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+ Indus civilization

* An ancient civilization that developed in the Indus River basin
* Flourished in an area spanning Pakistan and India

* Mohenjo Daro ruins
» Refers to the period between 2600 BC and 1800 BG
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I854] I[rrigation water sources and facilities (1986) Agricultural land disaster prevention project
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(11375)Reservoir

(1992)Perspectives when planning a survey

graegering structures

<
(T Forests @Reseryq E’
Z,S Dr i : gs »»»»» --||I|||I|||||||||II| I | | da i
3)Reservoirs Reservoiﬁs

@ Springs ' /

GMigration of living ThY o~

® Irrigation channels

T)Scrub forests

BRivers

@Drainage channels 4 1999
(I11030) Field irrigation

TR G0 4

(11203) Agricultural water and drainage facilities
@ Rice field dam

@) Reservoir

AP .

3 Pumping station %) Reservoir g

o ST =
3 Temporary storage :'“‘
Farm pond

11203

=

a3

o
L




(11376)Reservoir

@ Oy e 0 &

(I1376) Reservoir

Reservoir <11238) Underground irrigation (11226) Agricultural water and drainage facilities

Water intake float
S5iphon gate valve

b-1 Dams
b-2
Siphon air valve h-3
h-4
c-2

Weirs =
Irrigation channels

Drainage channels
Reservair renuvatigﬂ,f-{:

Field water supply valve

Pipeline terminal gate valve

5 4
=2
1228
(D4) Dam structure
@fill type dam
i T
—
geotextile 1y faas eOtthfggi Uniform type artificial material core
Surface impermeahle wall type
1228 R591 R592 R593

1849




(11377)Reservoir

(11377)Reservoir

{05) Dam structure
@fill type dam
@DUniform type

Uniform type

R591
; (07)Dam structure
@fill type dam
@) Surface impermeable wall type
: ; 5 _:/// . -l‘z-'
" . @-ﬁ'a:er permeable material
MArtificial water barrier wall
Surface impermeable wall type R592

(e e
Bl Evps dan (D6) Dam structure
® lone type

T permeable material

@ Semi-permeable material

@Waterproof (Impermeable) material

Zone D6

i R590

(Dad) fill dam

foundation of Till dam

@ Foundation of semi-permeable zone

impermeable wall

Don't let the water

overflow
: rock (small)

rock (medium)
rock (large)

.' e - . -
|a'_'i'E." Lgrave |.-' HEEE

Good qual ity clay for impermeable wall




(11378)Reservoir

(I1378)Reservoir
(D157) dam {D172)dam(earth dam)

rock fill dam
Facing type dam{Surface |mpermeal:|le‘I

T ]

Surface impermeable wall| type R474 Semi-permeabie soil<““Permeable 0|
R502 Impermeable wall
b4 rock Till dam » Gentral impermeable wall type
(0230) internal impervious wall (i earkh danlEiTl dad
rock fill dam

O 5lanted Impermeable type

prot euhlueff;pi;;ﬁj/;;T;xE&d{

Int ermedla e layer

Internal Impermeahle waII
Glay: impervious material
OSlanted Impermeable type Surface impermeable wallnﬁ




(11379)Reservoir

3 03 =

(I1379)Reservoir

In reservoir irrigation, water is stored in a reservoir
Water is pumped to cultivated land when needed
Cultivate crops steadily o i

@ Forest

@ Grass|and

3 () Reservoir

-------------------

® Rice field
® Levee:border

7 River




(11380)Reservoir

Flood control
Agricultural water
Prevention of soil

oy B @ 19

@& Natural energy

Ecosystem conservation
Health and recreation

(I1380)Reservoir B kg ol by B

erosion

\@
N




(11381)Reservoir

(I1381)Reservoir

a Hilly Reservoir : mountainous area, hilly regian

b Flat Reservoir: flat area with dikes around it

¢ Multiple Reservoir: multiple reservoirs on a shelf . Ehasda e e T b i Ral bl b P e

LF T ST I
;""".’-’"" -'”"":
pad sy
i £




(11382)Reservoir

(I11382)Reservoir

) Flood spillway

Water intake facility
Bottom gutter
Water-shielding section
Embankment

Core
Block pitching

@G0 EE NS

Ine | ined gutder sy S




(11383)Reservoir

(I1383)Reservoir

Earthen embankments with a height (bank height) of less than 15im

less than |15m

H=

Earthen embankments




(11384)Reservoir

) Ly 09

(11384) Reservoir

T akiie Baks (1994) Agritu :u' il eng+neering structures

L L o : -‘..-*‘
Greated by blocking rivers., streams. etc. with a dam ’ . “‘
Purpose: reservoir for irrigation ’/ : ”"”““" dam

To store rainwater
Complete with storage capaci
and water discharge facilities

(I11030) Field irrigation

STream water,

eLo

(11203) Agricultural water a
d Rice field dam
& Reservoir

@ Pumping station

=

ReEservoirs

##,f’

994

T
nd drainage facilities

2 Reservoir g
Ry

e
o

=

11203




(11385)Reservoir

(I11385)Reservoir

QOHilly Reservoir
Reservoir made by damming a valley in mountainous or hilly areas
Storage by damming water flowing from the mountains

OF lat Reservoir
Reservoir made by building a levee around a depression on flat |and
Storage by drawing water from a river or waterway

Yoy ety et .-‘l

£ L ’ £
A i Tt
'lnln' L L .

A R T T R A B T

OHilly Reservoir OFlat Reservoir N\ Wsooooo ITJ;"EQ?: 11381
@ Water storage e
(1) Embankment 1) Embankment

'

@2 Water storage




(11386)Reservoir

O 5t

SHCRORCEAETES

ructure of the reservoir

Spil lway

Embankment

Upstream side of embankment
Downstream side of embankment
Water intake facility

Block pitching

Embankment

(11386) Reservoir

T T O T S B L S




(11387)Reservoir

(I1387)Reservoir

QO Embankment body
@ Clay soil — tamping
@ CGore - Clay soil that is difficult for water to pass through

k]
AW
=

)

Fill type dam

11376




(11388)Reservoir

(11388) Reservoir

O Flood spillway (spillway)
(M) A facility that prevents water from overflowing the embankment during heavy rains

@ A facility that safely drains water flowing into a reservoir
O Flood spillway (spillway)

Inflow section gate adjustment

MChute type

D303

flood sluice of fill dam

\IEasy flow of flood water

T
.
o

Weir cres

@ Standard curve type D304




(11389)Reservoir

(11389)Reservoir

O Flood spillway (spillway)
d) A facility that prevents water from overflowing the embankment during heavy rains

@ A facility that safely drains water flowing into a reservoir
O Flood spillway (spil lway)

Weir cres

e e

@ Gurve type

Wein crest

—_— @ —-  —  ——a —F

side ‘channel

@ Standard type side waterway

D305

D306




(11390)Reservoir

(I1390)Reservoir

O Flood spillway (spillway)
M A facility that prevents water from overflowing the embankment during heavy rains

@2 A facility that safely drains water flowing into a reservoir
O Flood spillway (spil lway)

Weir crest

B T-shaped side waterway D307

11382

1-1.-r_1-_1'.t'E'L"‘_""_"_""
+ L]

[1386 D308




(11391)Reservoir

(I1391)Reservoir

O Flood spillway (spil lway)
M A facility that prevents water from overflowing the embankment dur ing heavy rains

2 A facility that safely drains water flowing into a reservoir
O Flood spil lway (spillway)

(DContour type side channel

D309

[1382
paration wall
Weir gg;gf:}
11386 @Bathtub type D311




(11392)Reservoir

(11392) Reservoir

Water intake facility

@ Inelined gutter @ Corner stop

@ Bottom gutter @ Attached waterway section

@ Sediment discharge i Sediment discharge section

@ Winding handle @ Attached box section

B Air hole i Water cut—off wall

® Inclined gutter work @ Low gutter pipe wrapping section
@ Inclined gutter pipe section ) Low gutter pipe wrapping

@® Water intake hole section (slide gate) @ Low gutter pipe

@ Sediment discharge gate @ Outlet manhole work

]

"]_E‘ Y
@ )]

@ |[]




(11393)Reservoir
(I1393)Reservoir

Water intake facility @ Water intake facility
M Inclined gutter @ Inclined gutter
Winding handle
Air hole “J?E&_‘

Inclined gutter work ; X R p
Inclined gutter pipe section R TRt £ e
Water intake hole section (sl|ide gate) - Ve S ——

© S @ @ &

@ 11382

[1386




(11394)Reservoir

. . (I11394)Reservoir
Water intake facility R i e cesnesnennenennases seaneneann
.............................................................. . { @ Water intake facility!
| @ Bottom gutter : : (3 Bottom gutter i
{ @ Sediment discharge E e e e S S S S S '
E Sediment disuharge gate _ EiEioiooo

. e

Otorner wee _ Eu?r' DEID
Attached waterway section ; ?hi‘gg&%}!“ ________ X

Sediment discharge section i R ‘éﬂ' AT T

. ﬁ [-1-] r’ '.-'.-'.-'.-'. =
Attached box section

Water cut-off wall
Low gutter pipe wrapping section

Low gutter pipe wrapping ———— .é;' 5
Low gutter pipe 11382
Outlet manhole work

2 A M

11399 @ Sediment discharge gate




(11395)Reservoir

Water intake facility

..................................

