.436 | - 3.0 duc to airshaft "~ ]0.001765Q%] = 0.016
R Gradual contraction 0.000029Q°| - 0.000 [ - -
Exit .- - . - |0.003189Q%] 0029 0.248
1280




- Table 3.6.4(3/6) Head Loss along Each Reach (Case 3)

- (Q=6_(_ia" fs and NWL=EL.148.9m)

x Reach ;

Length

Discharge

. ,"I‘ypeofLoss C

Formula

.Head

Sum of
Loss (im)

No.1-No2 -

(m) -

24.939

Qs

6.0

Trash racks

0.000023Q°

Loss {m)
- 0.001

Friction

0.001119Q?

1 0.040

Entrance

0.000664Q°

0.024

No.2-No3

4071

.60

Friction

© 10.000823Q°

- 0.030

Bend (VIP1) - -

0.002347Q°

- 0.084

0.065

{No3-No4

88.573

60

Friction = -

10.020058Q°

0122

‘Bend (HIP1)

- 10.002806Q°

0.101

0.114

0.823

Nod - No.5 -

110.256

6.0

Friclion ..~

0.0249690°

- 0.899

0.899

No.5 - No.6

- 70.769

60 7

Friction

© 10.016026Q° |

0.5717

0.577

No.6-No.7

“35.405

60

Friction "

0.008022Q% |-

0.289 |

Bend (HIP2)

- |0.001990Q%|.

0.072

NOJ - No_.S

87331

60 -

Friction -

- l0.019777Q% |

0.712] -

Bend (VIP2) -

" 0.000612Q%| -

0.022

0.360

(6748 §

60

Friction . :

7 10.0015280°% |

- 0.055

Bend (HIP3)

- 10.0013270Q%|

0.048

0.734

(watersiuppty.pipe) o

9.710.

© 60
.30

Branching : -

- 10.000754Q7

0.027

Friction ©

0.131576Q%|

- 1.184

Bend (VIP3 & HIP4)

0.097806Q%| .

0.880| -

“Gradual contraction

0.003240Q%|

- 0.029

10.103

2121

No.12- No.i3

6.500,

SE

Branching

0.013886Q°%|

0.125

Friction = -

0.0880790Q°

0 0.793

No.14 - No.15

9.095

- 0.0

Branching ©

" |0.004628Q°

0,000

Friction -, -+

S 120.1397960Q)

0.000

0.918

No.16 - No.17

6.360

S60
30

Branching | - .

0.000969Q° |

0.035

Friction |

. 10.010740Q°

- (0,097

Gradual contraction

0.001210Q%|

(.011

1 0.000

0.142

No.18 - No.19

12,206

30

Diaft-tube |

= 0.020766Q% |

0.187

Friction- . =

“ lo.0061370%|

0.001

Miterbend . . .

0.000233Q%|

Gradual contraclion

0.000143Q%

o002

og01| .

o Abrupt enlargement

0.001

0193

0.000111Q%|-

3618

Do
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" Table 3.6.4(4/6)_ " Head Loss albng Eaéll‘R'ehch (Chse 4)

o (Q=3 m? Is and 1\’WL=EL.148.9m)

¥ ‘Reach ;

Length
S (m)

Discharge
Q(n'/s)

: 'l;ype e‘f Loss

Formuia

I'l(,_lad_‘
Loss (m)

Sum of
Loss (m)

No.i -N02

24.939

30

Trash racks -

0.000023Q°

0.000

Friction

0.001119Q°

0.010

Fntrance |

0.000664Q°

0.006

0.016

No.’z.f - N_o.3

4071

30

Friction

0.000823Q°

0.007

Bend (VIP1)

" 10.002347Q°

~ 0021

0.029

{No3-Nod -

8857

30

Friction

0.020058Q%

0.181

Bend (HIP1)

- 10.002806Q°

0.025

0.206

INo.4 “Nos.

110256

© 3.0

Friction -

0.024969Q?

0.225

0.225

No.5-No.6 -

70.769

3.0 .

