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PREFACE

In vésponse to thé request of the Government of Malaysia, the
Covernment of Japan decided to conduct a feasibility study on the Tekai
Hydro-electri¢ Power Development Project and entrusted the study to the
 Japan International Coéperation Agency (JICA). The JICA sent to Malaysia
a survey team headed by Mr, Keiichi Takahira from March 1, 198t to
December 15, 1982, '

The tean éxchanged views with the officials concerned of the
Govérnment of Halaysia and conducted a field survey in the Tekal Froject
~area, iﬁ'Pahgﬂg.Statéa Aftér the team returned to Japan, further

studfes were made and.the present report has beeén prepared.

1 hope that this report will sexve for the déveloprént of the
Project contribute to the promotion of friendly relations betwéen our

two countrieés.

1 wish to expfeég my déep appreciation to the officlals
concerned of the Covernmént of Malaysia for their close coopération
extended to the teanm,

Tokyo, August 1983

Reisuke Arita
President

Japan Intérnational Cooperation Agency
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C.

TEKAT PROJECT

DETALLS AND PRINCIPAL DIMENSIONS OF THE UPPER TEKAT PROJECE

UPPER TEKAL DAM

+ Type

« Crest Level

. Crest Length of Dam

« Dam Height

. Nominal Slopes
Upstieam Face
Dowastream Face .

. Volume of Dam Embankment
Rock Materlal
Filter Material
Core Materfal
Riprap

SPILLWAY

. Type

-

RESERVOIR
' . Catchment Area 1,200 kmz
. High Water Level EL, 157.00
* Low Water Level EL 147.00
» Surcharge Water Leével EL 164,60 |
. Gross Storage Capacity 2,040 x 106i;3
. Effective’Storage Capadity 680 x 10% &% -
..Sutface Aréa at High Water Level 76 Xal

" Rockfill with imperblous core’

EL 166.20
350 & a
101 »

1:1.80
1:1.75
3,125,000 o
2,162,000 o3
280,000 @
_w60§,000_q?

9,600 n3

3

1Unccntrolled, surface, refnforced
concrete structure with crest
-pillars, bridgs; chute and stilling
bagin o



¥

+ Total Length
+ Width

R ) 280 o
47.5 n

._Haxlmdp Spillway Discharge gt_Sq;;hargezl,ﬁﬁé_m3[s_.‘,..

INTAKE

. Size

. Nusber

« Gate
Typé‘
fﬁize;

. Trashrack

PENSTOCK

-

'Type

» Diameter
. Nuaber .
. Length

POWERHOUSE
s Type

. Size

. gle@atioﬁ:?
Ground 1évél
Turbine Fldor

ELECTREC EQUIPMENTS

« Turbine

- Type 7,

‘Numbér of Units’-

Ratéd Capacity
Rated Net Head
Rated DiScharge

Width 6 m x 2, Helght 32 m
1

Roller gate
Smpx8m U
Width 6 @ x 2, Helght 33,65 m

73 Bx1ln4.60x2

Onée and two after branch Coe
578,358 m

Outdoor
Width 31.0 o, Length 56.8 n *~

EL 81.00
21, 71.80

"o Franels
L TR
’ : ?SHJXZ

75.1 &

117.5 nsls



. Generator

Number of Units . 2

Normal Rating 88.2 HVA

Power Factor 0.85

Phases : 3

Fréquéndy 50 Hz

Voltage 13.2 kv

kOperé(iéé'Sﬁeed 187;S-tﬁm
.'Tranéiérief';- '

Humbé; of Unfts _"ﬁ '

(.Iapar:ii:y'= s l' 88.2 HVA

Phases 3

Voltage 13.2/132 kv

. Cooling - Outdoor type, 0il natural,

Alx forced (ONAR)

il



DETAILS AND PRINCIPAL DIMENSIONS OF THE LOMER TEKA1 PROJECE

RESERVOIR
. Catchment Area E 1,350 kmz
. High Water Level EL 75,00
. Low Water Level , EL 70,50
+ Surcharge Water Level . ) EL 79.6?_ -
. Gross Storage Capacity 41‘5 xngﬁ_@3
+ Effective Storape Capacity ’213573_106m3
L 1 e T _'7‘ H :
+ Surface Area at High Hater Level 6.1 kmz‘_
LOWER TEKAL DAM
.. Type ' - ' Concreté grévity
. Crest Levél ~ R EL 81.00
. Ciest Leagth of Dam 160 m
. Dam height ' 38
« Noalnal Slopes
Upstrem Face _ , 1:0.1
Dosmstream Face 1:0.75
. Voluze of Dam Concrete 56,900'm3
SPILIMAY
. Type : Uncontrolled, surface along the dam

body with crést pillars, bride,
chute and stilling basin

. Total Length 77.5 o _
. Width 91.5 m at chute and 50 m at stilling
basin '

» Haximum Spillway Discharge 1,100 n3ls

at Surcharge Water Level



D,

P

F. -

6.

INTAXB

+ Size
« Number
+ Gate
Type
Slze
..Traéhtack

pENSTOCK

i .Type

y Dianeter
« .Humber

POWERHOUSE
a.TypE
1.51z2e

. .Blévation

Ground Level
Turbine Fleoor

ELEGTRIC EQUIPMENT
« . Turbine
ype
Number of Units
‘Rated Capacity
Rated Net Head
Rated Discharge
« Géneeator
Number &f Unit
Normal Ratfng
Power Factor
Phasés

Width 9 m x 1, Hefght 1l =
]

Roller gate
5.5 mx5.5m
Width 9 @ x 1, Helight 5 m

Steel inaerlinéd penstock in dam
and covered with concrete
Sav2ln

|

49,782 o

Outdoor
Hidth 21.2 p, Length 28 m

B, 65,00
EL 52,00

¥aplan

5.8 ¥w

17.2 m
A0 n3ls

6.8 HVA
0.85



Frequency 50 Hz

Voltage o 6.6 kv
Operatiag Speed +250 rpm
» Transformer )

Numbér of Units 1

Capacity 6.8 MVA

Phasés . | _ ' 3

‘Voltage - 117132 kv |
Codling Outdoor type; Oil_natgyal,

Afr nateral (ONARW) -
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1. Selectfon of Possible Site and Poravlation of Developmeat Plan

1.1 General

The svrvey team visitéd Malaysia for a perfod 6f‘approximately
tive months from the middle of June through the end of October, 1981 in
order to undertake the preliminary field studles for ascertaining the
 possibi1ity of the Tekai Hydro-electric Power Development Project. In
the said study, the survey team carried out preparation of the 1!10 000

'scale aerial photogragmetric maps of the whole basin and the 1/5,000 scale
aerialt photogrammetric maps at the dam sites; the field geological survey,
collection and analysis of hydrological data, selectéd the dam sites, and
formulated the develépmént plan and scale of development..

fhé'fééhftsréf'tﬁé éOmbafétiVEiétﬁdy of the various alternatives
fndicated that the serles developrent plan 13 fiore advantageous ‘than the
one stage developmént plan. Two dam sites, i.e., upper dam site and
.lower dam slte were selected based on the said conclusion. The survey
‘tean conducted detailed geological 1nvestigations including drilling

and sefsmic prospecting, detailed hydrological analysis including neasure-
went of tiver discharge, prepatation of 1/1,000 scale topogriphical maps

and reviewed the develoPuent scale and the daa height so as to determine

the type of dam and desiga the various structures of the upper dan site
‘and lower dam site.

“1:1.1 Determination &F Dam Sités
() . upbet Site

'The three dam site, u-1, U-2 and U-3 wére selected based upon the
results of the field studies (Refer to the Fig. 1-1)., The prefer-
abiliey 6f the site was evaluated thtough comparison of the
estimated construction of the =ain dam, provided that the height

of dan, 100 m, s to be constant and of the fill type. The results
- are as follows:



Table 1 — 1

‘Name of Dan Site | - vir | wu-2 |ued
: 6 3 .
Embankment (10" m) 3.8 3.1 3,7
Construction Cost of ‘ ]
Matn Dam G o | 800 657 718"
] (191 Hg),‘ . .

'As seén Froi the above table, U—2 1 most advantageous, and it 13

"'pfoposed that U—2 be’ taken up as the optimun dam site.'

(2)  Lower Sité -
Two dam sites: L-1 and L-2 have beén selected as a résult of the
__:fiéid Studies. The preferability of the said dan sites was judged
. according to the estimated construction cost of the main danm includ- .

ing a spillqay (Refer to the Fig. 1-1).

'The bases of comparison of the said construction cost are' the height

Tbble 1 ——2 S

‘Name of Dam Site ' -~ o} ‘L1 .| pe2:0s

Hain Dam Conerete Volu*e , U PR
including Spiliway (10% n3) 1.7 2.1

ConStructioﬁ'Coét of ' S
Main Dam {10% H3) 45 52

This study proves that 1.-1 would be the most advaﬁtageoﬁg;Héﬁméiie.it

. ]
f 3
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1,1.2 ¥Pormulation of Development: Plan

The formulation of development plan ﬁas'exanfned.for two alter-
natives, ife., the independent develéopment of the upper slte and lower
site and their series development. '

- Po¥ determining the optimum scale of the single (one dam) dev-
elopment scheme, studies were ‘madeé 6n the height of dam, operation time
- of a power:plant, ‘maximum tutbine discharge dradeHn of a reservoir
(effective‘depth), annual energy generation, installed capaclty and

‘economic analysis in tetBS of benefitleost ratio and according to a

'fqrmula,of.benefit cost. L - :;»'Q. ,7_)} e

" The optimum scale involved ia the series (two dams) developuent
. scheme hasrbeeﬂ determined on the assumption that’ the normal watexr level
oOf the louer dam is to be near the sawe as the talleace water level of
the upper dam upon determination of the optimum scale of the upper dam
plan vhich will produce a larger amount of énergy. Studies were made

on the ruaning hours of a power plant; drawdown of a reserveir (effec-
tive depth) "and annual energy generation, installed capacity and analysis

of benefitlcost and benefit-cost.
The eoﬁparisen_uas'aaae bésea'upon tﬁe;fﬁii&ﬁfﬁé‘assﬁbptionsi

1) The mean discharge eovering tventy years froa January 1961
'through December 1980 is adopted as the firm discharge at the
“respective dam sités. - . o _

Upper Dan;Sitesz 'QE £=.3& 8& m3lsec. S
Lewer,Dam SitesiA ﬁf = 40 07 m3lsec. :[;;];

i1) Annual benefits acerued Efom power généiation uere caleulated
upon cosputation of annual costs per W and kvh of thermal
. pewer ‘plants, by making an equivalent thermal develepment

schexe as the alternatives. -

H$ 0.19/kWh
H$ 142.7 Jxw



111)

iv)

v)

The effective head was obtalned by reduction of head losses

equivalent to approximately four percent of the gross head.

'Then, anuual benefit and cost attributable to the alternatives

was included in the single (one dam) development scheme

corresponding to the size of dam, - thereby obtaining benefit/
cost and benefit—costa

Two unfts of electro—mechanical equipment haveé been proposed
in due constderation of 0peration and maintenance of such

équipment.

The normal vater level of the lower dam will be the same as
the tailrace level of the upper dam regarding the series (ewo

Qams) developmént scheme.
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Fig.1—2 B/C and 8-C for Optimum Project Size (Upper Tekai)
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1.2 Vpper:Tekai Power Station

1.2.1 Height of Dam

and 110 m
applied.

£)

11)

1i1)

iv)

In study of dam he{ght, & (four) cases of 80 m, 90 m», 100 @

wexe compared, and the following basié¢ conditions were

In each case, the installed pouer capacity is 150 M (IS Wl x
2 units).

In each ¢ase, the effective,storage capacity Of the reservoir
is 680 x 10° 93 which is derived from mass curve for 20 years
{1961 6 1980) rua-off at the dam site to control the annval -

ruan-off.

Effective depth of the resérvoly is detérmined frém thé econo-
mical point of view (Refer to 1.2.3) by using the storage capacity

curve plotted from thée aeréphétographic map.

Maximum water lével of the reservoir is the crest elevation of

ungated spiliway.