Sediment discharge

Sediment discharge gate
Corner stop

Attached waterway section
Sediment discharge section
Attached box section

Water cut—off wall
Low gutter pipe wrapping section

Low gutter pipe wrapping
Low gutter pipe
OQutlet manhole work

(I11395)Reservoir

2 Water intake facility

-

water
dgor embankmen ﬁgOOF
Sgbgce =
upe Zm or less
%% in helight

11392

4

smal | - hume tube

11382

1705
E604




(11396)Reservoir

Water intake facility

(11396) Reservoir

11392

hume tube

small - hume tube

m or |

855

Al

in hei

ght

1705
E604




(11397)Reservoir

Water

intake facil ity

(11397)Reservoir

11392

| , | -%

e Sluice
SE tube m or less

:' @ in heilght

wooden gutter I

Ad

small — hume tube

1705
E604




(11398)Reservoir

(11398) Reservoir

Water intake facility
Slope protection work (revetment)

Erosion of the embankment caused by waves in the reservoir
{7 Block pitching

stone pitching wark [1392
* Embankment slope

+ $lope protection 11382

slope covering(lining) works

i FALRTNE pitohing .
P ZAE s embankment
. wesorgravel bed Embankment (bank protection)

R284 R232




(11399)Reservoir

(11399)Reservoir

Water intake facil ity
Slope protection work (revetment)
Erosion of the embankment caused by waves in the reservoir

.

Block pitching

11382

11392

Gonorete block pitching stone pitching work slope crib work

concrete or mortar

R244 R284 R584




(11400)Reservoir

(11400)Reservoir

Water intake facility
Slope protection work (revetment)

Erosion of the embankment caused by waves in the reservoir
5 @ Block pitching

11382

11392

slope crib work
cobble stone

20 BEH e

o

ST

i

e
;
i |
S b
P

i
o

S=x

r i
i




(11401)Reservoir

Earth dam(fill dam) (I1401) Reservoir

Embankment
a: Uniform method b: Zone method c¢: Surface impermeable type d: Grouting method

n - -u"'n n'r" -
e i

//////////ff //f/éyfffﬁ% /AV///////%V&%%/?//://///f
zone type Uniform type

0317 Datg

R

n-n" -J'i:' B
z
STy
Ea e teTel sl A

i:’ A T -
Surface impermeable wall type

- sl
o lq:--g.. s

Intermediate laver (zrawvel)

pazi
Clay (impermeable to water)
pa1g Good quality clay for impermeable wall 256




(11402)Reservoir

@fill type dam
@ Zone type

)

Tpermeable material
ZSemi-permeable material
@ Waterproof (Impermeable) material

spillway instal led on the ground

(11402)Reservoir

D6
R590




(11403)Reservoir

(11403) Reservoir

Fill type dam
fone type
+ 90% of the reservoir
) Impermeable zone

@ 1Infiltration line

impermeable wal l

b

rock (small)
rock (medium)

5 rock (large)
l.l!;ao
- i o

)
oo%o . e
) a"i':__. "‘.
o."’ )
o
235
55 “:_‘
b eled R
L} ] oot -.C:-O o r.
e iREOT of T
T
A o W S y
FFEL BT [ntermediate layer (gravel)
Glay (impermeable to water) D111

Good qual ity clay for impermeable wall REZ6




(11404)Reservoir

(11404) Reservoir

Embankment repair

M Water-impermeable material (clay soil)
Permeability coefficient K1<{1 x 105smis

@ Random material K2<10x ki

=

A\




(11405)Reservoir

(11405)Reservoir

Embankment repair
a Water-proofing material (clay soil)

Ensuring watertightness of the embankment :P;_ T el
b Excavation of trench uﬁﬁﬁﬁﬁﬁg;ggégﬁaﬁgiizzf

e 2 Mg = = e e e g

: : T
ozer umping vibrating roller E82
Cause of water |leakage due to poor construction D109
Digging down to foundation ground od f
¢ Gompaction 4
Compact with optimal moisture content £ dma ;%
Adjust moisture content using quicklime. etc. .9 o dmax o take the wet side
%, fﬁ_ﬂ_,ﬁ-f

compaction curve yopt "

E4b

d)Water—impermea

N a

material (clay soil)

@ Random material

A\




(11406)Reservoir

(I1406)Reservoir

Step cutting construction

Embankment repair ;
Step cuttin
(T Embankment step cutting P &
@ Trench excavation . rog}f},,ﬁzgﬁizzﬁ
@ Trench excavation status of ground-rubbing area N g 2
@) Core material (water—impermeable soil: clay) embankment =Z
EShH
B Rolling compaction of Bottom gutter area //i/j/i/i/i/i/j/ié§j/i/i/i/j//

» Vibration compactor

s Work place - narrow space

] M191
Tampa Rammer E359

I
e o e

Ma9

terial (eclay soil)

Water—impermeable
a

|||<]

Random material




(11407)Reservoir

(I11407)Reservoir

O Gentral core method with complete removal of old embankments

For small irrigation ponds
Gomplete removal of old embankments

ik

dom materials Random materials

Gore material (water—impermeable soil: clay) embankmen

Fill type dam




(11408)Reservoir

Embankment repair
Step cutting
Sheet
Blanket

Clay soil

0ld embankment
Bentonite

BN =

s
=
{ E |
-

© Combined use of blanket method (proposal)

(11408) Reservoir

O Sheet installation method




(11409)Reservoir

(I1409)Reservoir

Embankment repair
O Sheet installation method

Embankment base Grave!l layer Rock |ayer

(1) Embankment ® Seam of sheet

@ Embankment embankment subsidence (@ Leaking from near the bottom of the pond
@ Gap under tension block) ® Leaking route

@ lLeaking from joints and cracks in tension concrete (@ Management road

@ Block piteching 0 Sheet




(11410)Reservoir

(I1410) Reservoir

Embankment repair ® Seam of sheet
O Sheet installation method (@ Leaking from near the bottom of the pond
Embankment base Gravel layer Rock |ayer ® Leaking route
@ Embankment @ MWanagement road
@) Embankment embankment subsidence 0 Sheet
@ Gap (under pitching block) @ Soft rock foundation
@ Leaking from joints and cracks in tension concrete @ Installation of trench
® Block pitching @ Installation of sheet in trench

(@ Bentonite sheet
O Foundation details

1.0m
* = *
CVE} et /
=3 ﬂéf_
b @

QO Improvement plan

©




(11411)Reservoir

(I1411)Reservoir

Embankment repair
QOGrouting method

A method of injecting cement milk to create a water—stopping wall using a continuous wall

- Piping measures
*Reliable water stop Reliable water stop

, Grouting
curtain grout

cansolidation grout
consolidation grouting contact groutin

: D167

. : --Curtain grouting
curtain grouting Blanket grouting =

consol idation grouTing concrete dam fill dam
curtain grouting D130 D138




(11412)Reservoir

(I1412)Reservoir

Embankment repair
QOAging of embankment
QO Embankment immediately after construction
a Reservoir embankment — compacting clayey soil
b Water passes between soil particles in embankment
¢ Clay in embankment — flowing down
d Gaps between soil particles
e Water-stopping effect - reduced
f Embankment deterioration — piping (water supply) — collapse

------------------------------------------------------ R = B B 0{%}"6'8 05-%
&
---------------------------------------------------------- AT G - R D e m e Cmm et

iltration line

______________ ST
- L2 43*'@-0"O'o-g-o'"O'cr'O-&-cr'o o od}ixﬁﬁ '%-"6- Lokl o]
--------------------------------- T R bl -l e e °@-0-¢-Q-0-€>-o-o-0-¢-or§a f?e--o-r?-oo- -




(11413)Reservoir

(I1413)Reservoir

Embankment repair
QOAging embankment
More than 50 years have passed since construction
O Changes
a Glay outflow
b Infiltration line rises

¢ Increased amount of leakage
d Erosion of slope upstream of embankment

@) Scouring of slope

o osaat oo

""""""""""""""""""""""""""""""""""""""""""""""""""""""""" Sl R g ae T s . 3 i
----------------------------------------------------------- w.:;.:g.%.%.‘;,.?&9..@.&.8‘.’....%%%. St ez @ Infiltration line
---------------------------------------------------- : -0-ovc.--c.-G-fr-c.--0-0-%%%%-‘30--&&-9-----0-0- o, TN PPRETR
......................................................... 2 .'Q..Q.Q...%.Q..........................;}.9..’?.{2.....9..............

@lLeakage confirmed by visual inspection




(11414)Reservoir

(I1414)Reservoir

Embankment repair

OEmbankment immediately after construction OAging embankment

MSoil particles @Scouring of slope MSoil particles

oooooooooo v oooooooooo
o ad = e . . N =g e s S gl e o 5 s 4 : J
.................. emi@mEe. @ Infiltration line e @Infiltration line

P
Y
Sl ‘%‘o E’&‘ 3’3&
Ao Dt B 3&0 q%é‘%oé%

............ (8 % Do e - 4-9'36-\'-\00-0

@Leakage confirmed by visual inspection

[1412 (1413




(11415)Reservoir

(I1415)Reservoir

Embankment repair
O Aging embankment

Piping e
JScouring of slope

o o000 0?00
'¢%%ﬁ'%%%900w
Tl

] -
-------------------------------------------------------------------------------------------- el koa gt @Infiltration line

@Leakage confirmed by visual inspection
11413
piping
hollow due to the water path.

