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A-11-1-1 Cslcufation of Opiimumu lnner Diameter for Diversion TI995.4.27
1. Di#ersion Tunnel
1) - Calculation of Diversion Tumnel Cspacity

3} Out fine of Diversion

Ilems Unit Descrip- | Remarks
: : tion :
Design flood- | @3/sec_ ~ 410.0 | 10 year reture period :
tength of tuonel I 225.0 { Left bank :
Cofferdam type _ - Concrete gravity dan

b} Calculation of Capacity

-1 D= 5.0
{1) Shaae of Closs Section and Dimensions

Shape o! the dlverSIol tunnel |s applied Horseshoe Iype section
as’ shown in attached flgure '

@

r: Radius =D /.23 T () T3 750
tl = ¢2= 21 - o : © . 5.500
Bl= 82 : - (begree) | 24.795218
i ) R 3
lHi= ¢1 ¢ sinel . -~ @ | 22628
Bl= ¢ -8l - - . (m - | 04871
Bi= ¢t ¢ {l-cos@ 1), o a) ' 0. 4871
Bg=¢1 -8 .5.0129
be=rrlt cosfo. -  {m)

(23\Calculation of Plowlng Ares and Wetled Perimeler |
. ﬁg} _ o | (2} 1 Calcuiatlon of Flowlng Area ’ .
| A Ao - “80 t ot 2/130} - ho#(r 2-ho 2} (I/?HI
¥here Ao : Ipner cross-seciion area = 3.317 ¢ 12 | (ﬁ??

~ho : Waler depth from the tunnel horizontal axis {(a)
9o : Acos(ho /1l :



(-2 CaICuIalien ofrtelled ?eiluetéif
P=Po- '(21"5‘0#7: 1/180) |
¥here  Po : Total perimeler length 6,543 3.t - . {m)
{8 Calculatipn of”Capacilv:(DischarRel
@-1open Flov @
N Q.=:A + Y= A4 (lfni ¥ (l)'(l/2}:¥_(3)'(2f3) |
| . : 0.01460

Where ¢ Coefficient of roughness- (Concrete’)

H]
1 : Gradient of tunnel{siope)=1 /s - 0. 05556
s = - _ o 18,00
R : Bydrouric depth = A / P ' '
ro=- _ | 2.750 m
Ao = 3.317T % 172 = 25. 085 m?
Po = 6.543 ¢+ 1 = 17. 993 m
ho H=rtho A P R=A/P Vo ¢
{m) (w) - Am2) -} (m) (m} . {n/sec) “{m3/sec)
0. 20 2,95 14. 303 9.753 | 1.466% 21,132 310.846
0. 40 | 3.15 15. 397 10.156 |~ 1.5161 22,219 | 342.09s
0.60 © -3.35 16. 478 10. 567 1. 5601 - 22,646 | 313.112
0. 80 3. 55 17.5420 10,976 [ 1.5982 23.014:] 403,697
100 3.751 -18.581 11. 400 1. 6300 23.318 | 433. 264
1. 20 3.95 19. 589 11.836 | 1.6550 23.556 | 461.430
1. 40 £.151 20.558 | 12291 1. 6727 923,723 | 487.700
1. 60 £.35] 21,480 12. 768 1. 6823 23.814'| - 511.514
1. 80 .55 22344 13.278| 1.6828 23.819 | 532. 208
2. 00 4.75] 23.138 13. 832 1.6728 23.725 | 548. 957
2.20 4.95 23. 843 14. 453 1. 6500°| 23.508 | 560. 628
2,40 5. 15 24,4501 15.187 | 1.6099 23.126 | 565. 410
2.50 5251 24.699 15. 629 1. 5803 22. 842 564.170
1. 60 5,350 0 24.905) "16.1868 1. 5404 22.455 | 559.%40]
2. 65 5,40 | 24.986 16.505 | 1.5139 22.197.] :554.622 : qg;
2. 10 5. 45 25.050 | 16.942 1. 4785 21. 850 |~ 541. 347 C
2. 15 5.50{ 25 085 17. 993 1. 3942 21, 011 { 527.056




{3} -2 Pipe Flov :
lo case of the piping flow for the diversion tunnel : _
reiation between the river water level and the- lunnel dlscharge is
estimated with the following formulas .

Bl-vi24 (140 +1/2g% 82
< { AT 22y (- RD/(L+ DY /D)

¥here - - HI : River water level at the inlet
Sy ioAverage velocily in the tunnel = Q / 4
Q : Discharge
A ,: loger cross-sectional area = 3.317 # (D/Z} 2
HZ : River water level at the oullet
' = BL 425,00 .+ D
: Coelffitient of loss

{ = fe t ft
fe : Coeffient of loss at the iniet =  0.200
© {with Cireylar bel) mouth '
ft :_Tunuel rrletion loss
ft =2¢¢n 2 N L / D’ (4/3]

n o Coefrieni of toughness = 0. 014

L : Length of diverdion = 225. 000
D .. Tunnel diameter 5. 500
T H1=D D=21 A { - Q
(m) (m) {m) a1 o ] (m3/sec)
6.5 B 6 25. 085 0. 289032 97. 815
.81 6 6 25.085 1. 0.2890837 | 138. 332
8.5 [ 6 25. 085 0789632 169. 421
9.5 1. .6 61 25 085 0.289032 | 195. 63!
10. 5 [} . 25. 085 6. 289032 218. 722
11. 5 ] 61 25.085 0.289032 ( 239.598
12. % ] 6] 25.0851 . 0.289032] 3258.795
13.5 4 - & R 25. 085 0. 289032 ] 276. 664
14. 5 6 6 25. 085 0. 289032 | 293. 446
15.5 - b 6 25. 085 0. 289032 | 363 319
16.5 5 6] 25.085 0. 289032 | 324, 417
it.5 ] 6 61 . 25 085 0. 289037 | 338. 842
18,5 6 6] .25 085 0, 289032 352 678
19.5 ) b 25.085 | . ©0.28903%( 365. 992
20.5 3 6 35. 0851  0.289032 | 378.837
21,5 b 6. 25.085] . 0.289032 | 391.261
2.8 b 61 25.085] : 0.2890321 403 303
23.5 6 61  25.085 0. 289032 414.995
4.0 AL - 6§ 25, 085 0. 289032 | 420. 720
24. % 6 | 6.1 25.085 0, 289032 | 426. 367



DRI R 6000 N
(i} Shane of Closs Secllon and Dimensions

Shape of the diversion tunmel is applled Horseshoe lyoe seclnon
as shown in atfached figure. .

v Radivs =D 7 2 ' ) 3. 000

(l=2=2r -0 i o 6.000
8162 - . o . . (Dégree) - | 24.285218|
Bl= et sing1 . . o @ | 24688
R2= ¢ - W] ~ |- o331
Bl= 1 ¢ (1- 1Y) 1) ) 1 0. 5314
BZ= 1 - Bl - : {m). 5. 4686
Ho= 1 % cos&o _ ' {m).

