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2.7

Casc of Load

The following cases of load must be considered in the studies of stability and respective
calculations in the internal efforts.

Casc of Normal Load (CCN)

It corresponds to all the-combinations of actions that present great probability of
occurrence along the durability period of the structure, during the normal operation
or normal maintenance of the work, in normal hydrological conditions.

Casc of Exceptional Load (CCL) ,
It correspond to any load actions of eventual occurrence . of low prob'lblhly of
exceptional hydrologlcal condltions, tmlfuncllons in the drainage system, action of
exccpllonal character, seismic effect ¢te.

Case of Load of Conslrucuon (CCC)

It corresponds to all the combination of actions that present probability of
“occurrence during the construction work, only, during short periods in relation to
its durability and in good conditions of control. - It might be due to loads of
construction equipment, or, duc to structurcs ‘executed only partially, abnorimal
loads during the transportation of perinanent equipment, and any other similar
conditions. ' '

.~ Cases of load combination for stablhly analysm of gra\nly concrete dam is summan?cd in

Table-2 3.
Table-2.3  Case of Load Combination
Case Reservoir Level ~ Load masi be considered Drain condition
CCN N.AVL. W, P, Pe,U _ N Operaling
- CCE HWL. - W, P, Pe,LPd. U Non Operating
ccc All the load to act againél dam during conétmcﬁon
Note: _
W : own weight of dam body
P : hydrostatic pressure forces
Pe :  forces of the pressures due to sedlmentatmn
-1 seismic inertia force _ :
Pd - : dynamic water pressure durmg eanhquake
U : uplifl
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2.8 Method for Stability Analysis of Coencrete dam
CEMIG design criteria indicates itenis to be examined as shown below;
(1) Safety Cocfficients to Fluctuation (C.S.E)

Safely coefficient to the fluctuation is defined as the relation between thc summitry of the

gravily forces and the summitry of ﬂlc Sub-pressure Forces and will be given by the
expression:

CS.F = 2l
U
where ‘ .
CS.¥:  Safety Cocfficient to the Fluctuation,
"V -t summitry of the gravitational forces
U : - summilry of the sub-pressure forces

Allowable minimum of C.S.F. is as follows; -

) 'Iable-24 | _ 'AIIOii'able Minimuin Valuce of CSI‘

- . Catrying Cases :
Safety Cocflicients CCN CCE CCC
CSF> 1.3 N 12 -

@y - S‘lfety Coefficiént against the Overtﬁrning

The safety coefficient to the Overtummg in any directlon is defined as the relation between
the stabilizing moment and the fallmg down moment in relation to one pomt or to one

- ellective lmc of rotations and wxll be gwcn by the expression:

C ST = IMe
. - XM
where _ L
. CS.T.: -Safety Coeflicient to the Overturning
Me ;- summitry of stabilizer moments
Mt :  summilry of falling down moments

Allowable mlmmum of C.S. T is as follows;

‘Table-2.5  Allowable Mmlmum Value of C.8.T

e - - Carrying Cases
Saf?(y. Cocl_'l:clcnlsA . TUCeN - CCE : . cCcC .
CST> . L5 . 12 . ' 1.3

() Safety to the Stiding for Structures (K.S.5)

Itis consldered that the safely to shdmg is venﬁed 1f

" ENI tan(¢t} 2C :A i

FS8S8=— CSD¢ CSDC > 1.0
_ _ ‘ I = :
- whete : L
"CSDgp "¢ safety coefficient relatively to the friction
CSDC :  safely coeflicient relatively to the cohesion

. Supporting Report : Feasibility Study
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Ni : normal strength to the surface of sliding analyzes

i :  angle of friction charactceristic of the sliding surface.

Ci : cohesion characteristic along to the sliding.

Al : real area of contact of structure in the plan under analyzes.
Ti . resulting on the forces parallel to the sliding surface.

Values of CSDo ahd SDC are as follows;
Table-2.6  Safety Cocfficients

Safety Coeflicients o Ca"yé'::gﬁcases R &
CSDo 1.5 (2.0) LI(3) | 13(.5)
CSDC 3.0 (4.0) 1.5 (2.0) 2.0(2.5)

The adoption of these figures indicates a reasonable knowlcdge'of the resistance
parameters of the involved materials.

These figures shall be increased in the cases in which such knowledge is precarious or the

malerials do not present constancy behavior, In this case there shall be adopted the
figures between the parenthesis.

€)) Analyzes of Tensions and Deformations

The tensions and deformations analyzes shall be elaborated to all the structural elements
and of foundations considering the possible cases of carrying, m a way to detcrmme or
_conﬁrmmg the dlmensmmng of the structural elemcnls '

g

As this study is for basic design stage, it is cnough to confirm that the vertlcal stress acting
on the contact surface between the dam base and the fOlll‘ld‘lthI’l rock is smailer than
allowable tensile stress.

The charge capacity of the foundations is related to the maximum normal tension, defined _
through criteria which supply the rupture conditions, and the limitations concerning the
excessive repression, harmful to the behavior and perfect utilization of the structure.

The ma\unum normal (cnsmn on the foundatlons shall be oblamcd based on the following
relation:

Ch m‘g e capacily of thefoundation
Safety Coefficient

The charge capacity of the foundations material shall be dctermmed by suitable methods '
using as subsides the results of tests” in situ “and the ones from laboratory.

of ,adm =

In relation to the safety coefficient, are réqommendcd_ lilc_ﬁgu'rcs specified as follows: , . ' %
Table-2.7 - Safety Coefficient for Allowable Tensile Stress .
Carrying Case . o Sa[‘cly'coeﬂ"léienl .
CCN T 3060y
T CCC ' ; T 20(.0)
N CCE_ - - REY) 0)

These figures adoption points out to a rcasonable knowlcdgc of .the resnstance of the
materials involved, :

' Supporting Report : Feasibility Study
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2.9 Excavation Linc

The depth of the dam foundation is decided based on the imperviousness the rock strength
required from the result of the stability analysis.  As geological data is not cnough so far,
the excavation depth of the dam basc should be decided according to general criteria.

(1) Dam Foundation Rock

— Congcrete type dam: As a rule, Cy, class rock mass is needed for the foundation of
the dam with the height of 50m, though even C, class rock mass is available where
the dam height is small. _

- Fill type dam : The core base needs imperviousness.  C, class rock mass is nceded
expecting the shielding effect by grouting. The filter base also needs C, class
rock mass. Soil and superficial sedlments must be taken away from the rock base
of the dam body ' :

@ Excﬁ\?ation Slope

Average gradlcnt of the foundation excavation slopc mcludmg berm has maximum values
as shown below;

_ Table-2.8 Ma}aimum Eicafatioﬁ Stope -

T S Quiside of dam base : C
Inside qf _ofam bnse . Soil Rock
1:07 - . 1:1.0 : [1:08

| 210 F(‘)undatiun Trcatmcnt :

'-(Il) - I*oundat:on gmutmg

As gcologlcal data of foundauon rock is not cnough S0 far general deSIgn valucs is
adoplcd : : :

- Cu rtain Grouting

d=HB+a
“where . .
d : depth of grout hole (in)
"H dam height upon a grout hole (n)
o  :  constant (8 2Sm)

- Consolldatlon Grouchmg
‘Pattern ot_"—bor_ehulcs a_rrangement is latlice paitern with Sm distance.

'_('2). B bnﬁn

' Accordmg to CEM IG shndard lcngth bcmcen upslream edge and drains is more 8% of
reservoir water dcplh S : . . o

Supporting Report : Feasibility Study
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CHAPTER 3 DESIGNS OF DAM BODY AND SPILLWAY
3.1 Alternative 'D'csign_ of Dam and Spillway

) Comjru ‘ison of Dam Type

Four (4) dam types: gravity concrete dam, rock- fill dam with zone type, rock- fill dam with
concrete facing type and carth-fill dam are compared. "Refer to Table-3.1, Figure-3.1,
Figure-3.2 and Figore-3.3. . Type of Vaza Barris Dam: Gravify Concrete Dam Type is
decided due to low cost and workability of construction undcr the following
considerations: : :

"1) Rock matcml and concrctc aggregate are procured at the cxnstmg qmrry site
Jocated ncar the C'Uzuba Dam and 15 km far I'rom the dam site.  As necessary
material volume is minimum, coneréte 1ype dam, is advanhgcous .

2)  Due to big design flood dlschargc for spillway, a large scale of splllway fac1l|ty is
necessary.  Fill type dam requires large volume of concrete for spillway facility.
‘Spillway for concretc type dam can be installed casily ‘on the ‘dam body.
Concrete type dam' is .advantageous from viewpoints of construction cost and
construction workability. : :

3)  Fill type dam can be constructed on lhe rather Iess hard rock on the ground

surface. - That is an advantage of fill type dam. At the dam site, the layer of this '
rather less hard rock, namely C,-class rock is very thin or nothing. Concreic .

type dam is conslructcd on the h’ll’d rock foundation: C,,-class rock or more. = At
the dam site, the difference between fill type dam foundation and concrele fype
dam foundation is very small.  Therefore, fill type dam has no advantage at the
dam site. ' : '

4)  Around the dam site, laycrs of soil and weathered rock are very thin. - Therefore,

~a large arca is necessary to collect core material and earth material. ~ Considering
the current land use (paslurehnd) near the dam sntc, it is impossible to collcct soil
material in the wide areas,

5) Water dcplh in flood time is very hlgh duc to low gradlent of ihe river channel.

