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Calc 3-1-1 Spillway discharge capacity
a) General
Spillway discharge capacity is obtained by following formula,
Q=0 +Q
where
Q : Spilliway discharge (m3/sec)
Qp: Overflow discharge from spillway (m3/sec)

Qa: OQutflow discharge through sandflush gate {m3/sec)

b) Basic formula
Q) and Qy are calculated by the next formulas respectively.

¢ Overflow discharge from spillway

Q; = cB B3/2 ()
Cd = 2,20 - 0,0416 (Hd/w)0.990 (2)
C = 1.60 x LT 2a(H/Hd) 3)

1 + a(H/Hd)
where
Qp: Overflow discharge (m3/sec)

B : Width of crest (m)
B=150m

Water depth (m)

==}

W : Height of crest (m)
W=35m

Hd: Design head (m)
Hd = 2.0 n

C : Variable coefficient of discharge

Cd: Coefficient of discharge
when H = Hd
Cd = 2.176



a ¢ Constant

When H = Hd, C = Cd, a would be known by formulas (2)
and (3).

a= 0,563

¢ Qutflow discharge through sand flush gate

. 2g (ho - Cca)
Q2 = Ce a3/ (Cea/ho) 4

where
Qg: Outflow discharge (m3/sec)
Cec: Coefficient of convergence

a ¢ Opening height of gate (m)

aﬂz.om
ho: Upstream water depth (m)

B : Width of sand flush gage

¢) Results and conclusion

Results of calculations are shown in Tables 1-1, 1-2 and 1-3,

respectively,
Discharge capacity curves are also shown in Fig. 1-2,

According to these results, design flood (100 m3/sec) would be
released safely with reservoir water level of 3,804.5 (m).
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Table 3-1-1 SFAREALORFR

Water level Water depth Coefficient of Discharge
(m) H {(m) discharge C Q (m3/sec)
3,802.5 0 0 0
3,803.0 0.5 1,797 9.53
3.803.5 1.0 1.951 29,27
3,804.0 1.5 2,075 57.18
3,804.5 2.0 2.176 92.32
3,805.0 2,5 2.261 134.06
3,805.5 3.0 2.333 181.84

Table 3-1-2 HPBS/-rtrb0oBAR

Water level ggi::eam afHo g::ii;ﬁ;:nt Discharge
depth

(m) Ho m C.v Q m3/sec
3,802.5 2.1 0:95 0.70 13.91
3,803.0 2.6 0.77 0.65 15.15
3,803.5 3.1 0.65 0.64 16,79
3,804.0 3.6 0.56 0.63 18,22
3,804.5 4,1 0.49 0.625 19.62
3,805.0 4.6 0.43 0.62 20,90
3,805.5 5.1 0.39 0.618 22,17




Table 3~1-3 & K ¥ M

Water level

Discharge (m3/sec)

Total discharge

(m) Spillway Sand flush (w/sec)
3,802.5 0 13.91 13.91
3,803.0 9,53 15.15 24.68
3,803.5 29.27 16.79 46,06
3,804.0 57.18 18,22 75.40
3,804,5 92.32 19,62 111,94
3,805.0 134.06 20,90 154,96
3,805.5 181,84 22.17 204,01
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Calc 3~1-2 Stability analysis of intake dam

a) General

Stability analysis was performed on the typical section of intake
dam under below mentioned conception.

°© No tensile stress must be produced along the upstream face of
dam in any conditions.

°© Safety factor against sliding, obtained by following formula,
is not less than 4.

- 1A + WiV
tH

Fs
where

Fg: Safety factor against sliding

I : Shearing strength of foundation rock (= 150 t/m?)

A : Base area (m?)

p ¢ Coefficient of friction between rock and concrete
(= 0.75)

IV: Sum of vertical loads (t)
TH: Sum of horizontal loads (t)

o Compressive stresses on foundatlion rock are not more than

allowable value below.