,pipimg phenomenon

embankment ;f Collapse due to water leak

LI

E

[4
2

gutter pipe | R15




(11416)Reservoir

(I11416)Reservoir

Embankment repair

O Reservoir collapse
Cause of collapse

a Low drainage pipe - Insufficient compaction of replacement soil
b Spring water on excavation surface — Incomplete treatment
¢ Subsidence — Increased |leakage — Soil runoff — Hollowing of ground

piping

3 CoTapse due to water leak

" N191
E359 11406

11395 Tampa Rammer




(11417)Reservoir

(11417)Reservoir

Embankment repair
O Reservoir collapse
Gause of collapse
Partial repair of embankment due to repair of inclined and bottom gutters
OPiping occurred at the boundary between the old embankment and the repaired part

piping
GST*Qife due to water |eak
3 ;’ . it R15
gutter pipe 11415

17392 @ ' E604

11385




(11418)Reservoir

Basic knowledge of soil

© W

Reservoir construction
Earthworks

Stability of embankment
Decrease in consolidation

(11418)Reservoir

® Prevention of water leakage
) Decrease in permeability

@& Goncrete construction

Increase in shear strength and deformation resistance @ Other constructions

&

\

&

@)
=~




(11419)Reservoir

(I11419)Reservoir

Basic knowledge of soil
Soil compaction
The application of force to soil to expel air from the soil pores and increase its density.

E ol i i
;;$CJfAZ%$%Ki£$QZ%$’ : = e Ron,
bulldozer damplng vibrating rulfér E82 0.9 x p dmax ~~take the wet side
D109 & i
compaction curve
4 w F45
wopt

(WWater—impermeabTe.material (clay soil)

(@)Random material

§§§§§? [1405




(11420)Reservoir

(11420)Reservoir

Basic knowledge of so0il
Settlement amount of clay layer

Reduced consolidation Consol idation test - Yoid ratio
Reduces settlement when loaded. Clay — thickness
Consolidation test Embapkment
Expegted Settlem&nt\ﬁ
| E \ Thickness Ho
zZ&f'zZﬁZ%?zZ&Z?Z? : 7 7 pore water
bul Tdozer dimping vibrating roller  E82 + soil particles E56
D109
Consol idation
loading loading
bbb
v @
@ and gas release due to loading
Ueformatlon and wvolumetric contraction
qu: :uil paltiulc structure
:§§§§§§j{i}impermeable material (clay soil) E458

" . 11405
@2 Random material 11419




(11421)Reservoir

(I11421) Reservoir

Basic knowledge of soil
Increased shear strength and deformation resistance
Improved interlocking of soil particles increases shear resistance.
providing the necessary strength to soil structures

=t n ]

[l

T T, jfff
buT?ﬁGzer dﬂmplng vibrating ru(rér Fg2
0109 = l

high shear strength material
EZ13

MWater—-impermeabTs. material (clay soil)

|ﬂc;:]

ZRandom material

A\ 1405




(11422)Reservoir

(I1422) Reservoir

Basic knowledge of saoil

Reduced permeabil ity
By making it harder for water to pass through, it prevents soil softening and expansion caused

by rainwater infiltration., and keeps embankment leakage within the standard value

T Water—impermeable material (clay soil)

o ey

e /J/ /// I "'- g
hu{ragzerdﬁmplng vibrating T s
D109

@ Random material

§§§§§ 11405

e - r

T permeable material

@ 8emi-permeable material

@ Waterproof(Impermeable) material

.
r i B
= - ot

B e

N
@ o0 D6

zone type R590

B

T

spil lway installed on the ground




(11423)Reservoir
(I1423)Reservoir

Basic knowledge of soil loading
Classification by particle size T
Classification of soil particles by particle size and their names gas ?‘A£E;E fl . water
Soil — particle size /5mm or lessil — particle size 75mm or less al]I'q}: =
Soil with a lot of silt or clay particles is fine—grained soil wateF TTrEas
Ft ig sticky, so it is called Glayeylsnil . | | faading
Soil with a lot of sand or gravel particles is called coarse-grained soil
In case of there is a lot of sand, it is called sandy soil, ARRAR
In case of there is a lot of gravel, it is called gravelly soil
E458

Classitication of soil particles by particle size and their names

MFine @loarse @5tane
G |
@ Sand PGrave &stone
B lay @Eilt
®Fine sand [ bed ium sand Weoarse sand  |DFine gravel DMedivm gravel @@ Coarse gravel [ Coarse stone | {EBoulder
0.0as 0.073 0,23 0.85 2.0 A 75 14 75 200 Crom
Farticle zize




(11424)Reservoir

Basic knowledge of soil
Soil particles
Fine gravel

(2-4_75mm)

Goarse sand (0 85-2mm)
Medium sand (0.25-0. 85mm)
Glay (0.005mm or less)

(11424)Reservoir

@O
n
ﬂ]]} %
¢
N\

Vi

5=
N
%9
e
g,

Silt (0 005-0_075mm) ') S
<§§§%§ 5 q
NS WS~ 3
E458
0 L ] pa LS e and thair L]
i Fin 4 Coarze Stons
. g Grave { Stons
5%
Vu S5Tkt
B Fine sand I Med i um d Feoarss sand  |fFine zrave fiadiin crave ar 2 & stons | W Boulds
0. 00s 5 0.8 7.0 4.T75 ] hil] [
Part Ll FiL]




(11425)Reservoir

(11425)Reservoir

Basic knowledge of soil
Grain size test

Coarse particles — sieving test o
Fine particles — settling test ——— 80 mm ;
B X ik - 4 40mm 10mm gri
o 20mm
> 10mm
= bmm

S 12 gmm Smm siev%
1

4 0 6mm + " . —
=1 0 ggn ovethin 85§ pass o by weight

" 0D 15mm

Grain size test

Particle size test — Particle size accumulation curve
100

PR

e %r I %

e Ll

£ & 60} i

e B Al

oo = Af] !

fin] a»

w oo 3 §

il e 3

o o ‘| ._,,ar*
m--a.- ™ . . =—'T'- o
Ui Ul | | i 1) (Y

Particle size(mm)

CH790

E158




(11426)Reservoir

(11426) Reservoir

Basic knowledge of soil

Particle size acoumulation curve

o
PE T

A I Y

bulldozer dumping vibrating rol ler Eg2
2 D109
] .
S 7 T T ]TTRIBY grave
8 : |
60) é é ?a% sand
5 E 14y silt
é é "ﬁE% clay
............ o) ﬂﬂﬂ%mwﬂnﬂ?1¢1uxgumuw Particle size (mm)
| ulay- silt | sand : gravel

Particle size accumulation curve E160




(11427)Reservoir

(I11427)Reservoir

Basic knowledgze of soil
Liquid and plastic limits of soil

////j,/’ Liguid limit and plastie limit

4 5]
= 7
S e
g —
air .. - : ,
= L . |liguid (water) soil particles
a plastic
" semi-solid wl: liguid limit
solid state wp: plastic limit
Ip (plasticity index) ws: shrinkage |imit
Consistency limits for each
WS wp wl

Water content w (%)

limit

E214
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(11428)Reservoir

Basic knowledge of soil Ip: S0i| test-Gonsistency test

Plasticity diagram i Compressibility - small Hizh compressibility
T e LR PP e~ fezzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzasss
=
E 1
jia |- B line
- =
fuln]
o (wl, IP)Y = (&0, EI:I]IH
]
S -3 o
+J50:
&
+—
Ll ]
o
" 2& ----------------------------------------------------
forssessneeee —

wl: Tiguid Limit: minimum water content ratio indicating liguidity
wp: plastic limit: maximum water content in semi-solid state
Plasticity index: Ip = wl - wp

Plasticity diagram: Used to determine soil properties

defined by coordinates (wl, IP) E36




(11429)Reservoir

Basic knowledge of soil (I I 429) Reservoir

Soil classification: Geotechnical materials Suitability of embankment materials

Suitability of embankment materials

...................................................................................................................................................................................................................

Embankments such . o . §

as.roads¥ ] soil classification . 1 Embankment embankment |
e e Gravel (G b [ —
__________________________ 2 i Gravel soil (GF) i
S s N 1 B 60 s B e
__________________________ bk sandy.soil (SF) 7]
__________________________ I T L s -
B Cohesive soil (C) A ]
__________________________ 8 i Organic soil (0) i 8]

Volcanic ash chamber
— B q cohesive soil (V) xx & ] S
#. Embankment bearing capacity is a major factor Proportional in order of particle size
E61

#*. (¥) is not stable as a slope surface




(11430)Reservoir

Basic knowledge of soil
Soil classification:

(11430)Reservoir

Geotechnical materials

Soil classification—Name of soil particles based on particle size

Mame of soil particles based on particle size

{ 0.001 0.005 0.074 7.0 pParticle size(mm)
, , fine sand

col loid clay silt cand coarse =and grave |

e Watcr permeabi i by large




(11431)Reservoir

. | (I1431) Reservoir
Basic knowledge of soil
Soil classification: Geotechnical materials Crained =oil
coarse soi |

(G) Gravel (G)

Grawvel soil (GF)

Sand grain soil (8)3and (8)

Fine soil (F)

sol |l material

High organic soil (Pt)

Sandy soil (SF)
Silt (M)

Clay (G)

Organic soil (0)

Yolcanic cohesive soil (Y

Peat (Pt)
Black mud (Mk)
Waste (W)

F12
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(I1432)Reservoir

Basic knowledge of so0il
Soil permeability

Name of soil particles based on particle size

0 L] 0.005 ... 074 2.0 Particle size (mm)
; , fine sand
colloid clay silt cand coarse sand grave |
sma | | Water permeability [-mmmmmmmmae| AT BE
Iimermeability layer E157
i
7 07777 7
Impermeable layer ater permeation o

Streamlined
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(11433) Reservoir

Basic knowledge of soil
Soil compaction

éfffjffail‘ =0
T water
4+ =oil particles
Oenzity: pdsat Ory density:
air = 0 Suitable for compaction common sol |
- Sr=100% Maximum dry density: p dmax
For zero gap Optimum water content: wopt
pdf
ﬁﬁero void curve: pdsat - compaction curve
o dmax
0.9 % o dmax
R
N take the wet side
compact ion curve éff”’ﬁffff

wopt W

friabs

E45
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(11434)Reservoir

Basic knowledge of soil
S0i|l compaction
Notes on compaction
@ Moisture content ratio of embankment material:

Around the optimum moisture content ratio

Wet side — trench excavation — lowering of water content — compaction
odf
o dmax
0.9% p dmax
N /_/_,:jke the wet side
complaction curve <]

wugik W
optimum moisture content ratio

» Gompaction degree Gd=((p df/p dmax)*100 (%)

ET9
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(I1435)Reservoir

Basic knowledge of soil
Suitability by soil type

Suitability of embankment materials

........................................................................................................................................................................................................................................