This high water depth is disadvantage for diversion tunnel during construction -

period. Therefore, partial bulkhead for diversion is recommendable. Partial
- bulkhcad method is applicable for concrete type dam because the design diversion
discharge is small and concrete dam is resistant against dam-top overflow, For

fill type dam, diversion during construcnon period is very difficult at the Vaza

Bariris dam siie.

(2) Comparison of Spillway

Generally, for concrete dam, spillway is mstalled on lhe top of dam as one unit wnh dam -
body. For fill type dam, spillway is construcied, apart-from dam body, at the most .
appropriate place. - The location is decided considering topography, geology, workability,

cconomic efficiency and so on. - Table-3.2 shows thc comparlson of splllway for fill type
- dam. Refer to Figure-3.4.

Spiilway for Vaza Barris Dam has no gate. For concrete dam,'overﬂbw sf)’ilh.vajy3 is
installed on the top of dam. For fill type dam, Chute spiltway with overflow ‘inlet is

cmployed. Width of splllway for fill type dam is csumated to be about 130 m, supposmg '

F—l6'
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overflow depth: about 6 m.

dam, Left-Bank plan is most recommendable.

Table-3.1

Comparison of Dam Type

From the comparison result of spiilway location for fill type

Items

Gravity Concrete Dam

Rock-§iff Dam

Earth Dam

Foundation

o Zone Type | Concrete Facing Type
Dam Pam foundation at the site is possible for construction of any type of dam.

O

| O

O

| O

Material for

Rock material including aggregate are not available near the dam site.
and concrete has to be purchased form the existing quarry site, 15 km far from the dam site.
dam site, acquisition of soil material is very difticult.

The material for embankmeny

_ Near the

1) Concicle 1y Core 1) Concrete 1) Earth
Bam Body Aggregate, Cement,  [2) Filter 2) Transition
: Fiy ash, Admixture . |3) Rock 3) Rock
O A O X
Locationof  [Upper part of main dam_|Lelt bank side, apart from dam body
Spillway O A | A A

Locatien of
Low Flow
Outlet

Inside of main dam

Qutlet pipe cannot be installed in the dam body. Pipe and other related
facilities are constiucted aparl from dam body.

O

A

A A
Resistance - |Safety due to conerete . - [Weak Weak but better than | Very weak o
againstdam  [structure. ) - Fonc type rock fill dam :
top overflow O X ) A X
o Q=200 m¥s _ Q=720 m'fs {1/20 y<ar probability)
l[;:::!r]::rog]; (172 year p;obabilil)') For concrele facing type, design discharge can be decreascd.
) O . X A X
_ - Partial bulkhcad No practical method, due (- Partial bulkhead No practical method, due
Diversion - Temporary hole in dam |to very large scalé of [ Temperary hole in dam|to very large scale of
Mecthod body diversion tunnel body diversion tunnel
'S X O X
Onc system including Tolal two systems:
Construction . [conciete batch and - Embankment system for dam body
Facilitics -~ jconerete place - Concrele batch and concrete place system for spillway -
' 0) A | A A

Dam Ileight

Base rock for fill type dam isD- class or CL-class.

Base rock for concrete dam is CM-class.

The rock]

layers of P)-class and Cl-class are very thin at the dam site. The dam height for concrete type and fill
type is almost sanie, S0 m— 55 m. _ : :
Dam Volume 275,000 m* (1.0) £99,000 m’ (3.3) 697,000 m’ (2.5) 1,100,000 m* (4.0)
Spillway o . : :
Concrele om* 37,500 m? 37,500 m? 37,500 m’
Volunme L : ' ' .
Excavation 373,000 m’ 2,113,000 m® 1,926,000 m* 2,301,000 m*
Volume - (.0 (&%) (5.1) (6.2)

- 1) Duetomin. velume 1) Due to big diversion |1) Due to remote quarey |1) Due to big diversion
of dam matcnal cost discharge and small site, cost for rock discharge and small
iic. lransportalion is|  slope of river channel,| material is very high. slope of river channel,

' 'cheapcr than fill type " cost for diver's_ion 2) Cost for spillway is coit for diversion
- dam. facilities is extremnely | very Jarger than that of]  facililics is extremely
2) Good \mrkabmly duc expensive. concrete lype dam. expensive. _

: . to one uniling. dam, |2) Acquisition of core . ' : 2) There is no carth
Total . spiliway and outlet. material is difficult. material near dam site,
Evaluation 1) Due to big resistance {3) Cost for spillway is 3) Cost for spillway is

' against flood overtop |  very larger than that of] very larger than that of|
of dam, cost for - concrete type dam. concrete type dam,
diversion can be S e '
decreased. : :

O (Very Good) "X (Not Good) . A(Fain) X (Not Good)

Probable dam types aré. gravny concrete and rock-fill with concrete facing.
: \\orkahlhly ofconslmcuon the most promlsmg dany’ iype Is gravily concrete dam for Vaza Barris Dam.

Due fo cost and

Fe7: 0
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LONGITUDINAL SECTION OF DAM AX1S
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Table-3.2

Compavrison of Spillway for Fill-Type Dam

Items Left-Bank Plan Right-Bank Plan Separated Plan
Topographically, left bank [Right bank is thin ridge. | Location is saddle of
mountain body is large Line of the ridge is ridge. Weathered layer is

_ enough to install spillway. [inclined upstream at 30 15m. Atthe
. There is no geological degree from daim axis. downstream valley,
gy;?gg,p hy and : problem. Weathered layer is 10 - 20 { sedimentation depth

m. Hilltop, el. 61 m,
located at the' top of right
abutment, is obstacle to
spillway.

scems 15 m.

[_-‘oundélion of
Spillway

Inlet level is normal water level of reservoir, _Atthe norimal water level, C; — class
rock is distributed.  This class rock is strong enough for foundation of spiliway.

Conneétion to |
Downstream River
Channel

The centér line of spillway
crosses the river channet
at 25 degree. No special
problem. -

Spilled water is directly
discharged to the tributary
which meets right angles
to the river channel

The end of valley where
spillway is installed, is flat
land. No special
problem.

Length of Spinay

Approx. 150m

Approx. 100 m + 200 m
training chaniiel

Approx. 10600 m

Hydraulic Points

No special problem.

Arrangement of stilling
pool is difficult due to
topographic reason.

Curved chute is not
appropriate to discharge
supercritical flow.

Other Points

Large scale of spillway
needs a large amount of
excavalion

Due to thin ridge and
existence of lineament,
there is a weak point of
lcakage. To prevent this
leakage, there is a plan to
fill the valley (upstream
side of the ridge) with
dumping soil material. " it
is nol appropriate lo
install spillway near the
dumping place.

Similar existing dams
have chute with natural
channel and inlet with
concrele. Dueto
frequency of flood, large
discharge and thick layer
of sedimentation, natural
channel - chute is not
preferable.

Total Evaluation

Few problem

Lasge scale of spillway -
can not be installed.

Few merit

0 (Applicable)

X (Not applicable)

X (Not applicable)

F-21
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T,
%ﬁ)

©

AN ROANK ,
’ \ : \ - Right-Bank Plan - -,
: ——- b, < ,_""“ -

!,

-I' . + . \ ™ - - ‘i
T Left-Bank Plan A7 i/ j
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32 Design of Dam Beody

() Design Conditions

The design conditions of the main dam is as follows:

(a) Design Water Level
1) Reservoir Water Level

~ HWL.=ELS527m
- N.WIL.=EL475m
-~ LWL.=EL285m

2)  Downstrcam Watm chcl
'—  Normal l_1mc. EL. 200m

- Flood Time: }“I,. 382 m
h) Elevation of D‘lm Top

The elevation of dam top is EL. 53.2 m, whlch is lhc largcr comparmg the levcls of
“normal water level + concrete dam frceboard” and “flood water level + concrete d'un
frccbmrd”, as shown below.

Itenis Water Level Freeboard  WIL+ Freeboard

Normal Time - N.W.L.:EL. 41.5m 1.5m EL.49.0m
Floml Time - . H.W.L.: EL. 52.7 m 0.5m EL.53.2m
() Dam Found'ltmn Rock

According to the results of the geological survey covcrmg the dam site, it is evaluated that
Cy, class rock at the dam site is strong enough to construct gravity concrete dam of 50 m

“class. - Therefore, Vaza Barris Dam is installed on the Cy class rock foundation. The
corc boring revealed that the depth of Cy class rock is EL. 15 m at the lefi bank and 6 m at
the right bank. It is necessary to confinm the strength of C,, class rock through the sheer
test before preparation of detailed design.  In this design, strength of C,, class rock in the
dam site is assumed 1o be C = 80 ton/m? of cohesion and =38 of internal friction angle.
I'1gurc 3.5 shows relationship between rock mass class 'md shear slrenglh '

(d) Dam Helght : _

The design foundation leve} of Cy, class rock is set at FL 5m. As the elevation of dam
top is EL. 53.2m, the dam hcnghl is 48. 2 m. ' '

_ (e) _ Arrangemcnt of Drain

~Three- (3) drains in one block (lSm) were arranged at the dam foundallon of S m
downstream from the dam axis. It satisfics the drain arrangement standard, while the
Iength belween upstream edge and drains is more than 8 % of reservoir water depth (5 m /
48.2 m = 10 %). :

o WldthofDamTop

~The width of dam top is set as S m consndermg entrance of cranc truck in the case that
- gates are installed for low flow outlet and for temporary drain hole in dam body. _

. Supporting Report : Feasibility Study
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2) Stability Analysis
(a) Analysis Condition

Stability of the dam is analyzcd for dam standard section (the maximum secction of
overflow section and nonoverflow section) as described in the section of “Design Criteria”.

