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3. DPesign of Pacilfties and Structure of the Lower Tekal

3.1 Installed Capacity and Generated Energy

3.1.1 Mead and Tail-Water Level

The head water level was set at EL 73,50, which is lowef'than
the ‘Lower Tekai Reservoir's H.W.L. of 75.00 by 1/3 of the effective
deﬁt@ of 4.5 m. The tail-water level was set at EL 55.60 €xom thé{
diséiarge capacity of the river. The relationship between the water
level and discharge according to actual river survey is as illust¥ated
in Fig. 3-1.

©3.1.2 Head Loss
i(l) {Head loss at intaké

%a) Head loss by inflow (ha)

; ,vz'
2

ha = fe '-ié*—

where; fe : Coefficlent of loss by faflow = 0.2

vyt Hean vé10city after inflow {(amfs)

40.0 ‘
90 x 90 x 2

vy = = 0.494 n/s

0.2 0.4942 _
ha=02% 7x98 - 0002 n

¥
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b) Head loss by screen (hb) :

v 2
el 1
hh = fr -é*g"—
. f¢ = Breind '-(i’i--)”’3
where) B ¢ Coefficient determined by the sectional form
of the screen bar = 1.60
8 ¢ Tilting aagle of screen = 63°26'06"
t ¢ Thickness of screen bar = 0.016 n
b ¢ Mesh size of'thé sereen bar = 0.15
v

L ¢ Mean vélocitjEin upstrean of sétéen_(als)
= 0494 ofs '

fr = 1.60 x sin (63.435°) x (0.016/0.15)%/3 - ¢.072
hb = 0.0712 x ;‘Oi494

7% 9.8 - 0.0009 m




c¢) Head loss due to gradual contraction of section (he)
he = fgcx-—-‘—-—

fge ¢ Coefficient of loss by gradual contraction
V2

(13

Mean velocity after gradual contraction

0 ‘= 24°47' 26"

Ay < 8D +90= 8LoOm
TAy =504 50= 20w
A A= 0309 o
fgc = 0023

o apo ;
V2 = 5o x 5o - 4600 afs

b - oo x IO oo
=0023 X 579,38 = 0.003m

d) Head 10ss at intake (hl)

ha + hb + he
= 0.002 + 0.001 + 0.003
0006 @

h

1

{2) Head 1loss in penstock

a) Read loss by friction (ha)

2
. v
ha = £-L+ 5o

£ : Coefficiént of friction loss
124.5 o2

£ =
0413

....lx_



L : Exténded length ¢f fvén pipeline (m)
D : Diameter of iron pipe (m)
V ¢ Mean velocity in pige (m/s)
n : Coefficfent of roughness = 0.012
] 1 ' ) ‘ v2,_ . )
1 5.0 0.0016 | 2.037 | o0.212 | 11.6%0 0.004
2 | 298] 009 | 2.631 | 0.353| 12,055 | 0.008
(4.4) e 1 ]
S YR N D e R
4 %*(3¥2)§ 0.0026 | 431974 1.262 | 12,055 0.0490
s | 2.6 | 0.0031 | 7i536 | 2.896 | 10.950 | 0.098
Tota 0.154

b) Head loss due

to gradual contraction o

f section {hb)

2 .
_ vy
hb = fpgb « ——
8 2z
fgb 1 Coefficient of 10sé due to gradual contraction
V, 1 Mean velocity after gradual ¢ontraction (m/fs)
No 8 D,(a) | D,(m)] A, ( 2) A, (a2) A /A f Vyo{ufs)| hy, ( )—T
. : 1 2 Il Rir 2/ | feb | Vytars) ] hy, (m
1 5°42'38"| 5.0 | 3.8 | 19.635] 11.351] 0.578] 0.001] 3.527 | 0.000
2 5°42'38"[ 3.8 | 2.6 | 11.351| 5.309| 0.468] 0.001] 7,534 | 0.003
Total 0.004
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¢) Head loss by curvature (he)

- ‘vz-: :
he = fbl X sz X_Tﬁgf o
f,y ¢ Coefficient of 1l6ss determined by the ratfo
between the radius of curvature P and pipe
‘ ‘diaméter D (¢/D) .
fbi t Ratio of ‘1osées between each céntral angle of
c¢urvature 8 and the céntral angle 20°
© ¥ & Mean veloclty in’ pipe '
e o T 3 Pl BN ;

1. | 13.000

4

.4 | $3°01 487 | 0.139] 0.768 | 2.631] 0.353] 0.038

2 | 13.000] 3.2|s3°07'48] 0.134] 0.768| 4.974] 1.262] 0.130
Total 0.168

d) Head'lﬁssriﬁ’penstoékrfﬂé)u.

h,

It

ha + hb + he

0.154
0.326

¥+ 0.004 + 0.168 .-



{3) Head loss at outlet (h3)

a) Abandonment head loss of reaction turbine (ha)

2
vy

ha=f86'§'g-'

fse

"

2
A
a - GH)
P N 2
£sé i Coefficient of loss by quick expansion
- Vy t Mean'velocity before quick expansion (m/s)

= 2.000 nfs

AL, e Cross sectional area of £low before and after
quick éexpansion

S.’_m(':e él << Aﬁ ; f.se‘ = 1-

o 2,000% nose,
‘ha‘_,= 2 _x_9.8 - .':.'.'20!' :
. b){:Head,loss at outlet Kha)

hy é'ha‘é'OLQOA_g"‘

"(4) Total head loss

Head loss at intake (m) 0.006

Head 1644 at peénstock {m) _ 6.326

‘ Head loss at outlet (m) - ' 0.204
Other head losses - (m) 0,164
 Total S 0.70

— 13—



3.1.3 Power Generating Capacity

(1) 1Installed capacity
The installed capacity is calculated as f&llows;r'

P=9.8xQxH¥n

where; Q : Haxioun discharge (= 40 m3/s)
H : Effective head (= 73.50 - 55.60 - 0.70.= 17.2 n)

n ! Comprehensive efficiency of turbine and geénerator
(= 0.87)

P-9sx40x172x087 5355 5,800 kv

(2) Generatéd énérgy

The generated enérgy was calculated using daily discharge -data by
 the mass curvé and reservoir water level frOm 1961 o 1981. The

average annual generateéed energy of 20 years was 40.3 GWH. HMonthly

varfation was rather small, the average maximum and minimum outputs

having been 3.8 GWH in January and 3.0 &G in Sépt&éﬁé};ﬁ}eé§éctivély.

The monthly generated eaérgy is shown in Table 3-1.,~

— 10—
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3.2 Design Flood

The design flood dischargé was determined
s as to cope with thée highest probable discharge which occurs only
once eVery I, 000 years. The discharge voluae was obtained by a simu-
lation study which takes into account surcharge of the Upper Tekai
Reservolr in addition to the probable flood discharge from the remain—

ing catchment uhich oéccurs only once every 1, 000 years (Refer to Reéport
on Hydrology)

Flood!dischéfge factors are as follows:

" peak flood discharge ¢ 1100 /s
Kaximum water level : EL 79.00

3.3 Deslgn Sedimentation

Refer to 2.3.

3.4 Design Seismic Inteasity

Refer to 2.4."



3.5 Dan Stabiliry Amalysis

(1)  Basic da_ta ¢n dan

Type of dam B B :;: " eonedéte’ gravity dam
Pam crest elevation N Ové;flwaSéétigh' ' .EL'TS 000 m
' : Non—overflou section EL 2 81.000 q'“:
Normal high water 1éve1 ' U BL 75.000
" Low witer level S - o EL 70500
Design flood watér level EL 79.000 w
Design sediméntation level - _ .EL 63. 500 m-
Downstream water level ' Noraal stage -'HlbéiWSS 500 w

. Flood stage ) ~ EL 62.700 @

{2) Design water level

Studies will be made for the following two cases:

"{Under normal conditions)
Rormal high water level + wavé-height by wind + wave - height
by earthquake

(In the_case of flood)
Desiga Elood water level + wave- height by wind + wave - height

1) Wave-height by wind (hw)

hw = 0.00086yL 1g0+45

whére; bw : Wave-height ()

V : Wind velocity = 30 afs
P ¢ Fetch (8) = 800
0.00086 x 30"t x 800%+4%
0.3 m

*e
-
i€

L}

— 14—



11) Wavé-height by carthquake (he) -

_ 1 Rt T
he = 3 ' g g'Ho
where} he i Height of wave by earthquake from the water

level of reservoir (m)

b

Design seismic intensity = 0,10

(13

Cycle of seismic tremor (seec) = 1.0 sec

Ho : Water depth of reservolr of normal high water
level = 30,000 m

-.- he

01x1.90 . ATE%30.0

iii) Design water level
Designrwater.levéié reésulting from the above ¢calcutation are:
(Under normal ¢onditions)
EL 75.000 a + 0.73 4+ 0.27 w = EiL 76.000 n

(In the cide of éarthquake)
EL 79.000 n + 0.73 m +0.27 u = E 80.000 nn

(3) Vétiﬁﬁé'ﬁuﬁéflégirval@éé”hséﬁ in the above calculation:

W 1 Unit weight by vOluae of dam concrete
_Plaia concrete 7 _ _ 2.30 tlm
y Reinforced concrete _ ' 2,40 tfm
Wo ¢ Unit welght of reservoir uater 1.00 tlm3
Y ¢ ﬁnlt weight by volume of silted deposition in water

— 155



Unit weight by volume of silted deposition in the
airg

Yo = 1,80 t]m3

" Porositys -
.n = 0.4
MY %Yo - ¥o (1—n)=120tlm
Ce ¢ Coefficient of'ééfth-prééﬁﬁfe (ia swater)
._1""51“200 T L "_i.;'-'
Co = 32000 = 0.49 £7°0.5
U : Uplift

k 3 Horizontal seismic intensity
Water-filled state 0. 10
Empty state o 0.05.

Pd : Dynamic water-pressore by earthquake

According to the formula by Westergaard;

Pd =<5 ¥o + k + mo? - 1P, ya = 0.40h

where; Ho : HWater depth fropm, the surface of dam
foundatién to the high water level (=)

h : Water depth from the high water level
to each section (n)
k : Morizontal seismic intensity

yd : Height from each section to the pofnt
- of action by the resultant force of
. dynamic watér préssure (m)

s



G i Allowable unit stress of concrete

Allowablée unit comptéssive stresg dca = 70 kglcm2
Allowablé_péit tensile stress ota = 3 kgfcm2
Allowable unit sheaving stress 1ca = 25 kglcm2

fc & Coefficient of intérnal friction for concrete = 0,80
T : Shearing strength of rock bed

Ceneral part 20 kg[¢m2

Weathered part -10 kglcm2
fr ¢ Coefffcient of internal frictien for rock bed - 0.70

(4) . symbol
" Symbols used in this calculation are defined as follows:

'Height 0f concrete daﬂ body

=

el

Height of pier in overflow section

]
"

t Seismi¢ force of dam body acting toward downstrean 1n
water filled state

L]
-

Seismic force of dan body acting toward upstream in
empty state

Seismlc Eorce of pier in the overflow section acting

F' H
A " toward downstream’ in water-filled state
Pi t Seismic force of pier in the overflow section acting
toward upstream 1a esply state.
LR Hydrdstatic pressure acting in the upstrean

vy ¢ Vertical load by hydrostatic pressure of upstrean
vy ¢ Vertical load by sedimentation in the upstrean
E t Horizontal load by sedimentatlon in the upstreanm

U & Uplife’

-



Pd : Dynamic wate¥ pressure by earthquaké

" ¥o Afm length from dam axig (Y axis)

yo i Arm length from each section '
M : Homent by external force

£¥ : Horizontal resultant force

Ly

[

Vertical resultant fqrce

IH : Résultant moment

(5) sStability caleulation

Calculation of the Stabiliiy of dan body must be carriéd out so
as to satisfy the féollowing conditions against éxternal EOrce and
its dead weight on horizontal section and the contact area of the

dan body and the fgundat;pnsrg;k_ped:

* To be safe against sliding.