BJC and B-C were judgcd ftom the abovementloned conditions, -

and the results of comparison are’ given in the folloying fable 1-4,
The table shows that a 100 m high dam is most suitable. |



Tablé 1-4 Comparison ¢f Dam Height

Dam Height f | so 90 100 110
Dam Créest Elevation (m) 145 155 165 | 175
Blevation of Dam Foundation  (m) 65 65 65 65
High Watef Level @ | 135 146 157 158
Low Water Level - {m) 106 132 147 ©150.5
Efféctﬁve Storage CaPacity_(106m3). 680 680 680 680
- Effective Depth - - () 29 14 10 . 2.5
Normal Witer Level @ 1253 | 113 | s | ues.s
Tailrace Water Levél (=) 75.6 75.3 75.0 74.17
Maximum Turbine Discharge (m3ls) 366 215 235 200
Tnstalled Capacity () | 150 150 150 150
Construction Cost (10%4) | 277 273 289 345
Annual Cost Cofap | 3637 | 3391 s8] a2
Annual Enérgy Output (iﬂﬁkwh) 126.2 163.4 194.8 225.8
Annual Benefi¢ e®ug) | 45.39 | s2.46 | ss.s2 | sam
B/C 1.32 1,55 1.63 .52
B-c (o%us) | 11,02 | 1855 | 22,59 | 21,98
(Reference) .
ﬁatér ‘Surface Area (k’mz) 42.0 “ 59.0 76.0

4.5 'l

-



1.2,2 Type of Dam

_As for the type of dam, the following dams having an EL
157.00 of high water lgvelfwefe cOméared,
£) Rockfill dam with ceater doil core
- 13): Rﬁckiill dag.yitﬁ canqrété f§c§ng
111) Rockfill dam with asphalt facing
iv)f Concretée gravity dam
Compatison was made by total cost of givil woiks. Prlot €4

. comparison, the sﬁillway, penstock ahdﬂtprbine and generétqr‘ﬁeré‘designéé

to be mosl: ady@ntﬂ%geous; The'comparist;‘lﬁ is shown in Table‘_.l—‘Sv.g o

As a result of this study, 1t is judged that a rockfill type

dam is preferable.
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1.2,3 Effective Depth of Reservoir

In the foregofng study, it was determined that thé optimum
height of the dam 15 100 m. Pollowing this study, four cases,’ 20 n,
15 m, 10 m and 5 m of drawdown were examined. In this study the follow-

ing basic COndlpions were applied.

1) In ca¢h case, the 1nstailed power capacity is 150 Fw (75 M x
2 units) - : ' '

i1) ReserVOir normal lével 18 the centeyr level of the effective

_storage capacity;

iii) Tﬁefé are siight differences bé?ueen edch éaségiﬁﬁt ?he tailrace

. water level was assuméd to be as 75.0 m”fo? all cases,

The B/C 5nd'B-ﬁ'ratids'weré?judged based oﬁ ihe Bentioned basic
conditions. The results of the study'até_givén ip tﬁe'fﬂliowiﬁg table.

“The results of the study indlcate tbat a dtawdown of S5m is
slightly more advantaggous than a draudown of 10 . However, a latger
effectivetstorage capaclty is’ oore beneficial from the standpoint of -
flood conttol (this benefit 13 not considered In the aboVe table), and
also from the standpoint of efféctiveé utilization of uater resources._

Therefore, a drawdown of 10 m was selected.



Table 1-6 Camparison of Bffective Depth

Effective Depth (w) 20 15 10 5
Dam Hesght @ | 100 |10 |10 {100
ﬁ;gh‘wétef tevei () | 157 157 157 155

Low Water Level (m) 137 142 147 152
‘Bffective Storage Capacity (106 3)- i,2107 | 960 7 -680 360
Hormal Watér Level (m) 150.3 | 152.0 153.7 155.3
Tailrace Water Lével - () 75.0 75.0 75.0 75.0
Haximum Turbine Discharge _(ﬁgls) 241 236 235 226
Installed Capacity @ | 156 150 | 150 150
Cons:guction Cost (10%ug) | 300 | 292 289 287
Annual Cost 7 Lactus) | ar0s | 361 35.83. | 35.54
Annual gnérgy Output _{166kwh) ' iaﬁtw 186.8 | 194,8 ] 196.0
iﬁnua1 Benefit (105H$) 56.50 | 56.90 s8.42 | s58.65
B/c _ 1 | , j‘1,52: L.s7 | 1.63 ,};;655
ﬁ -G, .. é ‘(}oﬁgs) %19.ﬁ& 20.77 (22,59 | 23.11




1.2.4 Installed Capacity -

1) ‘Installed Capacity

In this study, four cases of installed capacity - 50 MW 100 HM
150 HH and 200 Ml - were examined on the basis of a dam height of
100 m and a drawdown of 0 which were detérmined in aforementioned :

studies. 10 each above casé, a unit capacity of 75 Mt was’ 3d0pted

The following table contains results of the study, dnd 1ndicates thatA
an idstalled éapacity of 150 e is the nést ‘optimum. 7 '

Tablé 1-?:'Coépafisoﬁ of [ﬂstalléd capacity;

insiaileq 6apaci;y: o é (uy). §f56:_; 166:. fiﬁo B :2éq.l.j
bemMetght - (@ | 106|100 100 | 160
High Water Level ~  (m) | 157 st |asr | s
Lov Hater Level @ | v | e
Bffective Depth ;' @ | 16 F e | o1 | e
Effective Storage Capacity (106 3) '?80 680 680 680
Normal Mater Level R () 355;?1; "153.7 153.7 | 1537
Tatlrace Water Level @ | 1.0 74.2 75.0 | 75.4
Haximﬁm’Turbine Discharge (nals) - 75 152 235 309
Construction Cost (10%1$) 230 263 289 351
Annual Cost aous) | 28,87 | 32.76 | 35.83 ] 43.03
Anuual Enérgy Qutput (105kwh) 200.0 196.9 195.8 | 193.7
Anaual Benefit (obus) | 45.15 | s1.68 | ss.a2 | 6534
B/C | onse ) ass| 13} 1052
B-C 16,27 | 1898 | 22,50 | 22.m
(Refer;nce)

Peak Plant Operation Time (hr) 11.1 5.5 3.6 | 2.7

-



(2) Number of Units

As for the number of units, compavative study was made on 3 uynits
x 50 MW and 2 units x 75 MW, In the case of 3 units x SO Md, two
intakes and penstocks weré planned. Por 2 units x 75 H¥, one intake

- and penstock was planned. The cost comparison is as follows:

Table 1-8 Comparison of Number of Units

T T ,
3 vofts x S0 MW 2 units x 75 ¥4
Intake . - | - - 1,277,000 3,512,000
Penstock 29,569,000 . 25,654,000
Powerhouse : ‘22,093,000 20,450,000
Gate & Screen | 4,918,000 3,500,000
CGenerating o ‘ )
et pmeat ~ sBa20,000 | 53,000,000
CTotal 126,277,600 106,116,000

Thé redults show that 2 units of 75 MW is préferable from an eco-

‘noaic Giewpoint;

As for unit “slze, in 1991 uhen the Tekatl Hydr0power ‘Station can _
be. brought into sérvice, the maxigun demand will be approximately
4,000 HH. Therefbre, the size of 75 M4 would be satisfactory
regardlng frequenéy drops at the time of loss of a unit and spin— i

ning reserve ‘on the system.;



1,2.5 Spillway Layout

(1) Crest Length

In the foregoing studies, majot‘featufgé 6f_development‘scale
werecestablished. Now, the last study is the spillway.  Comparison
was made of three casés (40 m, 60 m and 80 m) of overflow crest

length. Study results are given in the following table,

As a:result of the above studics, a spillvay overflow crest length

" of 40 m was adopted.

Table 1:9. Comparigon of Spillway Crest Length

Spi1llvay,Crest Length () 40 0. 80 |
Dam Heigﬁt (m) | 100 160 100 '_
Efféctiva.Storage Capécity ;(10653)n- - 80 680-iq -5656 5
aigﬁ Water Level (Qa) ' '7157 15?&.{ ’ _ 158 -
Low Watér- Levél = | 14 1425 | 148
Bf‘_f.e'ct_iva_r])epth () ) 10 . IR 1_0_ _
Normal Water Level (Eﬁ. 153.7 154.2 1547
Tailrade Mater Level (m) ,‘?S 5 7_7752
Maximua Torbine Discharge (315) 235 2335 ]| 232
lostalled Capacity ~  ~  (aW). | 150 150 | 150
Construction Cost (166H$) | 289 i 297 : 306
Annual Cost (106K$) 35.83 3674 31.77
Annual Energy Output (106k“h)_ 194.8 | 198:2 157.37
Annual Benefft (10545) 58.42 58.68 53.90
B/C A 53 1.60 1.56
B-¢ 2. 59 21.98 21.13




P

(2) Layout

‘As for the layout of the spillway, four cases were reviewéd by giving

consideration to the topographlcal and geologfical conditions.

results are as follows.

* Table 1-10 Cohﬁéfisbﬂ of Spillway Layéut

(Refer to the drawings.)

- The

{Unit: H$)

Alternative CaSe;A Case B ~ Case C Case D
’ DR {Interium) ‘
ftem . - Length: Length: Length: Length:
. 310 o 2710 m T 280 m 280 m
- Common Paa O o
Excava- { 3 '},146,600 999,000 810,000 630,000
thon | poek - | 11,720,800 | 7,682,000 | 6, 256,000 | 4,899,000
Concrete 13,471,650 | 12,718,050 | 12, 602. 100 | 12,153,300
Backfill 86,000 51,500 33,100 33,100
Reinforcing Bar | ~'3,003,600 2,859,600 | 2,823,600 2,715,600
Bridge 106,000 106,000 | 106,000 106,000
Miscellancous 885,350 | ' 733,850 679, 200 653, 000
Total 130,420000 | 25,210,000 | 23,310,000 | 21,200,000

Thé: table shows that base D is most preferable:- :



1.2.6 Optinum BeVeIOpmeﬁt Scheme

Based upon ‘the résults of vatious comparison studies, the
opt imim development scheme is decided as the follows. '

Dam height lOOnlls used in the connmrat:ve study'of danuscale. But dam

height 10lm js taken by the study of the optimum development seheme.

Table 1-11 Optiwmun Dévelopient Scheme of Upper Tekai

Dam f Type
Cfé;t'blevat;dﬁ'-
,foqhdétionislgﬁatipn
Dam Helght§ ‘ |

Resgrv@ir : High Qétefflevgl

) Low Hater geyel E

Effectivg Depth.

Norzal Water Level

Gross Storage Capacity
Tail ?aféé Level
Rateéd Net Head
Haxfcum Turbine Discharge .
) Installed Capacity
Annval Energy Qutput
Construction Cost
Annual Cost
Annual Benefit

B/C

B-C

Effective Storagé Capacity

EL .o

10° m -

(- S

10" =

: n3’s.::_.

10° ¥wm
10% u
10% u¢
106 u$'
10° us

| Reck-ti11

166,20
Lesa
g

157 .

187 .
10

1537
680

. 2,040

5
75.1
- 235
150
194.8
©289.45
35.83
58.42
1.63

32,59

— 18 —




1.3 Lower Tekai Power Station

1.3,1° Helght of Dam

As for the most sultable scale in the series development the -
:high watet level of the lcwer dam will be the same level as the tailvace
water level (EL 75.00) ef the upper power station, because the head
;beiween uﬁpef and iowef-dam could be‘effectively utilized. The crest
elevation was detéroined to be EL 81,00 to*dischéfge the flood of 1,100
ﬁ@ls by the non-gate spillway. As a result, the dam height Is 18,00 m.

1.3:2 . Typé of Dam

The following dam typés were compared.

i} Concrete gravity dam with non-pate spillway
.11)_-Rockfill dam with center soil cove
i111) Rockfill dam with concrete'facing
iv) " Rockfi1l dam with asphalt facing
Conparison was made by the total cost of civil works.

Pxior to comparison, the wost advantageous number of turbine units was.

.decided and one unit of turbine was adopted.

“The g;m‘;g;j{goa‘ is sha@"'iﬁ Table 1-12.



Table 1-12 Comparison of Dam Type
(Unitt H$)
Alte;eati#e concrete  § . Sockfli; ﬁap o

. Gravity Dam | Center core |Concrete | Asphalt
Iten : | type facing type faéiﬂg type
Diversicn Works | 5,018,000 } "7,153,000 | 7,153,000 | 7, 153 ooo k
Haia Dam . 16,000,000 | 10,606,000 | 15,133,000 15,zoa.oook.
$pilivay 4,950,000 | 9,427,000 | 9,527,000 | 9,427,600
Intake 920,000 { 1,210,000 | 1,210,000 | 1,210,000
Penstock . 810,000 | 3,150,000 { 3,150,000 | 3,150,000

 Total 27,758,000 | 31,546,000 | 36,123;000 | 36,123,000

As a result of this study, it is judged that a concrete gravity

dam 1s preferable.

1.3.3 Effective Depth of Reservolr

The effective depth was detetmined to be 4 5 m so as’ to ensure

the available storage eapaclty of 21.5 x 105 53 which is possible to

reregulate the peak discharge of the Upper Tekai Power Station and

regulate rannually theé run-off from the remaining catchment area.

The

study was made by using the mass curve of run-off at the lower dam,.éf

which rus=off was calculated By'the peak discharge of Upper Tekat and

run-off from the remaining éatchment area.

the Appeandix,

The mass curve is shown in




1.3.4 Installed Capacity

The fustalled ¢apacity was determined taking accounts of the
re-regulating function of Lower Tekai Dam which can discharge to the
dovnstrean for 24-hours by re-regulating the peak discharge of .the Upper
Tekai Dam. By this 24-hour discharge, it will be ensured the navigation

and future water use for irrigation and other purposes fn the downstreanm.

The annual run-off at the Lower Dam Site is approximately 40 m Is,
'therefore the maximum discharge, 40 m Is, of the power statfon was designed.