The load combination of threc types, namely Casc of Normal L oad(CCN) Case of
Exceptional Load(CCE), Case of Load of Construetion(CCC), are listed in the design
criteria.  As CCC is changeable according to construction method, this case is neglected
in this Study. Experimentally it is expected that safely factor of CCC case is higher than
those of CCN and CCE cases though depending on the design condition.  The parameters
for the calculation of CCN and CCE are shown in Table-3.3;

Table-3.3 Paramcter for Stalnllty Analysis of Dam Body

Carrying Case
) ltems CON “CCE
Upstream water level - ELA7ZSm(N.W.L) - EL.52.7m(H.W.L.)
Downstream water level EL.20.0 m EL.38.2m
Sedimentation level : ' EL.28.6 m EL.28.6 m
L . ' 0 Horizontal 0.05
Design scismic coefficient . c Vertical 0_03§
. Condition - Operating - Non operating
Drain Position 5m from dam upstream face
' ' : Drainage level EL25m -
. . Lo C 801y’
Foundation design strength g 38" _
- | Mass concrete 2.3Um’
Unit weight Water - LoUm’
' Sedimenlation{sub) - 0.35¢m’

(b)  Result of stability analysis

The sectional form of the main dam, which satisfies the design standard in the dam
stability analysis (sce Table-3.4), was set as follows:

Upstream Slope: Vertical
- Downstream Slope:  1:0.88

The allowable tensile stress of foundation rock is given by Charge Capacity / Safety
Coeflicient in CEMIG criteria, ~In order to increase the safety degree against the tensile
stress within the foundation rock comprising phyllite with many joints, the sectional form
of the main dam is designed so as not to causc tensile stress within the foundation rock.

' This Study is for basic design stage and assumplion above is considered enough

Figure-3.6 and’ F]gllre—3 7 shows loads actmg on the dam body by each case. Detail of
the analysns is shown in case Table 3.5 to Table-3.9. '

lhc sectlonal form of the dam, thc drawmgs of Dam plan, longltudmal sections of the
upsiream and downstream view and standard sccuons is prcsemed n l‘lgure -3.8, Figure-

Tal)!c-3 4 Results of l)am Stability Analysis

: . o Safely Safeiy Cocfticients| Factorof : Tension (Vm®) Salety
Case | Sectonand al!m\able Value | Coetficients to] - againstthe . |Saftytothe Upsticam Downstream Factor
. B - | Bluctuation: |  Overluming Stiding  [compressive stiess ovu compn:ssm stress ovd | by Henny |
Cascof PNooovadidwsedion - S 25y & C 296 __ 161 3223 . 17.63 5.1
Normal  Overflow séction e 250 2.75 1.59 2931 - 19.00 5.1
Load . [Allowabke mininkan vahe 1.3 i5 1.0 0 @ 4
b Cassof. Ponoverflow section 1.61 L 171 | 274 - 0.79 . 1871 50
- | Exéeptional Eveflowsecion . 1.5% - 167 2.7 - - 4.1 - 43389 50
Load * {Allowable mmimdenyvabue - | 0 C 1.1 a2l 10 - 0 0 4
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Nonoverflow Section
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Table-3.3
1. Design Load

Summary of Stability Analysis of Dam Body

Item Unit Dimension
Dam Top Level ' EL.(m) 53.200
Overflow Crest Level EL.(m}) 47.500
Dam Foundation Level EL.(m) 5.000
Downstream Slope 0.88
Design Flood Water Level 1T BL(m) | 52700
Normal Water Level _BL(m) | 41500
Sedimentation Level | EL{m) | 28.600
Downstream River Water Level ;::zt ‘ t::g:g ggggg
Drain Quilet 1evel : : EL.{m) 25.0600
Distance from Upstream Face until Drain © (m) 5.000
Concrele () 23
Unit Volume Weight (Water - - {(tin%) 1.0
B Sedimi¢ntation 1 vy | 035
. A g, Horizontal 0.05
Design Seismic Coefficient . Vertical D
. o : Cohesion _ vin') 80
Foundation Design Streﬂglh Angle of Internal Friction *i%ﬂ'gg) B
2. Carrying Case _
Item - Unit TeeN Carrying Case ceE
Upstream Water Level EL.(m) 47.500 N.W.L. 52.700 H.W.L.
Downstream Water Level EL.(m) 20.000 38.200
Sedimentation lLevel EL.(m) 28.600 28.600
Dani Foundalion Level _BLm)- | 5000 5.000
. Lo . 0.05 Horizontal
fi:flgn Seismic Coefficient | 0.03 Vertical
Dirain Condition Operaling Non operating
3. Resulis of Stability Analysis . : :
Carrying Case CSF CST FSD . _ovH ovd n
CCN . T . '—. o
Nonoverflow Section 2.53 2.76 1.61 - 32228 37633 | 51
Overflow Section - 2.50 215 . 159 29.314 38997 | 51
Allowable Minimum Value 13 1.5 1.0 0.0 0.0 4.0
CCE : ' , s :
Nonoverflow Section 1.6 1.71 214 - 0792 48.710 5.0
Overflow Section 1.5 64 [ 277 4.112 43.886 5.0
Allowable Minimum Value 1.1 12 N 00 0.0 4.0
Note: \ :
CCN case of normal Joad
CCE case of exceptional load
CF§ safety coefficients to fluctuation
. CS8T safely coeflicients against the overturning
FSS " factor of safety to the sliding :
avu upstream compressive sleess
avd downstream compressive stress

n T safcty factor by Henny

F28 .
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Table-3.6 Analyzed Case
Stability analysis for CCN of Nonoverflow Sectmn of Mam Dam

1. Carrying Case

Nonoverflow Section

L

CCN
2. Dcs:gn Condition
Item Dimension
Height of Dam 48.200
Downslseam Slope 1:0.88
Upstream lead 42.500
Downstream Head R T .
Depth of Sedimentation 23.600
Drain Condition . : Opeialing
: Heelof Dam - | 42500
Uplitt _ Drain section 27428
' Toe of Dam 15.000
. __— L Horizontal L
Design Seismic Coefficient Vertical . _—
Cm 0570
Dynamic Water Pressure c 0570
Pd 0.0600
3. Working Load R L
o Item V) Lv (m) VxLv(ixm}|. H() Lh (m) Hx Lh (ixm)
Qwn Weight ] . 2,351.119 - 14139 {33,242472 o .
Scismi¢ Ineitia Foree ) : S .
Hydrostatic  {Upstréam - R T £ 903.125 14.167 ]| 12,794.572
Pressure Downstream 99.000 - 33.016 | 3,763.584 -112.500 5000 | -562.500
- Subtotal T 99.000 | 3,763.584 790.625 : 12,232.072
Pressure due to Scdimentation e ) 97.468 - 7.867 766.781
Dynamic Water Pressure R ; : '
uplin. . |{® -137.125. 2500 .| 342813 ¢ - . ¢ |
@ . -37.688 | 1.667 -62.826
@ | -561.240 23708 |-13,305.878
@ . -232.447 17472 | -4,061.314
Subtotal -968.500 : 1-17,772.831 -
Total - S 1,481.619 19,233.225 888.093 : . |12,998.853
4. Stability Analysis
Summitry of the Gravitational Forces LV = oL : 2450.1191
- Summitry of the Uplift Forces CEU= ' : 968.5 ¢
Safety Coefiicicnts to Flu¢tuation  CSF=3:v/il= : 253 213 © 0K
Summitry of Stabilizer Momienls SMe= . ' . 50567.409 1 x m
Summitey of Overlurning Moments IMi= 18335330 txm .
Safety Coeflicients against the Overturning C.S.T= }Z\‘IcIZMi— . 276 1.5 . OK
Safety Coeflicient felatively & CSDB = C 2 '
Safety Coeflicient relatively C - CSDec = ‘ : ' ~ 4
Normal Strength Ni= = : : 14816191
- Angle of Friction - - - Bi= ) - 38
- Cohesion - . . . Ci= : S 30 UMt
Arcaof Contact: -~ oo A= . ‘ : - 42 416 m? (unit width)
Forces Parallel 1o the S!ldmg Surfac«, . Ti= 888.093 1
Factor of Safely {o the Shdmg F8S = (LN| x tanfli / CSD@ +Xex A/ CSDc) Zti= 16l Zi0 OK
“Total of Moments T EM=E(VxI) R (leh) = _ 32232078 txm
- Working Point of Resultant Force d=(XM/EV= 217546333 m
Length of Dam Base = - S B= o : . . 42416 m
et e e=B/2.-d= . . . S -0.547 =DBf6= 7.069
Upstréam Compressive Steéss S ou={(VIB)(1+ 6e/ B) = _ 32238 20uUm? OK
Downstream Compressive Stress ad=(V/B)(1-6¢/B}= ~ 37633 20 Um? OK