® Yertical tensile stress is not generated at the end of
upstrean. e "

"o’ Comprehensjve’ stréss’ and Eéﬁ#i}ébétxésétéh;ﬁid‘hdi be exceeded
the allowable strésses. T

Calculation was carried out on the cross~section of the overfloa
section for the three cases of normai high water level “design

flood water level and the empty state.



32000

Fig. 3-3 Stability Calculation of Overflow Section

during Normal High Water Level

Hydtdétat ic

_Y Dam axis
500, pier

pressure design
gwater level:: mggJ

g HWL 75000
| 1
p i i
L |
o I i
i '
] i .
, | 1 \O
£L 63.500 .| : " a
|
I I 1 _
| : | y TW.L 56.500
K= i | {
(=)
2 ' | 1
P 1 1
¢l | < i 4. §
! I ' o
i |
] [
EL 43.000 1 1
3200§* 42003600} . 21300
32300
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1) Exteranal force and dead weight

a) Dead weight and nmoment of dam body

W (tfo) X Wex y

H-y
a 320 X 32.00 X 1 x 230 = 117760 —1'.;567_ 196306 10.667 | 1256.146
b 420X (3200 +3140)X3X230 = 305.222- ;.554’93' 457.189- 15856 -| 4853619
¢ 360X (31.40 +27.80)X 3 X 230 = 245.088,° 5364 1314.652 fu.é_i‘si 3631714
d 21.3.0 X 27.80 X %x 230 = ego.ﬁéij 14300 | 9_'::31.74‘2 9267 6:;10.466—
‘l.‘otai _,—"1;350.031; ) 11313.277 '__15(:)51.945

B

EWex 11313277

T T T rsoom 0 830m
By 16050945 ¢
YT T T T 1603 - 180m
i “1 (t/m) x (o) = H;’i(m/ﬁ)
1350.031 - ‘8350 | 1i3132

b) Seismic force and mément on dam.bcdyg

* Migh water level state :
F o= Wk = 1350031 x 0.10 = 135.003 t/m

. * Emplty stateée

Pt = W ¢

1 = 1350031 =x

°;,_1‘__’ = 61.502 t/m

o



High water level state Empty state

F(t/m) | y (a)- H {tm/m) F' (t/m) |y (m) M (tofm)

135.003 11.890 1605186 — 67.502 11.890 — 802.599

¢} Horizontal force and moment of hydrostatic pressure

p

Il

! L2
153 W {h + hw + k)

%x 1.0 x (3200 + 0.73 + 0.2?)2 = 514500

P, (t/m) y (m) H (tm[m)

544.500 11.000 5989500

d) Vertical forcée and moment of hydrostatic pressure

v, = %_x 320 x 3200 x 1.00 = 5L§00 tim
g ' '

4 .

v | x| ey

S1200 0 | L2733 | — 138930

e) Horlzoatal force and momeat of sedimentation

‘ ™
S

(hs x Cé X ?) x hs

Nl Q] pes

L (205 x 0.5 x 1.20) x 205

il

12&075 EIE
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E (t/m) y (@) - "M (tefm)
126.675 ‘ 13.?567’-”: . 1723.061 -

£) Vertical force and pomént of sedimentation

v, = —%-x 205 x 20.5 x 1.20 = 25215 t/m
v/ | x @ | H (easm
25.215 —~ 3117 — 78.595

) Upiift and aoment

3.800

3] . 7
. — -
O
of
o ~

B R P R

™ %(:3200 -12.60)+1260 = 16.480 t
10.214

v - -;— x (3200 + 1648) X 7.30 = 176.952

% . (1648 + 1260) x 25.00 = 363500

= 50452 t/m
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u (t/m)

x (m)

H {tn/n)

— 540.452

10211

— 5518.555

h) Dynamic water pressure and moment by earthquake

X . L. ] s
=k ok
=é«1£x040xmm%x3m&‘
= §9.733
‘pd (:tlm) ' y (m) H (ta/m)
59933 12800 | qée882
i) Weight and moment of pler
W, (t/m) x (m) " (tonfm)
12.000 0.500 6.000

3}) Seisaic force and moment on pier

Empty state

Fa (t/m)} y (m)

H {tn/n)

r; (t/m)

y (@) | H (tafu)

1.200 38000

45.600° — 0.600

38000 | — 22800




k) Total;of-ekterﬁal force and dead wefght

° High water leével state

@+ (DHEOHEHD

(B)+(c)+(e)+ () 4(5)

Résultant
ronent (ti/m)

£V (t/n) | IH, (tw/m) | EH (tfm) | BM, (te/o) | SH-SM#ZH, |
897.99¢4 | 6582197 ‘865511 | 10127.935 15710.132
+ Emply sltate
V ) (b) 3 (j) Resultént

(a) + (D)

noment’ (tinfm)

ZV‘ttlmj

M, (ta/n)

IH (t/n)

EH, (ta/n)

: IH=E HV+E)|H

1 362031

11 319.277

63.102

825399

12 144.676

— 54—




i1) Stability calculation

a) Stability against

£eLV + 1°b
IR

where}

3 o A o~

sliding
=n> 4,0
qufficient of fnternal friction = 0.70

Sﬁeéting strength = 100 tfm2
H Léngth of séction (w)

.t Safety Eactﬁf against shearing friction

o High waterflévél'statg'

TIV (t/m) i;obj (c/m) f-Eyn‘-b (t/m) | =R (t/m) n

628.596 3230.000

- 38585696 866511 45

o Empty state

f‘-;:v (¢/m) ] 1 (/)

foxvtion (efm) | snesm) | n

953422 | 3230000

| s1s34z2 - }. esn0z | 614

As above, f > 4.0 so that.tﬁe'StaBility aﬁaihét'siididg

is assured béth in the high water level state and the

emplty state. -

_'155...



b) Stability agatnst tumbliag

y
.l B
- 3. - _,-: '0.)
—s_ LM o \ ¥
x = w— e
IV &
! Point of
action by
.| résultant force\ . .. . |
‘_ B T
RN JERY IR X
a-agoo} x| e
¥ea¥x' |
b= 32300
s High ﬁgtef level state R
T B e I=ureen o Femron B T
M (tafu) | IV (t/=) ' @ | x (@ |3b@ | 3b (@
15710.132 897.954 - 17.495 ' 2‘.295-. 10.767 21.533
o Empty state .
' oy ] = 1, l"2 —
4 (to/n) v (t/m) x* (m) | x (w) b (@ | 3b (w)
12144676 . | 1362031 go17 | t2m7 | 10767 | 21533

The point of action by resultant forcé is within the
piddle thivds so that stability against tumbling is

assured,




c) Stability against compressive stress, etc.

rd

Pu
where; e
pd

(13

. beg

= G
Distance from the center of section to
the point acted resultant force (m)
Unit comgtessive stress at the downstream
end {t/m?) S :

Pu

Untt con ressive stress at the upstréam
end {t/mé) :

o Righ water level stgie

v (t/m) %? (tfm?) _,é (=) ﬁéf. Pdrftfmz) Pu (t/al)
891995 | 22802 | 5145 | oose 514 2

° Empty state
we/m) | Eam | e@| &2 | ra wed | po cad
1362031 | 42168 | —3433 | —oe62s 153 69.1

The largest unit coapressiVe stresé'is-génerated at the

upstrean ead in the empty state.

As its value is 691

tl- . both the ground bearing forceé and the unit stress

of concrete are adequately assuréd.
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Fig, 3-4 Stability Calculatfon during Flood

Pam axis

Hydrostatic —Pler

pressure design

gwater level 79730
gl TFM.L79000

g

<

. EL 75.000 .|

36,000

COEL 43000

i |
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a | | |
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3 s z ' Ny '
saceasaireel | NN S (G ihe
o . time o -2
| i i g TW.L floed) 62 700
| i I
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1) External force and dead welght

a) Deéad welght and mément of dan body

W (t/e) | x| wx y "y
a 320 %X 3200 % % X 230 = 117.760 |--1.667 | —196.206 | 10667 | 1 256.14_&
b 420% (3200+_3l.40)x%x230 =306222 ] 1493 | 457.189-| 15850 -| 4853619
¢ 3.60X(31.40422.80) X %x 230 = 245088 | 5365 | 1 314.651; -14.318 3631714
d 21.30 X 22.80 X 3 X 2.30 _ 680;2?61 300 | 913742 9.261' 6310.466
Total 1350.031 li_ala.én 16651.945‘

Evex  11313.277

T w " Trssoea ., S3%0m
E“oL - i6051.945 _ . _
S YT 1350031 ~ .80 e
W, (t/m) % (w) H (ta/m)
1350031 - | - 8380 11313277

b) Seiswmi¢ for¢e and moment on dam body

Not céonsidered.



c) Horizontal force and moméat of hydrostatie pressure

Py =2t Ko (h+ )

It

1

Ly1.0x (3600 +073F=67516 tim

2

by (e/m) y @ | #em

era546° | 2243 | sasmaer !

d) Veffiéai fdrn‘:é and moment of hydrostatic pressuré

vy :%x 360 x- 3500 % 100 = 64800 t/m

vy (t/n) x (=) | M (eafw)

61.800 —2600 | = 168480

e} Horizontal force and moment of sedimentation

(hsxcex‘f)xhs

m
]
]t

;—n .

= (2&5x05x120)x205

126075 tfm



B (c/m) f y (@) M (tafo)

126076 13667 1923067

€} Vertical force and moment of sedirentation

V. = %— x 1.85 x 18.5 x 1.20 = 20.535 t/m

2
vy (t/m) x () M (ta/m)
25,215 — 3117 — 18.595

g) Uplift and moment

o
oo
o.
S

| ' '.u._ )
_ -y

I \

™~

1870

36.00

1(3600 -1930.)1 19.70- 2295 ¢

11538

V= %x (3600 + 2286 ) x 730= 215204

-;-x' (22906 ¢+ 1970 ) x 2500 = 53325

748454 Vfm
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U (tfe) % (w) H (ta/n)

— 748.454 11.538 — 8635662

h) Dynamic water préssure and moment by earthquake

" Rot-considered.

i)}.ﬂbight and moment of piér

¥, (t/m) Cox @ | H (e
12000 | o.500 - 6.000

1)) Seisnic forcé sad moment on pier.

Not considéered for the state of the desfign flood

water level,
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k) Total of exteraal force and dead weight

@)+ (D) +(£)+(g) +(1)

®F M) | Resultapt
LV (tfm) EHV (rtmln) EH (t/m) EHH (ta/m) EH:-EHV-EEHH
703592 | 2436510 | - so0e21 |- 9981534 12418.074
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i1) Stability calculatfon

a) Stability against

£+IV + T*b

where;

EH

a oo o= om

sl iding

Zay 4.0

: Length of section (m)

o Design flood water lével state

Cocfficient of fnternal friﬁ;ibn = 0,70

Safety factor agafnst shearfng friction

£+Ev (t/m)

T*b (tfm)

£ Evit b (t/m)

452534

3230.000

3722513

4.6

As above, n > 4.0 so that the stability against slidihg
is assured both in the high water level state, and the

eapty state.
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b) Stability against tumbliag

<&
o N
T v ~
! point of
action by
_ resultant force
(1 N
I 'l - TR
a=3.800 x
. x=a¥x' |
b= 32.300
M Go/m) | v (/o) | 2@ | T @ | 36 %b ()
12418074 70&592- 17.650 20450 | 10767 21533

The point of action by resultant force is within the
niddle thirds so that stability agaiast tusmbling is

" assured.




c) Stability against compréssivé stress, ete.

pd
Ly - bre
Pu
where; e : Distance from the ceater of section to
the point of action by resultant force (m)
Pd ¢ Unit comgressive stress at the downistrean
end (tlm ‘
Pu ¢ Unit compressive stress at the upstreanm
“end (tlmz) '
i . i, .-, Lo . . L
£v (t/m) %‘i (t/a?) e (m) | L;}"- "pd (t/a?) | Pu (c/ud)
703.592 21,783 5.300 | 0985 3.2 0.3

The largest unit compressive stress is geémeratéd at the

upstream end.