Foundation rock = 200 t/m?

b) Design loads

¢ Dead loads

Unit weight of concrete Ye = 2.3 t/m3

Unit weight of water Yu = 1.0 t/m3
o Seismic load

Seismic coefficient K = 0.10

Seismic loads act in upstream direction.

3-11



o Hydrostatic pressure

Hydrostatic pressure works on upstream and that of downstream

is neglected.

o Uplift

Distribution of uplift is assumed as below.

Hu

Hurs2

o Hydrodynamic pressure

Hydrodynamic pressure is assumed as follows:

P =7/8 vk JHh (t/m2)

o Sedimentary pressure
Design level of sedimentation is E.L. 3,802.5 m.
Pe = Ceyg ¢ (t/m?)
where
Ce: Coefficient of sedimentary pressure (= 0.5)

gt Unit weight of sediment (= 1.1 t/m3)

3~12



d ¢ Depth of sediment (m)

Note: Some values, which is impossible to assume without any

experiments, are taken as pame as those of Paucartambo II
in Peru.

¢) Result of calculatioms

¢ HNormazl condition

Load v H X y M+ M-
(t) (t) (m) (m)y{ (t-m)| (t-m)
Dead L. 19.619 - 1,533 - 30.076 -
Hydrost. P. - 6.125 - 1.167 | 7.148 -
Uplift -8.750 - 1.667 - - 14.586
Sediment P. - 3,369 - 1.167 | 3.932 -
Total 10.869 | 9,494 41,156 | 14.586

Moment (4): Clockwise

Foverturning = -Eig—f

= 2,82

x=&
v

= 2."'45
e = 0.06 < B/6 = 0.83

Reaction forces

v be

{25 (t/n2) < 200 t/u?
2,03

_IA + ury
Fgliding ™ — IH

3-13



_ 150 x 1 + 0,75 x 10,868
9.494

= 16,7 > 4 OK

o Earthquake condition

Load v H X y M+ M-
(t) (t) (m) (m) | (cm)| (t-m)
Dead L. 19.619 - 1.533 - 30.076 -
Seismic L. - -1.962 - 0.974 - 1.911
Hydrost. P. - 6.125 - 1.167 | 7.148 -
Uplift ~-8.750 - 1.667 - - 14,586
Hydrody. F. -0.714 - 1.40 - 1.00
Sediment P. - 3.369 - 1.167 | 3.932 -
Total 10.869 | 6.818 41.156 | 17.497
Foverturning = -%%
= 2.35
= 2,176

B
e = 0,32 < 3

Reaction forces

=V
B

(188

P
B

3,02 (t/m?)

3—-14



d) Conclusion

Stability analysis has done in normal and earthquake conditions
briefly.

According to these results, intake dam is safely enough but now
any properties of materials were not given, Therefore after

investigating these properties, stability analysis should be done
more in detail.

3—15
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Calec 3-2-1 Design of sedimentation basin

a) Required length of sedimentation basin

Li_-vil-u
g

where
L ¢ Length of sedimentation basin (m)
h : Water depth (m)
u : Average velocity (m/sec)
Terminal settling velocity of finest sand particle

required to be settled (cm/sec)

Terminal settling velocity of finest sand particle required to be
settled is given in Table 3-2-~].

Table 3-2-1 MIE B x0RE% B

d (mm) Vg (em/sec)
0.5 12,554
0.4 8.034
0.3 4,519
0.2 2.009
0.11 0.589
0.1 0.502

(These values were used for the design of
Paucartambo II in Peru.)

In this study, average velocity was decided as 0.5 (m/sec) and
finest sand particle required to be settled was chosen d = 0.2
(mm). Width of sedimentation basin was to be 3.5 (m) judging from
topographical conditions.