Saﬂlyi‘aclorbyllcnny T = IVHCixB)/ZH = 5124 0K

— Supporting Repori : Feasibility Study
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Table-3.7 Analyzed Case;
Stability Analysis for CCE of \!onovcl flow Scetion of main Dam
1. Carrying Case
Nonoverilow Section
CCE
2. Design Condition
Item Dimension
Height of Dam 48.200
Downstrcam Slope _1:088
Upstream Head . 47.700
Downstream Head 33.200
Depth of Sedimentation 23.600
Drain Condition e _ | MNon operating_
Heel of Dam - 42.700
Uptifi Drain section —
TocofDam _} - 33200
Pesign Seismic Coeflicient l\;g:lliizrl“al g g;g
iCm .. 0370
Dynamic Water Prussure c 0.570
Pd 1.35%
3. Working Load Lo
Item V) Lv (m) VxLv(t>xm) HQ) Lh{m) . JHxLh{txm)
Own Weight 2,351.119 |14.139 33,242.472 . - :
Seismic Incma Force -70.534 14.139 | -997.280 . 117.556 16.067| 1,888.772
Il)droslatlc Upstream ] - 7 ' 1,137.645 15900f 18,088.556
Prossure Downstream| . 484.986 32.677 | 15,848.049 -551.120 11067} -6,099.245
- Subtotal 484.986 - | 15,848.049 586.525 oo 11,9893 -
Pressufe doe to Sedimentation] -~ ' 97.468 71.867 766.781
Dyaamic Water Pressute ' ) _ 47.062 B © 924,544 %3
' D fo-nd08218 | 21.208 |-29.865339 o -
Uptin @ - " .307.516 14.139 | -4,347.969
Subtotal -1,715.727 -34,213.308 e . :
Total : 1,049.844 13,§79.933 848.611 .-} 15,569.408
4. Stability Analysis o .
Summiiry of the Gravitational Forces V= 2,765.571 t. -
Summitry of the Uplift Forces U= _ 1,715.727¢ :
Safety Coeflicients to Flucluation CSF=XV/IU= . 161 211 Ok
Summitry of Stabilizer Moments IMe= 70,7591 (x m" .
Summitry of Overiurning Moments IMt = 41,309.833 (*x'm
Safely Coeflicients against the Overturning C.S.T = EZMe/EML= 171212 OK
Safety Coeflicient relatively @ CsSD@ = 13
Safely CoefYicient relatively C CSDe= 20 .
Normal Strength Ni= 1,049844 1t
Angle of Friction = AR S
Cohesion Ci= .80 Um :
Arca of Contacl - Ai= 42.416 m? (unit \udlh) :
Forces Paratle] to the Sl:dmg Surfac» Ti= - 848611 t
Factor ofSafcl) 16 the Sliding FSS= (Zni x tan@i/ CSDO + Eci x Ai/ CSDe)/ Eti= 2. 74_ Z10 0..\
Total of Momtents : IM=E(VxL)+Z(Hxh)= 29449341 1xm
Waorking Point of Resultant l-orcc d=EM/EV= ' T28051m
Length of Dam Base B= ) L 424t6m -
e=B/2-d= A -6.843 SB/6= - 7.07
Upstream Compressive Stress cu=(V/B)(1+6e/B)= 0.792 20Um? OK
Downstream Compressive Stress ad=(VIB)(1-6¢/R)= 48, 110 20Um? 0 K
Safety Factor by Henny 5. O 24

N=(fx IV +CixB)/H = .

0K
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Table-3.8 Analyzed Case;
Stability Analysis for CCN of Overflow Scction of main Dam

1. Carrying Case

Overltow Section

CCN
2. Design Condifion
ltem - Dimension
Hleight of Dam 42500
Crest Width 5016 -
Downstream Stope 1:0.88
Upstream Head : 42.500
Downstream lead 15.000
Depth of Sedimentation - - 1 23600 ©
Drain Condition Operating
o Heel of Dam 42.500
uUplift Dirain section 27.425
: TocofDam  j 15000 -
Design Seismic Coefiicient I\!::l'[iz?la] e
: Cm 0.570
- {Dynamic Water Presswee |C 1 0.570
' Pd - 0.000
Workmg Load S : C o :
Hem V(1) Lv(m) |VXLv({txm) H (1) Lh(m) HIXLh{txm)
_ M | 490314 | - 2508 | 1.229.708 ' N
Own \\' ight @ -~ 11,827925 17483 31,957.613
[Sublotal | 2318239 | © 33,187.321
Smmlc Inema Force - ' - .' 4
EI)dmslallc {Upstream _ 903.125 14.167 | 12,794.572
Pressure ' |Downsircam 99.000 - 38016 3,763.584 - -112.500 5.000 -562.500
~ . |Subtotal 99.000 - . 3.763.584 790.625 . ] 12,232.072
Pressure due {o Sedimentation| . - ' 97.468 7.867 766.781 |
Dynaniic Water Pressure . :
N () SN ﬁ‘.l3?£5 oo 2500 1 -342 3!_3.___ I -
@ -37.688 1667 | -62.326 .
Uplift (€] o -561.240 23708 |-13,305.878 . .
o @ -232.447. 17472 -4,061.314 . '
: e Subtotal -968.500 C -17,772.831 :
Total : : 1,448.739 | 15,178.074 888.093 12,998.853
‘4, Stability Analysis : ‘ S
Summitry of the Gravitational Forces V= ] 2,417.239 ¢
Summitry of the Uphﬂ Forces Elf= . 968500t
Salely Coenu:lcnls toF luctuation CSF=EV/IU= } 250 213 0K
Summl!r) ofSIahlllzcr Moments EMe= ' ’ 50,512.258 1 x m
Sunuiiry of Overturning Moments IML= . _ 1833533t xm :
Safety Cocﬂlcmnls agamsl lhc Oxcrturnmg CS.T=EMe/EIMi= - : . S275 215 OK
" Safely Cncﬂu:lcnl relatively & - S = o . : 20
Safety Coeflicient relalively C . C8Dc= _ - : 4.0
Normal Strength Ni= . i 448 739 t
_Angle of Friction g Pi= . 38"
Cohesion . : Ci= o 80 Um?

" Area of Contact CAie o © 42416 m? (unit width)
- Torees Paralle] to the Sliding Surface Ti= - . 883.093 1 .
o _lac(or of.‘aafcly to the Sliding .~ FS§ = (ZNI X {an@i ICSD@ + Lct X AIICSDe)/ Bti= - 159 =10 oK

- Total of Mamen[s } ' IM=% (V ®x LytE (II b h) = 32,176.927 1 *m
Working Point of Resultant Foree d=EIM/EV= 2210m
Length of Dani Base - : : B= ' 2416 m :
. : . e=Bf2d= - ‘ -1.002 EB/6= 107
- Upstream Compressne Stress . Tou=(V/BY(+6e/B)= : 29314 20vm? QK
-Downstrcam Compressive Steess - . ad=(Y/B){1 -6e/B}= . : : 38997 =0t/m! QK
Safely[aclor by Henny -~ n=({xEV+Cix B}/ Il = : 51z - 0K

: - | Suppo_rﬁng Report : Feasibilily Study
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Table-3.9

1. Carrying

Anal) zed Case; _
Stability Analysis for CCE of Overflow Section of main Dam

Case

Overflow Section

CCE
2. Design Condition
) : Ttem Dimension
Height of Dam 42500
Crest Widlh b se.
Downsircam Slope B " 1:088 §
Upstream Head 47,700 k
Downstream Head ; 33200
Depth of Sedimentation 23.600
Drain Condition non operating
Heel of Dam 47,700
Uplift Drain section —
' Toe of Dam 33200
Desugn Scnsm:c Coeflicient :}grr:iiz?!al - gggg
S Cm N 0.570
Dynamic Water Pressure [ 0.188
: P - 0449
3. Working Load . S ' o '
Item - U] Lv{m) V xLy (txm) ‘H{t) * Lh{m) * - | HXLh (1xm)
. [OTE . 490.314 - 2508 | 1,229.708 . -
Own Weight - {@ 1,822.925 17483 1-31,957.613 |
Subtotal 2,318.239 -33,182.321 Sl . N
Scismic Incrtia - 0] -14.709 2.508 -36.890 | - 24516 21,250 520.965
Force 2 -54.818 ~17.483 7|  -938.733 ' 91.39% 1373 | 125487
Subfotal - -69.547 - -995.623 115.912 o 646452
S Upsiccam@ | - - -221.000 21250 | 4,696.250°
Hydrostatic Upsiréam@ - | L 2903125 | - .14.167 | 12,794.572 %
Pressure - Downstrcam 484.986 32677 | 15848.049 551120 11.067 | -6,099.245. 4
) Subtotal 484.986 - 15848.049 | - 373.005 C L 1L,3910.577.
Pressure due lo Sedimentation : : L : . 97.468 7.867 766.781
Dynamic Water G)—@F@ T = : 4.113?’; — : 92323%
Pressure Subtotal A o : 45367 920.914
® - -1,408.211 21,208 _|-29,865.339 1. - -
Uplift ] -307.516 {4.139 | -4.347.969
Subtotat -1,715.727 - -34,213.308 - : - T
Total 1,017.951 13,826.439 | - 831752 13,725.724
4. Stability Analysis N
Summitry of the Gravitational Forces V= 2,733.678 1
Summitry of the Uplift Forces U= 1,7115.727 1 o
Safety Coeflicients to Fluctuation CSIF=:V/iU= o159 21 1 0K
Summitry of Stabilizer Moments CIMe= 67 919, 425 txm
Summitey of Overturning Moments EMt= 41,311.806 tx m