As fts valué is 432 t!mz, the ground

bearing forcé and the ualt stress of concrete are ade-

quately assured.



3.6 Spillway

3.6.1 Spillway Discharge

_ The spillway should allow flow down of the design flood dis-
charge of 1,100 m?ls at the reservoir water level of EL 79.00.

o D _ EL81.00
{EL76.4 ;:I“f?ﬁ??“{yg?o !. | EL76.0D

£163,5

14,0008 |14, Goo 14,004 | 14,00d |14, 000
1,500 1,500 1, 500 1,500 1,500

Overflow discharge

:Cd (Br~ x.N.H) : 32

Q

cd 0.990

2.200 = 0. 0416 (Hdlw)

‘s Central part of épiliwéy

0 99 .
_—-2200—00&16 x(ll 5) = 2,185
o Eachfsidé of spilluay ]
L o i 0 99 -
Ccd = 2.200 - O. 0&16 x (55— ='2.190

125

_Q=zlssxmox3-ooax6x4)xz.’
: 21905{(!40:{3-002):6:-:3)x33l2
g = 1,195 (aals) > 1, 100 (msls)
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3,6.2 Stilling Basia

Hydrographic calculation {s cavefed out for dissipator
in the event that Q = 1,100 mjls flows down., The spiliﬁay of this danm
is 91.5 m wide at overflow portion and 50 0 m wide at the stilling basin.
As it s impossible to obtain the precise hydfographic volume at the
stilliag basin, approximate calcvlation is carried out by assuming a

chanitel width of S50 n COnsidering safety side of design.. .Detafled .
réview is lefe to hydrographic experiment in the Engineering Stagé.

The water depth’ h1 at’ the inflow portion of the stilling
basin can be obtained by the Eollowing foruula.

- h, = 9 —
72 (M + 1 - hy - hy)

wheréj - 'd. :Diséhérﬁe'bef unit width

W

Hedght £26m thé surfice of dam apron to the crest -

of spillway

. H: .t Water head of overflow Do

s hj .Friction head loss at the downstream of dam which
can be calculated accotding to the following formula'

[

;‘ﬁén
ki 0. 02 &~ + l)
© Approximate value of H is caléulated by assuming a channel width 6f750_

m as follows:

H = (cha)2’3
_ (1100 1100 )i’3'
RS
:* 5 Y :hﬁ o .
< (1100:50) -2 m3lslm
“ = 75.0 - &7.0 = 28.0

hg = H x 0. 02-— (— +1) =50x0.74 =37
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22
Y196 x (28 + 5 - 3.7 = hy)

r.,
i

i 0 93 o
The moan veloeity of tlow at this time v, = a/hy = 24 ufs
Froude number Fi’= 7.9
Accordingly, the water dépth_hz éfter hydravlic jump is:
hy S5 ‘ L
:hi = Eé'( .3F1? +1 - :!)=;;—9'9 .-

The water level &t the terminating end of hydravli¢ jump on the assump-
tion that free hydraulic jump takes place isi

BL 47.0 +9.9 = S6.9m ,

Meanwhil?; the downstrean watef levél ﬁheu Q 1,100 m3ls flows down
is FL 627 m according to-the stage—discharge curve.‘

Accordingly, the watér lével ‘at'the terainating end of
hydréulié jump when ‘4’ frée hydraulic jump is aséumed to ‘také place at

| the time: Q= l 109 o Is flows down is lower by 5.8 m from the watér

level offthe river in the downstream pf the sti}ling basin: ~ Thus,

fréee hydfaulic jump will not take ﬁlaée but suﬁgérged‘jump is antic¢ipat-

ed instead. Digsipation, however, is also poS#iblé by submerged

jump. © ' D Lo '

As fo¥ the length of the stilling basin,
Ly = 4.5 hy = 4.5 x 9.9 = 45 m'(approximaie):

is planned for the initial design by applying the experinental foreula
for the:length of free hydraulic jump. However, this will be teviewed
later by hydrographic experiment. e R B L



3.7 Intake

In designing the inlet, its form was determined by conducting
hydraulic model test. - The hydraulic éxperiment and inlet form ave dis-

cussed in 2.7,



3.8 Penstock

3.8.1 Type and Layout

The penstock goes through the concrete gravity dam and is led
to the power generating plant located immediately below. Aé for the
nunber of uater turbide and geneérator installed capacify is 5.8 HH which
can be operated 25-hours and loss of energy during the annuval maintenance

is not large. Therefore, one unit was adopted.



3.8.2 EcOnomfcél Biaméteiﬁpf ééﬁs;pég ‘

(1)

(2)

Contents studied

The internal diameter of the fron penstock was studied from the
two economic féctofs of costs, consisting of the construction
costs, and ﬁenefi;s, éonsisting of reduction in head losses.

Study results

From Fig. 3-6, the'éﬁtiﬁdﬁ“iﬁtétnal diarveter of iron pipe is 5.0
@, Table 3-3:1hdicates'the'decfeaSes and increases in benefits

and costs for each internal diametér.

Table 3-3 Incrémentsfﬂééremeﬁts'éf Benéfits and Costs

 (unie : 107 K$)

Iﬁyernél‘niametet D (n)
3.0 | 40| s.0 | s.0
Incrementéldeétéménté . :_ i
“in benefits, 4B 5 -08 1.8 ] 0 43
'!ncremeﬁtéldééreménts . .
in costs, AC _ -z =65 o ; 81
‘a8 - AC i -191 -2 | o. -38

(Intérﬁal diameter of 5.0 @ was used as:thé'standard)

— i3



Relationghip between Internal Diameter of Pipe

and AB, AC, and AB = AC

Fig. 36
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(3) Methods of study

When the increase and decrease in benefits and annual ¢osts by
changing the internal diameter of an iron pipe of a certain refer-
ence internal diameter are defined as AB and AC, the internal

diameter uhich makes the value of AB - AC the largest is the most
ecénomical internal diameter.

AB 1s obtained from variations fa head losses and AC 1s obtained
from variations in fron pipeline construction costs according to
the respective formula shown below.

= {AXWh) x (Unit price of benefits per KWh)
+ (AKW) x (Unit price of benefits per ¥wh)
= AXKh x 0,190 M$/KMh + ARW x 142.70 H$/KW

.uhere;
AEWh = 9.8 x “G x EO x 24 % [Variation in head losses])
et o . ) ) '
AXW ;9.8 X ng X Qmax.x | ]
g i'COmbiﬁédzéfficiency = 0.87
AC = [Incrementfdecrement in fron pipeline construction cost])

x (1 + intetest during construction) x (Annual cost rate)

[Increment!decrement in iton pipeline. construction cost]
x 1.2 x 0. 11586

A

In this Study, aﬁ inierhél_diameter of 5.0 m was used as referénce.

E]

—=1315—



(4) Basic datas assumed for study

o Extended length Of fvon pipeline o be 49:782 m, -

g3 For the cross section, the cross section illustrated 1 Fig. 3—7
was used as reference, and’ calculations wore made for the f0ur

" eases of 3 m, 4m'5a, and 6 & i internal diameter. '

o The design water heads are 21.5 m for hydrostatic preSSUYe and

F-30% of hydrostatic pressare €645 m):fér watér-hammér pressure,

s Data on othér ttems will be sSpedificd individuaily.

Fig: 3-7  Cross Séction Studied

(D=3, 4,78, ana ')

o
8

1000

1000

— 76—



(5) Calculation of benefits

A.The benefit is estimated from the head losses.

The head losses of each diameter of pénstock are shown in Table

3-4,
Table 3-4 Head Losses
Case : Diameter {m)

Loss — .| 3.0 .0 [ 5.0 | 6.0
Head loss at intake 0.005 | 0.005 [ o0.005 | o.005
.Héad loss at‘penstock - 0.826: '10.470 0.326 ?.255
Head loss at outlet ;._O.'ﬁ.olu 0.204 | ©0.204 b.?o&
Other head 1ois.s'_ o | o.065| o0.065 | o0.085 E0.065.

Total 1060 | 0.744 | 0.60 |- 0 529

— 1~




Head Loss (m)’

110 ¢
‘ _ Flg. 3_3 Relatiénship between Internal Diameter

‘ ‘ © of Pige and Head Losses :

100

o5
osof

025

3 1 i b}

kL4 4.0 50 60

Internal Diameter D {(m)



1{) Benefits

Varfations in head. lésses 8H when the internal diaketer of 5.0
m is used as standard are shown in Table 35,

Table 3-5 Variations in Head Losses

In;ernal.Diameter (m) Head Loss {m): Al (o)
3.0 1.100 -0.500
4.0 0.744 _0.144
5.0 0.600 0
6.0 C0.529 0.671

shown in 3 above arée shown in Table 3-6.

Table 3-6 7lncfease[ﬁecreaée'in Benefits

Incréase/decrease fn benefits AB caleulated by th¢ formula

2”Infefﬁai Diaéétér D {(u)

Unit -

N 3.0 | 40| s.0 6.0
] o --0.500 |-0.144 o | 0.071
AXWh 10%kwh -1494 | -a30 0 . 212
AXM KW - | a9 | o 24
Ao 0,190 T 10%ms T - | sa8s | a2 0 40
oot xis0.20| 100 | | 7| o ;
AB 10948 308 -89 0 43




(6)

Calculation of annual ceosts

The. quantity of iron pipe and the volume of civil works for  ¢ach
different internal diameter Qere estimited and thé construction
costs were calcoulated. Thus, the increéase and decréase in annual

c¢osts were obtained. : -
1) Weight of jron pipe
a) Stud} on pipe thickneSs
o Design internai pressure i i
The design internal pressure shall be the sum of the
hydrOStatic pressuré and. the water—haamer pressure.

Here, the water-hammer pressure is assuméed to be 30% of

- the hydrostatié préssureés - 0 . 0 Ly

Hydrostatic pressure : Mo = 75.00 — 52.000 = 23.00 »

Water-hameeé j‘éif‘é‘sis*-.mre‘:Ji o= 23100 %0.3 - 6,500 n

ﬁsxiéum design interaal pressufe : Ho + Zo QHQQTQGZE

“The design internal pressure for each point can be

‘obtained by the follouing formula.'
B=H +2
_ X X

B bésign fnterdal pressire for jeach. polat ..
Hx H Hydrostatic pressure at each point -

Zx :+ Watér—hammer pressure at each point

Here,'Zx”is agsumed to be iatgeSt'ai'thé'ééntéi‘of'vaiﬁé'
and 2éré at the starting point of iron pipe, and to
changé linearly fn proportion te the pipe length in-

between.



o Pipe thickneéss

As the material fdr penstock, steél material for welded
construction (SM4l) is to be used.