Friction = - °

0.0160260°

0144

No.6-No.7 -

35425

30

Friction -

0.0080220*

0.072

‘Bead (HIP2)

0.0019900°

- 0.018

0.144

., N°-7-N°:3 '

87.331

300

Friction

0.019777Q2

- 0.178

0.000612Q°

. 0.006]

0.090

- No.§ -N09 3

6748

‘Bend (VIP2)
Friction . °

0.0015280%| .-

0.014

Bend (HIP3) - -

0.0013270°|

0.0i2

0.184

. "(Nd. 10-N011

watel supply pipé)

9710

010 -
00

Branching

0.000215Q?

0,000

Friction -

0.131576Q°

0.000

_Bend (VIP3 & HIP4)

0.097806Q°

- 0.000

“Gradual contraction

0.003240Q?

- 0.000

0.026

0.000

'+ INo12-No13

6500,

0.0 ::"

‘Branching - -

" 10.0138860?

(.000

Friction -

. {0.088079Q%

~ 0.000

No.14 - No.15

5,095

00 -

Branching

0.004628Q°

- 0.000

Friction

~120.139796Q

0.000

0.000

INo.16 - No.17

o |

30
30

Branching -

0.000646Q°

0.006;

Friction - |

0.0107400?

- 0.097

Gradual contraction

0.001210Q?

- 0011

0.000

No.18 - NG.19

12206

30

Draft-tube -

10.020766Q° |

0.187

Friction -

- |0.000137Q®

0.001{

Miter bend -

2 10.00023307

- 0.002

Gradual contraction

0.0001430°

- 0.601

0.000111Q*

- 0.001

0.113

B _Abrupt énlargement

369

1.225

0.193



Tab.le 3.6.4(5/6) Head Lbss _a}lph'g Each Reach (Case S)

Q=6 m* Is and LWL=EL.136.0m)

- Reach

Length
- (m) .

Discharge

~ Type of Loss -

Formula

Head
Loss (m)

Sum of
Loss (m)

No.l-No2

24.939

Q (mal s)

60 ¢

Trash racks

~ |0.000227Q?

-~ 0.008

Friction

0.001119Q7

0.040

Entrance -

0.000664Q°

0.024

No.2 - No.3

4.0m

© 6.0

Friction -

0.000823Q°

- 0.030

- 10.002347Q%

. 0.084

0.072

" No.3 - No.4

88.573

- 60

Bend (VIP1)
Friction -

0.020058Q°

0.722

0.002806Q>

0.101

0.114

0.823

INo.4 - No.5

110.256

-~ 6.0

Bend (HIP1)

Friction

0.024969Q7

~ 0.899

0.899

|No.5 - No.6 -

70.769

6.0

Friction -

0.016026Q°

1 0.577

0.577

No.6 - No.7

35425

© 60

Friction =

0.008022Q°

© 0,289

Bend (IIP2)

0.001990Q?

- 0.072

0360

o No7-No8

81331

6.0

Friction - @«

0.019777Q*

0712

Bend (VIP2)

0.000612Q°

- 0.022

No.8 - No.9 .

C 60

Friction | = = -

0.001528Q°

- 0.055

Bead (H1iP3)

0.001327Q*

- 0.048

0734

No.10 - No.11

' il(w':_atc;is;i'pply pipe)

9.710

Branching .

0.0007540°

- 0.027

Friction

0.131576Q%

1184

Bend (VIP3 & HIP4)

0.097806Q?

" 0.880

Gradual contraclion

0.0032400°

1 0.029

1 6.103

2121

6.500

L 30 -

Branching

0.0138860Q°

. 0125 )

Friction i~

0.0880790?

0.793

0.918

No.14 - No.15

9.095

00

Bran'ciﬁng" T

" [0.0046280?

. 0.000

Friction |

- 120.1397960

0.000

No.16 - No.17

6360

) 6.0
S 30

0.0009690?

" 0.035

Branching
Friction .

0.010740Q°

0.000

~0097]

Gradual contraction

0.001210Q?