(2} Calculailon ot Flowins Area and Welted Périzmeter
i2] 1 Calculation of Flow1ng Area
= ko - {{803% & # T 2/180) - ho*(t 2-ho" 2’ (1/2)1
Where Ao Inner cross-section drea = 3. 3!7 A (m?)
' ho : ¥ater depth from the :uunel horizontal axis (m)
- 6o : Acosihe / 1}
(il-? Célcuialion EE‘Welked Perlmeter'

P =90 - (2:&?0#::#:/130)

Where _ : Total perimeter lenglh 6.543 L ,-:- {w}

‘{3) Calcﬁlatlon‘of Capacity (Discharge)
(3) i Open Elow -
Q=A*V =47+ (l/n} 3 {7 (1/72) + R (2/3)

: Coefficient of roughness {Concrete ) | 0. 01400

¥Yhere n
1 : Gradient of lunnel(sleoe} 175 = 0. 05556
s = s
LS Hydrouric deplh AP i :
.= S : 3. 000 f
Ao = 3317 % 772 = - 29.853 m?
Po o= 6.543 4 1 = :

19.629 m



L

155 ]

.58z 1

. 8348

ho f=rtho : P R=A/P RS Q-
() - (m) (n2) {n) - (2) (8/sec) {23/sec
0,201 .. 320 16.913] 16,6031 .1.5951 22984 | 388:1731
0. 40 3. 40 8. 107 1§. 005 1..6453 23.464 1 424.85%
~D.60 3. 60 19. 299 11.411 1. 6904 23.891 | 460, 86D
0.80 3. 80 20. 457 11.823 | .0 1.7303 24, 265 | 496. 385

. 1.00 {..00 21. 601 12. 242 1. 7645 24,584 1 531.042
1. 20 4. 20 _22.?18 12.672 1 1.7527 24,845 | 564.416

- 1. 40 4. 40 237991 - 13116 1. 8144 25.045 1 596.052
1. 60 4.60) - 24.8381 . 13.579 1. 8292 . .35.181 | 625, 442
1. 80 -4, 80| . 25,8261 . 14,069 1. 8363 - 25.246 | 652.011
1. 5. 00 ] 0 25.232 ) 675,079




l3) 2 Ploe Flow
In case el !he piping llov for the diversion :unnel :
. relaiion belween the river water level 3nd the iunnel dlscha:se is
estlmaled vilh the [ollowlng formulas o
Hi = 2*(!*()*1/23%32 |

a l A 2 t 2 ¥ (Hl - Hn/(l 3 n} (1/2)

- Where ] RIVET waler ]evel at lhe lulel .
© i w i Average velocily ln the lunnel ='Q /A
. Q@ : Discharge -
~ A : loner cioss- seclional area = 3 3!7 % (D/?) 2
KZ? : River water level at the outlel
{f : Coefficient of loss

i = fe + fi _
fe : Coeffient of loss at the infet = 8. 200
{with Circular bet} mouth) C
{1 : Tusael frictlon loss

(t =2+ 2L/ D {¢/3)

n : Coeffient of roughness = _ 0.014

L : Length of diversion = 225.000

D : Tunnel diameter. "~ 6000

Hi H2=D D=2 A | - q @
{r) {m) (m) (w2) {n3/sec)
6.5 6. 00 6. 00 79, 853 0. 279279 82. 626
.5 " 6. 00 6. 00 79. §53 0.279279 | 143.113
8.5 - 5.00 6. 00 29. 883 0.279279 1 184.758°
9.5 5. 00 6. 00 29. 853 0,2792791 218. 609
10. 5 6. 00 6.00 29, 853 8. 279279 241879
| 11.5 6. 09 6.00 29. 853 0. 279279) 214.040

12.5 " 6.00 $. 09 29. 853 0, 279279 | 297.913
13.5 _6.00 5. 00 29. 853 0.279279 1 320.010
14. 5 6. 60 6. 00 29, 853 §. 2792791 340.6771
15.5 6. 00 6. 00 29. 853 0, 279279 | 360.160
16.5 6. 80 6. 00 29,853 0. 2792179 378. 641
17. 5 6. 00 5. 00 29. 853 0. 279279 | 396. 262
18. 5 8. 00 & 00 29. 853 0.279279 1 413.132
19.0 5. 00 6. 00 29. 853 0.2792719 ] 421.313
19.5 5. 00 ] 29. 853 D.279279 | 429.339




b) 3 D = 6,50 m
(ll Shape oI Closs Sectlon and Dimensions

Shape of the divers;on tunnel Is applied Ho:seshue lype secliou
as shown in ailached [igure _

N TY TN /s RSS! DA S W1,

' IR rl = 72 = T 1T 6. 500
o |et-e2 ~ - - . (Degree) I 24.295378
%% C e n PI R EE SIS B
| oM ismer o w | e s
K2= r - Hl ' ' ' {m 0. 5156
Bl= 1l ¢ (l-cos& )} =~ {m 0. 57587
82= 1l - Bl ~ {m} . 5. 9243
Ho= r % cas@o : ()

(2) Calculstion of_F!orlug'Area and Wetted Perimeter
(2)-1 Calculation of Flowing Area
A=tho- ({80 n *+ r 2/180) - hot (r*2-ho" 2}~ (l/2!l
Where Ao : Inner cross-section ares = 3.317 ¢ 1°2 (=)
ho : Water depth from the tunmel horizonlal axis (m)
80 : Acostho / 1)
ii? {21-2 Calculation of Welted Perimeter
P o= Po - {2t60rmer/I80)

Where Po : Tolal perimeter length = & 543 ¢ ¢ {m)

(3} Calculatlbn of Capaclly (Discharge)
(3} -1 Open Flow |
Q=AY =A% {1/0} + (/2 ¢ (R (2/3)

. €oefficient of roughness (Concrete ) 0. 81400

Yhere n
: I : Gradient of Iunnel(slope) 1/ s ~ 0.05556
§ = is. ¢
R : Hydrouric depth = A/ P _
r = 120 m
g A0 = 3.317 4 172 = 35. 036 w2
= 6.543 % 1 =

Po -2t 265 @



YIS

V

ho - | H=rtho A P T T
(m) {m) L. {nd) : ) (w) 1 (m/sec) . | (a3/sec)
0. 20 3.45 19. 142 1 1L 454 1 1.17236 S 0202 0 47119
-0..40 - 3.6% 1. -.21. 036 11{856-':*li?143"_'3?f1243615 -519. 064
0. 60 3.851] -2 320 12.261 1 - 1.8209{ - 25.10%. |- 560.267
g. 80 4. 05 23.590 | . 12 670 18618 ~25.480 | 60L.0Q53
1. 00 . 4, 25 24.839 1 13. 0871 1.89380 - 25.809 | 641.055
1.20 ) 0445 26.062 1 13.5121 19288 . 26.087:] 679.876
.40 . 4. 6% 20283 b +13.949 1 - 1.9538. 26.312 ] 117091
1,60 4. 85 28. 406 14. 400 1. 9121 . 26,481 ] 752 234
1.80 | _ 5.05] 29514 14.869| 1.98491 26,590 | 784.781
A . 5.2%8 30.568 | 15.363 1. 9898 : 26.634';:814.158



(3)-2 Pipe Fiovw

la case of the pipiog {lov for the diversion tunpel,
relation beiween the river waler level and the lunnel dlscharge is

estimated with the folloving [osmulas:
Bl =v'2¢ (1 +1)+1/2g1t 82
Q.:
¥here

(A2 4 2+ (B -HD/(+ 9)

(/2

. River waier Ievel al the inlet

: -Average velocily in the lunnel = Q/ A

s Disc

: laner cross-sectional ares
' River water level
'z Coefficieént of loss:

harge

= 3, 31? 3 (B/Z) 2
al 1he oullet _

= fe + ft
fe : Coeffient of loss at the iglet = 0.200
{with Circular bell moulh)
ft : Tunnel Iriction loss
: ft.=2g+n'2 4t /D (4/3)
o Coeffient of rovghnmess 0.014
L : Length of diversion 225. 000
D : Tunmel diameter 6. 500
Hi R2=p D=2r A - q
{m) {e) (m) {m2) : (m3/sec)
6.5 6. 50 6,50 35, 036 0. 2711254 0. 009
1.5 . 6.50 6. 50 35.036 0.271254 | 137. 570
8.5 6. 50 b. 50 35. 036 0.271254 | 194. 553
9. % 6. 50 6. 50 35.036 0.271254 | 238 218
10.5 - 6.50 6.50 [ - 35.036 ¢  0.271254 | 275.140
11. 5 6,50 6. 50 | 35 036 0.271254 | 307.616
12. 8 6. 59 6. 50 35,036 ) - 0.271254 | 336.977
13.5 6. 50 6. 50 | 35.036 0.271254 1 363.976
14.% 6.80 1, 6,50 ) 35036 0.2711254 | 389. 107
15. 5 6. 50 6. 50 35. 036 | 0. 271254 ) 412,710
16.0 6. 50 5. 50 ) 35 036 0. 211254 |- 424,020
17. 0 6. 59 6. 50 35. 036 0, 271254 | 445 778
18. 0 6. 50 6. 50 35, 036 0. 271254 | 466,523
19.0 6. 50 6. 50 35.036 |© --0.271254 ] 486.384




-4 D = .00m
(1) Shape of Ctoss Section and D!menkions

Shape of the d;vers:on lunuei is applled Horseshoe Ivne section
as shown in altached figure.