The following formuwla {s used in calculating the pipe

thickness.
to H(Do+£) e
20
whered

to Pipe thickness (cm) _
H { Design internal pressure (kglcm )
Do ¢ Ingerna}rdiameter of irom pipe (co)

£ ¢ Extra thickneds égainét'cortosiOn and
;abtasion = 0,15 ¢m

..Gaii'AiIOHable tensile stress = 1300 kgfcm2

However, this is provided: that the value shall ot be
less than the minieum pipe thickness fndicated by the
folléwing formula. T o
_. DO + 7800 . ._:‘ -
t= T @
Calculations are made for the cases of plpe dlameter
(Do) being 4m 50, 6mand 7 o
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e Welght of iron pipe

. The following formula 13 used in calculation.

w o= (Do + 26)% - Do) rys 1

¥ = W'lsa

vhére;
R o Height of iron pipe pef 1m (tlm)
W : Total weéeight (t)
Do ¢ Ianternal’ dianeter ‘(m) °
v 4 Pipe thickndds (m)
'5fg”f tnic ﬁeight by ‘Voluhe ‘of steel material
L .2.80 tfal C e
L : Extendéd' Iéngth of pipeline

c)) Céiédléfidﬁ fééults

" Premium Yaté ‘6f fvon pipé velume dué to

accessories = 1.14

The pipe thickness and iron pipe weight obtained by the

above formula are shown in Table 3-7.

— 18—



Table 3-7 Pipe Thickness and Iron Pipe Weight -

oo e o ahleso 23745 |26.797 | 3s.832
. Section (m) | 5y ea0 Ja23,745 |26, 777 |n38.832 | 49,782
sec“°?3; Distancel ‘14 cg9p |12.055 | 3.032 [12.055 | 10.950
dia. (m) 3,00 |3.0v2.6 | 2.6 2.6 2.6
_ t  (om) 10 10 10 10 9
D=3.0 1 |
W' (t/m) 0.738 :1 0.725 | 0.713 | 0.701 | 0.619
W (O | 9.835 | 9.983 2,466 | 9.636 | 7.727 | w40
_dla. (m) 6.00 *|4.003.4°) 3,40 [3.402.6] 2.6
ot | a2 2 1 9
4.0 I - 1
W (efmy | 1180 ] 1,002 | 0.919 | 0.83¢ | o.619
W (O 15.72% lais.007 | 3.122 |hi.sso | 7.727 | uw=s3
dia. (m) 5.0 5.6v4.4 | 4.40 5.472.6] 2.60
.t (em) 15 15" . 12 12 9
1}25-0 ) ’ ) B
R (t/m) 1.843 | 1.681. | 1.150 ] 0.98% | 0.619
W | 26561 |22.552 | 30975 [13.992 | 7.727 | ew=n2
dia. (@) | 6.00 |6.004.4 | 4.4 4.42.6| 2.80
ot () |17 17 |13 13 9
D=6.0 _ T T o
C oWt (etmy | 20507 |- 20473 | 1406 | 1.151 | 0.619
w o o | 33810 | 20,863 | 4.260 J1s.818 | 7.722 | zv=92




£1) Volume of civil work fot‘iron'ﬁipeiihe'

In the design section illustrated below, the required volume of
lconcrete for the cases of D betng 4,5 o, 6 m and 7 ‘o ’ave ‘shown

(in Table 3 8 allouing howeVer, 3% extra concrete. .

1,000

Table 3-8 Vélume of Concrete’

i 8 Y

) Iﬁtetpél_ni;meter_(ﬁ) _ Aé (n?) VoluJe of Concrete (m )

3.0 Carem ioi
a0 | amamT ) e
T s.0 i 29.365 | 1149

60~ | sz | 1399

— 18—



iif) 1Iren pipéliné'cbnstruétioh cost
The iron pipeline construction cost ig shown in Table 3-9,

Table 3-9 1ron Pipeline Construction Cost

(Unit : 10° uS)

Internal Diameter D (m)

3.0 4.0 5.0 6.0

Construction Cost 1194 . 1563 2034 | - 2617

Fig. 3-9 illustrates the telationship betwean the" internal:

diameter and the iron pipeline constyruction cost.



‘Irom Pipelinme Construction Cost (10; M8)

Fig. 3-9 Relationship between Internal Diameter

of Pipe and Construction Cost

Internal 3iameter

D (u)

3,000F
a000r
1,000

1 § . I .

30 40 50 i



iv) Annual costs

Table 1-10'shows the fncréase and decrease in the Lron pipeline

construction costé using the interpal diameter of 5.0 m as the

standard.

. Tablé 3-10 : IncreaséfPecrease in Construction Cost

Internal Diaméter

Iron Pipeline

IncreasefDecrease in 1ron .

o Am) an§tiu§§§93 Costs | Pipeline Constructfon Costs
3.0 1,194 -840
ho R “ant
5.0 "2_:‘,0"'31!. - . o
6:0° * 583

2,617

Table 3-11 shows the increasefdecrease in annuval costs AC

obtained by the formula déscribed in'(3) above,

: Table 3-11 IncréasefDecreasé in Annual Costs

PR

Iﬂtefnal Diameter (n)

AC (103 uS)

. 3.0

~117
4.0 65
5.0 0
6.0 81




3.9 Diversion Work

- In designing diversion uofki'the design flood discharge is
assumed to be thé probablé flood discharge which: occur oncé évery 10

years since it is the concrete gravity dam.

For Flodd run-off from the upstréam dam catc¢hmént basin, 675
w3 /s was assumed in consideration of the réservoir surcharge, and flood
run= off from the remaining catchaent basin was assumed to: be 200 m Is.r
—_Accordingly, in executing the construction of the lower dam, the flood o
- control function of the vpper ‘dam will be utilized $b that the discharge -
. to be covéred by the diversion work 9111 be 200 » Is, which is the
é probable flood discharge of once every 10 years.

For the diversion work, a c¢omparative stud} was made on two

plans; a temporary diversion tunnel and a sluic¢e diversion méthods, and

the sluice diversion method was adopted.

Table 3—12.Cbmﬁérléon'bfADiversién Tunnel and Sluice Diversion Hethods

R Diversion Tuanel fSlﬁice:ﬁiééiéion o
Tten Hethod | Hethod o | Remarks
Featurs Dia. 6'§ X | sheet Piling 5
eatures Length 295 m - Piversion Outlet
. ‘ L Lo "2 months + o Two séage-
€onstruction Time 7 months '3 months . | construction
Cost (H$) 7,153,000 | 5,078,000

— 18—



1

The structure of cofferdam

ngefé}i&i tﬁé'teﬁbdréfx'ébfférdaﬁ for sluice diversion will be as
follows; ' | ' o |

ca)
b)
c)

present)

"8

Coffering with earth

Coffering with conerete strycture

Coffering with sheet piling work (whea silted deposition is .

Other special cofféring methods (when silted deposition is

présent). The appropriaté method is selected aftér conparative
study of the conditions of the river.

Table 3-13 “Comparisen of Coffering Method According to the Conditions of River

Qrditionfoorering. oatopif | pifficulty Construction cost
Method Scope of Work Tine s
Coffering lAs river-bed| Can be Nosne 'Shdft:::: Not expensive,
with width is expected construction | but damage
earth small, period by flood

improper. heavy.
Aécéptable ~ : . T
only for
dovnstream
secondary ..
coffering )
X e, O (s) O
Coffering fPossible, Excellent | Uteost care | Relatively High cost
with : Jthough - o R '1s needed to| long as
c¢onérete:  fvery limfted ‘demolish demolition
allowance concrete of concrete
when width placed in takes time.
of water advance on
way 1s the right
considered. bank. '
'y o .- A X A
Coffering Coﬁdit;ons' Iﬁside Depth of Short High cost
with favorable filling silted construction
sheet than for earth, deposition, | period
pile concrete. ete. must | grain size, | possible.
be etc. are
considered | considered.
o o & O 4




The comparison table fndficatés that coffefiﬁgzﬁlfﬁﬁéheétiﬁile'
is advisable since the construction period of the lower dam is

limited as it must be buflt by utilizing the flood control function
of the upper dam.

The construction method for coffering with shéet pilfng work (double
wall steel sheet plling method; with fnnér binding work betweén -
sheet piles) is studied below. .

(¥ ,Design dischafée.

" Por reasons of safety, the*gfzbabié'fxdaa'aigehafgeféhiehfbccars
- once every 10 years was adopted Eor designing.: The remaining
catchment basia for the louer dam (c A. = 180 kmz) after Eilling

. the upper danm with. water is converted 1nto dischatge as.}

1,500 x 136’ o '53 .
—y .= ]
1,380 .~ 182 % 200 m'/s

(3) Calculation of discharge through the tesporary diyéféibﬁ?q%ﬁduit

Q= 260 m3/sec

I =1/1000 : :
n = 0.04 ‘ i PN ] o
. i . —1_ ﬁ “._]_.l- == ; /
S . = i C.S ’
‘::l: - ol R : § -?
wl i . A
) : L4 2 & TN B ) RECR-
. . 25-007 . ’: -.1":‘:—‘,;

On diécharge calculation,



Table 3-14 Calculatfon of Discharge Volume

Hétei Sectionél Wetted Hydrau- | Hydrau- | Flow Discharge
Pepth Area Perimetey | lic lic Yeloc- {Volume
) . Radius { Gradient | ity 3
h @ |? (@A (mz) S (m) R (=) 1 V m/sécq m”/sec
1 25.6 | 25.3 27.2 0.93 | 171000 0.75 | 19.1
2 l26.2 | s1.2 29,3 1.75 " .15 | s8.8
-3 26.8 77.7 31.5 2.47 " 1.44 |112,2
3.5 | 27.1 | 91.2 32.0 2.80 " 1.57 {143.2
4 27.4 | 1068 | 357 ] 3| o 1.68 1176.5
4.5 | 27.7 | 118.6 34.8 3.41 7] M 1.79 |212.4
5 28.0 | 132.5 -35.8 3.70 " 1.89 |259.6

(4) Determination of the séction Oflthe;vatefway

From the assumed section,ﬁged:in the foregoing discharge voluze

calculation, the section was caléulated to have a bottom width of

25 m, a water depth of 4. 5 m and a face of slope gradient of 0.6
{cut face).

As for the height of the cofférdam, the planned water depth at the
'ftraining work and’ discharging vork uas assuned to be §.5 m, and
0.5 @ extia height was allowed. '

The portion to.compensate for the head loss accompanying gradual

contraction of the water way width in the upstream was obtafned

according to the following formula:
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. Accordiugly, EL SS 0 T 5 15 = 60 15.

vy

e

(After gradual
7 contraction)

“(Before gradual
: cOntra'¢t10n)_

_Rovmally, it 1s deemed 'fthatjvl' 2 0, so that from
T i N
h, = (1 +£) 28

and assuming f = 0-5;

(1.40)°

= {1 + 0.5) x 2 % 9.8

=:0:15 (m) -

Thetéfore, thé héight of céffeddan fs: -

45 B 4 0.5m 4015055 15%m

_chever, in view of study results on the bypass uithin day of the
secondaty cofferdam which vill be descrlbed later, H H L. was, made
EL 60.7 n.
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(5) Review of the temporary diversion condust within dam

It fs desirable té make the water head larger and the section
smaller i{n deciding the section of the temporary diversion conduit
within the dam. Also, when a plural number of temporary diversion
conduits within the dam are to be built, it is desirablée to provide
a difference of elevation fn the height of theiv beds to facilitate
closure.

As for fts section; the conventional semi-¢ircular Form For the
uppér part and the rectangular form for the kower part are satis—-
‘factory..

Its sectfon and the position to be installed arve reviewed in the

following.

::The overflow séction is as illustrated below.

~100.0
| 67.0
- 50,0 47.0

As the elevatiaﬁjéf?théitivé;'béd'Is hpéraximately 55.0 m at pre-
sent, the height of bed of témporary diversion conduits within
the dam is made EL. $5.5 @ €0 as to prevent entry of sediment.
The channél gradient is made level to facilitate work.
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The section {s as 1llustrated below.

<Al

4.07

U A=14.28 n?