0.011

0142

No.18 - No.19

12.206

Draft-tube ‘

0.020766Q°

0.187

Friction - ;

- 10.0001370?

" 0.001

Miter bend

- 10.000233Q°

Gradual contraction

0.000143Q°

. 0.001

Abrupt ehlérgeﬁlcm

0.000111Q°%| -

0.001

0.193

Cse20
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Table 3.6.4(6/6) . Head Lo_ss along Eac_h_Reélch (Case 6)
|  (Q=3m’ s and LWL=EL.136.0m) - '

Picin

Comea

Length { Discharge| -~ - - o : - Head | Sum of
Reach _(mg) Q (m“ls _ Type of I,0§s _l'lor.nu_llar Loss (m) | Loss (m)
C | | Trash racks 0.000227Q%]  0.002
Noi-No2 | 24939 | 30 | Friction 0.001119Q°| - 0.010
.| - | Eotance 0.000664Q°] " 0.006] 0.018
No2-No3 | 4071 | 3.0 | Friction .- 0.0008230%| . 0.007| ¢ .
. e ] Bendqvipty o |0.00234707 | 0.021] 0.029
No.3-Nod4 | 88573 | © 30 | Friction =~ . ]0.020058Q°| = 0.181]:
b o | Benaiery - [0.0028060%| - 0.025| 0.206
Nod-No.5 * | 1102561 . 3.0 | Friction 0.0249690°|  0.225| 0.235
No.5-No.6 | 70769 | ©: 3.0 - | Friction . 0.016026Q°| - 0.144| 0.144
No.6-No.7 | 35425 | - 3.6 ¢ | Friction =~ 0.0080220%| - 0.072} " -
ool 5 | Bend(uIP2) - 0.001990Q] - 0.018] 0.09
No.7-No8 | 87331 |~ 3.0 .° | Friction ~ :  0019777Q°| = 0.178] = '
s e | Bend (vIP2Y - - [0.0006120Q%] - 0.006| 0.184
No8-No9 | 6748 | : 30 | Friction - [o.001528Q?] - 0014|
L [ Bend ey L 0.0013270% - 0.012] 0.026
S o] P00 | Branching 0 [0.000215Q%| 0c00] 0
No.10-Noal| 9710 | ' 00 ' [ Friction . - . [0.131576Q%] " 0.000
fovater supply pipe)| Pl Bend (VIP3 & HIP4)[0.097806Q°] ~ 0.000
, o i b | Gradual contraction [0.0032400%| ¢ 0.000] 0.000
~No.12-No.13| 6500 | 0.0 | Branching 0.013886Q°|  0.000f
o e ] Friction - - 10.088079Q% | 0.000] 0.000
No.14-No.15 | 9.095 | = 0.0 .| Branching = |0.004628Q| ~0.000|
L ] Fiction - |20.139796Q]  0.000| 0.000
BTN IR R X Branching " .. j0.0006460°| - 0.006 '
No16-No.17| 6360 | 30 [ Fricion 0.010740Q°| ~ 0.097) - -
S el BRI Gradual coniraction ]0.6012160Q%1 - 0.011| 0.113
Drafi-ube 0.020766Q°%| . 0.187
ool A s e Fretion ¢ o [0,000137Q7 ] 0.001
" [Noa8-No.19| 12206 |- 3.0 - | Miterbend * - - [0.000233Q°| * 0.002
SRR I I .- | Gradual contraction 0.000143Q%|  0.001 i
" | Abrupt enlasgement [0.0001110%] 0001 0193
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“able 3.6. 7 Water 1’1essm es atJust Upstleam End of Tmbme

Case | Static Head | Maximum Max;mum Water | Ratio of Dcsngn
HO(m) | ~ Water  [Hammer Pressure| Hwh/HO ~ Head

: Pressure |~ Hwh@} | (%) -~ (m)
Hmax@m) { oo |

1 7060 | 10041 | 2951 .| 42 | 1010

6710 | 9665 | 2955 i 44

6420 | 9099 | . 2679 |42

6420 | @m0 292 a6

swa0 - | o7g01 | 2em |l s

dM-b-bJ!_\.)