573 ) 56

t: Radius =

rl =12 = 2t o : B ' 1,000

gl= 62 - N (Degree) : 24, 295218

Pl Ty

HI= f] t singi w |t 28%01 ]
Hes p o MY - T Tl ) 06199

Bl: 1] ¢ (l~e058 H o i) 0.6199

B2= rl - Bt SRR I 6. 3301

Ho=1 % cos8 0" . 1m

~ {3) Calculation of Flowlng Aréd ‘and Teited Perileter
(2) Calculation of Flownng Area '
= Ao - {80 ¢ m * r 2/180) - hot {r 2-ho"2) " (172}
¥here - Ao : {nner cross-section area = 3.317 + r°2 (n2)
oo ho : ¥ater depth from lhe tunnel hor:zonta! axis (m)
8o : Acoslhe / 1)
{2}-2 Catculation of Hélled Perimeler

= Pg - Q*Bo*ntr/BU)

where ': Po : Total periaeler length = 6.548 ¢ ¢ (m}

{3) Calculalxon of Capacltv (Dlscharsel
(3} =1 Bnen Flow
Q=ArV=An (l/n) e u/z} e (2'/3)

Coe{flcient of reughness {Concrete ) 0.01400

WYhere n
2 Gradlenl of tunnellslope} 1 /s - 0.05558
s = BT T
R H)drourtc depth - A/ P - R
I = _ 3.500 m
Ao = 3317 % 172 = 40. 633 m?
Po = 6.543 ¢+ ¢ = 22900 m




b [ R=A/P A

- he B=rtho A S B
{a) Am}__. R2). | (&) = {x) (n/sec) (a3/s5¢ec)
0,20 . '3.707 22,7884 12,3041 - 1.85201 - 25.390 | 578.578
- 0.40 2 3.80) 241821 12.706} 1.9032}: 25. 856 1 625. 264
- 0.60 4. 10 25.568 | 13,1107 1.9502]  26.280 | 671,927
0.80 1, 30 26.939 ] 13,518 1.9928 1 ~ 26.661 | 718 233
1. 00 4. 50 28.292 ) - 13.933{ 2. 0307 _26.998 1 763.828
120 .30 | 29.621 ¢ . 14,354 2. 0636 27. 283 | 808. 33§
1 40 4.80 30.921 [ - 14.785 (. 2.0914] 27.533 {. 851, 351
1,60 5. 10 32. 186 15,228 | 2.1136 27,7128 1 892 442
1. 80 5.30 433 409 15. 686 2.1299 | - 27.870( 931.13}

2. 00 '8 ?

2004 34. 9854 16.162] . 2.1398 1. 951 366. 888 |



(3) - 2 Plpe Flow ﬁ
in case ar lhe Dlolug flcw for the diversion luunel L
“relation beiveen the river wate? level and lhe Iunnel dlscharge is
estimated wllh lhe- follow1ng formulas
m =_'VZ*{I+I) #1/23+HZ

{ A2 4 2 * (Hl = HZ)/(i i f!} (l/ﬂ

, ?hgre . Hb e River vater level at the inlel
o . v Average velocity in lhe lunuel Q / A
Q : Discharge
A . Iober cross-sectional aréa = 3.317 # {D/2} 2
"~ H2 @ River water level at the outlet
f . Coefficient of loss.

= fe + [1

fe : Coeffient of loss at the inlet = 0. 200
{with Circular bell mouth)

ft : Tumnel friction loss

fil =2 +0"2 %L /D {4/3)

2 : Coeffient of roughdess = - 0.014
L : Length of diversion = 225, 000
D : Tunnel diameler 1.000
Hl H2=D b=2c" A : { Q ‘%
{m} () (m) (w2} ‘ (m3/seck | -
.0 .00 7.00 40. 633 | 0. 264550 8. 000
8.0 .00 7.00 40. 633 0. 264550 ] 159. 971
9.9 1. 00 7.00 40. 633 0. 2645506 | 226. 233
10. 0 7.00 7. 00 40. 633 ~0.264850 | 277.078 |
11. 0 7. 00 7. 00 40. 6313 f. 264550 |: 319. 942
N 1. 00 1. 00 40, 6§33 0. 264550 | 357, 106
13. 0 1. 00 1. 00 40. 633 D. 264550 | 391. 848
S 14. 0 | 7.00 7. 00 40. 633 0.264550 | 4£23. 244
15.0 1. 00 1. 00 410.633 0. 264550 452, 467 |
16. 0 7. 00 i.00 40. 633 0. 264550 ] 4179. 913




2. Colffer Dam _
1) Hight of Coffer Dam
Upstean coffer dam  {bu)= (R1-L/S) + Free board + Depth of fou

Dowosirean coffer dam (hd)= R2 + Free board + Depth of foundati

§§? : Colfer Dam : ; D=5.5m | D=6.0 o D=6.58 - |D=L0m
SR WL W | 25| 18 15.6]  H.0
H2 @] ss] &0 6.5 7.0
Valer L al lnlet. | 44851 4395 136.5 | 435.0
Hight of hu ' 1461 a5 6.5 5.9
Hight of W& | 85| 9.9 9 10. 0

" Free board = S L0 m

" Pepth of feundation= 200 m

LS = ! £2. 0



2) Quantity of Coffer Dam

Areaof coffer dam ={b1tb2) /2h I_ 3 o
| b= -2.00.m |
b2 = bl + m t b P

R T e e e B
D= 55 B 7 . :
Upstrean ¢ dam . 01| anz2| | 4.5 102.6 |
nownstféam.c.agm b1 s| 8 53. 1
D= S.O o | o : |
‘Uost}eaﬁzc.dam: | e % X1 Y h'§o.s
Downs_l_re‘am ¢. dan | 1.0 | 11.8 8.8 ~ 585
.D = 6.5 m | | 3 o
Upstrean c.dan 0.7 6.6 Coes| o ms
Downslrean c.dam ' Lop - 1 9.5 64. ]
P:=17.0n |
Upstream . dan 0.7{ 5.5 5.0 18. 8 ' e
Dosnstream ¢. dam _l.[l 12. 0 . 10.0 70.0 .