Safety Coeflicients apainst the Overturning C.8.T = XMe /XMt =

Safely Coeflicient relatively & CSDig =
Safety Coeflicient relatively C CSDe=
Normal Stréngth - Ni= =
Angle of Friction gi =
Cohcsion Ci=

Arca of Contact S Ai=
Torces Parallel to the Shdmg Sur!‘ac» o Ti=

Factor of Safety

to the Stiding

Total of Moments

Wotking Point of Resultant Ferce

Length of Dam Base

Upsiream Compressive Stress

Downstream Compressive Stress

Safeiy Faclor by

Henny

FSS=

SM=E(Vx1)+ 5 xh)--'
d=3M/EV=

B.._
=R

i12-d=

ou—(vm)(noem)—
ad = (V/B) (I - 6e/ B)=
n—(fx V4 Cix B/ Bll=

(ENI ES lan@: ICSD@ + Eei % All(,Sl)c)I Ei=

I 64 >l 2 0.K
l 3
Y
IOI’I 951 ¢
: 38’
.80 !!m L
© 42416 m (unll\udlh)
8317521
277 =1 0 . O.l_\
21, 552 163 txm .
27.066'm -
424166m° '
-5.858 SBl6=. 7.07
4.112 20¢¥m* " OX
43.886 20 Um’-_O.K
50 24 CLe0K
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33 Design of Spillway
(1) Widih and Water Depth of Overflow Section

The width of overflow section (L) is set as 150 m, equivalent to the width of the current
river section.  As described in the above section, the depth of overflow section is given as
5.2 m at the design flood discharge Q = 3,600 m’/s Beside, the influence of the crest
bridge pier was taken into account on the calculation of over flow section.

Q=CLH* "
_L 1’-2 (Ka + nKp) H
| ”1704><(t+0648(H/R))°‘

R=0.9173Hd = 09]733'(52 4770[11

C=1.704 x (1+0.648 = (5. 2/4 770))05_2 2

n=>5

L= 150 - (2 % $) = 140 mi

Ka=0.12, Kp=10.01

L= 1402 (0.12+ 5 x 0.01) x 5.2 = 1382 m
Q=22x1382x%52"%=3605 m3/s > 3600m’/s ok

(2) . Shape of Overflow Scction

As the design water depth of overflow section is hlgh as S. 2 m; the shape of ovorﬂow
section is designed giving larger discharge coefficient $o that the negative pressure does

~ not occur on the overflow section.  According to the standard of USCE (US Army, Corps

of Engineer), the standard overflow section is employed in this design.

3) Height of Training Wall '

The heights of training wall (water depth + free board) arc calculated as below each ﬁgure
is perpcndlcular to channel surface :

. Table-3, 10 . Height of Training Wall

" Height of Training

R Velocity V Water’ depth | Freeboard | h+Fb
Location | Head H (m) (m/s) “h(m) Fb (m) (m) Wall (m)
EL. 40 m 12.7 14.2 1.69 123 2.92 3.0
EL.30m 227 " 19.0 1.26 136 | - 2.62 2.1
EL. 20m 32.7 0223 1.05 146 2.51 2.6
MNote: o
SH Rcscnorr Level - locatlonlc\cl ‘
LV 09x(2xgxHPS
:hoor 360071504V

I 06*0037><V><h"”’ .

(r-l) Energ) Drssrpater IR .
The design conditions for the i cnergy d1351patcr are as follows

~ Design dlschargc for encrgy drssrpater 1 200 m*/s (100 year rctum pcrrod)
— Difference is large between current rrvcrbed elevation: EL, 20 m and dam base
" rock elevation: EL. 5 m.

. — Layerof deposrts in riverbed is 10-20 m in thickness.

-~ Water depth in flood time is hrgh ln dcsrgn flood: 1,200 m3ls water dopth is 10. 8
- m(EL.308m). -
= “Width of energy drssrpatcr is 150 m as same wrdth as tho overﬂow scctron of the
o '-7splllway .

' As the riverbed deposrt is thlck ‘and water depth is decp, hydraullc Jump basin (with chute

blocks and srlls) cqurvalent to Basin I[ from USBR standard l)rmenstons of the energy

- . . Supporting Report Feasrb!h{y Study
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dissipater are designed as follows:

— Elevation of basin: : EL.20m
—  Width of basin: 150 m
- Length of basin: 26 m
- —  Conjugate depth of jump: 5.8m

As the water depth of downstream river (10.8 m) is higher than the conjugate depl'h' of
jump (5.8 m), hydraulic jump occurs in the basin and flood stream is dissipated

Design discharge; Q = 1200ms.  Overflow depth during ‘water ﬂowmg down is
calculated as H = (1200/2.2/140)*™ = 2.476m referring to the formula of Q= CLH".
Consequently, reservoir water level is EL.47.5m+2.476 = EL. SOm . :
Water head from the apron h = EL.50m-EL.20m = 30m.

Correspondmg above, water depth at the tip of the encrgy d1551pater di, velocnly Vi,
- Froude number ; F1 are calculated as follows; o

Vi=09x(2xg xh)°’—~218m/s
dl = 1200/150/218“03711« :
FlﬁVII(ngl)‘”—Zl8/(98>C037)°‘“114

Water depth afler hydraulic j jump ; d2is, _
d2= 0. 5 xdl x ((l+8><I'1 )'” 1) 0.5 x 0. 37 x ((1+8><11 41)05 1) 5 8m.

Length of basm Lis,
L= 45Xd2 45x58=26m.

(5) Helght of Basin Wall

The elcvatlon of the basin wall is set as EL 32 m conSIdermg water depth (30 8 m for 100
year retumn period) of downstream river and some frecboard. Higher elevation of the
basin wall than river water depth prevents water intrusion from side to basin. Stream in
basin can ﬂow straightly as two- dl_mensmnal flow from upsiream (o downstream.

34 Dcs:gn of Low Flow Outlet

Low flow outlet is composed of conduit and dlscharge regulatmg valve To take water
cffectively, the low flow inlet is installed at the lower elevation where reservoir
sedimentation does not disturb.  According to the reservoir operauon plan, the reservoir
sedimentation level (L.W.L) is EL. 28.6 m.  The level of the inlet is set at EL. 29 m to -
cllectively release design low water and discharge densily layer. = The occurrence of the -
salinity water layer is not confirmed yet.- As the design water head is 25.5 m in this case,
high-pressure outlet facility is employed. Water from the outlet is discharged to the
stilling basin.  The scale of the low flow outlet, after the hydraulic study, is set as 250 mm
of the gate diameter and 800 mm of the low ﬂow plpe ,

Table-3.11 shows hydrauhcs_ calcu}auon.

3.5 Dcsngn of Foundatwn Treatmcnt

The foundation rock is judged to be ‘considerably i lmpcrvious accordmg o thc rcsult of the
Lugcon tests in borcholes which shows that Lugeon Values of the -foundation rock
classified into more than Cy class are usuaily fess than 2Lu. However these data are so
far - not enough, thus standard curtain groutmg mclhod should bc dcsugncd in this sludy
Area to be grouted is shown in 1*1gure -3.11.. . :

_ Supparling RepOrl : Feasibility .S’rmz'y
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CHAPTER 4 DESIGN OF CHECK DAM
4.1 Design Condition

(1) Type of Check Dam

Type of the check dam is set as a gravily concrete dam because of havmg advantages on
workability of construction and resistance to flood with sediment.

(i) _ Locahon of Check Dam and Top of Dam

The location is the upstream end of reservoir where the design reservoir volume is secured
at the normal water level.  Also, the location is decided from viewpoint of topography and
geology. The proposed location is located 29.5 km far upstream from Vaza Bartis Dan.

- The elevation of the top of dam is LL 63 m to secure the (JCSigll scdlment volumc of
10 000 000 i, : -

() Dam Foundation and Dam Height

According to the coré boring sﬁfvéy result at the check dam site, C,-class rock and Cy-
class rock lic on EL. 43 m and 41 m respectively.  Cy-class rock is not identified at the
~site.  The check dam is put on the C ~class rock.  Therefore, the check dam height is 20

m while the elevation of dam topis EL. 63 m. C,-class rock is strong enough to construct
this class of a concrete dam. : ' '

42 Dcsngn of Waterw ay’

Consldermg the w1dth of the current river, the mdlh of waterway is set as 70 m. The
“waler depth is 4.95 m to pass: the design dlschargc 1,400 m*/s (120% flood discharge of
100 year return period). - The height of the water way is set as 6 m adding a freeboard to
over flow depth, consequently the elevation of the top of dam is set as EL. 69 n.

Discharge capzicity of Walerway is calculated uﬁng'thc following formula.