5130 | 8215 o | 3085 | 60

Notcs Ratio = ratio of water hammer pressure to static head;
" Static head = reservoir waler level mlnus lhe elevauon of turbme
Demgn head I!max + allowancc ERATANE

L

3624



‘. 3&0\»\» ppnQ fo m@@.k& Q.QBENQU._W N.b..m...%.».m., o

GON !

IFA0Hd

BLION - 8LON !

. EON:

Gt . :

BON - LoN i goN SONi . yon

TV .

PLON
TLUON'LION | LON

GoN - poN

J9ON

o ey A e kb e A A A A B R ke
B e el S

610N
o ge

O1'oN
91'ON ‘60N

2
[ty

P . , o & L : [



1200 ; | A N S [ A
=fr=Casel =¥=Casa? ~+—Cased =——Cased ~43=Casgeh '-'"-'GaseﬁJ

1000 |—-—— — ] I
00 g/% | — — | =

Miximum Pressure (m)

400 —

| =

L\

.00 500 1000 1500 2000 - 2500 3000 3500 4000 4500 5000

- Dlstance from No 1(m)

Fig 3 6 2(1/2) Maximum Water Pressures in Generat{on Waterway

- 1200

H .
—

— s | S S SRR

1000
800
60.0

400

—r=Casel =W=Case2 =,+Case3 =u=~Cased | —8—Case5 ,'-"'-"Caseﬁ]

i

eyl

0 500 1000 1500 2000 '2500 - 3006 3500 4000 jr- 4500 E 5000

Flg 36, 2(2/2) Ma)umum Water Pressures in Water Supply Plpe o
: (mcludmg Mam Outlet Plpe) -

' BEES I | e

N Ao e N




vernpe

)

~ Miximum Pressure {m}

600 |—-- | J oo L T

50.0 = 1
/’ . Ny ‘—/l""

400 | e ey A ]

300 e e sntiES! EEEEN -

200 |, A{ T ; . i

100 / ' L.

00 | : S : I B

00 g - [ e [ ettt Sbhtutuins o
[-*—Casei w¥=(Casg? =+—Cased -—=~Cased '"-CaseS “'“Caseﬁ

00 500 1000 1500 - 2000 . 2500 = 3000 ' 3500 4000 4500 - 5000

D;stance from No. I(m)

F|g3 6 3(1/2) Mlnlmum Water Pressures in Generatlon Waterway

- 100 f— — E — - — — " - L

. 600 —— i B— - Av-\’

~ Miximum Pressure (m)

[-'f-ﬁ"-Ca'se! . —#—Case? —4=Cased =i=~Cased = —Cagel —-—Caseb

=4

(=]
|
i

-—/

£
=
<

|
\\‘/

o % - i

Y | | |
200 { T e e

100 - S

00 -

00 500 1000 1500 . 2000 ~ 2500 3000 . 3500 - 4000 - 450.0' 5000
' M : Dlstance from No.1(m) - L :

'- Flg 3. 6 3(2/2) Mlmmum Water Pressures in Water Suppiy Plpe
y . (ancludang Main Outlet Pipe) - -

3627




-1 20. _ t-_—~:— Upstream of Turblne ‘_;*Draf}_—_tglgg_!i}i ]
8 . .
x 60 \/ -
y A\l
5 0 — ‘

: g:j 20
: 0 ' : 7ﬁ1.7. ~ ,_“'_.L 1
-0 2 4 6 ' 8 10

Tlme (s)

g Flg 3.6. 4(1/6) Varlance of Water Pressures due to -
Water Hammer (Case 1) :

100

120

: Upstream of Turbine Draft-tube Exit I

o
=

A

Water Head (m)
A

40 \ =
20 —
“0 = o =
S0 2 4 8 8 10
L Tlme (s) o _ P
Flg 3 6. 4(2/6) Vartance of Water Pressures due to o
e Water Hammer (Case 2)
Y 100 _ {=—=Upstream of Turbine Drsft-—tlu-ﬁe Exit |}
s
324
@
s _
| .
2
g,