Dam volume = A ¢ L

Cofler dam . Lite) | L2(@ | lalw “V=Atln
- o (n3}
D=55n
Upstream ¢. dam ‘ o
‘| Crest hight ({(EL} : 445.5 S
S ©Lenglh E 14.0 45.0 29.51 3.026.
ﬁ%g; ' [ Downstréam c¢. dan o ’ : '
IR : “ Crest hight {EL) _ 421, 5 _ _
Length . 15.0 23.0 18.0 | ° 9%6.
b=50mn
Upstream:-¢c. dam _ :
Crest hight  (EL) : - 440.5 -
‘Lepglh NN 37.0 25.5 1, 2%0.
Bowpstieam ¢. dam o . o :
~Crest hight {EL) - 428.0 S :
Length 15.0 22.0 18. 5| 1,032
D=65n
Upstream ¢. dam
Crest hight ({EL) - 437.5 : .
Length . 140 33.0 23. 5 ©653.
Downstrear ¢. dan E ’ :
Crest hight [(EL)Y | - _ 428.5 :
Length 15. 6 220 18. 5] 1, 185.
T o
D=70n
Upstream ¢. dam
Crest hight (ER) 436. ¢ ' o
Length : 1400 30.0 22.0 412
Downslréam c. dam : :
Crest -hight (EL) .} - 429. 0 1
Lenglth: b 180 22.0 18.5 1, 295.

._Li,: Bottom lepgth
- L% < Cres! length



3. Calculation of Cast

Uil s 10°3 Colones

ltems .| usit | Price | Quantity | -Cost
B=55m t=45 cn ' . R
Cofferdap Concrete a3 9,500 3.983 1. 37,835
Tunnel excavation 23 4,700 . 7.873{ 36,061
Tunpe! lining Com3 12.800 ] - . 2,029 :.25 966
| Reinforcement {: ton © 93,600 | 3. 14,979
Others (15 %) ‘ Ls : L 1T, 226
Tofal - | N TR I T 1
D=60u 150 ¢ o S
Cofferdam Concrete  m3 9, 500 C 0,312 | 22,536
“Tunpel excavalion - n3 i, 700 o 9,1 43139
* Tunnel lining - n3 12, 800 2. 462 31. 507
Reinforcement ton | 93,600 cooo321 14,571
Others (15 %) 1s A 16, 764
Total R | hasses
D - 6;5 m, (=50 ca - S N
Cofferdan, Concrete 3 9, 500 1,839 17. 474
“Tunnel excavation w3 4,700 | 10,538 | . 49,528
Tunrel lining - a3 12, 809 . 2.6%5 33.981
Reinforcement ton 93,600 | - 34116, 147
Others {15 %) | Ls : ‘ 4. 11,420 ' %
Totel o - C 133,550
B=170mn 155 ¢n | B . . .
Cofferdam, Concrete. w3 | ~9.500° 1,708 16, 221
Tunnel excavation| = nd © 4100 c 12,290 | 8T T6T
Tunnel lining n3 12, 800 o3, 148 40,300
Reinforcemest - ton 93, 60¢ S35 1T 143
Others (15 %) s | . ' © 19,7156
Total o o 151, 146

Resalt of cost calculation, the 6.00 m of Diversion lusuel is most

economically., therefore 6.00 m of Ihe diversion tunnel will be applied.
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A-11-1-2 Calculation of mscharee Capacity.of Spillwsy

I} Calculation of Dischrge Cavacllv uf Spillwav
(1} Basic Condltlon _ -
besian TTosd @I Wk 1 1. 600, 00
Dam type - . | Concrete gravily :
Reservoir water level
CHERL O {am) o . 477,40
. L.¥. L {m) ' 470. 00
DM&IMmdanqg ~ T ELY. I ' : 417. 00
(2} Calculation of Discharge Capacity

X,

b 4

Qf =2 ¢ C s BEHLS
CosCHil-Mdt (H/HI)LS )
€3 = 2.200 - 0.0416 ¢« (Hd / ¥ )".990

C= 160+ [ {1 +2¢as (H/HA) / { + a+(H/HD} )

lncaseof oz 2, b/s = 0.8
© Md = 0.0756 + (Hd/ B)T.S
la case of 8 = 2:. b/s 5 0.8

- MG s 0:0756 ¢ (Hd / B) .5 % {1/ n+1.465 % {(a-1)/n*
/8 LT :

Where Qf: Discharge [m3/sec)

' n': Nember of chute

B : Width of chute {m)

H : Water depth from reservoir vater level to
veir ¢rest {(m

¢« coefficient of dlscharge wtth pier eifect con-
sidered

C : Coefficient of dlscharge w:thoui pier e[fect

Md:- Reduction ratio of dlschatge coefficient due

: lo piers

Hg: Water depth from design reservoir water level
lo seir crest {m

W : Height of crest {m} -

£d: Yalue 6f C when H is equal lo Hd

a3 ¢ Constaml

$': Distance from cresi lo pier head (m)

b : Thickness of pier {m

- of n3/sec |1, 600.00

¥ | = 53,00
B oo 12. 50

b |__pe | _2.00




kst ostage  C-l'= 205 (Ist-approsimate value) .. .

Hd

o / (n'g'c'5( ;.8)lf(if3f Q;"": : VQ;Q(S ﬁtlf.

ed = 2.200 - 0.0418+ (H0/7) "0. 990 = . 9192
CNd - 007561 O/B) 05 - eeer
a s o160/ G- st
e L0 e (U2 e e (AL /(L s (B /RO )
- Ha | | | o
CeLB0F (I H26a) / (Lba)) = 2102
CoeCt{l-Ma4 (H/HE)LS) - 2044
>
e stage  C-2- 2044
We-QE/nAC-2eB @< 9.9
C4 = 2200 - 0.0418+(10.539/50) “0/990 = 2192
Md - | ©0.067
2 - | 0,587
C-L60+ flt24a)/ (Hha)l= 2192
CoaCHfl-Ma (H/HO)LS )
- - o 2. 044

C-2:= ¢

S OBeHge 9934 m. C = - 2044

Yelocity of approach

Ya = Qf / Aapp. ‘ 8.24 B/sec

¥elocity 6f'approach head

ha=Va'2/lw= 0003 m

¥ide of walérway=

105. 00

&



Dischatge a1 apy reservoir water level

@

C= 1.60¢0{1t2¢as (B/HD )}/ {1tas (H/Rd}}
¢ = C#{1-Md{B/Hd) 1.5
Q- =t vB RIS
41 e3/sec 1. 600. 09
¥ ] 53. 00
B R 12,50,
n pe 00
a. [ B Rd
0. 587 2. 00 12,80 9,93
il gservoir ¢ [ Q
{m} . Level f . ' {md/sec)
0.90 | - 467.41. -
C1.00 468. 47 . 1. 689 106850 4214
- 2..00 41649, 47 1. 769 -1.758 ~124.30
3.00 470471 ¢ 1 841 - 1.819. 236. 34
4. 00 47141 - - 1906 18T 374,29
5.00 - 47241 - 1. 965 1.915 [  535.33
. 6:00) - 373.11 2019 . 1952 109
7.086 | - 47447 . 2,068 1. 981 917. 44
"8.00 ] - 47547 2. 114 2.005]1,134.38
9,00 116, 47 2. 156 2. 024 ] 1, 366. ¢l
19. 00 47041 | 2194 | 2.037 11, 610.50
“11. 00 478. 47 7. 231 2.046 | 1, 866. 89
1r.65 1 41912 2253 2,048 1 2,037.38
12. 17 [ 2,131, 09

479;

. 264

2,051



2) Stilllsg Basla -
(1) Ski-jump type (Flip bucket)
LRyt (Sib 200+ (Sin"2 2604 4% ¥ 4%C3s°2 8ot

1/ Hv)'0.5}
wo= {2+ (By+ W 1°0.5
8 =Cos™~1 Cos@a /4l + ¥/ By } 0.5
He= Vo2 /28 o
Yosq/ul or¥o=0.94 [2g¢ (A + W)} 0.5
Yhere
HY : . Velocily head at end sill _
: = Yo 2 / 2 : (=)
¥ ¢ Height from basio water Jevel -
© 0 {o end sill : S 6.50m
Go: Projection angle (Degree} :
HotH:  Dam heighltDepth of overflow =~ 62.93 m
@ Q7 8= Q/{o¥8+3.00¢(n-1})= 23.93. m3/sec/n
Q@ : 100 years return period =, 670.00 wm3/sec
Caleulation. SR
6o Sin 280 | Cos8o Vo | Ry R A -0
S | o tafsec) 1 (m) 8) | (a/sec)
10.00 | 0.34202 ¢ 0. 93481 3161 50. 98 57307  33.56
15,00 ] 0.50000 ¢ ©. 965931  31.6}1 50.98]  68.%2] 33.56
20.00 | 0.64279 ) 0.93969 31.61 ] 50.98}  80.14 33. 56
25.00 f 0.76604 | 0.90631 31. 61 50. 98 90. 17 13.56
-30.00 | 6.36603( 0.85603 3. 61 50. 98 98. 40 33.56
35.00 | 0.93969 | 0.8191% 31. 61 50. 98 104. 33 33.56
- 40.00§ ©.9348) { 0.76604 31. 61 30.98 | 10?.63_ 33. 56

Sin 260 = 24Sin Bo ¢ Cos G0

L g -
. @.‘h@ .