Embankments such E

L SIS, HTSS Y, Soil elassification ... Embankment _embankment
_____________________________ R T - £ L () W S S
_____________________________ 2 b bravel soil GF)
_____________________________ . S OO 101 N ¢ ) o AL DO
_____________________________ R A1 1ol L A T I € o e .,
_____________________________ B IR IR B
_____________________________ BobGohesive soi L (C) A
_____________________________ B Brganie soi (0

Volecanic ash chambher
_____________________________ R T 1 1 - A WL TR A ) I S M.
*. Embankment bearing capacity is a major factor Proportional in order of particle size

E6i1

#%. (V) is not stable as 8 slope surface
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(11436)Reservoir
Basic knowledge of soil

Gonsiderations for construction

Gonsiderations for construction (embankment test: compaction status & each test)

4 : : :

T)For embankment tests. select the compaction model. spreading thickness.
and number of compaction times

@ After compaction.

ponduct on-site density test and on-site permeability test
@ For embankment tests, select the compaction model.

spreading thickness, and number of compaction
times that can ensure the construction management density determined by the
5 ;
@ For clayey soil

indoor compaction test
the weight of the compactor must be at least 3t

Embankment test

Tire roller

E315
H385




(11437)Reservoir

Basic knowledge of s0il
Gonsiderations for construction

Daily construction management
d)Gonstruction moisture content

Perform daily

There are frying pan method

soil model

.....

.......

CaEen

(11437) Reservoir

Embankment test

\
\
Rl method. etc -
(E31)50i | test-Water content test 11436
air
(1) ter tent test
R (1) Water content test
(2) Dry the sample and measure the moisture content
soi|l particles

(3) Water content ratio w (%) =

mass of soil x 100/mass of soil particles

* How to use the results

» 50i| compaction E31
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(I1438)Reservoir

Basic knowledge of soil
Considerations for construction
Daily construction management
@Site density
Perform at approximately one location per 50m length and 0. 6m embankment height

Sand replacement method -
1) Sand replacement method

@)
@Water—impermeable material (clay soil) @) Dry sand 3 Sjﬂd bag

K
gd§§§§§§§§§§;andomh;gzg?T&Lxx é§i§;§¢/ /////

N 11405

gg
Embankment test J
.
2
%\
@ Calculate the volume of the hole
N é from the amount of sand
E18

[1436




(11439)Reservoir

Basic knowledge of soil
Gonsiderations fTor construction

Daily construction management
BSite permeability

(11439)Reservoir

Random mat als é%% Rari materials

Gore material (water—impermeable soil: clay) embankment
11407

field permeability test

Original groundwater level

pumping water
P /
T (S T/

02 g

~

i

Pumping well K“\xﬁ observation wel |

s %
b

Impermeable substratum E595
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(11440)Reservair

Basic knowledze of soil
Construction points to note
Control of construction moisture content: Frving pan method
I To check the construction moisture caontent

@ MWeasure the moisture content of the hlade clavy and the sheath clay

0 df :
lero vmid\r\urve: 0 dsat — compaction curve
0 dmax
0.9 x o dmax \
S take the wet side mﬁrammer
compaction curve = I
e u | - Mold
» Compaction degree Cd=((podf/ o dmax)=100 (%) -
Cd=90 Embankment roadbed
Cd=95 Roadbed/Roadbed - Tamping method

E46
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(I1441)Reservoir

Basic knowledge of soil
Construction points to note
Controlling the moisture content of soil during construction: Microwave method
1. Use a microwave to evaporate the moisture in the soil

2. The moisture content can be calculated in about 15 minutes
3. For soil with a grain size of 10 mm or less

Water content test

(1) Water content test

(2) Dry the sample and measure the moisture content

(3) Water content ratio w (%) =

LU

.

sk
i
f

=

)

+

1]

-~

mass of soil x 100/mass of soil particles

«.. 500 | particles

* How to use the results

soil model » Soi | compaction E31
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(11442)Reservolr

Basic knowledge of soil EEQE
Construction points to note - _
In case of compaction is good =
- -
) In case of the moisture content is appropriate =
The ruts of the compactor are not noticeable =
Compaction of Water—impermeable material (clay soil) is done by rolling out 20-25cm
Work with a finishing thickness of 15-20c¢cm

In case of rolling out i TTTT1 ||||i

Scrap off the top of the compacted layer with a rake. etc.
a Water—impermeable material (clay soil)= 95% or more

b Random material = 95% or more
Embankment test

GITECYEECNC

Tire roller

e
@

E315
N385
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Basic knowledge of soil

Construction points to note
In case of compaction is good

Construection of Water—impermeable material

O Check the trench foundation

a Does it reach the foundation?

b Simultaneous construction of Water—-impermeable material

(I11443) Reservoir

(clay s0il) - In case of compaction is good

(clay soil) + Random material

M Water—impermeable material (clay soil)

b
= A o
s
e
e o e
- O
il i T2
N =J
= ;
) 7 @)Random material [1405
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(11444)Reservoir

Basic knowledge of soil
Gonstruction points to note

In the case of poor compaction of impermeable material (clay soil) construction

=

1) In case of impermeable material (clay soil) construction is performed

when the moisture content exceeds the construction moisture content
Uvercompaction occurs

The compactor tracks are prominent
The construction management density cannot be ensured

o & @ 0

The construction moisture content must be adjusted by air drying or gquickl ime. etc

|Dueruumpautiun air drying or quickl img

\7’ T '§‘
= AR e
e T,
o T,
AN Rl
) ol odf
AT —SSainh 2 take the wet side
< S o dmax L 74“ -
] 0. 9% o dma s
Ty 11405 )
NN, _fﬁﬁf ------- .
a

compaction curveyogE
- | = | i
T Water- impermeable material (clay soil)

; optimum moisture content ratio
Z Random material

[1434
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(11445) Reservoir

Basic knowledge of soil

Construction points to note
In the case of poor compaction of
a Overcompaction due to excessive moisture content

impermeable material (clay soil) constructi

b Insufficient compaction
¢ Overcompaction due to excessive moisture content
and incorrect impermeable material (clay soil) selectiaon

d Situation where the compacted surface is wavy

uﬂvercmmpactiuﬂ
]

on

air drying or guickl|img

take the wet side

o

N,

[ ] b
d
v — G /
= e
Al . —
,-{\A \\_'l%&'_v\}"
R -— 0 df
A o ¥l
- o o dmax
5 | _ COx 1
NN Laps - Peenna
compaction

DMWater-impermeable material (clay soil)

[@Random material

[ B

GO ve wmqt._\_w

optimum moisture content ratio

11434




(11446)Reservoir

(11446) Reservoir

Basic knowledge of soil
GConstruction points to note
Gonstruction status of impermeable material (clay soil) with boulders

a In case of the moisture content of impermeable material (clay soil) is not properly controlled

during construction., it will be over-compacted. and as the embankment rises.
heavy machinery construction will become impossible
b There are cases where workability is improved by mixing boulders into impermeable material
o . {clay soil)
¢ By mixing in stones

T 3 ' 3 . . . - .

1) the construction management density of impermeable material (clay soil) cannot be ensured
@ Water paths will be formed by the boulders being laid

@ 1t can cause water leakage

‘Uveruumpaﬂtion

. Mixing boulders
a

v A
- A 2 o
AR 5:' ot oo
AN SO “#«é}a\——___s_
AN a water |leakage
A A m— mixing boulders
e g
Ry o - : :
NS, IWater—impermeable material (clay soil)
NN

@ Random material
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(I1447)Reservoir

Basic knowledge of so0il

Construction points to note

Example of Shallow sump installation

@ The area where the reservoir is located is where groundwater collects,
and the groundwater is at a high level.

@ In case of constructing a reservoir, it is important to

lower the groundwater level
and perform dry construction.