L Time (s) _ S
Flg 3 6 4(3/6) Variance of Water Pressures due to

Water Hammer (Casa 3)

G



(e

Lt

100 —— — e
90 |
T 80|
~ 70 7
5 60
P 50 ——
5 40
£ 30 -~
= 2
10 — -
0 . e —— —
0.2 4 6 8 10
‘ : Tlme (s) R
Flg 3.6. 4(4/6) Vanancs of Water Pressures due to
: Water Hammer (Case 4)
. 'l Upstream of Turbine Draft-tube Exit ]
£
> . i
-/ L
- @
L . .
2 o
0 2 4 6 8 10
: R O Time (s) o .
F:g 3.6.4(5/ 6) Varlance of Water Pressures due to .
- Water Hammer (Case 5)
90 —— T — - - |
o , . A o
— 70 ,‘-_P . -
60 A

E
Fw —
T4 - -
B - A ;
5 L _ V.
10 i ____,[———Upstream of Turbine Draft:tube Exitl_
0 o2 T 4 g g 10
: R Tlme (s) o .
, F1g3 6 4(6/6) Varlance of Water Pressures dua to
: o Water Hammer (Gasa 6) :




Discharge (m3/s)

o .
[ I

o~

. —
g

R

| = == Case S(LWL=EL.136.0m) ..

Case 3(NWL=EL.148.9m) -

Lo

B Tlme (s) T

' Fig.3. 65 Dlscharge Vanance at Control Gate of Main Water o

Supply (No 13)




3.62 Design of Penstock

(1) General -
Longitudinal profile and section of penstock are shown in Fig.3.6.6.

Lean concrete shall be placed for the foundation to prevent settlement of
penstock. Embankment shall be conducted up to EL 97m.

(2) D631gn head

- The maxrmum mtemal pressure actmg on the steel penstock is sum of hydrostatic

- pressure and pressure increase by water hammerrng as shown below.

Hydrostauc pressure' R _ - 170.60m -

Pressure increase by water hammermg 29.41m

_ Maxrrnum mtemal pressure oo ] 100.10m

- Notes: Case-l Reservmr waler Ievel 155 30im (during PMF} -
B  Tailrace water level 87. 79m (dunng PMF), Q=3. Om’lsec :
EL ot' lurbme center, EL of penstock center 84 70m

£ E.: __3: )
i

=
=
=

v v EL??,OOO(ﬁnishingk\-elot’e'mbenkment)
? 4 S N RN 4
RN Cr_vﬁg . g C s S 2D
. Conrm P [ 2 % -
- Sk - N . A B
) = ' 20 '_.' L §Z'L Embankmeat
& o B _ .
|d oAl SR -
B = . e Sieel pipe Concrete Lining
R . _"‘\ $08m N
CLSLELENI0. Y T Qﬂ._&ﬂ@_,_}____'__;é‘ﬁ' ,___g,wLm%n
- o Al . GuV)
q Penstock 0+ ] Z e v g : : : J
- Concretelining LA/ [0 Oxigined Groud Sufoe // Lean Concrete
R i — 4k F—
oo, Assumedrocklice | Lo R //
T L © (FL80Om) . '..-_.:.:.:.:.:. . . T PR - AAAA e
é} LT R ¥ EL71.700 e o - : - : © N\ Assummed Reck line
. : AAAAAS - (SELE00m)

. Fig 366 Profiloand Setion f Pensock (Geneatin Prtion)
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(3) Load conditions

The penstock steel Jiners shall be designed for the following conditions.

1) When water is fully filled in the pipe

2) When the pipe is empty .

1)

When water is fully filled i in the prpe

- In case that when water is fully frllcd in the prpe 1nlemal pressure is

- most 1nfiuent|al load. .