4.0

When the levee ¢rewn of thé secondary cofférdam:is-aligned:te the
levee crown of the primary cofferdam, the maximum water;level will
be:

55+5.7_= 60._7
As the centeér height at- the ‘outlet "of temporary divetéién'cdﬁdﬁit

is 57.0 m, the difference of water head will be:

60,7 - 5?‘0 = 3.7 m

- vy 5

Béeraoulli's theorem is applied between Pofnt A and Paoint B

2 2
Vi Py V2 P2 -
apr gg tg H 377 e gty tless

2g - W
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Since {t may be deemed as V, = 0, and also assuming that P, = P,,
2
V2
3.7 = 1.1 x — + loss
g
1f we consider that loss portion consists of inflow loss and

friction less,

2
) . V2
Inflow 10:5'.5 S he = _f_é‘_ 25 .
v 2
=025
o 2
_ _ _ : V2
Friceion loss he = £ ° 5
. | § 2p
; .20’ _ 2x9.8x (0.0
7 R1/3 13
= 0.0033
T '0'3‘_.\’22
vo B T 00033 5
* From the aboveé _ ,:fi _ R
: 2 . : .

L V2 a2 R 7

14.28 x 7.5 = 107.1 wo

<
"

Acgptdlégly; it is necessary to provide another temporary diver-
sfon ¢onduit within the dam.

when this COﬁduit is installed at an elevation 0.8 m higher thaa
the other, as in the foregolag,
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= 2 Lo s 2

o Vz Lo . Vo
2,9 = 1.1 x -2?'*' (0.2 + 0.0033) _2_3—
]
Y2 =660l
Q' = 14.28 % 6.6 = 94,28

Q+ Q' = 107.1 + 94.28 = 201,38 > 200 (n3/s)

Based on the above, témporary diversion conduits within the dam

- will be arranged as illustrated beléw.

9'
©

B
- o— e A
I3

£l '1'(56;’3)1 (_55-51).! - 1 - _
Ty (Present
I GRS S A PRy S river bed)










4, Construction Plan

i€f1 _c¢n$ftu¢fion‘P}anﬁing

Construction shedule is shown in Pig. 6-1. Work quantities of Upper
and Lower Tekai Sites are shown in Pig, 4-2 and Fig. -4-10,

Table 4-1 Description of Projects
Iten Unit Upper Tekai Lower Tekai
.Type - Roq%fill ¢2m gith im-|Concréte gravity
) -perious centre core |dam
Dam Height n 101 38
Crést Length n 350 160
 Dam Volume n3 3,125,600 56,900
Effective Depth n 10 4.5
Instalied~¢apacity o 150 5.8
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o Fig 141 Construction_Schedule, Tékci'Hygroﬁelectric Power Development Proiect

Description of Works

Unit | Quontity 198¢ 1990 19001l
(Upper Tekal) ® J.
o Access Road L.S R | = _ B
Preparation Temporary -Facititie s L.S | 4 ¢ 2 ue
Excavation m3 57.700 . o e 1 .-,--l
Tunnél E xcovalion m3 | 56000 < | & S f‘;# '%—
Diversion | Linning_ Cancrete m3| 16500 4 ol AT
Coffer Dom _m3 | 357.900]. ! _1%11 &
Others L.S i _*{ 4 o i
Excavation m3 | 442000 | & d g_
B Embankment m3 | 2795000 1B I ' 2
Dam Grouting Ls| - ! Bl
Others Ls| o & 8 B L O
E xcavatjon m3 | 283000| | o [
Spillway - | concrete m3| asaso al ! ¢ | |
“Others L.S p i a _TF
Intake L.S l i o
_ ' . Penstock L.S i ‘ Y
Other Structures Power Housé, Switch Yord L.S i 1 + $
Others L.S ¥ T '
Genérating Equipmeént L.S | T \E— .
( Lower Tekai } _
L Access Road L.S i .
Preparotion Temporary Focilities L.s| 1 41
S (Ist)]L.S | 4
Stuice Diversion | _{end) L. S o _ _'r_ | | teye
Others L.s} 1 B N
Excavolion m3| 42300 L1 lslo
pom Concrete m3 | 66900 ' _ - ‘1
Gfounﬁg L.S i O £
Others L.S 1 1 .
Intake L. S \ v — -
| Penstock _ LS i ol
Othér Structures g ver House, SwitthYard | L.'S I -
Oihéfs ' L. S ] ol-]—-+3+ 1
Genéraling Equioment L.S ! o 4

JEPAN INTERNATIGNAL COOFERATION AGENCY
T0KYD MPAN

FEASIBIITY STUOY OF TEXAI HYORO -ELECTRIC
POWER DEVELOPMENT PROXCH

CONSTRUCTION SCHEOULE

feurt 41

199 ~ 2%



4.2 Upper Tekai Site

4,2.1  Construction Schedule

Construction Schéaule'of Upper Tekai is shown in rig. 4-2,

—m—






AR WD e M

0% LA 2

# Sveiiarial 1 -

i

O

~

Fi
' P tic o - | - 1987
Description. of Works Unit Quantity T 4 |5 7 |8 10
L Temporary— Road L.s | |
Preparation Temporory — Fobi!i:iies L 5 ' . : )
Open € xcavation m3  57.700 Sakoa— S
Tunnel Excavotion m3 56.000 . ~  Quiilet s f
Linning Concréte m’ 16.500 1 n - >
Diversion Outlet Siructuve m 29 ; [~ : : -
Access Tunnél m 246 R XL )
Others - L.S I ] Groygting
Goffer_pam _ (I1st) | m? 27500 - . ! Elx
Coffer Dom (2nd) m3 330400 @ i dearlng | |
Excovation ] m®* | 442000 ® ' ( iR
Dam Body Embonkment m> | 2795.000 s ! i
Curtoin Grouting t 3.300 ! | 5
Others | L. S B _lc}earinc !
€ xéavation m3 283.000 |
Spiflwoy concréte m3 - 48.450 - !
Others L.S I 1
| Excovation m3- 33.000 | F
Intoke Concréte m3 9.045 I
| Others L.S 1 I
Access Tunnel m - 150 .8
Tunnél Excavafion " m3 39.300 1)
Penstock Penstock t - .3.000 - 3l
Concrete m? I 4.300 - 1
‘Grouting L.S e !
Others L.S o ]
E xcavartion 3 83.500
Concréeke m3 30.000
Power House Supeér Strfuctutuve L.§ |
Generating Equipment L.S 1
Switech Yard ' L.S N
‘Otheérs ' L.S (.




Costruction Schedule

“Upper Tekai

_Fig. 4-2

. I
i
© i
Qi w
9 T
o |
i
5 P,
_ i
_ |
| I
P _ Yt
) 1|
_
o~ _
|
— v o
-m
o .ﬂ
= |Buniid soadesay @ ,
L vt oy —
o ip) JADIS M
o i |
11
1|

@ !

] 1

ol~ p

8 .e R B —

ol 5 H
- O, 11

o] +

o 1

< ]

| T

‘ ol |

3 -

N ! |
o Tl
| |

= ; |
1] 1§

s _ J

_ 1 1

[z M
1

° |
T 1

o0 Ul

|
L IPN : _ \
‘r &
o — — T '8
e 4 S e _

® | _ b

4 ., .

) |

o T
T

o | |
5 |

—— .ﬂ] o “

‘ * o

m ) *

— o

- ‘®

b3
. 1] g c

e tuolisziealg | 1S . —

- j Jm L_

| IR I S &

w @ £l

7 Aﬁl -m
Sl | 9| |
. et

o © -

) . [ IV P E— lﬁI.U- — g

o || e |

o v
P
E\r A
B ]
N |2
3
PN - _.\.
SIIEE
¥ C =
- =3
- e




tion Schedule
8

19869 i T 1950 | B
o liojuilizafi |23 ]alsije |7)e]olio] 2liJz]l3lajsjelz|e o Jiolnilsa]1 [2]23 1466718

__§_3_2_|:t fgr
eservo&r‘.slllinq

Q perdtion

xking |

PR e

Stieen

A
Dw
O.

até

5

@
<
%
ot
-

e et . i,

S
/
|
!
J
I
|
1
I
|
I
K
!
!
!
!
|
|
i
I
!
L
-0
Ot
P
. . e e a 1W

JAPAR INTERNATIONAL COOPERATION AGENCY
I$RYG JAPAY -

FEASIBILATY STYOY OF TEXAI HYDRO-ELECTRIC
POWER ODEVELOFMERT PROJECT

UPPER TEKAI
CONSTRUCTION SCREOULE
ricune 42

203 ~ 204



4.,2.2 Diversion Works

(1) Désériﬁtiéh*afiExcaﬁation o

Excavatlon wnll be made accordxng to the upper half faclng cuttlng
type by short beach,

‘Lining concrete will be placed paralielly for a distance of 150m
backward of the facing, (Steel formt L = 6,00m),

At the plug portion, the careful lining will be made at the time of
éxcavation and plug works will be minimized.

(2) Cénstruction Method

Excavation will advance from both sides (inlet and outlet sides)
and thén will proceed to the shaft after éonstruction of 100a séction
from the intet.

i) Type of tunnel excavation machine

"6 Inlet side Pnéeymatic 2-boom jumbo
_ Tractor shovel (1.7 m3)
o Outlet side _ Rydraulic 2-boom jumbo

Wheel loader (2.1 u3)
Dump truck (11t), 3 uaits
ii) Concrete llnlng
Steel forms of 6m in length will be used to place lining concrete
sequentnally from the outlet site.
Tyﬁe'of prinéipal equipment § .
o Steel form L= 6,0m, } uait

) Véhicié;mGUﬁted 60 m3/h (Boom vehicle -~ Used also for
concrete punp _ open placezmeat)
¢ Truck mixer 6 m3 x3



(3) Supporting _ o : ST
Pr'incip‘al supporting will be shotcreté in 'thicknes# 'of 8.0 - 15,0m,
.Dependlng on the geological conéitxons, supportnng oE rOck bolta

(length = 2.0 - 3. Om), wire net, steel timbering (H = 100) etc. uxll be
added,

(4) Construction Flowchart

! The: constructlon flowchért is shOun in Flg. 4= 3. e
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" 4,2.3 Dan

——

(1) Embankment Haterlal

. a. .Descriptlon of -aterial
‘i) Gore matetlal _

: Core materlal will be taken frém two siteés on the rvight
bank about l km downstream of the dam site. Since c¢ohesive
s6i1 apprdprlate to core material is expected to be obtaxned

_at thé borrow site, no psrt1Cular core screennng plant is
planned,
A tempora%y core stock area will be provided near the
-upper borrow site (Snte B—l).
1i) Fllter materlal

Heathered roeks undér subsurfacée wxll be used 48 the
Enlteri' Flne and coarse naterials u1ll be d1v1ded.

iii)' ROck materlal
; : Rock aaterlal wxll be taken frbm the nountaln 51de of the

*right bank (Site B-1) downstream of the dsir site. “Material
will be taken by bench cut.

b. Quantity éf Déam

Tadble 4-2 Quintity of Dam

,Eabanknent  Quarry - | ‘Chaage . ; Yield
\ ) quantity | ':_Qil_.aif!{it):" ‘rate’ | rate
Core_ | 534,000 | ssr.ow0 | 085 .70
Fileer | 255,000 228,000 180 | sox
Rock 1,927,600 _‘1;720'00&- 1.40 | eox
i Riprapr : ‘=_7§£QOO 1 . ?l 000 1.50-_1 802
*mml. 2.,'7957,@00 2 »916,000

P




c)

Table 4-3 Qﬁahtity of Coffer Danm

Embankment _ Quéfty ‘ Change | Yield-

quantity quantity rate rate
Core 10,300 119,000 | 0.85 | 70%
Filter | . 25,300 | -23,000 140 | 80z
Riprap | 2348007 | 210,000 | ‘1.4 | ox
TOTAL 330,400 | ,3_5"2_',000 . | |

. Tablé &4-4  Total Quanti:y |

Embankgent Quarry Cbaﬂge | viers
quantity quantity - LLorate i ’fa’t‘:é

core | so04,300 | 1,016,000 .| "0.85 | 70%

Filter 280,300 251,000 | 1.40 “86;

Rock 2;}6;,300 . '1,930,990;,; ;Ll;éﬁ .| sox

Riptﬂp = b 79,000 . ~;,7l,000 -1 1.40 ¢ | 80%

TOTAL 3,125,400 3:?68,666'

Qﬁant{iy of Borrow and Quarry
1) Core

Core material wtll be taken froa éite B-1 6n the aOuntain

2.31de of the rnght bank downstreaa of the Uppet Tekai and fron
}Slte B- 2 on thé rivet- s;de of thé right bank downstream of the
' Upper Tekai, s :

B-1 4s$=ooo-gé
B -2 567,000 u3
Ctotal 1,022, 600 u3 > 1, 016 ooo m3

ii) Filter an& Rock matérial

o Filter matérial |
Filter material (251,000 m3) taken from the coré site,
An approximate ten-day quantity of material will be stored
temporarily and the remaining material ‘will be fr&nspbftéd
directly from the plant according to the embankment spead.