@ It is necessary to install a Shallow sump on the upstream side of the trench

to quickly drain the groundwater. .wéﬁﬁaim . 4 Eﬁ
T P

bulldozer dumping vibrating rnl[ér EBZ

Fmm————

--------------- — dry construction. D109
\\\\\ wa m : 1
trench iﬁ,ﬁ ’
T v )




(11448)Reservoir

(I11448)Reservoir

Basic knowledge of saoil

Construction points to note
Treatment of the joint between the inclined gutter and the sand dump

and the structure of the reservoir plug

) The inclined gutter is installed on top of the clayey soil embankment
@ The entire inclined gutter may settle unevenly due to the consolidation of the embankment
3 Cracks may occur at the joint between the sand dump and the inclined gutter, causing |eakage.
@ A water stop plate is installed at the joint between the inclined gutter
and the sand dump to reduce the risk of leakage
®) Additional concrete is poured to avoid corners

Additional concrete
;%
]

\

@ water stop plate

11392
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(I1449)Reservoir

Basic knowledge of soil
Construction points to note

Chipping treatment of structures

M Piping is likely to oecur around structures (bottom gutters, spillways, ete.)

that cross the embankment.
Chipping is applied to the structure to improve the adhesion between the structure

and the impermeable material {(clay soil)

@ To increase the water-stopping effect o
iy piping

@ Ensure that the concrete part to be chipped is about 2-3 cm thick
hollow due to the water path

piping phenomenon

impermeahle material (clay sail) 3 BTEQfﬂ<m8ﬂt "
“gutter pipe |
R15
________________ L]
1440
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(11450) Reservoir

Basic knowledge of soil
Gonstruction points to note
S5lope protection work (revetment)
Erosion of the embankment caused by waves in the reservoir
"y @ Block pitching

11382

11392

stone pitching work slope ocrib work

goncrete Oor mortar

R244 R284 R5 84
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(11451)Reservoir

Basic knowledge of soil

e

o no

5

truction poin
one masonry drainage pipe

Gans
5

he embankment

inside

gr

o guickly drain the wat

one masonry is

The purpose of s

11403
D111

a
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=
el
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= o
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(11452)Reservoir

Basic knowledge of soil
Gonstruction points to note

Precast bottom gutter

The bottom gutter is the most common location for piping. so adeguate water-
stopping measures are reqguired

©

Precast

Precast bottom gutter
11392
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(11453 )1Reservoir Management Manual

Rezervoir Management Manual

Reservoir Condition Check
I Have vou installed sandhags or corner hlocks
(dropping hoards, etc. into the spillway to stop water)?
@ Have soil and garhage accumulated in the reservoir or spillway?
@ fre there driftwood, dead branches, hamhoo, or zarbaze on the upstrean slope of the embankment
or near the inlet of the spillway?
@ #re there so many plants and bamboos that vou cannot see the embankment or the management road?
& Have vou ever felt that the area around the reservoir has been developed or
that the water level is dangerous during heavy rains due to heavy rains?
& Has anv part of the embankment subsided or protruded?
& #fre there any leaks around the drainpipes?
& fre the winding handles and gates working proper|y?
& Do wou know what creatures live in the reservoir?

Earthen embankments [1282




(11454)Reservoir Management Manual

(11454)Reservoir Management Manual

Reservoir Management Manual
Reservoir Condition Check
I) Have you installed sandbags or corner blocks

(dropping bhoards, etc. into the spillway to stop water)?

Earthen embankments [1383
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(11455)Reservoir Management Manual

Reservoir Management Manual
Reservoir Condition Check

@) Have soil and garbage accumulated in the reservoir or spillway?

Earthen embankments 11383




(11456)Reservoir Manaaement Manual

(I1456)Reservoir Management Manual

Reservoir Management Manual

Reservoir Condition Check

3) Are there driftwood, dead branches, bamboo, or garbage on the upstream slope of the embankment

or near the inlet of the spillway?

Earthen embankments [1383
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(I1457)Reservoir Management Manual

Reservoir Management Manual

Reservoir Gondition Check
@) Are there so many plants and bamboos that you cannot see the embankment or the management road?

Earthen embankments 11383 [1392
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(11458) Reservoir Management Manual

Reservoir Management Manual
Reservoir Gondition Gheck

5 Have you ever felt that the area around the reservoir has been developed or
that the water level is dangerous during heavy rains due to heavy rains?
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(11459)Reservoir Management Manual

Reservoir Management Manual

Reservoir Gondition Check

® Has any part of the embankment subsided or protruded?

=

(2}
protruded

V ®subsided
Earthen embankments
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Ay, ?
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(11460)Reservoir Management Manual

Reservoir Management Manual
Reservoir Condition Check
(7) Are there any leaks around the drainpipes?
i inais

et ,n.l".l’-'.l.-..; !
"HHI_.‘:; -
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(11461)Reservoir Management Manual

Reservoir Management Manual
Reservoir Gondition Gheck

® Are the winding handles and gates working proper|y?
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Reservoir Management Manual
Reservoir Condition Check
@ Do you know what creatures live in the reservoir?
it
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(I1463) Reservoir Management Manual

Main functions of reservoirs
o ' ' : ' .
). Storing water for agricultural use: Storing water for agricultural use
and replenishing it as needed
Flood control: Temporarily storing floodwaters during heavy rains
Preventing sediment runoff: Storing sediment and debris flowing from upstream
Preserving ecosystems: A habitat for aguatic plants. insects. etc
Health and recreation: A place of relaxation for local people
Other functions: Used for fire prevention water. etc
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(11464) Reservoir Management Manual

Main functions of reservoirs

M. Storing water for agricultural use: Storing water for agricultural use
and replenishing it as needed i
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(11465)Reservoir Management Manual

Main functions of reservoirs
@. Flood control: Temporarily storing floodwaters during heavy rains
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(11466) Reservoir Management Manual

Main functions of reservoirs
3. Preventing sediment runoff: Storing sediment and debris flowing from upstream
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Main functions of reservoirs
@ . Preserving ecosystems: A habitat for aguatic plants. insects. etc
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(11468)Reservoir Management Manual

Main functions of reservoirs

5). Health and recreation: A place of relaxation for local people
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Main functions of reservoirs

®. 0ther functions: Used for fire prevention water, ete.
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(11470) Reservoir Management Manual

Structure of the reservoir

(T Water intake facility (inclined gutter)
2 Floodway

(3) Embankment

@ Water-shielding zone

© Water intake facility (bottom gutter)

|||||||u

11392

11383
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Reservoir structure

O Embankment

(1) Water-shielding zone
Water receiving channel
End drain
Reservoir

(

SEERE]

-

(>

AR SRR

Cross—-section of reservaoir
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Reservoir structure
QO EmbankmentT) Water-shielding zone @ Water receiving channel @ End drain @ Reservoir

Embankment
a The embankment of a reservoir is a civil engineering structure that crosses a river or valley
and is made by piling up soil.
b It blocks water flowing from upstream and stores it in a space (reservoir) surrounded
by the embankment and the ground upstream of the embankment.

¢ It is made by compacting soil with a high fine grain content.

d A layer of compacted soil (water-blocking zone) made of ¢lay-rich soil that is difficult
for water to pass through is placed in part of the embankment.

e A waterway (water-receiving channel) is provided on the berm downstream of the embankment
to drain rain that falls on the embankment slope.

GCross—section of reservoir

® I|‘Q
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Reservoir structure

(I1473)Reservoir Management Manual

QO Embankmentd Water—-shielding zone @& Water receiving channel @ End drain @ Reservoir

Embankment

a The embankment of a reservoir is a civil engineering structure that crosses a river or valley
and is made by piling up soil.

Sat g aataad }
.'-'..II".'..-'.I.'.; .:l"'.r.'.l ¢
"'_.' TR
L T IR
Rt .
LY

®

|

Cross—section of reservoir




(11474)Reservoir Management Manual

(11474) Reservoir Management Manual

Reservoir structure
O Embankmentd Water-shielding zone @ Water receiving channel @ End drain @ Reservoir
Embankment
b It blocks water flowing from upstream and stores it in a space (reservoir) surrounded
by the embankment and the ground upstream of the embankment

LTI R T P
REFLEY TN IR
fepde e, t
I T

Gross—-section of reservoir
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Reservoir structure
O Embankment() Water-shielding zone @ Water receiving channel @ End drain @ Reservoir

Embankment
¢ It is made by compacting soil with a high fine grain content.

:.r eadntier

cnly teagtien
'
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Cross—section of reservoir
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Reservoir structure
O Embankment@ Water-shielding zone @ Water receiving channel @ End drain @ Reservoir
Embankment

d A layer of compacted soil (water-blocking zone) made of clay-rich soil that is difficult
for water to pass through is placed in part of the embankment

Cross—section of reservoir
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Reservoir structure
O Embankment@ Water-shielding zone @ Water receiving channel @& End drain @ Reservoir

Embankment
e A waterway (water—-receiving channel) is provided on the berm downstream of the embankment
to drain rain that falls on the embankment slope.

gty
i 'r"-'-',.-' LT
ey

®

Cross—-section of reservaoir
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Structure of the reservoir
O Floodway

Flood spillway
a To prevent stored water Trom overflowing the embankment during heavy rains

b A facility to safely drain water that has flowed into a reservoir

F loodway

[1383
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Structure of the reservoir
QO Floodway
Flood spillway
a To prevent stored water from overflowing the embankment during heavy rains
b A facility to safely drain water that has flowed into a reservoir

Floodway
Flood spillway

\_\/

[1383 A
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Structure of the reservoir
O Floodway

Flood spillway
a To prevent stored water from overflowing the embankment during heavy rains

b A facility to safely drain water that has flowed into a reservoir

Floodway
Flood spillway %g%ﬂmﬂmmﬂﬁég

11383
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O Floodway Flood spillway

163 164 165 166

167 169 171
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Structure of the reservoir
Water intake facility

a Water from the reservoir is taken in through the intake hole and sent to the irrigation channel
through the ineclined pipe and bottom pipe.
b The inclined pipe is usually divided into several stages and has intake gates or plugs installed.
so that warm water near the water surface can be taken in depending on the water level.
¢ The bottom pipe is the passageway for the irrigation water taken in from the inclined pipe. and is
located at the bottom of the reservoir and also serves as a drainage facil ity to empty the reservoir.