This can génerate maximunm output of 5,300 V.

Regarding the number of units, ¢apacity of 5,800 kW jis small
‘and the losses during maintenance is also small, therefore one unit was
‘adopted. ° '



1.3.5 Development Scheme

The development scheme is decided as the follows,

* Table 1-14 ‘Developmént SChemé=of‘Louét'Tekag-

Dam ~  TFype

o ér;;tsﬁievafipn;
Foundation'Eiévatibh
7Daélﬂeigh§'42 .

Réséwdir_ - High Water L;evel- .-
Low Water Level
Effective Depth
Normal Water Level
Effective Storage Capacity
Gross Storage Capacity

Tail Water Level

Rated Net Head

Installed Capacity

Annual Generated Energy

Construction Cost

Annual Cost

Annual Bénefit

B-C

B/ cC

EL. = .

EL o
u
L m
| EL. m
m
EL i
106 3
106 m3
EL m
o
M
106 Wi
10% M§
105 H§
10% n§ -
10 M5

Concrete Gravity
1isi.qﬁ_;;;;‘
43.00
Casloo
70.50
4.50
73.50
21.50
41.50
55.60
17.20
5.8
40,3
62
7.98
8.49
0.51

1.06
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2 DESIGN OF FACILITIES AND STRUCTURES
OF UPPER TEKAI POWER S’I‘A’I‘ION






2." Design of Facilities and Structures of Upper Tekai Power Statfon

2.1 Installed Capacity and Generated Energy

2.1.1 Head and Tail-Water Level

The head-water level is_COnsidefed EL 153.70, by subtracting
3.3 m of the available depth (10 m) frém the H.M.L. 157.00. As for the
tatlwater level, it is considered eqhaf:to the H.W.L. of the Lower
Tekadi Rééervbir; i.e,, EL 75.00. And uater 1level and discharge during
the operatioa of 150 MW (discharge of 235 m3ls) were confirmed as follous.

(1) River discharge capacity
1) River slope
The river slope is éalculated from the 1:1,000 scale topographic
nap. oL B _ . . _ .

Rivet slope calculatioﬁ‘diséaﬁce 'L = 20,000 =

Difference of elevation (Diffetence of elevation between upper

dam and lowér dam sltes) ;' C = 72.50 < 55.00 = 17.50 o

River slope . 1 = 17.50/20,000 £ 1:1,000

£1) Ceoss section

The Cross section was. prepared fro- the 1:500 topographical Bap
and location is approximately 640 m downstrean of dam axis and

at the vicinity of the outlet.A
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111) Calcuvlation of the xiver discharge

Manning's formula {is usg& for calculatfon of the discharge.

v=21.33
n

Q=V A
where; Q
A
L1
v
R
n

ey (13 [T} [ "

IIIZ
Discharge : (m3lséc)
Discharge ¢ross section (mz)

Hydraulic gradient = 1/1,000
Velocity of flow (mfséé)
Hydraulie rédiusi : {m)
Coefficient of roughness = 0,035
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2.1.2 Head loss

Before bifurcation Q = 235.0 mals D

[}

7.3 o
= 4,6 n

o
[

Aftér bifurcation Q = 117.5 m3[3

(1) Héad loss at intake

'a)? Head loss in inflow (ha)
V'2
. 2

ha = fe ‘z—éh'

where;

fe : Coefficient of loss by iﬁflﬁu%& 0.2
v, ¢ Hean ¢elocity_aftef-inflcw (m/s)

235

V2= 2.0 x 23.0 ;- 0-851 a/s

- ‘ 00851 e
ha = 0.2 x 5 "5 =0.007a

1

L}

534,506 m
43.852 n



b) Head loss by screen (hb)

hb = fr

|

Y = B+*sinbd '(%)4,3

where; $ : Coefficient determined by the sectional form
of the s¢réen bar = 1,60
8 : Tilting angle of scree¢n = 63°26'06"
t : Thickness of screen bar = 0.016 m
b : Mesh size of the screen bar = 0.15 i
v

p  Hean velocity in upstrean of screen (mfs)
= 0.851 nfs

fr = 1.60 x sia (63.435°) x (0.016/0.15)%/3 = 0.072

E 2
0.072 x 2.851

hb T K 9.8, " 0.003 =

c) Head loss by pier (he)

1

by, 2 Vlz
he (Ez- (b—z-) - ll E;

n

c- t Coefficient determined by horizontal sectional
form of pier :

17c? = 1.181

Channel width imzmediately before pier = 13,0 n

[
-

Width by subtracting the total pier width froa -
the channél width = 12.0

lean velocity of section before inflow

s
1~ 12.0 x 3.0 - 0851 als

2 » 2

S8t x (13.0/12.00 - 11 x B o 5014w

he ‘7 x 9.8

-




d) Head loss due to gradual contraction of section (hd)
V'22
hd = fge x ——
4 28
fgc : Coefficient of loss by graduval contraction

V, : Mean velocity after gradual contraction

6 = 60°

Ay = 13)0 x 12.0 = 156 n°

Ay = 1.3 % 7.3 = 53,20 n’
AZIA1=0.342 s

fge = 0.075
Vo 2——"—5— = 5.615m
2 x x 7.3 3.615 '/?
4 R
5.615° o
hd = 0.075 x '{'x—g—g = 0,121 =

e) Head loss at iantake (hl)

ha + hb + he + hd
0.007 + 0.003 + 0.014 + 0.121
0.145 1 '

=
[

{2) Head loss in penstock -

a) Head 1loss by bifurdation (hy) - -
2
\y

ha = fa * EE_

+

-ffé7.:ﬁifuréétioniio§§‘Edéf%iéiéﬁé‘520.50;

V, : Averagé V§16city of flow in pénstock before the
bifurcation = 5,615 mfs

5.615%

MZO.SOXW

= 0.804 m



b} Head loss by friction (hb)
V2

hb‘—‘-f‘l-'-f-g

f : Friction loss coefficlent

- 124.5 n?

o 12
5413

L i Length of penstock ()

D ! Diameteér Of penstock (m)

V ¢ Average velocity of flow in the interior of
penstock (mfs)

n : Coefficient of roughness n = 0.012
- Head loss before thé.bﬁfufcatibn (hbl)

124.5 x 0,0122

£ = = 0.00126%

: _7.34!]3_~ i -

L= 534.506‘m _

V = 5.615 mfs
*'-4omn&“5ﬁ5m'§£§i;1ow
by = 0. IO X T xog ™ I

Head loss aft;f the bifurcation (hbz)
£ o125 X 0,027 oy
4.6
L =43.852mn
v-272 7010 0rs
7{4.6/2)
; i 71.070 o
hbz = 0.0023 X'f!3.852}t—2"m_— 0.25?

hb = hbl + hb? = 1,089+ 0.257 = 1.346 o’



¢) Head loss by curvature (hc)

| V2
he = fbl X fb2 x "‘:2*3—'
fo1 ! Cééfficient-of loss detéréined by the ratio
between the radius of curvature P and pipe
diameter D (P/D)
f2 ¢ Ratio of lossés between each central aingle of
cuzvature 9 and the ceatral angle 90°
V  : Mean velocity in pipe .
No. p D o fu1 €p2 v 7% ‘ha
1 30.0 | 7.3 | se°00t00" | 6.132 | 0.745 | 5.615 | 1.600 | 0.158
5 20,0 | 7.3 | 4sc00r00m | 0.135 | 0.7307| s.615 | 1.600 | 0,158
3 20:0 | 7.3 | asc00'00" | 0.135 | 0.730 | s.615 | 1.600 | 0.258
4 30.0 | 7.3 | aac00'00" | 0.132 | 0.699 | s.615 | 1.600 | 0.148
5 30.0 | 7.3 | 77°00%00" | 0.132 § 0.925 | 5.615 | 1.600 | 0.196
6 10:0 | 4.6 | 40°0000° | 0.142 | 0.667 | 7.070 | 2.550 | 0.262
Total |- 1.060

d) Head loss in péﬁstock (hy)

by

ha+hb+h(;'

0.804 + 1.346 + 1.060

3.150

— 33



(3) Head loss at outlet (hy)

a) Abandonzent head loss of reaction turbine (ha)

o Vlzr
ha = f£s5é EE

fse =

fse :

_ 11,8
10.0 x 5.0

A;sA, ' Cross sectional area of flow before and after
quick expansion

Since Al << A2 fse =1
e = 2,350°

a=2X9n3.

(4) Total héead loss

A 2
- (3?}

20,282

Coefficient of loss by quick expansion
¥, ¢ Mean velocity before quick expansion (mfs)

= 2.35 /s

Head loss at intake {m)

0.145

Head loss at peastock (m) 3,150
Head loss at outlet  (m) ©.282
Other head losses {u) 0.023
Total (w) 3.600




2.1.3 Power Generating Capacity

(1) Installed ¢apacity . -
The installed capacity 1s calculated as fﬁllows:

P=9.8xQxHKxn

where; - Q : Haximunm dlscharge (235 mjls)

' H'E Biféetive’ head « -
2 (= 153,700~ 75,000 - 3. 600 = 75.1 )

:ﬂ ! Comprehensive éfficiency of turbine and genérator
(= 0.87) .

P = 9.8 x 235 x 75.1 x 0.87 = - 150.471 ¥W £ 150,000 Kw

o>

(2) CGenerated énergy

The generated energy was calculated using'fﬁéidéily.discharge data
and reservolr water level which were calcdiated by the mass curve
from 1961 to 1980. The average annual genérated energy of 20 years,
is 19&-8 GWH. And monthly variatfion is rather szall, average maximum
and elnioum éutput are 17.8 GWHImonth and 15.2° CHHImonth.
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2.2 Design Flood

Thé design flood flow i$ calculated by determinfag the 10,000~
year probability ratafall from the existing rainfall data by means of
iwvai's Pormula and Gumbel Pormula, and by conducting runoff analysis
by mééﬁs'éf the Storage Function Method from measured hydrograph, The
10,0ﬁ0éyéaf probability rainfall calculated by the aforéstated method is
840 ma, and accordingly the deslgn flood flow is 7,300 m>/s (Refer to
Report of Hydrolegy).

' Thé‘uppet'dah has 4 large storage capacity and accordingly,
two alternatives of the type of spiliway, i.e., the type provided with
gate and spillway with 16 gate utilizing the surcharge function of the
stérége'tésérvoir, were examined,  The fesults of the comparative -
examipation of the aforestated alternatives indicates that the spillway
without gate is préferable. - The surcharge volume calevlated by assum-
ing the spillway (40 m width) without gate is shown in the following
table. '

Table 2-2
The peak discharge of inflow 7,300 n?ls
-The paxioum watéer level EL 165.0
The surcharge volumes _ 585 x 10633
The paximum outflow 1,504 nl3fs




2.3 Design Sediaentation

The estimation of the sédimentation are ¢onducted by investi-
gating of the existing reports concerning sédimentatioﬁ?infthe,basin -
of Malaysia, iuvestigation referring to the design values of existing
dam projects, and fuvestigation of measured sedimentation in the Pahang
" Rivér and in the Tekai River: Furthermore, the design sedimentation fs -
also exaninéd by means of varfdus methods of estimation ordinarily used -

in Japan for the sake of reference.

(1)  Investigation of the sédiméentation. in thé basfn located of Malaysia
and Indonesia '

Actording to tﬁe‘“Réport‘of Hater ResburCesﬁxénagépent in the -
. Pahang Tengara Region", the specific sediméntation in the various

“rivers of Malaysia and Indonesia is eétimatéd-to_be’aé follpws.;:w.



Table 2-3 Sediment Load of the Rivers in Malaysia and Indonesia

Drafnage | . o o o
: I Vegetation Sediment
River Ar.e.:ﬂx:-2 | - eover Load Source
{km ) o

Perak River | 5500 ' Rainforest 144&3]km2fyr: Douglas, 1970
at Kenering Rubber after

Padi Shawiningan

: Enginééring Co.

Combak River| 140 Forésted _ 6733Ikmzlyr DOUQfas;;i96ﬁ'
at Kuvals Headwaters
Luapur agriculturée

& nining

land
Kiel, 2 Rainforest 70L| 11lw/ka’fyr | Shallow, 1956
Caméron Agriculture 30Z
Highlands '
Telon, 7 Rainforest 211w /ka’/yr | shallow, 1956
Cageron Agriculture ‘ ' -
Tjiloetoeng 520 I | Degdtgs;ed 1352m3lkmz[yr Yan Dijﬁ and
River, R '1adang' | Vogelzang,
West Java cultivation, 1948

pasturing




(2) Desigh sediment load of dam projects of Halaysia

Table 2-4 Sediment load of dan désign in Malaysia 7

Naze of Pan

Sedimenfrloa&

Type of Dam - ﬁrélqage, ’Béﬁe:OE River
T} Area 1
(*[ka’fyear) | (dam hetght) | (ka)
- ' Rock-f311 |, TREKGGANU Rivér
PUAN DAM 70 (80 w) 410 .
Conérete . TEMBAT River
TEMBAT DAM 17 Gravity ;01
(24 m)

(dote) ULY TRENGGANU Report

Upper Trengganu Developament

(3) 'Estimation from suspended sediment

_Perlodic neasurement of suspended sediment tn the Tekai River has

notibeen carried ‘out as yet, while measurement of sediﬂentation in fif

the:Pahang River has been underway since 1972,

The\ﬁeasureaent of suspended sediment in the Pahang River Gaxc o

carried out by the DID (Drainage and lttigation Dept.) at the 5.
poidts fndicated below.