— 20—



6 Rock material

Rock material, riptap material and conéréte aggregate
w:ll be taken feém site B-1,

Quantlty. 2 200,000 m3
d) Conctete Aggregate
Tablée 4-5 Quantlty of Concrete Agprepate
.y Concéete  |Change | Yield Quatey | o
Itéa Voiumé | eate | rate quaatity Remarks
Upper Tekai | 131,100 | 1i63 | 60% | - 133,000
 Lowér Tekai | 89,900 - | 1.65 | 602 40,800
© TOTAL 221,000 n3 © 223,800 &3

{2) Transportation Plan

The:fo}towiﬂgrroads are planned for transportation of rock, filter

and ¢ore’

Eﬁ!ﬁéfiaié:i" e

Table 4-8 - Transportation Road -

Name of road Hidth Total® Remarks
( 1engt‘h
| L]

o - T (,150)
Atcess to quarry site 15.0 400
Access to uppéf core quarry S s ] e
Access to spoll area 15,0 - (200) .
and right bank
EL = 75
Access to right bank 15.0 760
EL =105 -
Acéess to right bank crest 8.0 630
EL = 135 7 _
Access to right bank dam 8.0 © 400
erest o
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“Total

-Name of road - . . _Hz:;h ; "”‘1éﬁgth Remarks
ol (e
Access to inteke ' 6.0 A0
Spillvay crést.on left baak 6.0 . 1,240
Top of diversion tunnet- | 6.0 . | 40,
EL = 90 '
Access to left. bank iaéQQ}; .~€2$0) :
SR SR 8.0 196)
| Aécess to lower core quarty Y iSaOé f. :,‘§§50)
Adcess to bottom of i S | 8;9;.§‘ ;ﬂ:_LIOOV
1 dlverslon tunnel ‘ -
Aédess tdtsecopd ‘¢offering 8.0 | 500
A¢Ce35 to dam downstream 8.0 1,200
lével S
7;32{?9 LT
¢ Y. Traffic possible by March, 1986

'l(Q) Embankﬁént.Plgn .
as. Basic Scﬁéésle ;
Constructlon 3chédule ‘was aade based on the following

condltxons.

6 Dam excavatioﬂ after dtversion

o Reservoir filliag '

0 _Actual qperation days a year
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Flg, 4-4

" Basic schedule is shown as followss

;Oiéééiﬁgé.'Jui},'l98f
L : Gfoﬁiing;
eS| detaber, 1987 end
| ' -6,296 u3/day :5 - 3,400 37d2y
excavition | benkment | BHEeRL, PR

October, 1987 - July, 1988 - Novewber, 1989 . - September, 1990
- : - Lo ELél30._0|_:1 _ .
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Table 4~7 Embdankment volume at each stage

" Réck,

Ttoad

Elevation Cote Filter Riprap |Coffering | Total g;::(’:
EL “'3. m3 3 n3 %) n3
65-70 | 16,000 4,000 -1 - 20,000] 20,000

~15 | 25,000 | 6,000 47,000 | 71,000 | 149,000 - 169,000
-g0 | 28,000° | 7,000 67,000 | 64,000 | 156,000 | 335,000
-85 | 31,000 | 8,000 90,000 | 51,300 | 180,500°| ~* 515,300
-90 31,000 | 9,000 109,000 | - 42,900 | 191,900 707,400
=95 | 38,000 |, 10,000 | 129,000 | 36,600 [209,600 | - 917,000
100 | 34,000 ‘| 10,000 | 138,000 [ 27,500 | 209,500 | 1;126;500
=105 | 34,000 711,000 | “149,000°|" 20,800 | 214 860 1,341,300
110 | 34,000 | 12,600 [ 153,000 [ 14,300 | 213,300 | 1,554,600
-115 | 3,000 | 12,000 | 155,000 | 1,800 ]202,800 [ 1,757,400
~1200 | 33,000 | 13,000 | 153,000 (L A11:3M 1oy 000 1,956,400
-125 31,000 14,000 146,000 - | 191,000 | 2,147,400
~130 29,000 15,000 135,000 - | 179,000 | 2,326,400
-135 | 27,000 15,000 | 124,000 ~ | 166,000 | 2,492,400
~140 | 25,000 - | 16,600 | 108,600 - | 149,000 | 2,641,400
-145 23,000 18,000 - 80,000 = | 121,000 | 2,762,400
~150 22,000 19,000 59,000 - | 100,000 | 2,862,400
-155 19,000 | 22,000 41,000 - | 82,000 | 2,944,400
-160 16,000 15,000 31,000 - | 62,000 | 3,006,400
~165 *6,000 16,000 12,000 - | 34.000 | 3,040,400
-166.2| 2,000 3,000 1,000 6,000 | 3,046,400
Total | 534,000 | 255,000 |1,927,000 | 330,400 --- | 3,046,460
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Fig.4-5 Upper Tekal (Dam Body) Embankment Schedule
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- Fig.4-6 Upper Tekai (Dam Body)  Cumulafion Curve of Embankment Quantity
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b. Construction Days

In estlmatlon of the construction days, the following condltlons
were taken 1nto consnderatlon.
VJ:Sihqe the conSt(uctxﬁﬁ work will dontinue even in the wet season, no

down period ‘will be set.

o For maintenancé - . Oné aa}/ﬁéhth'
o Day-off : ' | ; " Two daysfmonth
’ Hork ‘¢essation due to eainfall '
Core embankment -= Work céssation %heﬂ rainfall exceeds 2.0
' o ‘ o :-fday _ o 7
‘Shéll éébaﬁéménﬁ - Hork céssatlon uhen ralnfall exceeds
;‘1 ; : 15:0 ngfday )
5¢Con¢téié %iécéﬁént"ﬁ-' Work céssation when raxnfall exceeds .
' | - ) mm[day IR

"o Speclal day oif

Seven days duriﬁg Ch:nese Hew Year 1n ?ebruary

Seveu days’ durnhg Har1 Raya Puasa in Septeaber
The ralnfall data lxsted below is calculated from ‘the correlatlon

coeffzclent Hlth thé Uru “Tekai Stat1on, and vas determlned by us1ng

the raiafall data of Kangsar, 'which are llsted in the Table 4-8.



Table 4-8 Work days

- (19 years, 1361 - 1979)

prafse]sfs|r|slsfrofufn

Total number of days 31 |28 [31 |30 ] 31 |30 |0 3)’ 3o |3 [30]n
Limit due to Core 10fo e fair|nfsl2fwe|ta]is|ia]ae
rainfall — S A = — ———1— -
Sheil 2l2fafs3lalslatalale]s]e
Maintenance period ARy i! 1.41 .1- l. 11151 |1
Holiday 2 22 2lafa]2|a]22}2}2
S'pe'cia'l. off-day - 1 - —- -t 1-191-1-1-

Total of non= |cove - |13 )19 |12 {0a|ua fura dnof1s]21|a8] 12|19
working days” : : - -

Shell stizle|s|70e|efsfualafols

Total of work- | Core - 18] ¢ {1ois |7 |1o 21| 189 ]i2] 13|12
ing days — ‘ ; '

shett | 26§16 |25 |aa |20 |2a fos| 24 |16] 22| 21 |22

Working days per yesr L
i))_co;e —— 183 days (Monthly mean 15.3 day/month)
{i)) Shell — 269 daye (Monthly mean 22.4 day/month)

%5 Working days of the earth work {s assured to bé equal to working

days of the shall eabanksent.



Table 4-9 Down days of ¢onstruction for core embankment

. Honth : , -
. 1 2 {31 4 516 |12 8 Y9 |10]1n |2
‘Year .
1961 Ble sl lu]s ba]z 2zinbis]ae
1962 10| 8] 9| 6|8 frole |1s]1f1efn9fre
1963 g |12y 9| 3|wols |0o]a |r0]ufis]ts
1964 '13i o tubis il |nfse |81y |as]is
1985 3l sl slwliz]a ]z |iz]w]iz]17]1s
1986 so 128wl s |7 |2 )6 |13 |nn]18]io]us
1967 nlujesfinls 2|2 |zfjnjels
1968 7 lolol sl 72 ts 2 w]72l]e:1s
1969 |6 |alwiwfe s frs]s|n|s]n
1930 206 |97 |a]e f3]ir]ralzo
1971 10|l e e ez j2 ||z ]i0o]2
1972 10 ]9 |stwlw]o |3 JuJas|es s
1973 mbe|afew]s{myz 15w} |13:fie
1974 sz ]2l w2 o] |s]n
1975 THRURETE BTN IETH I 30 I BCRN BYR BUR BT R B H
1976 sha s o s | s s 3]s
1977 BN AR N EN A RN RN BT T
1978 Blelelnjis]s ] 8 |14 |14 14
1979 1ii|s lelw]a |12 |0 15 |18 17| 8
aorat- |17 | 163 [162 | 213 | 201 [1se |138 | 192 |208 | 285 | 272 | 300
aversge -~ |10 o el a8 L2 oo [ s e e




Fable 4~10 Down days of construdtion rock embanlkment . -
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Ce

Ll

Construction plan

Second coffer dan

The works will b¢ "éXxécuted at the same time as dam exéavation

éftér divétsion; Excavatlon will be compléted in 1,5 months and
the embankmént in two months (December, 1987 - January, 1988).
Rock émbanﬁment wnll be made first on the upstrean side., And

0

daily works will be as foliows; -

Core embankment per day

vd = 70, 3ao-n3 7 39 = 1,800 -3/day

=35 / 30 = 1 17 nlday
Filter é-bankﬂent per day )
vd 25 300 / 64 = 395 m3lday

- Rock embankmént per day

Vé = 234,800 / 64 = 3,670 n3/day
Total embanimeat per day
vd = 330,400/ 64 = 5,160 a3/day

! Core Embankment of the Hain Damr-ﬂ

The embankment work days for c¢ore ‘and filtef are calculated
shown i’ Tablé 5-8, A '

(1]

Constructnon period

The-work,perlod_for the dam body embankmént is planned from
the—bééinning of July 1988 to the end of Septémber 1930 based
on the fesérvbit fiiling. Start of embankment work is as
scheduled in Tsble 4.1l



Table 4-11

9 |10 11 vl yle ]l stélals]o

@ Eréevarios of ' N B
’. viver EEJ Lo B - P RSN M .
Sreced :

Start of e-j&lnl:uﬂ
coffering

mvulion; 75 ‘ — . : t> | ‘

First coffirizg Eax excavition -

. Ougla_lp. grouting l_(adiliae used

o Daily emdaniment
When embankment reaches EL =130.00n during the peirod from
July 1988 to the end of, October 19895

EL 70.00 - EL 130,00 (July 1988 - Octy 1939)
394,000 ﬂ31243 days = 1,620 !!3,,:‘1,3! )

EL 130.00 - EL 16420 (Nov. 1989 = Sépi-1990):
140,000 w3/17k days = 820 m3/day. -
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"Fig. 4-8 Flow chart of core embankmeat and machine work




£i1) Filter embankment

o Dally embankment
Speed of fllter cénstructnﬁn can be determ1ned in
considéeration of the reservo:r fllllﬂg.
The daily speed is as follows,

EL 70,00 - EL 130.00 (July 1983 ~ Qcts’ 1989)
131 ,000 m31243 days = 540 m3lday

EL 130,00 - EL 166.20. (Nov. 19893— Sep. 1990)'
124,000 m3/171 days = 730 m3/day
iv) ROck émbankmént
o Danly embankment

Daily embankment is as follows,

CEL = 70,00 - EL 130.00° (July 1988 - Oct. 1989) .