Inclined gutter i Attached box section ) L .
Bottom gutter @ Wat . I @ Low gutter pipe

: L. 5 erelmgLL ol W ; : @ Outlet manhole work
Sediment discharge @ Low gutter pipe wrapping section

()

Winding handle @ Low gutter pipe wrapping
Air hole gﬁqg}ffff;é%

Inclined gutter work
Incl ined gutter pipe section

................. e

Water intake hole section (slide gate) 11397
I . ®

Sediment discharge gate = = L_J

Gorner stop

Attached waterway section @ i

FEfeeoue W M

Sediment discharge section
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Structure of the reservoir
Water intake facility

M Inclined gutter i3 Attached box section 2 .

i} @ Low gutter pipe

@ Bottom gutter @ Water cut—off wall @ Outlet manhole work

3@ Sediment discharge i Low gutter pipe wrapping section =

@ Winding handle @® Low gutter pipe wrapping .;ED

B Air hole

® Inclined gutter work

@ Inclined gutter pipe section - o

® Water intake hole section (slide gate)- v "_ ﬁ 1132992
@) Sediment discharge gate : : @® i

@@ Corner stop - \—J
i Attached waterway section o @@
@ Sediment discharge section =

11386

11382
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Structure of the reservoir

S$tone covering (block covering. etc ) stone pitching work
Reservoirs are built in areas that are sasy to dam up water flowing from mountains and valleys
b These areas are also prone to strong winds

¢ In case of strong winds blow over the reservoir water surface. waves are generated
d The earthen embankment is eroded
g Stone covering (block covering. etc.) is installed

o

Block pitching
Stone pitching

[

stone pitching work 11392
» Embankment slope
11382

* Slope protection
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b

Structure of the reservoir S$tone covering (block covering, etc.) stone pitching work

« Embankment slope stone pitching work slope covering{lining) works Concrete block pitching

* Slope protection

ey :
- :.;__..__gﬁ_;'.-ﬁ_ﬁg
e e e A

11382 R284 R232 R244

stone pitching work slope crib work slope orib work concrete block

cobble staone

R284
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OMNechanism of reservoir collapse due to heavy rain and earthguakes
) During heavy rain, a large amount of rainwater flows
and the stored water overflows the embankment
The overflowing water erodes the embankment,
In case of a large amount of rainwater seeps
During an earthaquake.

into the reservoir,

which is very dangerous

inte the downstream slope, it may collapse.
the strength of the soil decreases due to shaking
The embankment may col lapse due to the collapse of the slope or the sinking of the embankment.

D Overflow destructio B ® i
zﬂ STidE Tailie © Cracks 6 Subsidence
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3 Seepage Tailure Seepage failure @ Slope collapse ®5 lope
@ Collapse due to debris Tlow
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OMechanism of reservoir collapse due to heavy rain and earthguakes

O Damage type

| Overflow destruction

L

—

O Damage mechanism
a In case of the reservoir water level rises suddenly due to rain or blockage of the spillway

and overflows the levee.
b It may be destroyed by eroding the downstream slope

¢ As the reservoir water level rises. the water pressure inside the levee also increases,
d It may be destroyed by a decrease in strength

M Overflow destruction

7 Overf low
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O Mechanism of reservoir col lapse due to heavy rain and earthquakes
O Damage type
@ Slide failure
O Damage mechanism
@

Rainfall infiltration.
a The stored water and rainfall infiltrate into the embankment.

increasing the amount of water inside the embankment,

b The strength of the slope of the embankment decreases. iz
¢ Slide ocours on the slope. causing destruction £ et atna B0 B

||||<]
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OWechanism of reservoir col lapse due to heavy
O Damage type

rain and earthguakes

(3) Seepage failure Seepage failure
O Damage mechanism

a The inside of the embankment deteriorates, reducing its ability to block water

b In case of the reservoir water level rises, the water pressure inside the embankment
also increases, reducing its strength and causing it to break
c A water path is formed

inside the embankment that runs from upstream to downstream,
causing it to break

(3) Seepage failure Seepage failure

|||<]

Piping~hole
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OiMechanism of reservoir collapse due to heavy rain and earthouakes
O Damage type
@ Gollapse due to debris flow

O Damage mechanism
a Debris flow caused by the collapse of forests in the upstream area

b The embankment may be destroyed

@ Gol lapse due to debris flow
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<Mechanism of damage to reservoirs caused by earthguakes>

O Damage type
B Cracks

O Damage mechanism

a Gracks may occur on the top of the embankment.

b GCracks that occur upstream and downstream of the embankment may become water channels.
¢ Particular attention is required

oo

Earthquake
B Gracks

R A T R A A A TR d
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{NMechanism of damage to reservoirs caused by earthguakes>
QO Damage type

® Subsidence
QO Damage mechanism
a The embankment may sink while retaining most of

its shape and exhibiting cracks.
b Most of the damage occurs on soft ground.

Earthquaf

®Subsidence

|||<]
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{Nechanism of damage to reservoirs caused by earthouakes>
QO Damage type

7) Slope collapse

O Damage mechanism
a The upper part of the embankment slope may sink and the lower part may swell,

causing deformation

/_\_@l_q‘f/
(7 Slope collapse Earthauake

|||<]

T ‘
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{Mechanism of damage to reservoirs caused by earthguakes>

O Damage type
& Slope lands|ide

O Damage mechanism

a Seismic motion may cause the slope of the embankment to slide

ot S

@S lope landslide

|||<]
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{Mechanism of damage to reservoirs caused by earthquakes>
QO Damage type

@Caollapse

QO Damage mechanism

a The embankment or ground may change significantly and collapse.

b It often leads to collapse, due to liquefaction of the embankment or foundation ground

Earthqua/

@Collapse

|||<]
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Mechanism of reservoir collapse due to heavy rain and earthguakes
I Overflow destruction

& Slide failure

Overf|ow

qu'_:]

11488

[1434
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{Mechanism of damage to reservoirs caused by earthquakes>
& Gracks

k=]

T T T T ST Ar s

11491
@ Slope collapse ®Slope lands|ide
- B g T
= i e
e "'\c.m__ = i
?K T #i = -
11493 11494

B Subsidence
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Daily Management
Key Points
» Daily Management
Detect any abnormalities in the facility early
Prevent dam collapses and natural disasters
To prevent unforeseen accidents

(B @ 9 =3

| Work should always be done by at least two people. not by one person

I.'I.I .-II".I P
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at least two people
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Daily Management
Kev Points

*Daily Management
iMpstrean forest and development status

IIn case of the forest upstream of the reservoir is cut down

@In cazse of fallen trees caused by typhoons are left unattended

@The amount of water flowing into the reservoir may temporarily concentrate

@The amount of driftwood and garbaze flowing in may increase

Elater may flow in hevond the drainage capacity of the spillway

EThis may cause hlockazes caused hy garbagze, leading to the collapse of the embankment.

D0ue to development of the surrounding area, such as residential development,

.....

Tiar gy gt 8
FEN s A et
""""'"'-".l-"r" gt
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Daily Management
Key Points

*Daily Management
Mowing and Inspection of the Embankment

Nowing the embankment makes it easier to find irregularities such as overhanging slopes and leaks.
Leaks are easier to find when the water level in the reservoir is high,

© M= O

Mowing should be done with that time in mind, and the embankment should be inspected after mowing.

Nowing

|||<]

11489
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Daily Management

Key Points

O Gleaning the spillway

I In heavy rain, if water overflows from the embankment., it may break

@ Diligently remove any soil or driftwood from the spillway

@ Never install sandbags or blockades (dropping boards or other objects into the spillway

to block water) to increase the amount of water stored
O Gleaning the spillway T

Floodway
Flood spil lway

11480
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Daily Management
Key Points
OWater Storage and Intake
@ In case of the reservoir water level is suddenly raised or lowered

@ Water seeping into the reservoir may cause the reservoir to break or the slope to slide.
@ In case of water has been drained for a long period of time,
do not fill the reservoir to capacity all at once
@Stock water gradually while checking for leaks,
B 0n the other hand, when lowering the water level, except in the case of emergency discharge
®0pen the inclined pipes from top to bottom, and lower the water level gradually
(T)Regularly lubricate and clean the hoist, gate. inclined pipe covers, etc
@ 1In case of you notice any abnormality in the operation of the facility,
inspect and repair it immediately.

=

' Flood spillway
Water intake facility

Bottom gutter
Water—-shielding section

Embankment
Core

Block pitching

@ Qe 0 ® M

Inclined gutter

11382
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Daily maintenance

Key points
QO Water fall

@) To inspect the spillway, diagonal gutters, bottom gutters.
and stonework upstream of the embankment,

@ Drain the water from the reservoir once after the irrigation season ends.

O Water fall

11382




(11504)Reservoir Management Manual

(I11504) Reservoir Management Manual
Daily management
Keyv points
O Embankment

d)Perform regular inspections of the embankment to ensure that no deformations such as
col lapses., cracks. or bulges in the slope or leakage are overlooked

Sketch of the affected area

7

Infiltration points

|||<]

M Upstream side @ Downstream side

SAT LS

11491
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Daily management

Key points

O Embankment

In particular. leakage can |lead to the collapse of the reservoir. s0 it is important
to pay attention to the following situations

{'Mudgy water mixed with soil is leaking (this is particularly dangerous)

@ The amount of leakage has increased. or the
on the downstream slope of the embankment

3 There is a leaking hole on the downstream side of the reservoir embankment

o . . K. P .