Measured Resulis of Soil Sedimentation

Table 2-5
Stationn . Catchment Data Avérage Sediment
No. Station Name Area (i) Period | Conceatration {agft)

34234213 | Semantan 2,920 72-18 110

3424411 | Pahang 19,000 72-75 140

4019462 {Lipis 1,670 72-16 130

4023512 | Pahang 13,200 72-74 . 150

4223450, | Teabeling 5,050 74-17 130

(Source; H.W.R.S.)




With regard to the suspended sediment gs, the estimation is con-
ducted by assuming the maximum value 150 (mglliter) for the sake

of satéty. The sediment is assumed to have the ordinary density
of 1. 5 tlm P '

e ﬁppér‘dam
The suspended sediment,of the upper dan is calculated as follows,

by assuming an annual average inflow of 1100 x 10% (35 m3ls).

150 x 107% 'x 1100 x 10% x 103 1.5

i ~ % 100,
=110 x 103 & /year

The sedimentation Q is calculated as follows, by assuming a bed
:'7uload ‘of approxlmately 202 of the suspended sediment.

qQ = 1‘2 x qs = 132 x 103 nalyear

The sedimentation becomes Qs = 110 m3lkm21year for the basin of
C.A. = 1,200 km?. :

Qs = 110 m3lkmzlyear

o m‘et dam
Annual average inflow 160 x 10% (5 n3ls)
2

C.A. 180 kn
Qs = 10? njlkﬂ Iyear '



(4) Other methods of éstimation

A quantitative investigation referring to the sedimentation in dams
was carried out in Japan by Eocusing principally on the VOlume of
sediment accunulated in storagé resetvoirs_located behind the
fluvial dams, principally those for power generation located in
various parts of Japan, and on data referring to factors of various
Vkinds reiated to thé said sedimentation. Thé purpose was to eéxamine
quantitatively how the vhrious kinds of ‘factors, including the
jungle, influence the volume of earth flowing out of mountainous
districts subjected to conditions of various kinds, such as the

weather, topography, etc.

The principal Eactors that influence the sedimentation, taken into

consideration in the aforementioned investigation, are as follows.

a) Area of the basin

b) Storagé capacity of the reserveir
-'e) Relief energy

d) Elévation

e} Annual rainfall

£f) Years of observation

g) Rate of forest area

Messrs. Kira and Nanba have proposed the following formulae to

estimate sedimentation based on the aforementioned factors. These

forculae are widely used in Japan.

i) Q5 = ¥s * (C/F) . Kira's formula
where} Qs i Specific eedinentation'(n3lkmzlyea;)
s : 0.00012,4% 38

& : R/(C/F)

R i Relief energy (m)

C - : Storage capacity of the reservoir (n
F i Catchmeat area (- )



11) Qs = 0.02743 x -8-—-}-;——1—)- -~ 240.9 (Kanba's Formula)

where: Qs

Specific sedimentation (m3lkmzlyear)
P ¢ Aanual average rainfall (om)
Relfef energy (m)

=

: Rate of forest area (X)

The results of the calculations carried out by using the

Formulae i) and 11} are as follows,
° Kira S Fbrmala

Table 2 6 Calculation by Kira s Formula

Upper Dam Lowet Dam -
s€ (Independent (FndepgnQQnt Eg:izézam Remarks
IteP 7 Development) Development) Development)
Catchment area .-_,,,__ 6 6 TR
: F-(Ez 1200 % 10 1380 x 10 180 x 10

2t?;gge °apa°“3 2050 x 10° 700 x 10° | 41.5 x 10°

o | 1.708 0.507 0.231
Relfief energy . ; 7, —
R (@) . o500 s00 455

=rfc/®) 293 986 1,970
ys = O. 00012¢° -368 0.0166 0.0476 . 0.0868
Q = Ys x_g_ H : . 2 Ll ’ . 2 B s : T
(-3Ikmzfyear) 84 241 200

¢ Nanba's Formula L

~ The estixaated values of P, R and F of the ptoject site ave as
follows.




P f 2,400 en
R @ 500 pm
F 100%

Therefore, the specific gedimentation dis

s = 88.3 (@3/kn’lyear).

(5) Determination of the desigﬁréédiﬁéntétidﬁ' T A

The results of the foregoing items (1) to (4) are summarized in the
following table. '

" Fable 27 Resﬁlté'bffsediment iba&é

Estimated valde of telative ST
© Hethod - . sediren ation Remarks
‘ - (- Ika Iyear) e

1 | Sedicentation in Malaysfa | 21.1 <Qs < 146 (82.6)

<
Deésign sedimentation of dam R _ '
2 projects in Malaysia 17.0<Qs < 70 (43.5) .
Estimation from suspended - SO
3 | sediment 107 <Qs g M0 (108..5)
4 | Xiral!s Formula Upper Dan Lower Dam .

284 2oo<Qs<241 (200)

5 | Ranba's ¥ormula o T 88.3

(Figures enclosed with parenthesis indicaté average valués.

The-values of design sedimentation are estimated to be as fbllows,

by taking into consideration an appropriate margin of safety.

¢ Upper dam 300 njllc;rizly;éf B
"¢ lower dam ' - F 250 iaalkn_zlyeéi'i



2.4 Design Seismic Intensity -

Some recent works have revealed characteristics of seismicity
which are of great interest with referénce to major techtonic mechanisms
and patterns. It is pointed out that virtually all the epicenters are
located within a degree or so of the topographic rift,

Fig. 2-4 shows the seismicity of thé earth in southeast Asia
over the 1961 = 1967 period. The distribution of the epicenters makes
é‘bélt_aléng the Indonesian arch, On the other hand; thete has been ro
. eétthqdaké oVér'magnitude 4 on the Malay Penimsula. 1In fact thére is
‘a témérkéﬁlé Tift aléﬂg the westera Eroat of the Indonesian arch on
i;yhich“thé éplcenters aré‘Scatteted.. The Malay.Peninsula forms one part
of_ihe Suada Shelf, which is verf stable against crustal movéneat of
théléé;th,'aﬂd, théfefore, there have‘b¢én no remarkable ¢earthquakes
'hifhihri;,

Fig}:ZuS is the seismological map of Indonesia for the 1904~
1960 period}ftin particular, earthquakes with H > 7 are listed in Table
’8. S : .

_ The earthquake acceleration at the Tekaf Dan Site is estimated
by means of "Kawasumi's Map", Kanai-Seed Formula and Okamoto's Formula
(based on egrthqugkes which occurred in the past). In any case, the earth-

quake éééeléf@tién has a very semall value on the order of 10 gal.

A However, the design eatthquake acceleration of 100 gal was
'fadoptéd in the iekai Da-, because this value fs adopted for existing
dans’ of Halaysia. e

(1) Estimation from the Kavasuni's Map

- Fig.:2-6 éhows earthquake accelerations which are fuferred from
Gearthquakes uith knoun magnitude, depth and location of épicenters.’

It fs assumed that eartbquake acceleration on the Halay Peninsula
is 1e$s than 0.0l g (= 10 gal),

— 45 —



Fig2-4 Dislribotion of Epicenler in Southeast Asio

( ofter Bulletin of 1he Selsmological Society of Americo

V6L 59, No. I, 'pp 369 380. February, 1969 )

o

1

. "

[

e

% Muawia Barazangi & James Dorman (1969)-: ‘World Séismiclity Haps Compiled
from ESSA, Coast and Geodetic Survey, Epicenter Data, 1961-1967, Bulletin
of the Seismological Soclety of America, Vol. 59, No. 1, 1969 '
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Table 2-8 The Records of Seismicity fn Indonesia

1900 A 1980 H>7.0 . 89-1/2° o 110°E 15°0 v 5°8

Year Month bDay| Time -|Latitude Lohgitude (Deptti28n17

(o) tude’ ' :”‘LOcatii)n

1906 {vi 24 |1 sa7) asno - | 92 s | 7.3 | Bay ‘of Bengal
1907 | 1 - 4 {05:19] 2 96.3E s | 7.8 | off west cosst of
‘ , - northern Sumatra
XI . 22 |20 : 03 .S9H'_ :', 95;33 7.4 Norfhern Sumatra

1913 | vizd 13 | 04 ¢ 25| s-1/2s | 1058 | 75 | 7.2 | Southern Sumatra

wia | x 0 nfasiar| 1w | gae | 80 | 7.2 | Andéiman 1s.

. : _ | xeglon
117 |xt' 4 |21 03 4.8 963 | | 7.1 | nofthern Sumatra
1926 | vi 28 | o.ss 100,56 | | | sumatra

1931 |'tn 10 |06 ¢ 34| s-1sas | 102-1728 | s 7.1 | South Sumatra

IX 25 |05 59| 55 - 302-3748 | s | 7.4 | Southevn sumatra

1933 | vi - 24 | 21 56 5-1/2s | 104-3/4e | s 7.5 | Southern Shmatra

1935 |xix. 28 |o2:3s| 6 | 981748 | s | 7.9 |Northern Sumatra
193 1 2 |22:3 0 | 99-n2e |60 |70] 1
X 19 oL :on| 33748 | 97-1728 |'s- | 7.2 Lom

-

1930 | 1ex- 20 for s aa | 1-1/2s | 891728 | s | 7.2 | scuth Indian
' L b ' Océan

1960 {vi 26 |11 52| 12-172n| 92-172 ~|'s - | 8.1 |Andaban sea

1943 {vi 1 |14 :18) 61728 | 105-1727|'s |[7.0
bI-  8 |20:42]1s - 1018 o ‘SQ} 7.4 koiiiefn_sumatra
vi ¢ |03 § 06| 1s 1018 - ‘55" 7.6 | .
Xt~ 26 |21 25 1 2-1/28 1008f «ii&'??§1_- Soaiiern Sumatra




?able 2-8 {Cont*d)

Year jMonth Day| Time Latitude |Longitude Depthﬁigzi] Location
wae |t s |21 f12) 3-1728 | 102 60 | 70 | Southern Sumatra
1946 { v 8 |o5:20] 0 99-1/2 s |71 L
R 14 1s 98E 7.0 | Southwest of

‘ Supatra
1963 | xx1 15 | 19+ 34 | 4.8s 108E 650| 7.1 | Java sea
1964 | 't s |22 fi"‘f’, 1.98 102,38 33 "6:'."7 sﬁmat‘ra'_
1969 | x1 v | 02 5 05 | 2.1 946 20 | 7.5 | ott w. coast of
o T ] : . . Nér;hérn Sumatra
ICTEY ISR [FTRNPTY PN 102,26 | N | 7.0 | Southern sumatra
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{(2) Estimation by means of formulae

The ‘seismic notions of the two tarthquakes that” are presumed to

have causeéd the'biggest acceleration at the project site, among

those which occurred in the past and indicated in the accompanying
. Seismological Map, are calculated in the followings.

a) Earthquake (1)

Hagnitude. 7.9
-Distance from epicentér: 600 ke
b)f'Eatthquaﬁé 2)
' Hagnitudg; 6.8
DiStahée_ffom epiceﬁter;

375 kn

. The émpiricéal formvlae used to calculate the earthquake sotion are

f as follows.

1) Kanal-Seed's Formulae

1og1g ¥, = 0.614 - (1.66 + §;§a1oglo X - (0.631 + 1= 83)

1 o . . , _ .
Tp = Toog L(0.5394 - 1.621)A + 50.44H - 111.16}
a.= 258 ¥51V0

if) Okamoto's Formula

am

(A + 40)
10216 640 =

160 x (-7.604 + 1,7844H - 0.1036M°)

The acceleration of seismic motion c¢alculated by means of the

aforestated formulae are as follows.

Eapitical Pormula

Earthquake

J{1) Xanal-Seed's Foreula

{(2) Okarmoto's Formula

Farthquake (1)

. 1,25 gal

0.99 gal

Earthquake (i)

1.03 gal

1.08 gal

— 55 —




L1

Predominant Periogeseconds

FIg2-7 Periods for Moximum acceleralions in Rock

(by Seed)
14
12 ,
. / *8
10 : ////M=?5
?////fh‘!s
06 . . //’/’/ ,_::.7 po
P
04 : ////// M55
o2
% 40 80 120 1606 7200 ’:-‘24'0--'é30;* 320 360
. . .Disionf,efromchUSOI‘ive Fault-km ,
o ¥ 50 15 100 125 150 175 200 225

Disfance from Cousalive Foult-miles

T 1

= T006" ((0.5394 - 1.621)A + S0.44M - 111.16}

A 40 km, A =40 ka



2,5 Dam Stability Analysis

(1) Standard section

Refer to Fig. 2-8.