" 0rbit of water vels

cy o3 {1+ tan"280) 4 x°2/ (4 % Bv)~ tanfo ¥ x

6o = 30°

tag 30° = 0.57735 Radivs of bucket {r)
| r = 3hb~8hb
X ¥
m) {m) : hb = Q /7 (B # v
. 10. 66 -5.12 - _
20000 -8.93 v o= Ce{2egsll) 0.5
-30.00| -11.44 _ : :
40. 00 =12. 63
56.00 ~12.52
60.00 -1 10
70. 60 -8. 31
80. 06 -4, 34
50.00 1. 00
100. &0 1. 65
110. 00 15. 6%
126. 00 24, 88
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A-11-1-3 Calculstion of Outlet Vorks

I} Reservois and Intake

Bigh Rater Level | €0 | 47n.40
Low Water Level (Lr} | (EL) £10. 90
Sedimentation Surface .(BL)__ 160.00
Center of Intake | (EL) 46]700-:_:

Z} Location of.in]el {or Uullel.ﬂﬁkks a.
Thé inlel:will'be provided. at center of the spillway direction
below EL 461,00 ® as showa skeleh.
. _ _ 3) Study of Cohduil Pipe Blamelerl
utlet should be possible Lo lefease aanual dverage inflow of 15
m3/sec at low wa;er’ievei of 470.0 n.
the {ereasing discharge (Qo) éan be calculated by below equalion:
Qo = Ao # C ¥ (28 #: (8 4 ie) /(1 + Zhi) 1705

¥here,
Ao : Cross-sectional area of coduil pipe {(w2)

€ : Coefficient of discharge for the'maid valve
Hollow jet valve 0. 80 ~90.83
Cone sleeve valve 0 85 :

- B : Static head at the inlet (u)

'zo ¢ Differential head between Center 0[ luigl and
futlet {m)

“$1{-: Coefficienl of the head loss in the conduil pipe

wEn



a)'Calchlation of Loss Coefficient

(1) Entrance loss coefficient

e = ~0.20 (Fith cectangular bell outh)

(2) Friction loss coelficient
(=2 tgtn2/RUMB 3L

. ¥heie, : '
n @ Kutter friction coeffient = ° - 0.012

R: Hydrauric  radivs (o}
= Ao /P {m)=0.25 %D

Ao': Cross-seclionsl drea (m2)
P : Welted priaeter (@)= 7'%Dd . -

L

- 0.89606 ¢ D"~ (4/3)
{3} Bend loss coefficient | '
- {b = bl % fb2 = Pl . - 0. 10

3.00 - :fbl.

t/ D=
8 =90 oo b2

non
—
(=

(=T =]

(4) Total : _
Sf=fet [+ fb = .0.30 + 0.89606/D - {4/3)
b} Calculation of Discharge - .

Design conditions

Length of the cendeit. {m) = :i50.00

Q| alfsec 15.00 | at EL 470.0 n
HWL U {71. 10 ' - '
LWL i 470. 00 :
fntet -CL - - 461.00 | Conduit cennler:
Yalve CL m 4317. 50
Length of Conduil
it 5. 00
therelore :
B=w1- tnlet CL = o
1 = Intet CL - Valve CL = B £ 11
¢ = ' (Hotlow jei valve) 9. 80




Calculation of discharge at any reservoir water level

Qs (D /A sCe(2g 8 @ ¢ 2)/(1+0. 3040. 896064D - (4/D]17°0. 5

V.l R (o 1 (m Q' (m3/sec)

1.10 1. 20 .30

477. 40 16. 40 23. 50 4.7 17.88 21317

- AT7. 00 15. 00 73.5¢0 14. 64 17.79 11. 26
- 475. 00 .00 23.50) 0 14.26] 1. U4 20. 12
473. 00 12. 00 23. 50 13. 88 16.87 |  20.16
471. 00 1000  23.50 13.48 |  16.38 19. 58
470. 00 ..%.00 23. 50 13,28 16.14 19. 29

Resalt of the calutulalion. lhe'diameler of conduit is {o be .20 m



Reservoir Wcoter Level (m) .

480

_ ) _ .
470 — . : &

460 ey S— .
' 10 5 - 20

Discharge (n /sec) :

Fig. A—11—3 Dischorgé Capacity of Dam outlet



A-11-1-4 Calculation of Freedoard

The;eievalion of daa crest is delermined enough high nol 1o be lover
. than ihe reservofr vater level adding vaie heights anﬁ'allowance&

I} Basic Formuls | |

Ht = max. (.¥.L + he + he + ha, or max. ¥.L +hv )

There
fit : Elevation of dam crest
he : Heighl of wave due to wind
‘he : Height of wave due lo earthquake

ha : Allowance coﬁsidgring delaved gate operation

»- hw = 0.00086 » VI 1 ¢ F'0.45 (5.M. 8 method)

¥ Design wind velocitylavarage for 10 mi-
Sl nutes) : {m/sec) 30. 00
F Fetch o lm) 1,000, 00
he = 1/2 ¢ kv v % {gtHe) 0.5%U/x
k Seismic coefficient : 0,15
I Esrthquake period ~ [sec) 1. 00
g Acceleration of gravilty (m/sec” 2} 4. 80
Ho | Height from reserveir level to found-
ation rock (Ho=R. ¥ L-EL417. 0} {m) 50. 40
ha :.As shown below lable
Contrete dam 9.50
[ Fill dan 1.00
9) Calculation of Freeboard
In case_of conctete dam
H;WTL Normal high wates level 471. 40
he | 0.00086 + Y11 3 R70.45 0. 81
he |1/ ekt v+ (ed o) 058 VUn 0.8
ha__ | Conerete dam | | | 0. 50
Totalt |  119.29

" Therefor, the elevation of dau lop is decided EL=4f9,40 n.
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A-11-1-5 Calcalation of Surgung -