_ Tensrle s(ress duc to mternal pressure is calculated as follows, R

- PD " PD
O = or
L u -k

where, o _‘rstress (kgf/cm’)

P:;,‘ maximum hydraulrc pressure at a place to delermrne
: _j-:strcss (kgf/cm) - e L _
: ';- D mtemal drameter sublractmg lhe 1/2 of corrosronA ' _
o allowance from the 1nlernal surface of lhe plpe (cm) - o o _. %
£ .' | thrckness excludmg corrosron allowance =€ (cm) ¢

‘¢ allowance lhrckness for ¢ corrosion and wear (—~0 15cm)

* On the ‘olher hand, minimurn shell thickness’shall be nrore th.an that

delermmed from formula wrlhoul suffeners The mrmmum shell

lhrckness shall not less lhan 6 mm

D, + 800
e T T 00

: 'where, [ | shell lhrckness 1nclud1ng corrosron allowance (mm)

Lt

D,:" lnlernal drameler of prpe (mm)

When the pipe is'e_nipty :

' 'Smce lmrng concrele wrll be placed around steel prpe cxlemal pressure ERE

© " acls on concre(e lmmg, $0 10 slress in the prpe Wlll generate due to the I e .

external pressure



(4) Calculation results

Allowable strength of penstock steel (SM400)

[rém :. Thickaass< 16mm | 16mm <thickness - lhickness>_40mm
| | . <40mm -
Allowable tensile stress | 1,'350kgf/¢fn* © 1,300kgf/em? - 1,150kgtfem?
Calculation 'r'es'ults ara given in the table below. -
desariijfion Unit | Section-A | Section-B
U, "a_l_lpuwable tensile stress ' kgffem® | 1,350 . 1,350
n joint effi cmncy -”-'ﬁ_ L 090 | 090
o, ;-___des1gn allowablestress | figben? | 1215 | 1215
[P internal maximum pressure _ kgffcm’ ; 1001 | 1001
D, ‘-msrde diameter _|Cm ' | 140 ~ 80
|t thickness (mcludmg s) Mm 8.0 “ 80
e 'corrosmn allowa_rrﬁcg_ﬁ'_ Mm B 1..5_#4__ 15
g, calcutated stress *lkeffem? | 1,078 616

3 6.3 Dcsrgn of Concrele meg for Steel Prpc '

(1) Desrgn parametcr and structural model

Umt weight

Unit welght of remforced concrcte S

2.5 tf/m?

- Unit wclght of embankment (salurated) : lS’tl’/.rnJ

Unit weight of cmbankment (m watcr) .0 9lflm3 : RIS
' : ' "IOtf/m".{_"

Water o
Earth pressurcs

cocffrcrent of earth pressurc ':.

Embankment and ground watcr Icvcls .

05

Embankmcnt surfacc Icvel EL 97. 0 m

Ground water level is assumed to be al EL 84 798 m;: Lo

(correspondmg to lhc 100 year relum perrod flood)

3633 o




Ground water level is assumed to be at EL 84.798 m
(corresponding to the 300 year return period ﬂood)

Allowabte strength of concrete and reinforcement:

Earthquake

The st'ruc{u_ral model for analysis is shown in Fig. 3.6.7.

240

(2) Load condrlrons

.. Fig3.67

< .

050l - 140 - _|os

o_cnlr_' ' |/
N < .’.

w'f“ AT {8

i N

e 7\ ﬁt A
. - £ iy
Py G140 | M
PN l :
I I =

- . [ ¥

1 L °

- Structural M_od'cl

B _Followmg loads are. consrdercd as shown in F]g 3. 6 8

(i) Dead Load o ' |
(i) Surfacc Live Load _

'(m)_Ear_th and Water Pressurc

1) Eaith prossure _ S

3634

Item Normal Remarks
: B (keffem®} | (kgffem?) '
Concrete - | Comptessive strength, 0 225 s
(K-225 class) | (28% day) ’ : :
: - | Allowable bending 75*1 - 112*2 | Yloca=0,/3
compressive siress . : *2 gcy =1.5 oca
. Allowable shearing siress o ©12*3 - | *37cy=151Tca
Reinforcement | Allowable tensile stress 1,800 2,700*4 | *4 osy =1.50sa -