14N, 000m {356 days ='4,130 ) 3aay
EL = 130,00 - EL 16-6 20 (Nov. 198_9_ ~ Sep. 1990)
456 000 12 Izz.z days = 1,850 m3lday
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4,2.4 Poundation Treatment

- Blanket grouting will not be carried out,

Curtain grouting will be carried out before the dam embankment,

The quaﬁtity 15 shown in below.

Curtain grouting: 22,100 m - . -

4.2.5 Spillvay
(1) Excavatnon

Excavation quantlty lS shown in the Table 4= 12.,

Table 4=12 -
Ho;k classi- Eleva~ Excavation )
ficatién tion quantity Remarks

Inlet EL 151.00  m3  ]sof1i: 251
—— — 26,300 | (76,000 n3)
Overflovw 150.00 : : T Rock! - . ?51 L

_ —— R —-— (213,000 n3)
Rasp 85.00". | 135,300
Energy 68.50 121,400

| dissipator S Ca

Total ; '135;060 H

';f’i) ilﬁlet

o cgmaon excavat:on . Lo :
This work will begln frOm the surface sonl at the inlet.
Then, assuming surface soil thickaess to be about 5a, the
. soil 9111 be pushed toward the downstream snde and the river
'fbed by bulldozer.. ' ; L

o Rock excavation
Rock will be ¥ipped by bulldozer and transported to the

downstrean spoil area.



ii) 1Inctined

Surface soil and rock will be gathered to'the &eflling basin,
10aded at EL = 85.00m level, and transported to the spoil area.

iif) Stidling basin

Excavated soil from the basin' will be entirely disposed (121,400

m3),

iv) PFinish excavation

Excavation of hard récks and finish excavatton wxll be sequen—

tially cairied ‘dut 60wnward frﬁm the top.

Blasting will be acgordxﬁg-to the guooth balsting method so as

to:mininize wacual fiaish excavation work.,

(D) - Excavation schedule of spilluay <

Table &-13 Exdsvation Schedule

Hork

1987 | i%88 |

classification ExcaVAtioé 7]sfsholunfia[af2] 3413 Quantitii*
el vy == NN NI
e eeen || MAEAHHA 13,300
Stilling basin so{;::f:o::‘:k ' — 1'21,&0’0

* Excavat1on ot still:ng basin wnll be céapleted by the énd of
September 19838. Concrete ptaceaent will start in Jaauary 1988,




(3) Concrete work of spillway

Tale 4-14 Concréte Quantity

o Base Wall
: . Total . yFr———— , ——t -
Classi- length | Number of | Concrete Number of | Concrete
ficarion - "~ |placewents | quantity placements | ‘quantity
. Average N Both sides
Inlet 30.0 9 1,580 | 50 660
Gverflow . 30.0 .29 . 6,430 - $0 1,940
Réfp azee | st 5,960 187 | s.s10
Enegey | 105.0 8 | 12,470 220 13,320
digsipatér | 7 © o '
Pier A E L 3 730
concréete _ .
Total 335.0 137 26,440 523 22,010
" gpitlvay body 48,450 3
(4) Conérete placement schedule
Table &-15 Schedulé of Base
Cleaning @ ..@9
Reinforcenentf | gy 1.
- YFrame - . .- Lon -
lassembling ol '
Concret : .. L \
placement 4 L—
Curiag 1 4
. Table 4-16 Schedule of Wall
e o[ I [2]3 [ &[5 6171819
Reinforcement[(l) '
bars o ‘@?
Frawe }1
assembling { | 1
Concrete - p,
placement 3 R |
- [
Curing ' —-? } -

— 23—




4.2.6

Penstock

Excavation of pressure tuinel will start after completion of
ekcavétién of diversion tuhhel. Since the water rises to the
intake elevat:on (EL 130, 00) 1n three months aftér start of

N fxlllng, ‘an access tunnel (total length lSﬁm) Wil 've éonstructed

to cope Hlth the llllted work period and to prevent 1ntetference
Hlth pOHer generator equlpment. o

3331cally the work 1ncludes (:) Excavatnon of ‘acéess tunnel (:)
-Excavation of the louer hornzontal tuﬁnel (:) Excavation of 1ntake,
(:)Excavatlon of the uppef horlzontai tunnel (:)Excavatlon of -1

inclined tunnel, and (:) ExcaVatlon of branch,ln this order. -

After completlon of these excavations, the penstock settlng and
plug concrete placement w111 be carried out.__

v

Fié. £-9 éhoﬁsrfhe_flbﬁchépghéf tﬁétwdtk‘Piéﬂ;

(1) Excavation

1
Construction nachtnes are the same as for excavation of the

diversion tunnel, and the ‘short bench ‘work aethéd will be

_eaployed,

The excavatton cycle is shown hefennaftér. 5{5'

Excavathn_schédule. -;,1*. f 75 mlﬂonth (ACcess tunnet
S o -'Vand horlzohtal ron of
B _ LA : ;' penstock)
Taclined tunnel work Schedulet Climber- tunsel
- - 60 w/wonths
S " Bxpansion - €0 a/months
Installathn schedulet R _;30 mfumonths
{ of penstock EERT E ~1¢::.7 K - -
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Table 4-17 Cycle Time

_ Specifi~ L
“Ttem Uait Qey cation Time Remarks
Cross-gection of u? %/
excavation
Progress length per a 1.50
blast -
Huckper blast nl 163 Change rate
Muck per blast 1.70
Shotcréte. ad 6.6 {t =10 ¢m 22m x 1.58 x
0.1 x 2
Rock bolt: pe 10 Part of arch
Drilling preparation win, 1o
Prilling min, 2 Drilling 90 145 hole
rate 0.70 2 booms
r/nin
Gunpovdertprepétation ein, 30 Incl, muck
Gunpowder : nin. 70 |143hole &
x 2 minfhole
Evacuatién-and min. 30 Inct. venti-
blasting lation for
15 min.
Removal of Tmuck nin, 2.1 w3 135 27 units x
5 min, =
Chopping min, 15
Shotcretee ﬂiﬂ. 4’0 6;6 x 0.1
at/min
Rock bolt: nin. 100 {10 pes x
10 min/pe
Others nin, 50 x 10%
Total cycléctine wia. 600
Daily progress B 1,200 min] 3.0 |1.5x 2
Konthly progress n 25 days 75.0

i)" When wbrﬂing.io héurs a day
fi). 25 days a wmonth
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4.3 Lower Tekal Site

4.3.1 Construction Schedule

‘Construction Schedule of Lower Tekai is shown in Fig.'ﬁ-IO.
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Fig. 4-10 l_ower Tekdai

Oescription of Works Uait Quontity - MR ,69 876.'-3 sTiolilizf 1 1213 [a s :;9877 g8 1o [1olt1 12|
Preporation Temporory-Road__} L.S5 -
Temporary— Fotitities| L. S 1
st L.S ¥ o
Sluice Diversion B 2nd L.'S. i
Removing L. S B I
E xcavation ]l md 42.300 B o
concréte ~m3 | 856900
bom Body Excavation (Tunne! ) m? | 810
Linning Corcreté 3 330
Geouting ot 1.425
Others L.S 1
: | € xcovation w3 | . 32.900
Spillwoy | concretre | m3 14.900
| Otheérs . L. S L
£ xcavation m3 . 4.200
Intake C oncreté m® | 2450
Othérs L.§ S
Concrete 1 w 1.400
Pensock Pénstock t LA
Others _ L.S _
Excavation m? 25500
Coné¢rete | m3 11.500
Power Honse | Génerating Equipment| .S !
Super Structure | L.S | :
Others L.S i




Fig. 4-10__ Lower Tekai Construction Schedule
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4.3,2 DPiversion Works
Refer to 3.9
Construction of River Treatment

i) construction sequence of the first coffering

o Driving of sheet pile {width 6, in two rows)
o ?iliiﬁg work (in sheet pile)
o Excavation of dam body 6a right bank
o Poundation treatment
6 Concrete placement of dam body (construction of diversion in
dan body)
ii) ' Construction sequence of the second cofféring

0. Construction inside the first coffering (enérgy dissipator and
upstream) '

6:~Co£féring at upstréam and dowﬂétrean location

6. Exé¢avation en left bank

o Foundation treatment

0. Placement of dam body concréte

-

e
-
ot
t

Temporary coffering removal sequence

oo Coffering of divers{oh tunnel inside dam body

oa Coffering at dwnst;éaa _

oc Discharge (puap up) of water inside energy dissipator

o0 Removal of temporary coffering (sheet pile) inside energy
dissipator a

o: Removal of the second cofferiﬁg (downstrean)

o6c Second ¢éoffering (upstréam) cannot be removed,

The ¢onstruction flow diégrsn is shown in Fig. 4-11.
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4'3.3

¢})

an

—_—

CDnstfuctlén Days

The foliowing céndxtions ére taken 1nto éonsideration when
calculating the days Eor the work.

1)

Season

Ho down t:me wtll be planned as conCrete placément wnll be

carriéd vut even durlng thé wet season,

_Ha1nténance

Gae day[month

Days off

-2 dayslmonth
"Raxnféll ‘

I Concréte placement vlll nét be’ carrned out whén the rainfall - -

“

vi)_

H'éxceeds 20 mﬂlday.' Ro specnal iimlt u1ll Y establlsheé for:?';-

éarth’ work.

Tempetature

Thls will mot be taken inté ccnslderatlon as a pre~cooling
system will be provided,

National holiday

7 days during Chinése Neéw Year in February

7 days during Hari Raya Ruésa in Septémber
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Table 4-318 Concrete work days

Honth

Itenm

12

ﬁays wonth

31

28

K} |

30

31

‘30

31

3

31

Rainfall

1.8

1.5

1.6

2.3

3.8

2.3

2.2

Zaé.

Haintenance

Days off

National
holiday

Total down
days

4.8

8.5

3.6

5.5

5.8

5.3

5.2

5.8

19,7

6.7

7.5

7.2

Total work .

days

26.2

19.5

21.4

24,5

25.2

24.7

25.8

25.2

19,3

26,3

22.5

23.8

Av.
25.0

—2{6—




Table 4-19 Down days due to rainfall

Month - 1 . , : .
| 2l lal s le|l 2t )lelio]lnn] 2
Year- ! : N e ‘ : . L

1961 G2l st sgstbala2ls]ls )2l
1962 sisl ol a2l v lal2abils]s
1963 oo lol v b2l alo el o] g
1964 2 |2l v l2)lal2]2fs)a|s}]2
biges | e porpo a2l ]e}s]s
1966 2ol 3]sl 2l slo]|s|a|s]2
1967 s lal s slé{a 2|1 )ala]e] e
1968 o fol At sl a2 s els]] 2
1969 210 | 1 1 {4 1a |32 11611 31c¢
1970 3 1o 2]a|l3yafl2]l213]16]24a]i10
1971 3t la fuls il z2te o229
1472 2ol vl lole ]l lals] s
1973 1t {2 ols|s3|3fs]lsiasis]|s]2
T 7R [N A E L T IO R O R IR O R Y S P B
1975 t i3tz slafj2]s|'s]e]a
1976 1 olJo |3t |-3)o01]2 13 | 3] a
1977 1 4 1 2 ] 3 H 6 2 2 5 2
1938~ L s o2 Py la by e v a2 sl os
IS U7 - RN IR I B B RES AR I EE N PR IS “."7" 6 | o
Total 34 29| fas |3 |as Jaz]sa)safn]es |
aversge | .8 |is e |2s |2 |22 las oy 3.7 |acs 4.2

The above data 13 calculated by obtanntng the correlation
) coeffxclent of the Utut Tekan Statlon ftoa the ratnfall data of

Kangsar.