Q=(0.71h+1.77B) xh'*

where - o
" Q 1 discharge capacity
h ¢ overflow depth
B : - width of waterway

‘When B=70m, h=4.95m, Q=(0.71x4.95+1.77x70) x4,95"=1403 > 1400m*/s - ok

' Sﬁpporling Report : Feasibility Study
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4.3 Design of the Check Dam Body

(1 | Design Condition

As the dam hei ght is 20 m, the same stability 'malysm as that of a normal dam was carricd
out in the stability analysis of the check dam. The design of the check ‘dam is dlﬂ"ercnt
from a normal dam in the viewpoints of follows: :

1) Acheck dam is planned to have sediment at the level of the watcrway top. Since
river water including sediment load flows down through a downstrcam face of the
dam, a downstream slope should be steep to avoid abrasion by sediment.  The
standard downstream slope of a cllcck ‘dam is employed as 1:0.2 followmg the

Japan standard, - BT : - S : SV

2) . Curtain grouting for water cutofT i is not desngned because water storage funetlon is
~ - not needed for the chcck dam - , :

Stablhty for the check d'un body was 'nniyzed followmg lhe desngn shndatd by Cl M[G
Analysis cases are set as same as that of the main dam and the analysis section is set at
over the {flow scction. :

Table-4.1  Parameters for S_ta!.?.ilityAnal_ysi_s_of Check Dam

L _ - Carrying case A
Item : ;
s S SCCN-: o o 0 CCE-
Upstreamwater fevel -+~ - ~° | ~ EL630m - - CBL67.95m
Downstream water level ' ELA7.5m ' ELS03m
Sedimentation level : EL.63.0m ' EL.63.0m
L . Horizontal  0.05g
Design seismic coefficient 0 ) :
Vertical ~ 0.03g
Drain . . o o None _ ST s
' Due to the lack of shielding line, Japan’standard: Standard for
River and Sednnent Control Work is adopted to decide- upllft
: . - - |distribution. ,
uplit - ' o : upslrean_a “{hd + (hu - Iid)/3) ¥w -
downstream : hd x yw
where: hu = upstream hiead, hd = downstream head
. w= unit \\elght of water
Shear strength of C 40t/m?
Rock foundation -
(C, class) @ 30
Mass concrete C23um?
Unit weight Water . ©Lovm?
' Sedimentation{sub) S T0.35¢m?

The sectional form of the check dam body, whlch satisfies the’ d051g|1 standard in thc dam
stability analysis (scc Table-4.2) as set as follows:

Loads acting on the dam body is shown in Figure-4.1 and the content of the calculatlon is
shown in Table-4.3 to lable 4. 5

Supporting Report : Feasibility Study .
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- Width of Waterway: 4 m
-~ Upstream Slope: -~ - 1:0.53
- Downstream Slope: 1:0.29

“'The dam plan and structural drawings are shown in Figure-4.2 and Figure-4.3

Table-4.2 Results of Check Dam Stability Analysis

Safety Tension (/m?)

Coeflicients | Factor of Safely

Safety

Section and CoefTicients to

Upstream Downstream

Allowable Value Fluctuation Sgrai:lSt l!’e to the Stiding Conpressive | Compressive
: 8 pveriurnmg Stress ovu Stress avd
Overflow s_t;clion - 4.89 647 - 188 3.189 51.982

Case of Normaly-— i : -
Load - Allowable ; '
minimuin value 13 1.3 S R : 1.0

Caseol o nowsection| ¢ 3.59 a8 | 25 13.845 66.705
Exceptional AR H . :
' Load - Allowable Ll 1.2 10 BEESTEY

minimum value

According to the result of the calculatlon tc1151|c stress is caused on the dam base in CCE
case, however, this stress is less than alIow&ble value Allowable tensile stress is sct as
shown below;

- Shcar slrcngth of CL class rock is assumed as 40¢/m?.
—~  Generatly shear strength of foundation rock is assumed that tension strength =
" compression s{rcngth/ 10, shear strength = compression strength/? Hence
considering above, it is assumed that tension strength = shear strength x 0.7 for
found'mon rock. Then;
: = 40%0.7 = 28/m’ _
= Gt adm = Chargc Capacity / Safety Coeflicient, then 28!4 7Um for CCN and
28/2 = 14t/m? for CCE, : S

4.4 Des1gn of Sub dam (Pmtechon for Scormg)

Based on Japan st'mdard namcly Standard for Rlvcr and Sediment Control Works,

“profection works for dowistream scoring are designed. - The length from the main dam to

the sub dam is set 33 m and the top clevation of the sub-dam is set as same clevation as the
front apron clevation for the prcvcnt1on of scormg

- Distance betwecn Mam dam and Sub dam (L) is calculated by fo]lownng formula
LELS@E+h)

~where

H helght of main dam upon apron = 17m .

“h overflow depth = 4.95m
L . _..‘_SX(I’! +4.95) =33m

o - Supporting Report : Feasibility Study
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~ Overflow Section

CCN

¥ v EL 630m

Pe P
¥ EL.430m
" CCE -
y/__EL. 67.95m |
P L 1 lre
w EL. 63.0m O,""’: : P@
r® 1h®
. . ]v@
ol /m@ |
[ Pe ’lh(D A _V__E_L 59_21'1!
w1'w®w®*-;m,w, :
b4 Y "\ EL.430m - -
U®.-: B ST |
Figure-4.l - Load Acling on Che¢k Dam
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" Table-4.3

1. Design Lﬁaﬁl

Summary of Stability Analysis of Check Dam

Item Unit Dimension
Dam Top Level Bl (m) 63.000
Overflow Crest Level o EL (m) §___63.000
Dam Foundation Level EL.(m) 43.000
Upstrcam Slope . 0.29
Downsteeam Slope - J. 033
Design Flood Water Level EL(m) | 67.950
Normal Water Level EL{m)_ 63.000
Sedimentation Level EL{m) | | 63.000
Downstecam River Water Level g:z:: l[fig:; - ig:gg
Drain Qutlet Level EL(m) |  —-
Distance from Upsiream Face until Drain m_ | =
o : . |Concrete (Vm’) 23
Unit Volume Weight Water | (om'y | 10
B Sedimentation | ww) | 035
Lxesign Seismic Cocflicient l\;::;z?ial — gg; —
e e Cohégsion - (i) 40
|Foundation Desiga Stréngth Angle of Internal Friction | (deg) 30
‘2. Carrying Case :
g Ceple Carrying Case
| ltem Unit TCoN CCE
- “|Upstréam Water Level ~EL.(m} _63.000NWL. 67.950 H.W.L.
Downsiream Water Level | EL{m) 50.270 o 47.500 -
Sedimentation Level - - . ‘EL.(m) 63.000 63.000
“IDam Foundation Level : EL.{m) 43.000 - 43.000
: AT gy i . * 0.05 Horizontal
{Dosien Seimic Coelicient | | 00 Voo
. D}Ein Condiiion e R B 3 — — .
3. Resulfs of Stability Analysis
Carrying Case CSF CST FSD avy ovd N
CCN o T - : N
Overllow Section 4.89 6.67 1.88 3.189 | 51982 | 44
Allowable Minimum Value 13 1.5 1 -7 -7
CCE . 5 : : N I
Overflow Seclion . - 3.59 4.81 2.15 -13.845 | 66.705 2.9
Allowable Mininlum Value 1.1 1.2 - |1 o -14 -14
" Note: . _
CCN . o case of nonnal load
CCE :;  case of cxceptional load
CFS . ¢ safety coefficients to fluctuation
.. CST 1 safety coeflicients against the overturning
FSS = ¢ factor of safely to the sliding
T ovu upistréain compressive siress
ovd.. i ... downstream compressive stress
n .+ safety factor by Henny

P44
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n={fxEV+ z0=xB}/EH=

Table-4.4 Analyzed Case ;

Stability Analysis for CCN of Overflow Scetion of Check Dam
1. Carrying Case
Overflow Section
CCN :

2. Dcsrgn Condition -

Item - Dimension
Height of Dam . 20.000
Crest Width 4030
Upstream Slope ] :0.53
Downsircam Slope - 1 0.29
Upstream 1lead 9 667
Downsfream Head 4.500
Depth of Sedimentation 20.000
Drain Condition 1 . none
Uslift Heelof Dam | - - 9.667 Uu=(hd + (hu - hd) /3) x }'\\

P TocofDam | . 4.500 Ud =hd x Y
Design Seismic Coeflicient e:;’izcg?iél - g%
3. Working Load : e :
~ ltem V() Lv{m) jVxLv{txm) H{Y) _Lh(m) |HxLh(txm)}
_(1@) 243.800 7.067 © |1,722.935 »
- 184.000 12600 [2,318.400 .
Ovwn Weight 15~ 133400 | 16533 [2.205.302
Subtotal 561.200 : 6,246.837

Seismic inertia force - : ' -
Hydrostatic - Upstream 106.000 351 3714.498 200,000 | - 6.667 |1333400
I’r)cnsurc Downslieam ~ 2936 19.965 58617 -10.125 1.500 -15.188

S Subtotal 108.936 433.115 _189.875 ) 11L,318.212
Pressure due to Sedimentation 37.100 1.067 262.186 70.000 - 6.667 | 466.690
Dynamic Watcr Pressure RS i - S L

{ : -91.800 . ] 10200 -936.360 o
Uplin @ -52.700 6300 - | -358.360

' Subtotal -144.500 C]-1,294.720
Total ] 562.736 5,647418 259.875 1,784.902
4 Stability Analysis e
Summitry of the Gravitational Forces iv= 707.236 ¢
Summitry of the Uplift Forces - EU= 144.500 1 o
Safety Coeflicicnts to Flucluation CSF=LV/ZU~= 489 213 OK
Summitry of Stabilizer Moments EMe = 8742228 t xm
Summitey of Overturning Moments ML= 1,309.908 t xm~ :
Safety Coeflicients against the Overtuming C.8.T = ZMe 7 XMt = 667 =15 OK
Safety Coeflicient relatively © . CSpbg= 15
Safety Coeflicient relatively C CShe= R ¥ | B
Normal Strength Ni= 562736 %
Angle of Friction i = ' 30°
Cohesion Ci= - 40 ¥m?
Area of Contact Ai= - 20,400 m? (unit width)
- Torces Paralle] to the Sliding Surface Ti= . 2598751 :