- Barth pressure aclmg on burrcd concrete lmmg is consrdered as follows: '



1) Earth pressure _ .
Lo Earlh prcssurc aclmg on buried concrete lining is consrdered as follows

: Q_a:sg 1: Fo LlQDgJQﬂDSDJ]dlLIQDS

 Be=rh o
The verlrcal (Pv) and honzontal (Ph) earth pressurcs are given bclow
Py=Kvh -

:\vlrcre, K | E coef_fici_cntof stéady earth prcééure (=0.5)
| T unit weight of soil (L9tf/m’) -
h & height of soil fill -

szmmmwm ‘ o .
' In case of the rlgrd foundatlon, vertical carth prcssure is brgger than
welght of covermg sorl duc to existence of downward friclion force in
. the column of covering sorl above the strucluro “With ume passes, earth

pressure wrll be stablhzed in the abovc condrtron

- AASHO grves the followmg formulac' )
LB
:=-]r’(19h 0973)
- h<1 7B | '
~2.598" T(e .,1)
K = 0395!:/3 7
" "where '__B ;- wrdth of the slructure
: ’r umtwcrght ofsorl R
“h hcrghtofsorl frll '

Surface lwe load R S

' -.;’--:The chcal (Pv) and horrzontal (Ph) load by surface lwc load are grven
RS o as follows - L ‘ 2 ' ' '
' P q S
_ P=Kq__:;" o |
- where K: " coeffrcrent of sleady carth pressure( 0 5)

q: - surface hvc load (ltf/m”)

aeas



W,=21.57va?
P,=10.28¢m?

A

]

A

1 -
l1 _
] @ WLSLSSm

——r——

m/
-\

_.\-/

._!/
]
]
]
1

L

A

Py=1347Um?

1) For long term condulons PRI

- Fig. 3 6 8 Earth and Water Prcssurcs

(3) Calculation results

_(\\\ P=11 ..59l.’m’

W,=36.98¢m?

‘,
e
[

[

WI.84.8m

<

e
%

N

b 4 o (o) ——

2) \‘.’hen embankment is completed

'I'hc results of the slructural analysm for each casc are shown in Flg 3 6. 9

I‘he remforcemcnt arrangemcnts are glven in lhc followmg iablcs and Flg 3 6. 10

e

Mem. | Sec. | Loas Mofns:nl Nosmal sh'eg'r . Amountof . sires's ofStéelérid Oori'c"re:é

. cas-? S 2 FPII_‘.:Ae.‘:ﬁ Force J':[‘l-e}ntfor‘ce:msr;t' : o (kgf/cmz)
.‘1 {if-m) )} : .(li) 0uler s:de Innsrsidg ésscreie Steel S.hea.f
Upper | Side | 1 | 284 | 1765 | 1286 D16C03m pﬁz@o.ra.sl; 2 o | 20
2 257 | 492 | 2119 | corsentioy | 02soscatiny | | 13 350 | 32
Cmer | 1| 063 | 1765 | 0 D16C03m 022_@0._315‘ s 80 00
. 2 8.29 4.92 7 0 (&GlS'cmm-)) (].2i?03cm'fns) 42 1560: : 0.0.
siee | Top | 1| 381 | 2334 | 1294 [psgosm| v | o | 20
. 2 ' -71.44 37?8 L 4._71, - (6.619_«1\"@))_ - 35 400. 07
Center | 1 _3'.11_' 2450 |° 046 | pisgoam| < [ ;|| e
2| 541 | 3834 | a4 (s'mémvmn | v o] e

% Nofes: ~ *1 :Case_-i :Fsr Iong-térﬁn'sohdilioss

*2 1 + tension in inside

*3: 4 tension - :'compfessxon o

Case 2 When embankmeni is comp!eled

- tensuon |n0uIS|dc o

Vil
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