(2) Design speciftcations |

Dam typeéil : Rock £111 dam with impergious center core
Dam ¢rest elevation: o | ,_ FL 166.200 n
bam fOuﬁhétibﬁ elevatiéh: - EL 65.200 m
Dam crest width! ; ) 6.000 o
. Design flood level: % © EL 164,000 m
7Haximum water level o[{r¢3érvait: BL 157.000 @
Hinimum water level OE;reserﬁbifi . EL 147.000 n

{3) Design water level

The following QalgeS of design water level are adopted.

(Under normal conditions)

Haxieum water 1evé1 + hw ‘

(In the case of earthquake)
Maximum watéf'léﬁei + hw + he
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where}

bw 1 Height of wave céuééd'by wind

According to the S.M.B, Method and the Saville Method,
hw 15 1.20 m wﬁén the upstrean slope gradient is
i:l.SO, the distance to the opposite bank of the
storage resérvoir is 4,800 m and the wind velocity is
30 nfs. (Refer to Fig. 2-9), '

Fig. 2-9 Uprush Height Determined by

the S.H. B. Hethod and Saville's Hethod

he

Uprush helight of the wave,
- including the wave height

I:i.s ’
i§§§‘=ﬁno} mooth
1i1gv=nats: Slope
| = 8-

IEJ:

Virdveaw } Rig rap
133 i=20m pe
P-E.S

I .0

1-rF.5

123%.¢

" Bold lIine:”

Case of V=20 n/fs
" peoken line:

Case of V=30 mfs

i o :

i it it :,:'; _
Y WY “INE 397 LR LA M e
bistance to the
opposite bank ¥ (m)

¢ Kave hefght caused by earthquake
1Kx ’ "
he = 5'7?' gHo.,

o Design sefsatd’ intensity 016
S Earthquake cyele ='1,0 sécond



Ho @

Regservoir depth at maxiomum water level

= 92, 000 m
he = 2 x 910—’;1*9- SR k2 = 0,478 m
| T £ 0500w
Theréfore, the désign water level {s:
H‘n"oL S.W-L .
Undet normal | EL. 157,000 + 1,200 + 0,500 EL, 164,000 + 1.200 + 0,500
conditions = BEL. 158.700 m | = BL, 165700 m . .
I the case | BL = 157,000 + 1,200 EL. 164.000 £'1.200 + 0,500
of earthquake + 0,500 + 0,500 +0.500
= EL. 159,200 m % EL. 166,200 n

(4) Humerical values uséd in the calévlations

1) Dam body material-

The values of the physical characteristics of the matetials are

‘1isted in Table 2.9,

" The foilowing formulae ‘aré used to calcu-

late the wet weight and the saturated weight.

GS

dw

-
S S
o |
o

ds =

-
|0

where}

dw : Wet dénsity--(tfm3)
ds
Gs
S : Degree of saturation
ratio)

e ! VYoid ratio

¢t Saturated density (tlma) ‘
¢ Specific gravity of particles
&=

' WGs .

1006 " {w ¢ water coatent




The values of dw and ds of the shell material and filter material

are estimated from our experlences accumulated in Japan. As for

the core material, dw and ds are calculated from the values of
Gs, e and w obtafned from the tests.

Table 2-9 Physical Properties of Materials

~Properties Satorated - : Angle of £
¥ Saterate : Angle of fn-
Dénéity3'= Wet Density. Géhes;on "] ternal friction
Material ds (t/m’) | dw (t/u3) (e/a®) é (%)
Shell natérlal;_ .2.10 1.80 . {5) - (40°)
e . . 0 45°
Filtgr naterial 2.10 1.80 ) 40°)
y - , s 0 14.5°
. Y - X
Core material 1.99 1.94 9) (14.5°)

Table 2-10 Test Results and Physical Properties of the Core Material

Gs e H s dw (t/a) ds (t/=3)
2,62 | 0.6752 | 0.214 0.830 1.90 1.97
2.69 | 0.7969 0.270 0.911 1.0 1.94
2.62 | 6.5394 | 0.178 0.865 2.01 2.05
2.67 | 0.6553 | 0.200 | o.815 1.94 2.01
Average 1.94 1.99

— 57 —




£1) Weight per unit volume of water .. . 1.0 tlm3

111} Seépage line

As for the weight of the matertal for the sake of stability
calculations, the wet weight is used for parts above the seepage
Line and the saturated weight is useéd for parts below that Yine.
Theréefore, it is necessaty to identify ‘the seepage line of the
‘_dam body. In the presént’ calculation, the séepage line is
udetermined by means of the’ method proposéd by A, Casagtaﬁde.-

The seépage line is shown in Fig. 2—10 ' The vater level of

~ the storage reservoir 1§ 3ssumed to be EL 158 200,

" iv). Horizontal seismié intensity k=00

i
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{5) Stability calculation

1} Hethod .

The staﬁility'calculainn of the dam slope sliding 1s conducted
by applying the circular sifding method.

The ééléulatioh ig carried out by setting-the ¢entér of the
eritical circle af 48 points of the upstream sidée and down-
streanm side, respectively, as shown in Fig. 2-11. The slépe
sliding safety factor is c¢alculatéd by computer using the

fornula indicated below, by gradually chaaging the radius of

the circular radius froé the maximum to the minioum value.

Z(N - U + PN - hE)tan}}-l-Ec'
Z(T—P +'r}

SP =

where;
N : Normal component of’ force due to the weight of
embankment material -

T :éTangential component of force due to embankment

-

material .
Np @ Normal component of force due to the earth&ﬁake
. force _ _
Tg :iTangential component of force due to the eafthquake

7force

:_Angle of internal friction of the eabanknent material
'Cohesion of the embankment paterial

(13

Length of the circular arc

' Pore water pressure

n T+ I
=

t Normal componeat of force due to hydrostatic pressure 7
Py t' Tangential component of force due to hydrostatic

-pressure
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i11) Exanmined éases

The stability calculation is carried out for the 12 cases
indicated below. ’

L o . Normal or Upstream Downstrean
ate o ‘ a1 Ay
evel “\Propertigs—. Earthquake | Stoee Slope -
. - Under normal o o
‘s | No cohesion c¢onditions
5 : | considered —
w ™ ! In the case o o
i+ of earthquake
o .
o o v E .
83 Under normal U 4
81 .4 conditiéns - -}. © 0
g:ﬂ' Cohesion ons g e
¥ ] considered R i
£ g In the ¢ase. - o &
"R of earthquake - -
o~ ] No coheston ’ ‘Undéfiﬁﬁfégl B R o
3 g considered conditions - ' ’
1 4 Patuahdan - o
. :
.33 | Coheston | undet mormal o - é
&y oy | considered conditions . : :
H O % o




£11) Calculation results

The sliding surface configuration that guarantees the minimum

safety factor obtatned by the calculatfons and the center of

the corresponding criti¢al angle are shown In FPig. 2-12 v 2-17.

“The minimum safety factor of each case is shown in Fable 2-11.

Table 2511 Hidioum Coefficient of Safety

_ B o Rormal or .|.Upstréam |Downstream
-Physical Propgrties Rarthquake Siope Slope
-t Shell and filter Under noremal | . .. B ;
o S - 1.435. 1.761
::3’ No cohesion C=0 t/n? 29 = l|S° condltIQns o
o ey :
s coingidéred Core . s .
o 4 _ - o - | In the ¢ase N :
$§ c=9 tlm 29 =14, 5 | of earthquake _1.219 7 1‘.412_
d = - —* ‘ ‘ -
: Shell a filter ~ [Under. noxmal 3 a g
_'ég Cohesion c=5 gd = 45°  J<¢onditions 1.664 2'131_
Y. 5| considéred A = : :
| Core In the case
c=9 tlaz,¢ =14. 5° of earthquake 1.610 1.621
Shell a' d 'fril__ter
] céo tfm”, ¢ =45° L ,
w Hofc-‘:ehesi_o_n Und;:li: ?Dmal 1.401 1.761
3-:; considered Core 5 : conditions
a8l - "=t t/m ,¢ =14; 5°
TR —:
s gl : Shell z}"d filte'r
s ~i] Cohesion c=5 t[ @ =40 oL i o
2| considered © o |under normal 14558 2.160
o , Core o, ;- ¢on ons
0—9 tfa - '=14.,5°__
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2,6 Spillway

2,6.1 Spillway Discharge

y The spilluay should be able to discharge the design flood flow
(1, 504 n /sec) at the reservoir level of EL. 164,00 m,

pischérge*from the spiliway 15 calculated by the followlig formula.

c tﬁ -~ KR H r/?

1§

0. 9900

g

2.200 - 0.0416 (HdIH)

;4.23(%)

1+ a (*ﬁa)

¢ = 1.60

wheye4

: Discharge (1 504 mals)

: Overflow width (40 00 m)

¢ Ovérflow head (m)_ 

¢ Design head (164.00 — 157.00 = 7,00 m)
we;r_height'(é.od m)

1 Constant

¢ Value of C when H = Hd

: Coefficient of shrinkage -

: Nuaber of shrinkages ( 3 X 2 = 6 )

R - w;.o-

09900§

cd = 2,200 - 0, 0416{Hdlw) - :
, 0.9900
- 2.200 - o. 0416(7.00/4.-00) - 2,128
s 14 Za { »-)
c z: 7 1.60 :
14+4a { ﬁa )



. .~ 1+ 2a
2,128 = 1,60 1% a

2,128 + 2.128a = 1.60 + 3.20a
'1,072a= 0.528
© 0.528

a = '*1—‘-6—)-2- ‘-‘0.‘4925

- 1+ 0.9850 (B/ua)
s €= 160 x 552975 (A/RA)

[2R{0])

- 167
i T
L lts'fvj
. 164 . _?:I64.00m
- 163 - '
- 162 £
L e gl
- ys0 'S
- 159 b
- 158
L 157 w2 157.¢0n |
_ £
10.00 _| {. 10.00 10.00 10.00 a
250 250 250 M
¢ 15300m : : s

-7 —



The Spillway Rollng Cufve

Fig. 2-18

length £40m
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Table 2-12 Water Level and Discharge Volume

3§i§§“22§é1 H () ¢ Hin& K B-KNH 5131_2 2
() (m) {n?/sec)

157.00 0

—iSiaSO 0.50 | 1.656 | 0.07) 0.125 | 39.63{ 0.354 23
15‘5.90 1.00 | 1.705 ] 0,16 | 0.110 | 39.38 | 1.000 61
153f50 .50 | 1,753 { 0.21 | 0.095 39.}5 1.837 126
'159;§0' 2,00 1.797.| 0.29 0,075 39;15  2.828 199
159.50 250 | 1.89 | 0.3 | 0.070 | 3895|3953 [ 283

' 160.66- - ] 3.00 | 1.879 0.45 0.055 | 39.01 -';-196 381
160. 50 aso | e 0.50 | 0.045 sé.qsc 6.543 490
161.00 5.00 | 1951 | 0.57 | 0.035 39.16 8,000 611
.16{;50 4,50 1l935 0.6; 0.030 1 39,19 | 9.546 743
162:00 | 5.00 ;é.ﬁls 0.71 0.025 | 19.25 | 11,180 885

:"icé}so 5.50 | 2.046 f6.79 0,020 ! 39,34 }12.899 | 1,038
165.99 6.00 | 2.075 | 0.86 | 0.015 39.46 14,692 | 1.203
163,50 6;5b- 2,102 | 0.93] 6.013 | 39.49 |16.572 | 1,376
164,00 7.00 z.ﬁa‘ 1.00 | 0.010 | 3%.58 |18.520 _1.550
164.50 7.50 | 2.15% .1.67 0 40.665 éo.sa@ 1,769
165.00 s".OO_ 2,176 _'1’.141‘ 0 0,00 122,627 | 1,969
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2.6,2 ﬁtilling Basin

The hydraulié«juhp type horizontal apron equipped with sill

is adopted as the stilling basia in view of the topography of thé pro-

jeét site.