1} Design Conditions -

Reservoir .
' HWL n 471. 400
L% L . 470. 000
- Headrace Tuunel . | Cisclar type
 piameter| B | 3.100
Length It - 5,549.8 ‘
CAréa ] om2 } 7.549 | Cross-sectional area
surge Tank | Restricted orifice lype'
Lowe} | Diameter W 8. 000 _ -
' : Area - - - md - 580,272 | Cross-sections] ares
Elevation - @ - £45. 000
Upper  Diameter | @ 8. 000
Area n? 50. 212
Eievation - m 500. 000
@ Orifice Diameter | m 1.500
*® Coefficient of Joss :
Up surging 0. 800
Down suiging 0. 700
Discharge
: Qmax | m3/sec 27.000 | o )
Qrin ‘m3/se¢ 26.700 | =Qmax * {Hmin/Hmax). 0.5

gw_mv
e



2) Catcula

tin Case

~Caltutation of the surging is performed for ivo cases :

rapid load rejeciion and rapid load increase from 1-vaid operation

to 2-ui

a) Rapid

Output linterval)

sec

CEERNEEYT b

Bt opetralion, _ _ _
Load Rejection (Closing time | = $0.000 sec)
Tunoe) diameter o -3;lﬁﬁ;; Q=" . 27,00 nd/sec
Tunne] length ] _ 5,549.8 .
Loss coefficient | -~ ° 1.533:] C=ho/vo 2
(Restricted - o _
~Tyoe of surge tank Orifice) | 2] #MADR. 22T v b
Number of seclions 2 {E;hjf@)ﬂﬁﬁﬁ\ HEA N
Elevation R 445.000 | Bottom seclion.
. Atea we 50. 272 :
~ Blevation - 500.000 | Top section
. Area wl 50,212 | i :
Qrifice diamelers R 11500
Coefficient of discharge
Infloy : 0. 800
Outlel 0. 100
Tinme varietion for Discharge| L
{Load rejectlion) E : Q=Qnax. — Q=0
. ' t= 0 sec '
Nuwmber 0[ dela 3
Time sec 0.000 | Start-of ¢losing
“Discharge] md/sec -27. 000 { Discharge at toad rejecting
Time _ sec 0.000 | Closing tiﬁe. o
Discharge] wd/sec 0.000 | atl finish of closing
Time 5e¢ T00.000 | Surging calculation time
Dischargey md/sec 0. 000
Reservoir waler B _
level 1) 417,400 R WL
Integrals -
Tine interval sec 1. 0oC
Starting lime sec 0. 000
Finishing tipe - sec 510.000 | Surging catcuiating time
30. 660




~

b) Rapld Load Increas (Opening time = 120 sech
Tungel dismeter. 1w | 3.100)Q . 27,000 _ud/sec
Tunpel length - -} &, |.5549.8} . . - i _
_Loss:coefficient | -~ - 1 : -1.533] C=ho/vo 2
© - sooo| Restricted e c o
Type of-surge: tomk Orifice . 2] BKOIE. 2% v Z b
Fumber of - seclions o 2 'ﬁl«\}j@ﬁﬁﬁ\b%&’l
Etevation| o . | 445.000 :Bntlom seclion -
Area . | w2 | 80212 :
| :'Eléﬁaiioa ", | 500.000 ';fop:ééétfonj
. Area— . om2 50.212 |
~Orifice dlaneler P S
n_ | se
Coefllclent of discharge: ':
inflow S o
Qutlet 0.800 |
: IR 0.760
Tiae varietion for Discharge e
(Load rejection) |~ S
' - $:1/230max. = Q=Qaax.
Nember of deta 1 t= 12 sec -
3
Tise . : _ - -
Dischargey sec 0.000 | Start of rapid increase
- mn3/sec 13.500 | Discharge before increase
Time S o :
Dlscharge sec 12.000 | Opening time 7
m3/sec 27.000 | Discharge at full opening
Tlme I IR S
Discharge| sec 700. 000 | - Surgiog calculation time
coc o m3/sec | 022000 o ‘
Reservoxr wa!e: ' -z. 1 L -
| Jevel b 1 470.000] LWL
fntegrals | i
- Time tnterval o oset 1. 000
Starting 1|me:‘ 7 ,secf 50,000
' FiniShing:iiﬁe' Cosec | 516,000 Susging calcu}ation_lime
“output (interval)| sec | .30.000 [ fERBSMIEA ST b




3) Resuit of Calculatios

a) Rapld Load Rejeciion

Surging

Su rging

Velocitly

250 o

cT : Dischargg =~ o
Tine Water Lle.| LAma [ & | W & | - Remarks
(t) (EL) (m) (a/sec) | (m3/sec) :
[ 0.000 | 457784 19.616 |~ 3.577:% - 271.000
_30.000 | 47i.827 . 5,512 2.6931 . 0.000
-_.60.000 | - 482. 08% 4. 685 1,810 ) 0 70,000
90.000 | 488.720 | -11.320| 1079 0. 9000
120,000 | 491.820 | -14. 420 §.2991 . 0.000
| _150. 008 491.425 | -14. 9025 =0.464 1 - - 0.000
_180.000 |  487.970 | -10.570.f = -1.014¢ 1“0J000
210.000 ) 482.839 1 -5.439) . -1.206] - ©.000
240.000 | 477. 5855 -6.1557] - -1. 181 0. 000
270.000 ] 4731388 4,212 -0. §16 9. 000
- 3060.000 | 470. 346 - 1,084 -0.43% 0. 000
-330.000 1 469. 326 8. 074 -0. 014 0. 000
360,000 | 470.2001  7.200 0. 330 0. 040
390.000 { 472 642 4758 0. 665 0. 0600
420,000 1 475.900 -1.500 0.750 _.0.000
450. 000 | 479.131 ~p.731 1 - 0.6604 - 0.000
480. 000 | 481. 659 -4. 259 0. 447 = 0,000 -
510,000 |- 483. 048 -5. 948 0.162 - g.000
Top surging water level 492.078 m, after 132.0 sec
Bottom surging water level 457. 184 m, after 0.0 sec
‘b) Rapid load lIncrease
_ Surging | Surging | Yelocity | Dischargel :
Tine Water L. | FEE®E S | &t & W R Remarks
(1) (EL} ) (m/sec) | (m3/sec)
0.000 ] 465 034 4. 901 1,789 | 13.500
30,000 459.136 19.864 1 - 2. 08% 217. 000
. 60.000 |- 453.45%3 ) - 16 541 25470 27.008 |
© 90.000 | 449. 805 20.195 2. 874 - 21,000
- 120.000 | 447.888 | 22 i1z 3.3124¢ ~27.000
150. 000 | 447, 262 22. 138 3.541 27. 040
180.000 | 447. 464 22. 536 3. 682 27. 009
210.000 | 448.0687 ) 21,913 3. 738 27. 600
240.000 | 443.3828 21,172 3.739 27. 000
270.000 { 449.503 | - 20. 497 ‘3.2 2000
306. 000 1 450.026 19. 874 : 3. 674 27. 900
330.000 § 450.375 ] 19.625 3.636 ]  27.000
| 360. 000 ) 450,568 19. 432 3. 605 27,900
[ 390.000 | 450.%641 ] -19.359 3.583 | "27.000
§20.000 | 450,635 19. 365 3500 27.000
450,000 | 450. 585 19. 415 3. 564 27. 000
480,800 1 450.530 1 19,430 3. 563 27.000 |
510,000 1 450, 451 19, 943 3. 565 27. 000
Top surgisg water level 465.094 n, after o.00 sec
Bottom surgiog valer fevel 447

atier 155.0 sec.
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A-11-1-6 Calculation'of‘later Haumer_?iessute
Pepstock stebl iiné; is installed in the uader ground.
Oqéfljhefsleel‘oenslock is installed ffom.end of the Sﬁiae 1ank
toﬂiﬁs}.heforénof.lﬁe power station, and after that it difucales