@1t is becoming difficult for water to accumulate in the reservoir

& Even during heavy rain., floodwaters do not overflow the spillway

leakage point has moved to a higher position

HWater is leaking from the bottom gutter even though no water is being taken in

4 11491
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Daily management
Key points
O Embankment

O

:il

Gut down trees on the embankment slope and mow the grass regularly
Trees on the embankment slope can cause water l|eakage
gut them down and uproot them

Gut down trees

||||<]

11500
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Daily Management

Key points
O Embankment

O Periodic cleaning of the receiving channel instal led downstream of the embankment

|||<_:]

cleaning

e

receiving channel

s FR Vi
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Daily Manazement
Kev points
Embankment
ZPeriodic cleaning of the receiving channel

I In a healthy embankment, the spaces hetween the soil particles are filled.

installed downstream of the embankment

& In case of fine soil particles flow out of the embankment due to deterioration,

gaps [water paths) are formed bhetween the larger soil particles.

O

[ {]

A

receiving channel
Water channel

Imagine fine =o0il particles flowing out

receiving channel
Water channel
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Daily Management
Key points
O Embankment

- Identify areas that may be weak in the embankment and inspect them with special care
Upstream side

I High possibility of becoming weak
@ 0ld embankment ® Natural ground
@ Boundary between the new embankment and Natural ground
the old embankment that has been raised = =
@ New embankment (raised part) - i
& Boundary between the ground and embankment
& High possibility of becoming weak
5 ®
il
T o ”
.{L. i
&/

E}

Matural ground
~ g

atural ground
11491

r - ti i '
.C} Gross-sec on . . _ Downstream s|de
Figure : Weak points for deterioration when the embankment is raised O Plan view
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Daily Management
Key points
O Embankment

« ldentify areas that may be weak in the embankment and inspect them with special care
M Boundary between renovated inclined

and bottom sluices and new embankment
@ Boundary between excavated and backfilled

area during renovation (new embankment) and old embankment
@ New embankment
@High possibility of becoming weak

H0ld embankment Upstream side
Natural ground Natural ground
|1
4 ||e
) :
. Natural ground
Natural ground

Downstream side

Figure Weak areas for deterioration when renovating inclined and bottom sluices
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Uailv Management

Kev points
O Embankment

{38t rean water and water from the slope of the ground are eroding the embankment .
Check the toe drain (masonry block, masonry block, etc.) for deformation and leakagze
DThe toe drain is used to quickly drain rainfall and stored water

that has infiltrated into the embankment,
It is an important facility for lowering the water level that has infiltrated into the embankment

and maintaining the stability of the emhankment
@n case of the emhankment is in an unstahle state, deformation may he observed in the toe drain,

50 it is necessary to check it careful lw
@ilso, if the water leaking from the toe drain is mixed with soil and sand,

aor if a large amount of water is seen from one part

Drain

Figure Toe drain imaze [1491
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Daily Management

Fev points
Embankment

apillway
TIn case of there are any ohstacles (driftwood, zarhage, etc.) in the spillway overflow section

or in the waterway downstream from the overflow weir, clean them up immediatelw.

3 Cleaning the spillway

Floodway
Flood spillway

11480
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Dailv Manazement
Key points
CEmbankment
apil lway
Do not pile sandbhags or install corner stoppers on the spillway inlet

X

sandhags

Floodway
Flood spillway

s I

& 11383

apillway inlet

11450
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Flaodway
Flaood spil lway

Oailv Manazement
Key points
O Embankment

apil lway

[1480

SpiGpillway top height = embankment top height|lway top heizht

The reservoir water level exceeds the spillway top heizght
and overflows the embankment

Reservoir side S esssoeein )

3 h2=Margin heheht Reservoir side i \
B1=0werflaw ing flood

Gpi |l lway bhottom height

sandbag

fppropriate condition
In case of sandhags are piled up at the inlet
of the spillway
Figure Image of difference in water level during flood [1450
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Dai lv Management
CEnbankment  Spillway
Check when water falls to see if the area around the spillway

Management Manual

on the upstream slope of the levee is eroded.
it is covered with revetment bhlocks, it is important to check that sail behind the hlacks

Even if

iz not heing washed awav through gaps in the blocks.

spillway

Flaood spillway
Floodway

(from the reserwoir side)

11480
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Daily Management
OEnbankment  Spillway
Gonsider repairing or renovating the spillway in the following cases.
r The spillway is made of earth.
> The spillway is too small, so it is at risk of overflowing every time it rains.
> Water overflowing from the waterway downstream of the spillway is eroding the enbankment .

Flood spillway
Floodway

Spillway (from the reservoir side)

11480
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Daily Management

Embankment

MWater Intake Facilities
{DRezgularly lubricate and clean the hoists, gzates, diagonal drain covers, etc.,

and promptly inspect and repair anvy abnormalities in the operation of the facilities.

T Inclined gutter (I Corner staop
& Bottom gutter O &ttached waterway section
G0 Sediment discharze @ Sediment dischargze section
@ Winding handle @ #ttached box section
& dir hole @ Water cut-off wall
@& Inclined sutter work @ Low zutter pipe wrapping section
& Inclined gutter pipe section {8 Low zutter pipe wrapping
& Water intake hole section (slide zate) @@ Low zutter pipe
@ Sediment discharze gate @D¢$ Out let manhole work
N
(e 1o |_|
i
B [1352
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Daily Management

3 Embankment Water Intake Facility
* Do not overlook the abnormal ity of muddy water coming out of the bottom sluice outlet

even though the water intake gate is fully closed.

T Inclined zutter {0 Corner stop

@ Bottom gutter (I Attached waterway section

{0 Sediment discharge & Sediment dischargze sectian
{3 fttached hox section

@ Yinding handle
& bir hole @ Water cut-off wall
TRl s e (& Low zutter pipe wrapping section

& Inclined zutter pipe section {® Low gutter pipe wrapping
@& Water intake hole section (slide gate) & Low zutter pipe
@ Sediment discharge gate @ Out let manhole work

] e

muddy wa caming out of the bottom sluice outlet
®
0 1 il
i
e 11392
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UDaily Management

T Embankment Water Intake Facilitw

When water falls, check whether the area around the water intake facilities

an the upstream slaope of the embankment is eroded.
The boundarw hetween the concrete and the embankment is eroded.

I Inclined zutter (@ Corner stop

& Bottom gutter {I Attached waterway section

& Sediment discharze @ Sediment discharge section
& Attached box section

@ Winding handle
& hir hole @ Water cut-of f wall
B Thelined subbermeik @ Low gutter pipe wrapping section

@ Inclined zutter pipe section ® Low gutter pipe wrapping

@ Water intake hole section (slide zate) & Low gutter pipe
@ Sediment discharge zate @ @ Outlet manhole work
muddy wa coming out of the hottom sluice autlet
®
N L
(&
© [1392
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Daily Managzement

safety Facilities
{0 lwavs check for any dangerous points in the reservoir vou manage. in case of an emergency

&Check safety facilities such as fences on a daily basis, and repair any damazed ones prompt|y.
blso, install safety facilities if they are deemed dangerous

Damazed facility

@ If someone falls, they can zrabh onto the net immediately.
Installing safety fences

<Other examples of installing safety facilities>
Installing life jackets (huovs) and floating ropes
Installing safety nets

safety nets

W @
:,fi,fi;’f life jackets (buovs) an

RO R AR

oating ropes
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Daily Management
Pond draining (draining the water from a reservoir)
Pond draining (draining the water from a reservoir) improves water gquality by removing the mud
that has accumulated at the bottom of the pond. and also allows you to check areas

that are normally invisible to the naked eye., such as erosion of the embankment
and deterioration of the bottom gutter. which |eads to proper maintenance

O Water fall

_——

11503
11382
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Dailv Management

> Collaborative activities between farmers and fishermen
1. Supplying nutrients (leaf mould) from the mountains that have accumulated in reservoirs to the sea
2. Collahorative activities hetween farmers and fishermen
3. In addition to removing mud, cooperation between farmers,
fishermen and other local communities is promoted

farmers

I"'} = = ””””““
: = Supplving nutrients (leaf mould)
i = _—'—-.-__‘ L

fishermen
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Daily Management

Emergency Response

I Prepare an information and communication svstem in case of disasters caused by heavy rain,
earthgquakes, etc.

& In case of traveling on-site, always travel with at least two people to ensure safety.

Emergency Response
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Dailv Management

Emerzency Response
(Flow of actions to take in case of heavy rain and flooding)

{1» Forecast of heawy rain and flooding

2 Obtaining meteorological information (Methods: TV, radio. internet, etc.)
& Issuing warnings (heavy rain special warnings)

i Disaster prevention svsten

Coordinat ion with related orgzanizations

Monitoring and emergency inspection of reservoirs

First aid measures

Continuous monitoring s
A

...................

L b s
Emergency Response Sl

R
=T W :i‘.-'.'.'
fenp gl el

!

RTLERTL LT
L, B e
e 1 3
F-

T
Ly Sl
e |‘:IL$|:.|,#|I

11381




(11525)Reservoir Management Manual

(11525 )Reservoir Management Manual
Daily Management
Emerzency Response
Key points when preparing for disaster prevent ion
* Promptly start preparations for disaster prevention,
such as liaison and coordination and inspect ions
* Monitor the hehavior of the reservoir (remote monitoring cameras, etc.)

* If wou notice any ahnormalities, contact the person in charge at the city or town immediately
Paoints to consider when determining whether a dam will burst

T Water level rises above the danger level

#This refers to the water level at which the reservoir may burst if the water level rises
an¥ higher, and is set in advance based on the design flood lewvel and the normal full water lewel.