(1)

The discharge is assumed to be 0 = 1,504 m3fse¢

Basin width . B =35.000n .
Hydraulic calculation of the stilling basin

‘g 1640
g 1570
g 1530

1) Raptd-flow depth of the basin hy,

hy -
0.95 B V2gH -
whefe;

© 21,504 6sec
B : Basin width = 35,00 m

¢ : Dischafge_to be handled by the stilling basin

H ¢ Differénce of elévation between deslgn flood level
and basin surface

= 164.00 - 70,00 = 94,00 »
g t Acceleration of gravity = 9.8 m_ls2



hy = - : = 1,054 o
0,95 % 35.00 Y7 x 9.8 x 94.00

- 11) Sequent depth of stilling basin, hj

S S O 7
h, = > h1 {1+ 8 Pl

]
F N Y1 SR | I
L okw . Bn
whére;
Pl_: Ffoﬁde'éjkumbef-ﬁf rapid flow at the inlét‘of the
basin
-Vt Velocity of rapid EIOH at tbe inlet of the basin
(a/s) ' B
qQ : 1,504 m3lséc
hy £1.054m
B : 35.00n §
15 504 00 . 5 12.68
F, =. .
1 35.00_ /93:;(1054)3
hy e —;- 1,056 (/15 8 % (12692 - 1) = 15,40

The ead sill is required because the watet level downstrﬂaa of
the dam (BL 78.7 during power generation) is beneath the
sequent depth (14.20 + 70.00 = EL 84,20 m). (Refér to the
stége:diécharge curve of the spil;kay);?”r o '

i11)’ Required sill height (d) :
; - e o ST DEF LR e ay o

4 Q2RO ATERT G FSHY _3,2

by 14+ 4 Flz. -.¥1+8 ?12 R 21




where}
d ! Required sill hefght (m)
hy ¢ 1054 -
TP, P 1268 ®

4. 4221637 A ¢ 8x 12,682 - (145 x 12.68%) 3, 265203
- e Tz .
1+4x 12.682- /1L + 8 x 12.682 -

o>

9.43

9.43 x 1,054 = 10,00

="
|

iv)  Required apron‘leﬁgth‘(ﬂs} R

I
4.5 x 18.40 = 82,80

o

Cheshash

* The apron is designed with Ls = 83.00 m.



2,7

Intake

The svbmergence depth is an important aspect regarding the

design of the fntake. It is determined by carrying out hydraulic model

test,

2,7.1 Hydraulic Model Test

e))

Foreward

The primordial condition to be taken inté consideration in
desigiing the intake is to guarantee the requited discharge.
Therefore, the intake shall be designed with' the required cross i

section. Furthermore, measures shall be taken in order to prevent

»suspended sediments, driftwood and undesirable Baterials from

entering the Intake.

The uost faportant Eactor that deternines the cross section of the
intake is the velocity of flow at the screen. Cross section A is
given by the following expression uhen the speed of flow V is
assumed to be 1 nfs. ‘

=

On the other hand, the relation betseen the width B and thé height

B of the intake is normally comprehended between the following
limits.

B/H =1 to 3.0

The velocity of flow inside the penstock ¢onnected with the intake
is normally on the oxder of 4 to 6 ofs. Therefore, the cross
section shall be shrunk to approximately 1/4 to 1/6 betwéen the
sereen and the inlet of the peastock. When the cross section
changes abruptly, the flow lines become discontinuous, thus cads—
fng formation of retardation areas that are not oniy cdusé{vdftexes,

but also increase head loss at the fnlet.



(2)

Jéigiiitude'ctitefia

Therefore, the gradual shrinkage of the cross section shall be
taken into consideration with sufffcient care both on the ground
plan and in the longitudinal section.

In the eXperimenfs celated tpfthe intake, it is necessary to take
into consfderation not only the effect-of'the'gravity bup_elsoithe
vigcosity, -surfaée tension and other physiecal propertiés of water
as factors contributing to the generatiOn of vortexes. However,
the réquirements of similitude teferriné ioifhe grevity;'eisedeity,
surfaceé tension and other relevant aspects can not be satisfied at
oné time with a_éingie model.  Therefore, wé décided to make the

model as large as possible in order. to aégaté the influences of

. the viscosity, surface tension, etc. of water.

In the present experiment, the model of the upper daa is construct-

ed on al: 36 66 scale, the ﬁodel of the lower dam 13 constructed

-on a i 30 scale and the experiment is conducted by applying the

Froude s similitude criteria.

By coincide Froude's number of model with actual structure, the
hydraulic wodel is as follows.

Froude's Number = v
/gL

o Upper Tekai

Scale of model } 35,66 _

1 1
Velocity p,
i e > )
Discharge S d—l——i x 235 @3fs = 30.95 tfs
s 35.66 5.66° -

e Louer Tekai

| Scale of model :p;%il-

3 : i i
o 1 1
D Velodity R ettt X1
TS |
pischagge v L ox <L xsowds - 1623 s
/30" 30



- Therefore, the various magnitudes of the model and the actual in-

take are related as follows.

Uppet Intake : ‘ Ldgér_tntske,
Length s 1 1/35.66 ' 1/30
Velocity of flow :t v | '175.97 ' - 15,48
Discharge T g 736495 afs 1 16.23 &fs
13)-'Exberimént squisséﬁt - iﬂ*"i.‘ -

"% The tank used to conduct the experfiment ‘of the intake model 1s a

(4).

“concrete block Structure of 21 m length, 3 n width and 1.6 m height
~and watér is supplied by means of a 150 mm caliber ‘pump having

= 50 L/sec discharge. ~ The upper dan’ intake model was ‘constructed
at the c¢enteér of the tank, while the lower dan intake model was

"constructed at the extremity of the tank. The discharges are

-controlled by means of valves provided at the intake pipes of the

nodels and are measured at the discharge measurement weir.;
Experiment resvlts
1)) Upper dam intake

a) State of flow

In the upper dam intake, the pocket located bebind the
screen is small, Consequently the velocity of Elow is
rapid and the water surface is characterized: by violeat
disturbance. This violent water surface disturbance helps

to supress the generation of vortices.-

When water flows into:thé'intake uitﬁ.tank Qatér"at a-
standstill {pump stopped), there occurs formation of
vortices accompanied with” éir. Hater of thé Tekai Daa 1s
expected to attain_g high §ggree of stlllﬁesS'in view of



the scale of the dam, Accordfingly, vortices are expected
to oceur more frequéntly than in the present model experi-

b) Proposed feprovément

- The upper dam intake has a large effedtive depth of ap-
proximately 10 m. Accordingly, the use of beams is pro-
posed as ‘a means to prevent the geéneration of vortices in
the intake. The beams have 1 m width and ave evénly spaced

‘ at L'm pitch. Part of the center pier is extended up to

* the upper part of the inlet and is used as an intermedfate
girder. Details of the aforementioned arrangement are
shown fa Figs. 2-20 and 2-23,

After the implementation of the aforesaid improvemeﬁt iﬁ
the intake model, the resistance against the flow of water
is iﬁéreaséd dué té the newly Installed beams. Conséquent-
1y, thé:flou_pf_watér entering from the upper part of the

. .intake tower inlet is reduced. The state of flow ia the
faterior of the tower s considerably improved and the
vorticés disappear completely., Furtheredre, no vortex was
observed in front of the intake ¢ven when the rate of dis-

charge vasriﬂcréased.
11) Lowdr dam fniake

a) State of flow . .

The lower dam intake is constructed with a 60’ inclination
”_at the upper patt of the inlet for the purpose of prevent-
:iﬁé ihe 0ccurrence of vortices. On thé ground plan, the
two side walls are projectéd normally to retain the stop
ﬁlogs.j Rater flowing into thé fntake [rom outside the side

" walls e conveyed to the center ‘of ‘the intake by centriiugal

— 8 —



(5)

force,  The space comprehended between the aforesaid flow
lines and the side walls become a retardation area and a

small whirling flow takes place therein.

b) Proposed fmprovemént

A guide wall consisting of stop logériﬁstalléd inside the

side walls projectéd in the normal divection was provided
- fn the model for the purpose of reducing the ¥etardation
'atea, (Pig. 2-22,-2-23).

The state_ofIEIOH was considerably ipptévéd_ﬂué to the
_insértion of the aforesaid guide wall and the undesirable
whirling flow was elininated. '

Consiﬂetation

Many studies concerning vortices occurring in ordinary intakés .

- havé been carried out, Tt is found that vortices ave not generated

whén thé ratio between the subnéfgion’déﬁthlﬂ of the intake and
the diamétetr D of the intake’ pipe is' comprehended ulthin the

" following" limits.

H_[D > 1.5 to .5
However, the vortex generation mechanism is ndeSiﬁple and vortices
occur even whea HfD * 20 if there is a plane whirling f}oufiﬂ the

tank,

On the other hand, vortices do not 0ccut “bven whén' the' depth of

- the intake is seall if the discharge is small i e., {Ff the speed
of tlow at thé inlet is saall The velocity oE flov of water

passing through the screen uas apprOximately 0 5 to 0.6 afs ia rmost -
power station intakes constructed in the past.; HoueVér, vortices

are likely to- occur in power stations constructed recently as the

speed of flow is approxinateiy 2 times larger, i e., approximately
1 n/s.



Alr 1s carried into the tunnel when vortices are gencrated in the
intake. The problem cauvsed by the air carried together with the
vottiees ia negligible when ‘the VOlume of air 1s small However,
'air bubbles accumulate at’ the upper part of the tunnel at places
uhere the tunnel has a variable gradient and when the tunnel is
relatively long. That “accunulation of air at the upper part of
‘the tunnél reduces its ¢ross section and obstructs the flow of
_water. . The genération of vortices shall be reduced as much as
;_{.pe_esi'b__le_asi_tl_:is‘_eentribntes to generation of vibration fa the

,turbine-and afr hammer.

Hany methods to prevent vortiees have been devised owing to hydraulic
experiments carcied out in the past, 7The principal méthods for

preqention of vortices are as follows.

a) Prevention of vortiees by means of fleats 'ﬂ“Fig - 2-24.
b) Ptevention of vortices by nenas of inclined plate Fig. 2-25.
e) " Preveation of vortices by nieans of beams ' ' Fig. 2-76.

- There are teonvariatiqns,in method a), f.e, in the first variation,
the eatet_surfaee_ghe?e eertices;take place is covered with floats
fqr,tne,pufpose:qf p:eventing snetiQn of afr; in the second
__vitiation! several hollow pipes are intérconnected with links- and
ateffloated for the purpose of preventing rotation of the water

3urfaee.

‘In nethod b), an inclined plate is installed above the intake in
;Lthe foru of an overhang and the angle of inclination does not
7 exceed 60°,

Tne eechanisa of genefatiOn of vortices comzences with small
_whirls on the-water surface of the intake which is initially at

‘a standstill. ‘The revolution speed of these small whirls increases
gradually, aided by the fléw in the vértfcal direction. They thea
~grow ia the fora of large vortices coantaining an air cone at the



(6)

center,

‘The installation of an inclined plate above the 1ntake ls the best

method to prevent VOrtices, because it fot only contributes direct~

.ly to prevention of surface whirls, but also eliminates flou iines

1n the vertical direction required to generate the vortices.

fethod &) consists of Instaliing sévéeral conéretéd béams with

‘re¢tdngular ¢ross sectiond above the fnlet of the intake'intét.

Thesé béans ¢ontribute to prévent the otéurrencéd of vorticés by
slowing down the velocity of flow in the vertiéal divectién in areas

where the vortices are likely té occur.

Conclusion

Heasures to prevent the occurrence of vortices have been taken in

"the intakes of the tuo dams as a result of experiments with
hydfaulic models._

- In the upper dam intake, thé occurrence of vortices s préevénteéd
by instaliing ‘beams“of 1'm ¥ 1 & créss séctidn with 1'a pitch above
‘theiinlet up to the Eénter piér,’ I€ was confirnéd that thesé

beams éOntfibute"t65reducetthe"rétéfdétioﬁ 4Yea in the iataké and.
makeé’ possible obtainmeént of the prescribed rate of discharge fa a
safe add veliablé way.,

. Inithe lower dam 1ntake, the occurence of vortlces 1s prevented by

installlng the guide Hall “And’ 1nc11ned upper plate uas conflrmed
to:be useful to keep smooth flow ulthout a vortlces.\ (Refer to
Fig., 2.3.4) '
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Section of Intake Model ( Lower Tékal

Fig, 2-23 Oam }
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Fig, 2-24 Prevention of Yortices by Floats

N HWL

., Float Pipe -




Fig. 2-25 Prevention of Vortices by Iaclianed Plate

CE
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¥ig. 2-26  Prevention of Vortices by Beanms
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2.7.2 Mater Depth of Existing Intake

Table 2-13 ~ 2-18 indfcate the values of intake subnergence
depth 1n existing fill type and concrete gravity type hydroelectric
power stations, with exception of pumped storage power stations, The
values contained in the tables are 1llustrated for the intake c¥oss
sections.

The smallest value of submergence depth of £i11 type dams
anong these data is that of the Esterito Power Station of Brazil (HZIDZ
= 0.38); while the largest value is that’ for the TedorigAHa No.l Power
Station of Japan (H,/D, = 2.3). In the ¢age ‘of COnctete gtavity type
dams, the smallest value is that of 1lha Solteira, Brazil (HZID = 0.66),
while the- largest value 18 that for Tagokura, Japan (BZID = 2.3),

The submergeuce depth can be more clearly be examiuing further
examples of dams, but thé examples ptesented in the following tables
(approximately 20 cases) ‘indicate that the submergence dépth HZID is

approximately between 0. 5 ‘and 2 0 ia most oE the cases,

Typical intake eross section

LWL

Vi,V2,V3 ¢ Average velocity of flow
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2.8 Pressure Tunnel

2.8.1 Type and Layout

- _Three al;ernativés referring to the configuration and layout
of the pressure tunnel were studled in the economical points of view,
- Alternative 1
Three turbine & generators with two pressure tunnél  (two tunnel

aftér bifurcation of one tannal)

- Alternative 2
Two turbine & generator sets with pressure tunnel of one and two

after bifurcation.