1o connect No.1 and No.2 lurbive as shown below

S ‘ , Turbine
Reserveir i-‘_Headrace tunnal o penstock ~ . 7 &7 yailrace tutlet

Intake = ‘Surge tank NS

Turbine

,
EA'_\?@

TRZ



1) Caleatation n_:_on"dmons- -

Reservoir

Tail water level

5 N T (EL. m) |-+ 477. 40
L w i (EL. m} £70. 90
Headrace’ tunael B EER
fength {m) |5, 559.81
Cross-sectingl area (n2} 1,549
Surge tank
' Top of shaft eluetton ' (EL, &) 500. 00
~ Height of basement of shaft (EL, n) 445 00
.. Diameter of shaft =u~{mk 8.00
Cross sectnanat area - (n2) 50 212
Penstock Average Cross
' Length | Diameler | Diameler Area
| S {n) {n) {n) (n2)
Ceater of S.T - . 0.60 310 3.10 7. 949
1 _ 10. 00 310 3.10 T 7.549
1~2 ' . 6. {0 .00 3. 05 7. 301
2~ViP3 BC 155. 21 3.00 3.00 7.078
VIP) BC~YI(P3 EC 12. 54 .30 2. 90 . B. 606
YIP3 EC~VYIP¢ BC . 230.11 2.80 2. 80 6. 158
VipP4 BC~VIP4 EC 12. 55 1. 60 2.70 5. 726
vyip4d EC~YiP5 BC 126. 66 2. 60 2. 60 5.310
YiP5 BC~ViP5 EC 12. 5% 2. 40 - 2.50 4. 909
YiP5 EC~VIP6 BC 221. 66 2.40 2. 40 4.524
ViP6 BC~YIP6 BC - 12. 54 2. 70 2.30 4. 155
VIP6 EC~Bifucationl 450.34 .20 2. 20 3. 802
Sub-Total 1,556. 22 ' |
Bifucation~End "31. 589§ 1. 25 1. 25 1. 227
Tutbine : ' :
Maxioum discharge 13 5m3/sec#i= 27. 00
Number of umit : 2
Height of turbiae center {EL, m) 79. 50
Closing time {(sec) - 12.00
futlet .
' {EL. m) 24. 00




2) Caiculajion Formula and Bodndary.gondilions o

(a) Calculation Formula

HA,(E) % S-QA,(t) = HB,(t-%) & 5.q8,(t-2)

uhere.

HA, (L) o ; - Pressuxe of point A at time (t)

QA, (%) ' ' : Discha;gé of'pdint A at time ()
L, e N A

HB. (L~ : Pressure of point B at Cime (-}

' L . . . L

QB,(t-;) _ : Discharge of point B at time (tﬁ;3

S ' : Constant = a!g;A

a 3 Pressure propagation velocity

g Accéleration due to gravity

A Cross-sectional area of penstock

L

Length of penstock

‘(b) Boundary Conditions
- Boundary condition at closure

In case of linesrity closing, the boundacy condition is

formed &5 follows:

g§§ .. S o . |
o S QA () = (1 - ;)m £~ HB;, (T
T ; . Closing time
t Random time in the closing time
s us T
o : _l_:_u-tru :

T e T e



- Boundary condltion 4t 'branch -

S {Q L.(x) = Q é.(t) +'_Q.(3'}.‘(t'}}:— R T

- Boun-dary condition at intake'_(feéetvoir)

CHAL (L) = HA,_ 0



3) Result of Calculatlion
Calculation is perfb:med by electric computer per 0.01 second.
- Resalts is as shown Fig.&¥ll-l?6. the naxinum water hawmer is

estinated 24. 3 X ol the stasic waler pressure.

e / Ho = (573.0 - 84.0) / (477.4 - 84.0) = 1. 24
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A-11-1-T Rating Curve z’;l_?#rerhpu;;_

" Rating ¢vrve al the Pover ﬁ!angjsite vas calcuialed by Manniog

formuls because there lake& attﬁal ebservation data.

1) Flow Area and Welled Perimétér

The river craSsgseCIibn_for calculation is located on the juctioen

from Powei house fOutletl} and River way arranged as éltached_figura

Fetted

Hydraulic

EL k Cross s
7 Perimeterf Atea radius
, {m} (m) {n2) {m)
8.5 o
830 0.5 {1. 6 20.3| 0.486357
4.0 1.0 44.9 62.3| I.38783
85.0 1.0 - 48.1 106. 3| 2.20939
86.0| LD 513 152.3 1 2.96632
87.0 1.0 '

2} Calculztion of Pischarge

River flov calcuiates by Masnipg formula.

R N (VBRI W VYA

‘Where,

:6radient of the river =

{750

n:Ku{ler friction coeflicient =
R:Hydraulic radius
Q'=A$V
"EL - v Q Remarks T
| {a/sec) (m3/sec)
3 8.5 - 0.0 0.0 | 100 Return period
S 83.9 2187 44,3} flood is 100 a3/sec
84.0 4399 2138y .
85.0|  5.997 637. ¢
85(0 ?.299

L3

0. 02000
0. 040
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A-11-1-8 Calculation of 8ffective Head

1) Catcuiatlon of Head Loss

(1 Intake ﬁead Loss

{1}-1 Trashrack Loss (Screen)

Rl-1= B # sin 0 % {t /b)) (4/3) ¢ V'2/ 28

There
hi-1 -Tfashraék Iéss_ . -‘:"{ T (ﬁ)lg --
8 -~ [Coellicienl for lhe sectnenal shane of
scréen bars L . : 1, 60
9 . | Angle of the screen (Dsree) . 13.30 ]
1 | Thickness of: screen bars -~ (ma) - . 10.00
b Size of screen mesh (Span) {en) 160, 00
¥ Flow veloeity at face of screen {m/sec) :
= Q/ A
A Flow area at face of screem - (md 55.25
| (A = H8.50m*B6, 50n)
Q Discharge lm3/se;) (m3/se¢) --
TR e 107 $107-6 1072
" [1)-2 Entrance Lo§§
5 4 B2 ML YV2/ 28
: Wheré |
hi-1 | Entrance loss T 0 -~
{1 Coeflicienl of entrance loss : '
{with_rectanguiar bell mouth) 0.29
"V | Flov velocity afler eniraonce { Q / A) --
A 1| Fiow area after entrance : =2} o
L L om0y 02 3008) 7549
Soh? e 11907 JUS IR 2

(t) - 3 Iolal Loss

h = hl-

at Intake

| 4 hl-2= 18015 $10°-6 * Q°2




{2 Headraée Tusnel Bead Loss

(2) 1 Frlct:ou Loss

LU 1}

bz = ( & / 90°) 0.5

(2} -3 Total of Headrace Tunoel Head Loss

h? ] = { 124 S+ 02 / D {4/3) ] = L N 2 /28
Yhere
R3Ci T Friction doss T -
8 Kytter's coefficient of roughaess 0.013
D Tugnel inner diaméter L &) o310
L . |lengih of headrace tumnef i) - 5,559, 81
| {Fron Intake to End of Sutge tank). :: o
Y- | Flow veloelty (Q /7 AY: P {m/sec} -
- A_ _ Cross sec!nonal area = (mZ) : ?.549_
Soh2l B 23. 112 44 th 6 $. Q 2
{21-? Bending Los§'
h2-2 = fbl % (b2 + v'2 / 2
¥here .
72-2 [ Bending loss ]
f51 | Loss coefficient determined by the ra- :
tio of bending radius o to the pensto—
¢k D (;)/D) {See Fig. (a)}. :
or f8l = 0. 131 ¢ 0.1632+(/ ) (1/2)
ib2 | Ratio of the loss for a center angle &
lo the loss for ccater angle of 90°
{See Fig. (b))
or b2 = (6° /7 90°)70.5
Calculation _
| 1P | e [ i [Tz [
(Degree) o o e RI0T-6#Q2
From latake (o End of Surge tamke | = . = L
“1P. 1] 48.00006 |  15.00] 0.1387] 0.7303|  649.85
V-Ip. 2| 47. 88541 |- 15. 00 6. 1317 0.7294 T.649. 07
H-1P. 1| 41. 95091 30. 00 0. 1311 0. 6821 604, 71
H-iP. 21 9.62110 60.00] - 0.1310 0. 3210 289.50
Total | (h2-2) S S M W EEN T
(bt = 0.131 + 01632 t[D(a} arn -

h2 = hi-1 ¢ he-2 =

25,365.63 #10°-6 ¢ Q2



(3) Penstock Bead Loss o |
(3) l From Surge tanke end 1o Penstock's bifucalion
(3) l 1 ?riclion Loss

| h- L= {1245 #0°2 /7D (4/3) ) + L% V2 /28

_Where
h3-1-1 ] Friction loss’ {m) -
3 Rutter's coefficient of roughmess . | . 0 011§
) Penstock inner diametet . o) Lt
b | Length of .penslock - - i - {m) | -
¥ Flow velocity (Q / A) ' (m/secl ' -=
| A | Cross _sectional area . e