3-—18



u = 0.5 (m/sec)
Q

h =

BU

L 2.2
3.5 X 0-5

= 1,26 (m)

. h
.e Lg,_"u
Ve
1.26 x
2.009 x 10~2

= 31.4 (m)

0.5

L was decided as 40 (m) with some addition for safety.

b} Dimensions of sedimentation basin

Length 40,0 (m)
Width 3.5 (m)
Average velocity 0.5 (m/sec)
Average water depth 1.26 (m)
Min. particles to be settled 0.2 (mm)

Dimensions of sedimentation basin was decided as above.
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Calc 3-3-1 Discharge capacity of canal (I)(II)(III) tunnel (I)(II)
a) Basic formula

Discharge capacity is given by the following formula.

qQ = ﬁ_ R2/3 11/2

where
Q : Discharge (m3/sec)
n : Coefficient of roughness (Table 3-3-1)
R : Hydraulic mean depth {(m)

I: Slope I = 1/1000

Table 3-3-1 8 ¥ & ¥

Condition n
Mortar masonry 0.025
Concrete 0.014
Rock 0.035

b) Results

Discharge capacity curves are shown in Fig. 3-3-1 ~ 3-3-5.
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Calc 3-5-1 Water hammer

a) Basic formula

m=1§2+ﬂ_;dﬂ2+4n 18))
. LVo .2
N o= (gTHo) (2)
where

Hm: Max. water pressure rise (m)

Ho: Max. static head at turbine (= 249.2 m)
L : Length of penstock (= 665.5 m)

Vo: Mean velocity in penstock (m/sec)

: Acceleration of gravity (= 9.8 m/sec?)

g
T : Closing time (= 30 sec)
b) Results
o Case 1

In this case, Hm was calculated
by formula (1) and (2) with T =

30 (sec).

Result is shown below.

Hm = 7.033 (m)
P = Hm/Ho
= 2.82%
o Case 2

In this case, Hm was assumed as 15% of max. static head at tur-
bine.

Hm = 249.2 x 0,15
= 37.38 (m)

P = 15%
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Comparison between two cases, case 2 was taken as a design head

for designing penstock.

Hm (Max. water pressure rise) = 37,38 (m)
{at the center of turbine)
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Calc 3-5-2 Design of penstock

Diameter and thickness in each section were decided in this study

a) Head loss

Total head loss in penstock should be below 7.5 (m) considering
power product, therefore diameter was decided to satisfy with this

condition.

Generally tead loss due to friction 1is over 90% of total head
loss. According to this fact, head loss due to friction is only
calculated in this study and total head loss is assumed with some
addition.

o Bapic formula

2 2
_124.5n x L x Q
p4/3 2gal

Q: Discharge (= 2,2 n3/sec)

A: Area of penstock's section (m?2)
D: Diameter of penstock (m)

n: Coefficient of roughness (= 0,012)

L: Length (m)

o Regult

Diameter of penstock in each section is given as follows:
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D (m) L (m) Head 1053(m)
x Q2
1.1 105.0 9.365 x 1072
1.0 98,0 1.453 x 1071
1.0 98,0 1.453 x 1071
1.0 105.0 1.556 x 10°1
.90 84,0 2.184 x 10-1
.90 84.0 2,184 x 10™1
.90 44,0 1.144 x 1071
.80 39,0 1.901 x 1071
.80 3.5 1.706 x 102
.70 3.5 3.477 x 1072
(.70 & ,55) 1.5 5.394 x 10-2
Total 665.5 1.387 x Q2

5 hyoss = 1.387 x 2.202 (cm)

= 6.174 (m)

Total head loss in penstock is assumed 7.2 m with 15% of addi-
tional,

Hpoge = 7.2 (m)

b) Thickness of penstock
° Thickness of penstock

Thickness of penstock is obtained by next formulas.

__PD %))
t EE;-+ A

D + 800 (2)
t2 =750
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where

t : Thickness {mm)

L4 -]

=)

Diameter

Internal water pressure

Oa: Allowable stress (= 1300 kg/m? SS41)

¢ + Corrosion allowance (€ = 1.5 mm)

Note: P was shown in chapter~5 (water hammer).