- Alternative 3

'Tuo turbine & generator sets Hith headrace tunnél and penstock

with surge ‘tank
The specifications of each alternative are as follows.
(1) Two pressure tunnel plan

a) Unit 1, 2
Inner diametér 6.0 m x Length 479.887 m.

After bifurcation Innér diameter 3.8 m x Length 40.379 m
{CGenerator No.1)

Inner diarmeter 3.8 m x Length 46.155 n
{Generator No.2)

b) Upit 3
Inner diaﬁetét 3.8 o x Length 589.711 n

After gradual contraction : Inner diameter 3.8 m x
Length 34.000 & {(Generator Ro.3)



(2) Single pressure tunnel plan (Inner steel lined waterway)

» Before bifurcation: Inner diameter 7.3 m x Length 634.506
° After bifurcation ¢ Inner diameter 4,6 m x Léngth' 43.852 m

(3) siogle pressure tunnel plan (Headface tunnel -and penstock with
surge tank) o ' o ST a
°© Headrace tunnel : Inner diameter 7.3 m x Length 370 n
¢ Penstock-. - L . o R
Before bifurcation Inner diameter 7:3 nx Length 152. 592 0
After bifurcation : Inner diameter 6.0v4.6 m x Length 95 207 m
e Surge tank .
" Port dismetér 19.5 & x Height 43.85 m
Orifice diamcter 4.7 m

~ The construction costs of the 3 alternatives are conpared tn
the folloving table. As can be seén from the table, the single pressure

tunnel plan (2) (Tonér steel lined tunnel) is the uost pre[erable one.



Table 2--19

Cbmpatison of Preéessure Tunnel_

(Unic ¢ M$)
Altérnative| Pressure Pressure Headrace Tunnel
Tunnel
Geng?asor 3 | generacor,2 | & Penstdck with
_Dia; .. " - )-Surge Tank
,. Lénath' D=6.0n %=524m| D=7.3m D=7, 3m
1t - D=4.7m 2£=63Im| 2-578a £=593m
Turnel Excavation P o Lol
3 {Hoxizontal) 3,425,400 2,819,900 1,156,500
g " (Inclined) 704,000 737,000 * 555,500
i: Plug Concrete (Horizontal) 3,841,000 2,622,000 1,122,400
g " (Inclinéd) 621,000 667,000 395,600
§ Reinforcement Bar 374,600 | . 291,100 . .226,000
Sub-Total 8,966,000 .| 7,137,000 3,456,000
o | Tunnel Excavation - = 2,326,850
3 | Lining Concrete - - 2,415,600
e ]
g Réeinforcement Bar - - 1,162,150
Sub-Total - - 5,904,000
Shaft Excavation - - 1,721,500
X Open - - 453,150
% Concrete Shaft - - 1,538,700
H | Refnforcezént Bar - - 1,383,850
< : :
el . .- Comnon - - 28,800
& |Oven Excavation g ™ - - 759,000
E Sub-Total - - 5,885,000
- |orinaing 670,960 247,000 623,480
& Grouting 733,100 386,750 922,000
‘;3' Contact Groutfng 525,000 367,500 414,750
§ Hiscellaneous 14,000 7,750 16,770
|  Sub-Totad 1,743,000 | 1,007,000 2,027,000
o |stesl Pipe . = . o
i R o o
5 Sub-Total 17,550,000 | 16,200,000 7,236,000
Access Road - - 100,000
Access Tunnel (L=150n) 1,316,000 | 1,316,000 1,310,000
Total 29,569,000 | 25,654,000 25,918,000
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2.8.2 Pconomical Diameter of Pressure Tunnel

(1) Outline

The inned diameter of thef'ﬁré's'suie”éhnﬁe1 16 détermined from the
economlcal point of viéa by comparing the construction cost and
the benefit caused by the head loss.

(2 R_e's'dlts

7 fhe optimum valié ‘of the inner diameter of thé pressure tunnel ig ? _
- &onsldered 7.3 m, from Fig: 2:21.7 The inereasefdecreasé of benefits

h_and costd corresponding to each pressure tunnél diameter are listed
. in Table 2-20,

Table 2-20 Increase/Decreasé of Benefits and_Coété '

(nic': 100 w3)
. Inner Diameter D () 3 I
Item . — X N HGE IO
: 5.0 { 6.0 ] 7.0 | 8.0 |[9.0° | 100!
iﬁEIQASéIdecfease e L o « Al ﬂi , -é
of benefit . 88 [-7.83 | 0 | 3.00 | 36| s | 536
Anetease/decrease o | o097 | o | 07n | 148 ] 2.37 | 550 |
‘of cost ‘ o : L _ SR T
a8 - ac -0 |0 ] 209 2.6 | zes | “1ies

{(The standard value of faner diaméter is 6.0'§f;
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Fig. 2-27 Relationship between Internal Diameter
' of Plpe and AB, AC, and AB = AC
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{3) Methods of comparfson

Hhen the facreasé and decrease 1in benefits and anaual costs by chang-
ing the internal’ dfameter of an pressure tunnel of a certain refer-
ence faternal dfameter are deffned as AB and AC, the intérnal
diameter which makés the value of AB - AC the largest is the most

economical internal diameter.

AB 1s obtained . from head 1osses and AC is obtained from consttuction

costs according to the respective formula shown below.

= (AKWh) x (Unit price of benéfits péer KWh)
+ (AK®) x (Unit price of benefiis per KWh)
= AXWh x 0.190 H$/KWh + KW & 242,7° MS/KW
where) - o

AKWh

9.8 x ng X 10 x 3.6 x [Head loss)

AKM = 9.8%n.xQ " x ;_ " ]

N Combined efflciency 0.87

AC = [Increment/decrenent of constructiou cost]

x (L + interest dutlng consttuctlon) ® (Annual cost rate)

= [Incresent fdecvement of'coﬁstruétioﬁ cost]
x 1.2 x 0.11586 |

16 this study, an internal diameter of 6.0 m uaé ﬁséd?as reférence.

—10¢ —
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Specifications of the pressure tunnel

© The length of the pressure “tunnel is 578.358 o and bifurcates at

534,506 ‘m from its inlet.

The standard cross section of the pressure tunnel for

determining the optimunm fnner diameter i#s shown in Fig. 2-28.

' Thé ¢aléulaeions are carried out for & cases, f.e., 5 m, 6 my, 7 n,

8 m, 9mand 10 m of inner diameter,

° The design head is 85, 2 o hydrostatic pressure and the water-

hammer préssure is assumed to be 30% of the hydrostatic pressure
(26.56 m).

° Other_details éféjspgcifigd as the oécasion démands,

' Fig. 2-28 Cfoss Section Studied

®=4,5,6,7, 8, 9and 10 o)




{5) calculatton of beﬁefits S o

) The head loss is calculated first 50. that the benefit is calculated
by méans of the expression described . in section (3);

i) ’Head loss (Turbine discharge Q = 235 0 m3ls ’
;The head loss is calculated by means of the understated
expression

Beshg thgEngh,

Total: head loss (m)

i"Hra:::u:l 1685 ‘die o friction (w)

¢ Head loss due to bifurcation (n)
: Head loss due to bénd (m} -
4 :’Other héad losses

T ..

C -

a) Head loss due to Friction )

2

=g L, Y
P TfTp g
f = 12&.5 m2

1/3
th}e; \

£ Frictibﬁ'IOSé'Eoéfficieﬁt

L : Exteéasion of the penstock 578.358 =
. D : Penstock diameter (m)

vV : Average speed of low 1a the penstock (=/s)

T

¢ Hanaing' § rougbgess coefficient = 0,012

i



b) - Head loss due to bifurcation (hri)

where;

EB ..

o ! Average speed of flow in the penstock before

bifurcation (mfs)

¢) Read ldsé_aﬁé to bend (h ;)

. hr3 =

-

o

.
I

f ‘f B

= 0.131 + 0.1632 (

v
28

“bl b2

®|o
SN

a° 172

= {gpe)

between the

~ angle O has an arbitrary valué and the

1oss when the céater angle fs 90°.

(o/s).

- 1071 —

¢ Bifurcation loss coefficient = 0;5‘

¢ Coefficlent of loss détefminéﬁ-by the retio
radius'of'tutvatu?é p of tﬂé
 bend and the penstOck'diémetef D. The
:cénter‘angle of the bendishall be 90°,

i Ratio betweea the loss when the bend ceater

Aﬁétége velocity of flow in the penstock



4) Calcuiatibﬁ.résuits‘r

The values calculated by usidg thé'afbféstatéd expressions
are listed in Table 2-21, The telation between the inner
diameter of the penstock and the h-ad loss is shown in
Pig, 2-29, .

Table 2-21  Head ioéé

(Uit i o)

Innef Diameter D (n)
5.0 6.0 | 7.0° | 8.0’ |“9.0 |10.0

Head 1lbss due ' U . 1 N
to friction (hrl) 8.564 | 3.239 | 1.423 | 0.6%9 0.372 }0.212

Head lbss due , . PO E o o
to bifGreation (hrz) 3.531 | 1.703 0.91?. _Qf539_ 0.336 | 0.221

Head lbss due

o g ) | 3.787 | 1.952 1.165 | 0.782 0.575 q.z.sz
Othertlbssés _' | : ._ . . R :7 "-‘, o Lo -

o hena | 2218 1076 | 0.573 -] 0.340 [0.203 | 0.135
Totalt -~ .. 118.100 | 7.970 | 4.080-| 2.360 |1.490 | 1.030

' Tﬁrbinéldi&thargéirQ ='235.0 m}ls




Hesd Loss (m)

20.0 [

15.01

10.0

5.0

Fig. 2-29  Relationship between Internal Diameter
of Pressure Tunnel and Head Losses

Q= 235.0 pi/s

o 1 1 1 ' k
5.0 6.0 7.0 8.0 9.0  10.0
Internal Diameter D (m)




i1) Benefits

: Thé ﬁafiétidh-oflghé'ib§§ of Bééé“ﬂh_céiéﬁlatéa by éésuming
a referéice tnner diameter of 6,0 m 15 presénted fn Table 2-22.

Table 2-22 Variation of the Head Loss

Inner Plaméter (m)

Head Loss {(m)

AH (m) -

>0 .o 18:10 —1@.13 :
6.0 7.97 | ’;,

70 4.08 389
8.0 | 2;36_ ;?5.61 ta
970. 1.49 : 4.48

10.0 1.03 6.94

The increasefdeécreéase of benefit ﬁB catculated by seans of

the expression presentéd in section (3) fs listed in Table 2-23,

Table 2-23 IncréasefDecrease in Benéfits

Unit

Inner Diameter D (ﬂj

5.0 |6.0] 700 | 8.0 | 9.0 |10.0
A B 03 | o | s | s.er | 648 | 6.0a
Axwh 108K 26,22 | o | 10.07 | 24.52 1@.?7 1?.95
axw | 10%w 19,95 | o' | 7.66 11,05 | 1276 | 13.67
Axvh x 0.190 | 10M$ -4.98 o | nar | 2.76 5.19 3.41
Ak x 190.20 | 10%$ -2,85 ] © .09 | 1.58 -'ﬂ.sz 1.95
AB | 106us -7.83 ] o | 3.60 | 436 | 561 | s.38

— 10—



(6) Calculation of annual costs

The quantity of steel pipe and the volume of civil works for each
different fnternal diameter were estimated and the construction
costs vere caleulared. Thus, the increase and decrease in annual

costs vere obtained.
1) Weight of steel pipe
2) Study on pipe thickaess
° Desigﬁ‘ihterﬂal-pféSSure :
The desxgn internal pressure shall be the sus of the
hydrostatic pressure and the water-hammer pressure.
Here, the uater hamﬂer pressure is assumed to be 30% of

the hydrostatgc préssure, |

-

. Hydtostatic pressute ¢ Mo = 157.000 - 71.800 = 85.200 n
] Hater—hamaer pressure : Zo = 85.?@0 x-0.3 = 25.560 n
Haximum'desigﬂ 1ntérnal pressuré ¢ Ho + Zo = 110.760 n

The design internal preSSQre‘fof each poiat ¢an be

obtained by the following formula.

H=H &2z ©
% x
H : Design interamal pressure for each point
LW Hydrostatic¢ pressure at each point

Z_ : Water-hammer pressure at each poiat

Here; Zx is assumed to be largest at the center of valve
and zéro at the starting point of pressure tunnel, and to
‘changé linéarly in proportion to the tunmel length in-
. bétween.



» Pipe thickness

As the material for penstock, steel material for welded
construction (S¥41) is to be used.