A




(2) Excavation Plan
1} Excavat1on

Excavatnon of the Lower Tékal Hlll start on August l§89 when
the flrst cofferlng of SIULce leEtSiOﬂ is compléted. Excava- f
'tLOn 9111 be sxmultaneously carrled out for the dam body,
3plllvay, 1ntake, and power plant. R

The’ excavatlon quantlty 1n the first coffering is as llsted

below. P i P Lo
Dam body ?fi 606 m3 (Excavatioh i four months)
Cspillvay  18,000@3 . (. " o)
Intake . . 16,000m3 (. . e )
; Pouer planti 5_25 500 m3 C fE;¢a§étédfiﬁ f{vﬁ months)

\LTotal T f : 90 500 n3

R o - . . H K . o : S i T : $n3

CAE

Thué, the mean excévatlon quéntlty per month is 2],000 n3,.

The: excabat:oﬁ quantqty aftey thé_sgcond poffer1ng is ag_!nsted:

belb’i . R , [ i o : ; Sy

. Dam body : 11,000 33; ~ (Excavation in two months)
;SP;Llwgy : 15 000 B O *o c)
Tétal 5 "26,000fm3 B ; * : ? j B

Thué, thé meaﬁ excavatlon quantlty per month is l3 000 n3
Befo:e start of excavattbn, the 6 ton éne ehd tra%elllng type _
cable créne fét thé _¢oncrete placéaent ‘will be. 1nstalled for .
transporiatloﬂ of satetials énd eQulpﬂénf. i . o
Excavatién uill be nade accofding to the beﬂch ¢ut nethod

(H 55).- Excavated so:l ‘ and rock will be depbsited onto thé
rivér bed and, from there, Hlll be loaded onto dunp trucks to

......

;bé transported to the sponl area. About 26 cﬁ of nortar will
lbe sprayed over the excavated surface to protect”it fton
weathering., : -

Prior to concrete placement, uanual finish excavatlon will be

cerried out,
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ii) Soi! disposal

The total soil dzspOsal QUantlty is about 120 000 m3

. sonl and rdcks produced hére uxll not be re- uged for other

purpsoes, but completely dlSposed of in the sp011 area,
;Thls spoi1 area (200,000 m3 capaCIty) vill be located at
ab0ut 3 km upstream of the Lover Tekai.

{3) Dan COncreté Placement Plan

-

i) Placement Peocess

[

The dam'coﬁcrete”piéééééni‘eﬁaiﬁaéht'is desciibed in 4.4, The
6 ton one-end travel type cable crane will be used. The
bucket capac1ty is 2 0 m3 and the batcher plaﬁt capaclty is 30
m3lh. o _ ‘ : : :

The dam body wili be d1v13ed lnto 1 blocks with one biock

'runnlng lSm ia’ the axlal dlrectlon. The layer systgm.wlll be

employed in thé upstream énd dovnstream dlrectton.ih

Concréte from the batcher plant 9111 be lifted by the crane
and transported to the requlréd block. Conc(ete.towered onto
the block will be compacted to the require& layer by means of
a vibration.

Placement scheduvle

The lift schedule 6f dam concrete {s shown in Fig. 4-12. To
prevént temperature fiSe, conéréte will be placed in lm Mift
up to EL = 60.0m (height 17.0) above the river bed and L.5a
1ift from BL = 60 to the dan érest.
The maxioum layer placement quaht1ty will be
34.0 {(1eagth) x 15.0 (width) x 1.0 (1ift) = 510 m3
By care of 30 nalh, placenent period will be

510 s3 / 30 =3/h = 17hours

Concrete ylll ba contlnuously placed day aad night.

The total donerete quantity is 56,900 m3., Placemnt work will
start in Januafj:1990 and be coapleied in 16 months (excluding
June and July 1990 for the diversion work) until July 1991,

—~ 23—



During the five-month period after the f:rst coffering, .
concrete placement of about 20, 000 m3 m.ll be made to ralse
block @ through @ fn:.m EL = 62 to BL = 69 m on the right
bank. Then con(‘:réte wnll be placed for block @ through @
' on the Tefé bank after the second coffermg. Hhen block @
| through @ reach the same level as biock @ t'hrou,g‘h @ >
concrete placement will be made alternatwely for block @

t‘hrough @ , )
Concrete placement will be nade once every fwe days. '

Table 4-20 Cycle time of concrete placement - . .-
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Total T - ,".". ; RS Y BT B
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4.4 Temporavry Facilities

Temporary faé}iitiea for Tekal Project were studied in accordance

with thé following eobditions.

{1) Contract package for construction shall be devlded into Access Road,
: Upper Tekai Lower Tekal and Eleétifcal Horks.

(2)- Since the power requirement will be about 5, 000 KVA in total
' pouer facilities can bé concéntrated im one place to facilitate

. operation and maintenance.

-3

(3);'The aggregate plant is planned separately for Access Road; Upper
" Tekai and Lower Tekal. As a quarry site of aggregate was Eound in
© D site for: Aecess Road aund Louer Tekal, in B site for Upper Tekai.

. Locatloh map of a qﬁattyjsite’ia shown in Fig: &-13.

" Prineipal facilities of Tekai Project are shown in Table 4-21.
The concrete quantities of Upper Tekai and Lower Tekail are shown in
Table 4-22,

- 23—



Table 4-21 Prineipal falclitics

Name Spec¢ification Remarks’
Asphalt plant | 30em’
Access Road s
Aggregate plant 70 t/h
' Batcher bla?t,;, . 60 Q?/hﬁ_ :ﬁtoékéé fbf“SL:

Upper Tekal -

“days

,'c_g;gnp Si_lo._

Aggrégate blaht <

. 50¢ t/h

Lower Tekat

Batcher plant

30 mofn

| cément silo

300

'Stocked for 5 ¢

- . days :
‘ Cable crane 6.0 t - ;| One-end travel
‘type

‘Aggregate plaat

- 80 tlh : |

Table 4-22 Design ¢oncréte quantity

(Unit: w3)

Daﬁ Opén Tunnel : To;al
Upper Tekai - 111,180 19,920 131,100
Lower Tekai 56,900 32,800 200 89,900

Concretée placement period

Upper dami August 1986 - November 1990 (52 xonths)

Lower dami January 1990 - July 1891

(16 months)
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Fig. 4-13 LOCATION MAP OF PROJECT SITE
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4.5, % Pacllictes’
o Batcher plant
-0  Cement $ilée
-0 Aggregate plant
These facilities ave described below in the order glven.
(1) Batcher plant _ o i

(a) Upper Tekai

o Total placemeént ﬁuéntit}é 131,100 @3
o. Operation period: 50 months
o Keéﬁ'placpment qﬁéﬁtity per month: 7 2;650 n3
o Meéan placement quaatity per day: - 120 w3
_ | (22 days) -

o? Max. placelent quantlty per month. 5,200 w3
o Max. placenent time pét day. 240 n3

: ' . {22 days) . |

 Thé batcher plant to B¢ used will be a 1 n3 forced mixer (60
n3[h) » - . N 4
Transpért capac1ty frém batcher plantl 40 m3jﬁ

Batcher operatlon time (for max. placement quantnty per day)i
240 w3/day J 40 n3ih = 6hfday

(b) Lowér Tekai

6 Total placement quantlty (exdépt diverslon) 89,900 n3
o Opération’ period‘ti?-vs: Lol S . 16 months
0 Mean placézent quantity per month:. -~ ° 5,600 a3
0 Mean placeaent quantnty per day! 250 w3
N . 22 days oo
o Hax.' placement quantlty pér monthi? ' ; "§;8007n3
o o' 'Hax. placement time pér day! T T  a00 w3
' 22 days



Batcher plant and'plécement equipment to be used will have the

following performanée

For standard placement quantityi 30 u3/h

Hean placesent time per dayi 250 w3 7 30 m3lh = 8.4h
Max, placement time per day! 400 w3/ 30 m3/h & 13.4h

Machines will be selécted based upon the follouxng standards

for a multi- purpose danm

Table 423
‘érincipal o o =
placement " Bucket ' - Hixer Standard
- ¢guipment - capacity . Poaet T placezent
® 4.5T 1.6 w3 0.756 m3 20 m3/h
@ 6.01 20m3 | 0.75 n3 30 w3/h
©) 9.0% 3.0 m3 . 1,512 u3 50 m3/h

(2)

From thé above téﬁié,- 2 is selécted.
* Batcher plant° 0. 756 53 x 3

* Crane H 6 0 ton One end travellng type

Cement Sito
Cdpacity of cement $ilo of the Upper Tekai
For 5 day stock} ' P N
" With wean placement qusntlty per day at 120 n3

120 nalday x5 dEYQ x 0.3 tfﬂj F:laot --.....-;-Zﬂﬂt'

Capacity of cement silo of'iﬁe Lower Tekai

Hnth the Eean plscement quantxty per day at 250 nl

250 ﬂaléay x 5 days x 0 2 tlﬂ3 = 250t f lll.cll!tlllli.laéot



(3) Aggregate plant
1) Products of the aggregate plant

Products of this plant are as follows, :

'(l); Concréte aggregate for the Upper Tekanr

(2) Concréte aggregate for the Lower Tekai

(3)? Shotcrete aggrégate ‘

T {4) Subbase course matétlal for access road

'(5)_.' Subbase LéOu'réé material for temporary réad

(6)? Filtey maternal for eubankment (considered for the

' prlmaty plant only)

ii} Aggrégate consumption
(1) Concrete aggrégate for the Upper Tekai.
131,100 m3 x 2.1 t/m3 = 275,300
(2) Concreté aggregate for the Lower Tekai
89,900 =3 x 2.1 t/ad = 183,800t
(3) Shoterete ag‘gregate :
?70033x2ltfm *=13 900: |
(4) 'Subbase coarse eaternal for access road'
110,000 w3 x 2.1 tln3 = 231, obot
a 620 n3 % 2 1 tla3 " 1,3000
iii) Aggregate consumption schedule

The aggregaté éonsumption schedulé is shown in Table 4-24 .



Table 4-24

Process requirihg aggrégate

{(uﬁit: ton)

1990

, | Quaﬁtity 'iééﬁj 1985 "16867 1@35'*i§§37 1939 1991
e veper tekat |70 || e Tt )
3§§€f§3§f§253i 188,800 | 11,800 . (f6)
322532553 13{?°§;, o ;;:‘30(.flﬁ6n T 1(42)

For access téad 232,300 9;7fﬁi f?ﬁd;tt.{ihjk

iv) Capacity of agarégats plant

A

—--—.---——.-.—-..—.—.-v .
D+H'E

H}le!e,

A

-

Productlcn per unnt tlmé (tlh)

¥ t HMean aggtegate conSumption per month
' .(tlmonth) _ :

D? Aggregate plant operétxén days per month (25 dsys)

H : Working hours a day (3 hours)

E t Plant operation factor.

° Ac¢ess Road

A=

9,700
25 x 8 x 0. 8

? Upper Tekail

A=

6,000
25 x 8 x 0.8

® Lower Tekat

11,800

A " 25 x 8 x'O;s

=61 (t/h) & 70 (t/h)

% 38 (t/h) & SO (t/n)

- 74 (t/h) 5 80 (t/n)
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