Calculation

D Da [0 (673 AR A n3-i-1 (w
| (n) | (m) () [107-5 ¢ Q2
3. 10~3. 00 3.05| 4423|608  7.307] 7134

3,00 T 3.00]  4.321| i55.210  7.070 |  603.19]
100~2 80, 2.90| 4,136 12.500 |- 6.606 | 58.18
280 "2.80|  3.946 | 229.560 |  6.158| 1,288 46
3.80~2. 60 70| 3.760 12,526 5.726| _  85.3I
e 60 2.60 3.575 | 426. 660 5. 310 3, 555. 5%
2.60~2. 40 250 3.393| -12.850 | .4 908 _128.92
AT 2401 3. 213 | 271.040 | 4.524 | 2, 899.57
gg; 2.40~2. 120 2.30 3.036 12. 540 4.15% 200. 9% |
7,70 200 286l | 480.340] 3802 8140 51
Total h3-1-D 1,544, 98 17, 988. 94

{3)-1-2 Bending Less
h3-1-2 = fbl + (b2 ¥ v'2 / 2g

Whéte_=

h3-1-2 Bendlng loss. . - , (m}
tb] | Loss coefficienl deterntned by Lhe Ta-
tio of bending radius p to the perstoq

¢k D (o /D (See Fig. (a)) -
or bl = 0. 131 + 0. 1632+(D/p) (172}

fb2. | Ratio of the joss for a center angle 8|

-] to the loss for ceater angie: of 90°
1 (See Fig. (b)) -

lor b2 = {g* /_90° )'0.5

v,
aq.w’




Calculstion

TR N T Y I R T R B T T
L (Degree (m} (m) ) SRR *Iﬂ GtQ 2
CHIP-3 : 52.32- 30 00 3.ﬁ0 0.13I1 0;?624 l02 0o
YIpP-3 47,10 1560 - 2.90 1] - 0. 1315 (0.72851 - 112 82
 YIP-4 41.82 15. 00 2.70 0.1314 0. 7289 148, 04
YIP-5 1. M4 15.¢0 2.50 . 0.1313 0.7299 ';:202.8?
VIP-6 . | 41.89 _15.00 .30 0.1312 0.7294 ;_232.85

Total lh3 2 . RN VSRR IR RO T X
Ibl £ 0.1 + 0 I632 *{&/a) (?/2)
b2 = {0 0° l 0. 5 :
(3] 1-3 Bfanch Loss {Bsfucailon)
h3-1-3 = [b 4 v'2 / 2g
-Hhefe . 1 : .
hi-1-3 .Branch loss ‘ f(mif T
fb | Coefficient of branch Ioss S S D50
Y | Yelocily:of before en!rance{ﬂ/h}(m/sec) S
J Cross sectional area of penstock (m2) b
- D= " 1 20 3.802
o h3- 173 - L8, 94 +10°-6 + 0 '
(3) 1 4 Conlracl:on of Loss
h3-1-4 = Igcri'Y'2 /o
¥here
h3-1-4 | Conraction 1oss. - Am) --
fge | Coefficieot of conlraclion loss ==
¥ | Velocity of after contraction [(Q/A) (w/see)
Al Cross seclional area before cont, ln2) R
AZ Cross secllonal area after cont, (mZ)
: Calccukatlon '
Sect. | DI BT AL WV YRR
B.P 3.18 3, 00 - 1.5%5 ?LGTI 0. 94
¥YipP-3 ~3.001 2;80 - 1.0 o618 ] 0. 87
VP4 2.80 | 2.600 . 6.16] 5.3 0, 86
VIP-5 | 2.60]  2.40] 5,31 1.52 0. 85
(V16 [ 2. 40 2201 4.53 3. 80 0. 84




E'wa
Ve

Ll 0 T e h3-7-4 (1075002}

Sec

B.P 0.89 ~0.00 :

Yip-3 ~0.86 - 0.00 | 0.00000
vip-4 0.8 - -6.00] ©6.00000
| YIP-5 0. 86 _0.00 1 _90.00000
VIiP-6 0.861 - 0.00| 90.00000
Total | _ 0.00000

{31-1-4 Sub Total {From End of Surge tank to Bifucatlom
~h3-1 =h3~(-1 t h3-1-2 + h3~1-3 + h3-1-4
2031, 82410763 0 2

(3} ~% From B:tucal:on le Power Plant
{3) - -1 Friction Luss

) h3 2- l = 124. 5 ta'2/ D (4/3) J ¢ L + V2 /g

Where

3-2-1 .Frlciloﬁ less )
n Kutter's coefficient of roughuess 1 0.0115
D Penstock inner diameter = - (m) | 1. 25
L __| Length of penstock e . 25.79
v Flow velocity (q / A) __{n/sec) .
A Cross seclional area . - 1. 227

L hg-2-ls : 10 68106 + 1076 + q°2

(3} -2-2 Bend Loss : - _
h3-2-2 = (b1 b2 4 v'2 / 2

whcxe

3-2-2 | Bending loss {m} L
f1 Loss coeificient detcrmlned by the ra-
tio of bending tadius o o Lhe pensto~
¢k D {p/D)  (See Fig. (a)) -

ar !bl = 0 ISI + 0. 1632#(D/p} (TIﬁ

fb2 Ral:o of the loss for a center: angle 8
: lu !he 1oss for cenler angle of 90° '
: “{See<Pig )
or sz : (8° / 90° ) °0. §




L
35,00 aeg‘r_e“e;-

SR e 524 *

D. M
p = 15.00 »-
3:
'151-—; 0.131
. B3-3-2 -

9,161, 49 ¢ 10 -6t q 2

{31-2-3 Butterf!y valve Loéé'

" h3-2- 3 fv ¥ Y 2 *l / 23

Yhere

!

h3-

-3 Bullerfly valve !oss

.. (m} —

f

Coelficient of valve loss . [l/D) P 8,90
Thickness of valve disc (ml. ' '

D=

2

v

!

D Penstock inne¢ diameter - I R
¥ Velocity of before entrance (g/A) [m/sec) ==
A Cross sectlional ares of pensluck Am2)y
1, 25 ] : i. 227

o h3-2-3 =

30.432.74 #0764 a2

(3)-244 Sud Iotal-(From Bifucation to Poher Plani)'

' h3j2

oo

h3-2- l t h3-2-2 4 h3- 2 3

43,931, 29 #10 FRSATE

{3) Total of Penstock Loss

h3 : h3-1
h3-2 =

20,319.82 #1076 + Q2
4393129 #1076 + 0’2

- {4} Tatlrace f{at Qutlet}

d = fge ¢ V2 / 2g

Yhere:
hd - Eniarglag head loss L
fge Coeffltleol of enlarging loss- ~ 1,00
A Cross secllonal ares before enlarging
@ = 2.60 ¢ 4805 ) 8. 00
¥ Yelocity of oyilet before enlasgiug
(ofsec) = o /A = i o
T 197.19388 41076 ¢ q'2

&
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