1hé'folléwing formula is uéed,in:célcuiating thé pipe

thickneéss.
to=——““2’°+€)+e
Oa
where;

to ¢ Pipe thickness: (ca)
SR Design 1nterna1 pressure (kg[cmz)
Dg_i Internai diametér of steel pipe (cm)

e EXtra thickness against corrosion and -
' ‘abrasion = 0:15éa ©

0, i Allovable’ ténéilé streds = 1750 kg/cal

Howevér, this is provided that the valué shall be not
" 1¢ss than the miafcusm pipe thickaess indicated by the
following formula. . |
. po + 800
t= 0 L {=") I
Calculations are made for the cases of pipe diimetér -

(Do) being 4 m, 5o, 60, T, 8o, 9= and 10 n.

~112—



¢ Height of steel pipe

The following formula is used in calculation.

W= (e + 207 - po?) vys &
H =W L
where;
®' : Weight of ivon pipe per 1 o (t/m)
H : Total weight (t)
Do : Interinal diameéter (m)

© & Pige thickaéss (m)

t
L f; } Unit geight'by'Volume of steel paterial
T 7.85 t/m R

t Extended lengtﬁiof;pipeliﬂe

Preaium rate of jron pipe volume due to

accessorfes = 1,14

) Calcuiaglon'fésults‘

The pipé thickness and steel pipe weight obtained by the

above formula are shown in Table,Zfﬁﬁ.

Table 2-24  S$teel Pipe Weight

Inner Diaméter Average Wall Weight of Steel ‘Total Weight
<o w1 | Thickness  Pipe per Meter of Steel Pipe
(=) (em) (t/=) (3]
5.0 7. 17.698 . 2.189 1553
i 6.0 | 21356 - S 3an | 2280
S0 el om0 | ades 2975
Coso el oces | sz - 3761
9.0 29.637 | 6.600 4682
100 os298 | sas 5786

i § kA



11} Volume of civil works for construction of penstock

a) The volume of civil works required to construct the pen-

stock with ¢ross section shown in the figure below is

caleulated for funer diameters Do of 4m, 5n, 6n, 7 m,
8m 9 mand 10 m. ER '

Lt

b 2

Upper semi-circle

Intermediaté éross
section

Base of penstock

_ Table 2-25. 'EgppafiQOn of Civil Horks'péf:Unit'Lehgth of Pénstoék :

_ Ihqer Diameter D {a)
Unit [|— 3 - - — — T
i 4,6 | 5.0 6.0 |72.6 8.0 | 9.0 | 10.0
Bxcavation | w3 | 30.887 |35.070 |46.619 | 59.973 | 72.924 | 91,515 [109.777
concrere | o | 14.268 [15.436 |18.617 | 21,488 | 26,648 | 27.898 | 31.237

it § £ S
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b) The total volume of civil works required t6'00nsttﬁct the

pressure tunnel calculated from the volumes of work per unit
length are shoun in Table 2 27,

Fable 2-27 _ Total Voluze of Civil Hoéks for Construction of the Pressure Tumnel

o, . inngtrﬂiaﬁétér' -'ﬁ“(é)
Itenm T:"ik"f Unit R o T s TN
¢ | 50 | 60 ] 7.0 | 8.0 | 9.0 |10.0
Funnel . 4 7
excavation _
Horfzontal | m3 :|19522 |25338 | 32029 {39533 | 47870 | 57042
inclined v | 3132 | 4169 | s3ss | és90| 8172 | 9303
_—— : - : — | . E
concreéte ) :
Horfzontal | " | 8470 | 9938 | 11451 |13009 | 14609 | 16254
riclined o | 352 |ae13 | assz | 2139] 2444 S 2136
Refatoree- 1 e | e | eo| 3| 8| 2] e
Groutiag ‘ . _
Driliing | o | 1867 |-1867 | 1867 | 1867 | 1867 1867
Consoli- 11 T R R
datfon v | 2801 280] 280| 280| 280 280
| grfout s - o b o
Contact . | 3 | ¢34 |- 983 | 1027 { 1059 ] 1086 | 1106
grout - ) E ‘

— 116 —



it1) Pressure tuonel construction cost

The ost Eor cohseruction of the pressure tunnel is calculated
by wultiplying thé volumes of civil works and the quantities of
steel pipes with the réspective unit costs, for diameters
varying from 5.0 m to 10.0 at 1 m steps.

Table 2-28 shows the unit pricés used to carry out the afore-

._said catculation.

. Table 2-28 Unit Prices

Unit Price=s {H$}
Tunnel eicaVafion (horizontal) 86.5/a>
Tunnél excavati§ﬂ“(inéliﬂed) 110.0153
Plug concrete (ﬁérizOntal) 230.0[&3
flug concrete (incliﬁe@), . 230.0/w3
Reinforcement bar o 1800.0/t
Drilking E 130.0/n
Consolidatioﬁ grout 7 1350.0/¢
Contact grout i'rli30.0lm3
Steel pipe - Sdﬁd,OIt

Table 2-29 presents the pressure tunnel construction costs.

Table 2-29 Total Preéssure Tunnel Construetion Costs

(Unit : 105/3)

. Inner Diameter D (=)

5.0 6.0 | 7.0. 8.0 %.0. | 10.0

Construction ¢ost 13.97 | 19.49 | 24.62 | 30.16 | 36.53 | 43.98

- Hni—



Pressure Tu'nnel‘Constructiog Cost 'C_lQE‘.M$) '

- 50

40

© 30

20

10

Fig. 2 30 Relationship between Internal Diameter -
of Pressure Tunnel and Construction Cost

Vieo U 0

5.0

6.0 7.0 80 9.0
interaal Diameteéer D {m)
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iv) Annual c¢ost
The increasefdecrease of the pressure tunnel construction cost
calculated by assuming a reference inner diameter of 6.0 m is

presentéd  in Table 2-30.

Table 2-30 IncreagefDécrease of Construction Cost

 Unit 106M3
Inner Diametéf Preséufe'tunnel ’;22223:zlgﬁﬁzzisgogitfuction

(m) Construction Cost | cost -

5.0 13,97 i -5.52

6.0 19.49 : 0

7.0 2462 5.13

3 S 30,16 10,67

9.0 36,83 | 17,04

10.0 53.98 24.49

Table 2-31 presents the increasel/decrease of annuval cost (AC)

caléulated by using the expression given in section (3):°

Tablé 2-31 IncreasefDecrease of Annual gipenaitﬁié )

St ot N
1nnéE hia§etéf xm) Aé;(106u$)
5.0 o -0.m?
5.07 ' ’ 0
7.0 0.71
8.0 1.48
9.0 2.37
10.0 3.40

— 19—



2,8.3 Calculation of Watey Hammer Pressure

Q) Opening and rate of discharge

The valve :ls 3SSUL‘§ed to cut off the flow within 16 seconds.

2 -_]
‘5117.5
.

- (1]

-

Gt M

‘o o

e

o un

i3 o

Time :(séc)

(2) Upper reservoir water lével and lower reservoir water level

Upper ;es’erv'bir watér level: S.WM.L, = 164.0 m )
Lower r‘.e:servo_it water level ) L.W.L, = 70.5 B
(3) Kumerical valués of the watet\;ra'lj péramététs
" .(Upper ‘storage’ o ' S R (Lq'.}er' storage
reservoir) S _ L T reseivoir)
| B 444962‘“ i =4j0.0"
;D= 730 oz heM -
A = 11000MYs A = 11000"YS LWL=705
i = 0002 }f = goo3 *
|- al3 852
‘o< B.e™
A= 1jrooo™s
“les jooos

— 120 —



- {4) Results

{Unit : EL )

16(s) Tinme(s)

Pressure Bifurcatfon Turbine Center
o _ _ Maximum | Mioiaum Maxinun ¥ininun
Cut Off Conditfon Value Yalue Yalue value
g,
"Sg' 185.000 | 143,258 { 187.268 | 140.897
Gk .
H
a3
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2.9 DPiversion Tunnel

The diversion works are designed by assuming that the flood
to be handled 1s equal to the 100-year probability €lood discharge. It
is platned that the diveérsion channel construction cost will be cut
down by making use of the surcharge capacity of the coffer dam. The

basic speclfications of the diversion works are as follows,

+ Plood discharge to be handled 100—year flood
(peak flow —‘2 700 m3ls)

° Spécificétiéds of Ihe diversion tunnel

rCross séction configuration : Standard-hthEShée shape

,Inner diameter t 8 n

Leng;h $1 716,68 m 2 717 n
Inlet elevation : EL 75.00

Outlet elevation : EL 72.50

(1) Cglculatioﬁ'of discharge
fhérdisqhéfgé is'célculated by means of the following expréssion.

Q=hA.v

J 2. g AR

V= [ _ L
. . ¢ L
1+ fo + fb + f ]

where}

Discharge (m3ls)
Velocity of discharge (n/s)
.Acceleration of gravity (= 9.8 stz)
Head difference (m)
: Coefficient of loss due to the inlet (= 0.2)
fb ¢t Coefficient of loss due té bend and curve (= 0.125)
L R . _ 248+ pn?
f R | Coefficient of loss due to friction (= R T L)
Coefficient of roughness (= 0.013) R

w - L

=
-

]
&

2
-



R : Hydraulic radius (= A/P)
L : Waterway length (m)
Perimeter {m) -

A=Al -
P = POH -2,. 30 ‘ r(:I
where:

30.= rad 0

Sin(90°- 9,) = 2

D
pETE A

‘>.
F

v}
§

= 60543 b ro

(2) Diversion channel Hétét:léVel Versus d;écﬁargéiffétél_
vy H -

- ELB83.00 . .
P 8050
EL 75.00 =

R 7250
T17m




Table 2-32 Calculation of Discharge Volume

R Au. h ?ij P A R ftg v Q
75.5 b |-3.5 | 2.636 | s.082 | 4.115 Jo.s10 |3.147 | 3.310 | 13.6
76.0 -3.0| 2,419 | 6.8211 6.433 |0.943 | 2,568 | 3.548 | 22.8
76.5 | | [-2.5|2.246 | B.205 | 9.331 3ii37 [2.001 | 3.8387] 35.8
7.3 1-1.3] 1,955 110,530 | 16,337 |1.361 [1.334. | 4.202 | 69.7
78.0 “1.0 | 1,323 | 11.984 | 20,023 | 1,729 | 1.145 | 4.456 | 89.2
79.0 0 | 1.571 |13.606 | 27,939 | 2,654 | 0.910 | s.682 | 130.8
80.0 | 2.5 | i.0]1.318 |15.627 | 35.835 | 2.294 [ 0.785°| 4.819 |172.8
81,0 V2.0 h.0a7 | 170794 | 43,945 | 2.430 fo.727 |4.387 |211.3
82.0 3.0 { 0.723 | 20.390 | 49.446 | 2,425 | 0,729 | 4.884 | 241.5
82.2 3.2 0.643 121,024 | 50.456 | 2.400 | 0.739 | 4.872 | 245.8
82.4 3.4 0.555 {21.734 | 51.359 | 2.363 | 0.755 | 4.854 | 249.3
82.6 3.6| 0.451 | 22.564 | 52.132 | 2.310 | 0.778 | 4.828 | 251.7
" 82.8 3.8 0.318 | 23.632 | 52.737 {2.232 | 0.814 | 4.786 | 252.4
82.9 3.9 0.224 | 24.379 | 52.953 | 2.172 | 0.854 | 4.753 |251.7
83.0 f 4.0]0 26.172 | 53.072 | 2.028 | 0.925 | 4.666 |247.7
85.0 | 4.5 6.261 | 332.3
86,0} 5.5 6.921 | 367.3
88.0| 7.5 8.082 {428.9
9.0] 9.5 9.096 | 482.8
92.0 | 11.5 10.008 | 531.2
94,0 {13.5 10,8454 | 575.5
96.0 | 15.5 11.619 | 616.6
98.0 | 17.5 12.346 | 655.2
100.0 | 19.5 13.032 |691.7
102.0 | 21.% 13.684 | 726.3
104.0 | 23.5 14.307 | 759.3
105.0 | 28.5 14.608 | 775.3
106.0 | 25.5 14.903 | 790.0
107.0 | 26.5 15.192 | 806.3
108.0 | 27.5 N1s5.476 | 821.4
109.0 | 28.5 15.755 | 836.2
110.0 | 2.5 16.029 | 850.7
111.0 | 30.5 16.299 | 865.0
112.0 | 31.5 4 r 1 16.546 | 879.1

—121 -




The "water level versus discharge rate" curve of the diversion
tunnel is shOHn ia Fig. 2-34, 0On the otheé hand, the relation
between the peak flood flow and probability year is shown in
‘Fig..2354' - ; SRR SRR

When the calculations are carried out by assuming the lOO—year
1pr0bability discharge rate (peak discharge rate = 7,700 ) Is)
the maximum discharge of the diVersion tunnel beCOmes 850 mafs,

. and the maximu- water level rise becomesll0.000us.. Cénsequentl},
‘the elevation of the coffer dan is considered ELlll 500 by taking
_ a margid of safety of 1, 50 o. (Storage reservoit vind wave 1 2 [

o + _atgin of Safety 0. 3 = 1 50 m).A

— 128 — .



. Fig. 2-34 Watér Level - Dischargé Curvé of Diversion Tuanel
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Fig 2-35 Probable Flood Discharge
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