Factor of Safety to the blldmg FSS= (ENi <tandi/ CSDP + ECI x !'\I ICSDC) 7 Lll = 188210 OK
Total of Momm'ls ' IM= E (VxL)+Z{Hx h) = 77432 320 txm -
Working Paint of Resuliant Force d=EM/EV= * 13207 m
Lengih of Dam Base ' - B= 20400 m -

: e=B/2.d= -3.007 =B/6= 34
Upstream Compressive Stress ou=(V/BY(1 +6c/B)= - 3189 -7 OK
Downstream Compressive Stress agd=(VI/B)(l-6e/B)= 51,982 =-7 0K
Safety Factor by Henny ' 4.4 =4

OK

F-45°
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Faclor ol‘Sal‘eiy tothe Sliding - FSS=

L jTolaI of Momenh

Table-4.5 Analyzed Case;

Stability Analysis for CCE of Overflow Scction of Check Dam

1. Carrying Case

Working Point of Resultant l-orc'., .
Length of Dam Base -

Upslrcam Compre cssive Stress
Downstreain Compressive Stress
Safcly Factor by Henny

(ENi % lanﬁ: ICSDﬂ £ i % Ai/ CSDc) / zu'—=
M= zwa)+L(H>'h)— |

d=IM/LV=
B=

. €= BIZ d= : o
Gif = (V!B)(I+Gell})—

Gd=(V/BY(1-65/B)=

n=({*xZV+ r0xB)/EH=

OxerﬂowSecuon -
CCE
2, DeSIgn Condltmn
ltem Dimension
Helght of Dam 20.000
Crest Width 4 000
Upstream Slope . * :0.53
Downsiream Stope l 029
Upstream Head - - 24.950
Downsircam Head . 1.270
Depth of Sedimentation - 20.000 _
[)ram Condmon : neng . S
u llﬂ Qoo ©iHeel of Dam 13.163 Uu == (hdt(hu-hd}/3) x yw
___p____'_ - SRR Toe of Damn S1.270 Ud = hd x yw
DeSIgn Sei:mlc Coeflicient Ug{;ﬁg?[al. gggg
- N WorkmgLoad o " L
: : Item -~ V(v Lyfm) -1 VxLyv({xm) | - H(D) - Lh{m) HxLh (txm)
A % 5 243.800 - 1.067 §1,722.935 : ' :
i PR L - 184.000 126007 | 2,318400 '
Own Weight 13—~ 133400 16.533 | 2,205.502 T
. - [Subtotal | 561.200 D 6,246.837 - R
. (O] =1 21314 © 7.067 -51.688 12.190 6.667 - 8121
Scismic Incrtial(® ] -5520 | 12600 -69.552 | 9200 .1 - 10000 | 92000
Force 3 _, - -4.002 - 16.533 -66.165 | 6.670 - 6.667 44469
: : ~ [Subtotal -16.836 -187.405 28060 -4 1. 27740
: o {Upstream{) - 52470 5.300 278.091 99.000 10.000. | - 990.000
- |Hydrostatic ~ [Upstrcani® . 106.000 3.533 374.533 200.000 6,667 -] 1,333.400
“|Préssute . [Downslréam 7.664 19.697 | 150958 -26.426 . 2423 ) -64.030
e oo iSubtotal o | 166.134 . 803.582 272,514 2,259.370
- {Pressure dué to Sedinientation 372,100 7.067 262186 | - 70.000 6.667 - | : 466.690
D)namlc o G(DF@ . — — lélligg — - |;§gg{l)
[ Water Pressure 1o 5 ST L T 13086 | 145.739
@ - ] _-148.308 10.200 [-1,512.742 -
Upnn- e R B ~60.112 6.800 | -408.762
s Subto!al S -208.420 : -1,921.504 I -
Toal . 539.178 5,203.696 383.720 3,089.539
4 Stab:l:tyAnalysns e _ o
© i Summitry of the Gravitational Forces iV = 747598 t
0 Bumniilry of the Uplift Forces - CEU- : 208420t . .
B ,-Sa!‘elyCoemctcmsto Fluctualion : CSFE= LVIZU- - 359 213 OK
Summl!ry of‘Stabl!m.r Momcnts ‘ } EMc— © 10,468965txm -
S Summitty ofO\cnurmng Moments TOEMt= . S5 130txm
- Safcl) Cocﬂncnenls agamsi the Oxctturnmg C8T= LMeILMh ) : 481 215 0K
o Saﬁ:inocﬂlctem rclalnclyﬂ CSDg=. o L
0 Safety Coefficient relalnc]yC : CSDc=" N 1.5
o - - Normal Strength Ni= 539 1781
"~ Anglé of Friction @i = - 30
o Cehesion Ci= . o 40vmt .
v Aréa of Contact S Al= . 20400 m? (unit width)
Forcés parallel to the sliding surface - Ti= 3837201

215 210 0K

8,293.2351xm .
15381 m
20400 m
S5.0810/6= 34
-13.845 Z-14 OK
66.705 Z-14 OK
29 <4
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CHAPTER5 PLAN AND DESIGN OF LOW FLOW BYPASS

.5'.1 Altcr natlvcs of Lon FIO“ B}pass

To convey low flow water not entermg reservoir and to dccreasc s*rlnmy of reservorr water,
lhe low flow bypass is planned and comparcd -

o Open 'Iype ;- Open typc channet is mstallcd along the perrphery of reservoir. A
channel crosses a vallcy or steep slope as a brldgc

- C'losed Typéz 3 Closcd lypc of prpclme or box culvert is rnshlled in lhc boltom of
Lo -~ . :thereservoir. :

' _'(‘1)’ l)csrgn Condrtron

< Water Level and Desrgn Dlschargc >

-~ Upstream at outlet of Check Dam - EL. 63 Om
~  Downsiream at Vaza Barris Dam : EL. 56.0m{Open channcl)
S o : EL. 29. Om(Pipelmc and Culvert)
- Design Discharge :0.75ms
< Coefficient of Roughness > - Co o
- — Steelpipe . S . +0.015
- Concrete channel or culverl . :10.020

. Friction loss is taken into account in hydraulic calculation.

@ 'Dc'script'ion ofAlterna'tives'
(a)  Bypass Open Channel

iongrtudmal stope of the bypass open’ channel is preferably constant lhroughout the

‘channel route. -In principle, the channel is constructed excavating ground on the middle
- of hill slope. At the place where the channel crosses a deep valley, a concrete bridge or
earth embankment suppors it in order to minimize the total Iength of the channel. At the

place whcre hill slope is very steep and excessive excavation is expected, a bridge supports
the channel. The brrdge has a span of around lSm and is constructed by cast-in-place
concrele. : :

'Mamtenance road wrlh 3m wrde is provxded besrde the clmnnel For bridge sections, the

mainienance road i is also constructed on hill slope apart from the bridge. The.required

- channel dimension is W 1.5 m x HiSmto convey the design discharge of 0.75 m¥s with
" 80 % water depth. - Channel slope is 1 : 3,750. . Flow velocily is 0.7 m/s. . The flow of

the channcl is sub cn{lcal flow, since Iroudc Number of the channel flow is 0.17.
Allhough it is rather difficult to precrsely construct this kind of channel with slope required
by design ‘because the channel slope is very small, some irregularities of slope are

- acceptable because the flow is sub-criticat flow. - The construction of this type of channel

affects much to environmental conditions.

| S!q)pornng Repart Feasrbrluy Smdy
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(h) Bypass Steel Pipeline -

Longitudinal slope of the bypass steel pipeline is not necessary to be constant because the
water in pipeline flows by pressure. It is recommendable to provide downward slope as
much as possible to prevent the sedimentation in the pipe. Large degree of bends in
horizontal and vertical directions is avoided by means of excavating or embanking the
natural ground surface along the pipeline route to sccure smooth alignment. ~ Steel pipe
under water is backfilled after mstallatlon of the plpe to prevcm upllﬁ by buoyancy.