Result

Result of calculations are shown below:
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COXRKNERATRMI N5 REFLESE, XEHE BLNRLRLERREE, TXUE
#3850m~4000mOBRICKREBIND, HoT, BABBROETL2ERICALTE
BT 2L BHD B

BREOBEHMERI ARICITAESN TR, KERETRTRON(ED LR TV S,

EwmH®EZR

AMERICAN NATIONAL STANDARD DEFINITIONS
AND REQUIREMENTS FOR ALTITUDE CORRECTION

FACTORS

Altitude Correction Factor To Be Applied to:

Rated Withstand Current Ambient
Altitude Voltage Rating Temperature

Feet Meters Col 1 Col 2 Col 3

3300 1000 100 .o O 1.0 0
4000 1200 0.98 0.995 0.9902
5§5000 1500 0.95 0.9 9 0.980
000 1800 0.9 2 0.985 0,968
7000 2100 0.89 0.9 8 0,956
8000 2400 0.86 0.9 7 0.944
000 2700 0.8 3 0.965 0.9 32
100090 3000 0.80 .96 0.920
12000 3600 0.75 0.95 0.896
14000 4200 0.70 0.935 0.872
16000 4800 0.6 5 0,925 0.848
18000 5400 0.61 .91 0.82¢4
20000 6000 0.5 6 0.9 0 0.800

* For maximum ambient of 40°C for nonenclosed switehes and 40°C
outside the enelosure for enelosed switches.
For operation at continuous current rating.
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Table 7-1-1 Project Feature

L. — #&
ol oA ; Rio San Juan
it R T B ; 153,7 km?2

2. REEE
B Kk 4 s 3802.5 m

~y Py ki (8E®) ; 3795 m

KEFLEE 3 3547.3m
% 2 ; 249.2 m
AR EE i 242.0 m
BARXERAKE i 2.2 cu.m/sec
i1 R ;  4200.0 kW
EMTHEREENR ;32187 x 103 kwh
3. BAK#a
% R 3 EHR= I Y— b D
RIRBERE 5 3802.5 m
R R ; 15.0m
& 3 ; 3.5 m
4 U it
L ; 3.5m
B ¥ ; 40.0 m
w3 3 1L,743.5m
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a¥, BEbD (Type 1),
g ) — 1 EH(Type 11D R
axo— MR (Type 111)

3000 n
Type I ¢ 1.2 X 1.8 m
Type III: 1.2 x 1.7 m
1:1000

B (Type 1) RiddEs (Type 1)
FHME—gRak

1650 m

Type I : 2
Type IT : 1

1:1000

A& ®
9.0 m

3.5 m

EBERE B
664.0 m

1,10 m~ 0.55 m

#w E B
23,0 m x10.0m x 8.3 m



9. BRRM

B 4R H ; 4,200 kW

&
% R ; BME15>7, 2/X0, _abrkE
=N - 3 1
HHEE ; 242.0m
BRAMGERKE 5 2.2 cu.m/sec
Bl 32 B 3 455 r.p.m,

RE B
% K 3 PARI=ABIC M RHASE AR
a8 # 3 1
Hoh ; 5,200 kVA
" E ;3 6.6 kV
h o= ; 0.82 (lagging)
BE#E ; 60 Hz

EEES
B K 3 BAZSHMALES
a ; 1
= B ; 5,200 kVA
B E ; 6.6/33% 5% kV

10. % E &

B # # 3 1
B # ; A.C.S.R. 120 mm?
B 3 250 mm BRERI, 4 sk
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R ; 38 mm2 GSC, 1 line

o S HEE B R R Y
®" E ; 33 kv
BE K 3 10 km

11, 73 $ILAETRR

ZF &8
¥ R i BA=SHMALTER
B K 3 1
5 R ;3 5,200 kVA
T E 3 33+£5%/2.2 kv
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