The pipe diameter to lransporl de:31g11 dlschargc of 0.75 m’ls is obtained as ol ,000mm by
hydraulic calculation taking into account of the friction loss in welded steel pipes. Flow
velocity inside of pipe is 1.0m/s. The cathodic protection with 80 years of service life is
provided to external and internal surface of steel pipe to protect the steel pipe against
corrosion. At the downstream end of pipe, the diameter of pipe is reduced to 0.45 m to
regulate the discharge volume and shut gate is provided for emergency use. The affect of
construction of steel pipe to cnvnronmenlal conditions is negllglbly small since the pipe is
backfilied and mslalled under reservoir water. :

(c) B) pass Box Culvcrt |

The same prccautlon is required as to the bypass steel p1pelme agamst largc dcgree of
bends in vertical and horizontal alignment. No uplift is expected because it is heavier
than uplift force by buoyancy. Hydraulic calculation shows that the required section of
* box culvert to transport the design discharge of 0.75m%s is W 1.05m % H 1.05m and flow
veloculy is 0.7 m/s. The downstream end of box culvert is tonnected to steel pipe with
1,000 mm diameter and is lead to inside of dam body. The shut gate is provided as same
as for bypass steel pipe. The affect of construction of box culvert to env1romncnt is also
- ncgllglbl) small since the box culvert is mstalled under water. . - :

) Comparlsun of the Desngn of Low Flow Bypass '

As for the alternative desigus of low ﬂuw bypass, carthwork volunie is calculated based on

the relation between the horizontal and vertical alignment of edch bypass and the natural -

ground surfacé condition along the bypass roules.” The’ quantities of other works are also
‘obtained based on the longitudinal and transversal secions of cach bypass Based on the
conslructlon quantntles construction cost was estimated. ' L

The alternative desngns were evaluated in vncwpomts of desngn \'.orkablhly, operatlon and

maintenance, environment,: ceonomy” and so on.’ - Table-5.1 shows the comparatl\'e
evaluallon on (he altermtlvc desngns of low flow bypass

In lhls F easnblllly Sludy, the box culvert bypass of the closcd lype was’ adopled as'a lcw
ﬂow bypass whlch is supenor on m'my pomts although 1t has dtl}iculty on mamtenance
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Table-5.1 Comparison of Low Flow Bypass
- ftems Open Type: Open Channel Closed Type: Box Culvert Closed Type: Pipeling
Flow Type Open type Pressure type Pressure type
Section Concrete rectangular channel] ~ Concrete box culvert: Steel pipe: |
Wi.5mx Hl.5m W1.05m x [11.05m 21,000 mm
___Length 30.0 km - 27.7 km 27.7km
Head “80m 380m 38.0m
Flow Velocity 0.6 m/s 0.7m/s 1.0 nv's

Dam Crossing

- Channel is installed on the
elevation higher than the

- Apipe crosses the dam
body.

Same as the left

Pioblent |

Method top of dam. - - To control discharge, valve
' - is equipped. ' -

- Atthe intake, - At the intake, - At the intake,
sedimentation basin is sedimentation basin is sedimentation basin is
installed. installed. . installed.

Sediment | It is easy to clean depositin| - Itis difiicult to clean - It is difficult to clean
the channel. - : deposit in the box culvert. - | deposit in the pipeline.

Flow velocity of 0.7 m/s
seems fo cause no
‘sedimentalion in box
-_culvert.

- Flow velocity of 1L.Om/s
seems to cause no
sedimentation in pipeline.

Maintenance

- It is ¢asy because the
facility is installed out of
reservoir.

It is difficult because the
facility is submerged
per’manently on the bottom
‘of reservoir.

Same as the left

Channel mstallallon :

- Impact to environmient is -

Same és the left

across underneath lhc
channel. .

Impact to requires a large amount of | . very small because most of
Environment | - eanthworks of culting and | . the facility is concealed
' - embanking riverbanks. under the reservoir waler.” :
- Channel divides drain - Leakage of water from - Leakage of water from
| : system into the reservoir. reservoir into pipeline is reservoir into pipeline is
mpact to it : p A ] L
Reservoir tis necessary to put avoided by prow.dmg avotdcq by prov_ld ing
Operation | - rainwater drain system to careful construction. cathodic protection to steel

pipes.

Construction
Workability

Construclion matenal is
carried through the
maintenance road to the
construction site of
channel. -

- "The construction work of
- bridge with cast-in-place

“¢oncrets requires much -

" ¢onstruction time and cost,
Installation of prcfabncaled
bridge is much more -~
difficult than cast-in-place

concrete bridge.

'+

- Access to the construction
site is very casy.

- Construction malerial is
entered from the existing
approach road and carried
on the riverbed or river
terrace.

- Concrete work for box

“culvert is easy and simple,

Access to the consfruction
site is very easy.

- Construciion material is
entered from the exisling
approach road and carried
on the riverbed or river
terrace. ,
Instatlation ofpipeline in
the reservoir area is easy
~and snnple

Conslruclion

~ R$ 47.1 million

R$ 32.8 million

_R$ 44.5 million

- Cost

Evaluation

Maintenance for channel
cleaning and repalrmg is
" easier, ’
Waler bridge should bg
-carefully - designed and

"-constructed based  on lhe'

" proper constriiction plan
-lmpact to environment is
larger.

Construction cost is htgher

- Careful design is required

" to assure maintenance free
“bypass after filling of

Teservoir, ‘

- It is diflficult to c¢heck and
repair box- culvert during
reservoir opéralion )

- Workability and impact to
-environment is much better
than open channel.

'~ Conslruction cost is hlgher

- Construction ¢ost is lowest,

= Careful design is required
. to assure maintepance free
bypass after filling of
reservoir.
- It is difficult to check and
repair pipe during reservoir,
- ‘opération.
Workability and impact lo
environment is much better
than open channel.

4

than box culvert,
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N
3]

Design of Low Flow Bypass

¢)) Design of Low Flow Bypﬁss

(a) BPesign Condition '
—~  Type of Bypass : Reinforced Concrete Box Culvert .
—  Water Level o : Upstream at outlet of Check Pam : EL. 63:0m
s -+ Downstream at Vaza Bairis Dam EL. 29.0m
-~ FlowVolume , , S i0.75mYs
—  Cocflicient of roughness . Conerete surface - :0.020

(Friclion loss is taken into account in hydraulic calculation.)

b) | Requn‘cd Scctmn

Hydraulic calculallon shows that the requlred scctlon of box culvert to h"msport the desngn
discharge of 0.75m%s is W 1.05m x H 1.05m and flow velocity is 0.7m/s.  Thickness of
slabs and walls is determined as 0.40m taking the external and internal water pressures mlo
consideration. Tabic 5. 2 shows C‘ﬂCllI’lthﬂ for design of box culvert and gate.

(c) Longltudmal Ahgnment

Longitudinal ahgmncnl of the bypass box culvert is shown in Figure-5.1. This section is
prepared based ‘on the routing plan of the bypass using ‘the e,\lslmg 1:5,000 scale
topographic map along the Vaza Barrls River. Large degree of bends in honzonhl and
vertical directions is avoided by means of excavating or cmbankmg the nalural ground

surface along the bypass route to secure smooth ahgnment

Ground Surface Elevahon (EL+m)
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Figure-5.1 Vertical Profile of Low Flow Bypass
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53 Design of Intake Facility
(1) Design of Scdimeutation Basin -

Intake facility for bypass is installed at the check dam.  The intake works are composed of
an inlet, a sedimentation basin, a dlschargc regulation spillway and a gate to stop water
entering.  The sedimentation basin is designed as width: 2 m x depth: 2 m x length: 40 m
to settle sediment of 0.3 mm diameter. - At the front of intake, sereen is mslallcd to prcvcnt
invasion of floating woods and people for safe{y reason, :

Length of seduncntallon basm Lis obtamed as follow

[L.=hV/v -
where -
Safety Coefﬁcwnts = l 5.2, O ‘
h : . depthof sedimentation b15m 7
hY : mean velocity
v : - settling velocity
h ;0 2.0m, V=025s,v= 0 025111/5 (scdlment of 0 3 mim dlameler)
L ; _-2 20 0.25/0.025 = 40m
(2) ' (,onsulcratlon to Scdlmentahon

Scdlmentauon of soﬂs and suspended matcrials in the Bypass durmg flood pcrlod night
- cause the less cap1b1hty of water passage and the blockage of the bypass by scdimentation
in the worst case, It is concluded that- -the followmg couutermcasurcs arc cﬂecilve to
prevent sednnenhtlon in the Bypass

b Screcn is mstnlled at thc entrance 1o lhe mlakc facihly to prevent ﬂostmg woods
or particles from entering the bypass. -

2)  Sedimentation basin is constructed to prcvent lhc soils from cnlcnng lhe bypass |

Calculation shows that the grain‘size of soil less than or cquals to 0.3 mm could
be settled down in the basin with dimensions of 40 m long and 2 m decp

3)  Flow velocily in the bypass with the demgn discharge of 0.75 m’/s is aboul 0. Tos.

The relationship between the grain size and critical flow velocity, which is the .
minimum’ velocity not to cause movement of scitled ‘soils, accordmg to the -

formula presented by Justin, the critical flow velocity for 0.3 mm parlicles is

0.056m/s. Therefore, it is Judged that the silt or clay with grain size less than or

equal 1o 0.3 mm is washed out to the downstrecam of the bypass ‘Although the

soils with larger grain sizes may cnter into lhe bypass, it is also washed down

* since the critical velocily of grain 31zc of 5 mm is 0.229 m/s. .

‘4) The shut gate at the outlet of the by pass controls the flow volume in the bypass
~ Turbid water wnh sedlment load could not mﬂow to the bypass when a gatc is
“closed. ' :

5)  Aquatic plant mlght bc grown msndc of bypass when the velocuy is sIow in
general, the design velocity over 0.7 m/s is adopted fo prevent growing ‘aqualic

_ plant. Although the velocity of 0.6 nY/s in the box culvert is less than 0.7 mfs, it
" seems no problem because: 1) the flow in bypass is of high chlorine concentrauon o

and 2) Inside of the bypass is difficuit clrcumstancc for aquatic plant to grow
without sunshine.

6) Some sedimentation can’ be allowed by duncnsmmng of thc box culvcrt largcr o

than thc hydrauhcally reqlured dlmcnsmns

54 Des;gu Drawmg

The d031g|1 of the low flow bypass lhe concrcte box culvert channcl is shown m Figurc-S 2.

Supparlmg Reporl : Feas:bihly Study
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