& Blockage of the spillway by driftwood, debris, etc.
@ Significant turbidity of the reservoir water (possibility of debris flow occurring upstrean)

d» Increasing leakage (creation and expansion of cracks and water paths)
& Increasing deformation such as increased overhang of the embankment slope

P R W S ) beepage failure Seepage failure

7 Dverf|aow

ulope collapse
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Daily Management
Emergency Response
 Kev points far responding ta heavy rain, floods, and earthguakes

2 Implement pre-release and low water level management
(I Lowering the water level hy pre-release hefore rainfall secures free space in the reservair

(capacity to store incoming floodwaters)
& Mot onlv does it secure free space. it is also expected to prevent the reserwvoir from hursting.

I W Full water level

Lawering water level
v Lowering water level/bv pre-discha

) ffff Emhankment

x
Pre-dischargze image

v Irrigation period

setting and managing water levels bv period I
vy Non-irrigzation perjod

i fﬁff Enbankment

i
Low water level management image
#Guide to measures to strengthen flood control functions of reservoirs
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(11527 JReservoir Management Manual
Dailv Management

Energency Response
(I Low water level management by pre-discharge hefore rainfall
This is a method of pre-discharging the water stored in the reservoir based on rainfall forecasts,

etc., to ensure free capacity. Discharze
There are the following methods:

{a) Discharze by operating pre-discharge facilities (flood slits, reservaoir plugs installed
for discharge, discharze pipes, etc.)

ih) Discharge by operating water intake facilities

f‘th

ﬂ%

[152]
[1382
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(11528)1Reservoir Management Manual
Daily Manazement

Emergency Response
@ Low water level management by season This is a method of setting and manazing water levels

bv season, rather than immediate management aof lowering the water
(a) During non-irrigation seasons, water is completely drained or the water lewvel

is kept low at all times
(h) During irrigation seasons, water levels are set by season based on the amount

of water reguired, ensuring free capacity.

i Irrigation period

netting
g

nd managing water lewels hy geriod
b Lowering water level by pre-discha 7 Non-irrigation perjod

fﬁf Embankment fﬁf Embankment

x
Pre-discharge image Law water level management image

#Guide to measures to strengthen flood cantrol functions of reserwairs
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UDailv Manazement

Energency Response
@ Points to note
T In case of the water level of a reservoir is suddenly raised or lowered,
water may seep into the embankment, causing it to hreak or the slope to slide.
& In case of water has heen drained for a long period of time, do not fill the reservair
to capacity all at once, but fill it gradually while checking for leaks.,
@ When lowering the water level, except in the case of an emergency discharge,

@ lower it gradually, for exanple by opening the inclined gutters from the top down.

2 Bl | oianees ens] 7 Irrigation perinod
I Lowering water level setting %ﬁd managing water levels hy period
B 7 Non-irrigzation perjod

w7 Lowering water level by pre-discha

i !fff Embankment i ;fff Embankment

¥
Pre-discharze image Low water level management image

#Guide to measures to strengthen flood control functions of reservaoirs
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Dailv Management

Emerzency Response
Ouring heavy rain and floods

1. In case of heavy rain or localized torrential

2. In case of there iz a risk of the water lewel reaching a dangerous level,

immediately contact the citv/town/willaze of ficials and the relevant communities.

Emerzency Response
N
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(11531 )Reservoir Management Manual
Daily Management

Emergzency Response
During an earthoguake [after an earthguake occurs)

1. In case of there is an earthguake with a seismic intensity of 4 or higher,
inspect the reserwvoir while paving close attention to wour own safetw

2. Immediately report the inspection results to the municipal officials and relevant communities

Emerzency Response
#

Af
Earthouake
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(11h3Z2 JReservoir Management Manual
Daily Management

Emergzency Respaonse

Ouring an earthguake (after an earthguake occurs)

OEmergency inspection (within 24 hours, as soon as possihle)
Carry out an emergency inspection and check for the faol lowing:
{IThe entire levee hody (cracks, col lapses, steps, etc.)

@ The levee hody and spil lwavy (leaks, cracks, col lapses, steps, etc.)
@0bstacles to the spil lway

@Steps and cracks in the surrounding zround
®Collapses and landslides in the ground in the catchment area, etc.
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Daily Management
Emerzency Response
During an earthguake (after an earthguake occurs)
' In case of a breach is predicted based on monitoring or emergency inspections
during heavy rain, flooding, or an earthouake,
& the manager will take all possible emergzency measures to ensure the safety of downstream areas

a Emerzency release
b Emerzency measures

a Emerzency release b BT e

slope protection
ron wire, rope, hamboo

i soil hag

R340




(11534)Reservoir Management Manual

(11534 )Reservoir Management Manual
Dailv Management

Emerzency Response During an earthguake (after an earthquake occurs) b Emergency measures

lape | met had
Embankment Cro

i
: |ng cract expansion

Emerzency measure

craqk
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er leak

slope protect ion
Irnn WIFE, rope, hamboo
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Daily Management

Emergency Response During an earthguake (after an earthguake occurs) b Emergency measures
prevent water |leakage Bank protectionipatch up method)

patch up method
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(11h36)Reservoir Management Manual

Oailv Management

Inspection Checklist
* Orzanize specific points to check during daily inspection work
* Organize hasic information hefore inspection, check repair history, etc.
Embankment
1> There are areas where the embankment slope has collapsed, cracked, or bulzed out.
& There are areas of damage or erosion in the riprap, stonework, and blaocks on the embankment slaope|.
@ There are changes in vegetation on the downstream slope of the embankment,
such as the overgrowth of ferns, butterbur, and moss, which prefer moist soil.
@ Spring water is seen from the edge of the embankment.
& Seeping water, spring water, and sediment are seen on the downstream slope of the embankment
and in the berm receiving channel.
& Erosion of the embankment due to drainaze from the connecting road is seen.
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(11537 JReservoir Management Manual

Dailvy Management

Inzpect ion Checklist
Embankment

{1 There are areas where the embankment slope has collapsed, cracked, or bulged out.

Cracks Subsidence Slope col lapse Slope landslide Col lapse
o 71495 {7483 1494 11495

[14497
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Oailv Management
Inspection Checklist Embankment

@ There are areas of damage or erosion in the riprap material, stonewaork,

and masanry blocks on the embankment slape.

slope crib work slope crih work concrete hlock

R84 e R244
éiune pitching work slope crib work slope crib work concrete hlock
cohble stone

BE BN B

RZ284 R84 R5E3 REZ6
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(11539 )Re=zervoir Management Manual

Oailv Manazement

Inspection Checklist  Embankment
@ There are changes in wegetation on the downstream slope of the embankment,
such as the overgrowth of ferns, butterbur, and moss, which prefer moist =oil.
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(11540)Reservoir Management Manual

Dai lv Manazement
Inspection Checklist  Embankment

@ Spring water is seen from the edze of the embankment .
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(11541 )Reservoir Management Manual

Dailv Managenent

Inspect ion Checklist  Embankment
& Seeping water, spring water, and sediment are seen on the downstream slope of the embankment and
in the berm receiving channel .
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Daily Management
Inzpection Checklist Embankment

& Erosion of the embankment due to drainage from the connecting road is seen.

11380
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(11543 )Reservoir Management Manual

Dai Iy Manazement
Inspect ion Checklist  Spillway
& Spring water is seen from cracks on the surface of the channel concrete.
There are also areas where the rebar is exposed.
& The top of the channel wall is bulging, and it is bhending inward.
@ Severe wear and damage is seen on the bottom slab and side walls of the channel.

0 Overgrowth of vegetation is ohserved in the spillway or in the downstream waterway.
{I* Gaps are ohserved at the houndary hetween the concrete (spillway) and the embankment .
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(11544 )Reservoir Management Manual

Daily Management
Inspection Checklist  Spillway

& Spring water is seen from cracks on the surface of the channel concrete.

There are alzo areas where the rebar is exposed.
& Spring water

Spring water
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([1h45)Reservoir Management Manual

Daily Management
Inspection Checklist spil Tway

& The top of the channel wall is hulging, and it is bending inward.

& bulging,bending inward.

T
"-'-'-'.--'-"'-'_.'.r""-'-""
'I|'|l|'I,|'|'"|'||I|"|'|l""
Frae g ety -'.-.:-"f"
Paae et ""-'",.
‘ L R
[ Fo
'I"”-'".-ET
’




(11546)Reservoir Management Manual
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Oai lv Management

Inspection Checklist spil lway
@ Sewvere wear and damaze is seen on the hottom slab and side walls of the channel.

157

@ Severe wear and damage

' 4] [1380
11471 @ Severe wear and damage
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(11547 JReservoir Management Manual

Daily Management

Inspect ion Checlklist sl way
{0 Overgrowth of wegetation is observed in the spillway or in the downstream waterway.
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Dai lv Management

Inspection Checklist  Spillway
{I' Gaps are ohserved at the houndary between the concrete (spillwav) and the embankment.

pY N 7 2

{Ir Gaps
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(11549 ) Reservoir Management Manual

Daily Management

Inspection Checklist Obserwation facilities
(& Leakage has recently increased sharply despite no rainfleakagze has becone cloudy.
& Water level measurements within the embankment showed values that differed from previous trends.
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Oailv Management

Inspection Checklist CQOhservation facilities
& Leakage has recent |y increased sharply despite ro rain/fleakage has become cloudy.

@ Leakage-cloudy.
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Daily Management

Inspection Checklist Ohservation facilities

& Water level measurements within the embankment showed values that differed from previous trends.

1]

orrelation diagram

Fizure Image of rising water level inside the dam

lewve |

Frevious trends

ifferent trends MWater

inside the dam

Water level inside the dam

11471
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(11552 Reservoir Management Manual

[1ai v Managzement
Inspection ChecklistIntake facilities

@ Damaged inclined gutter. Bottom gutter is damaged or water flow is ohstructed.

{& Gaps are observed at the houndary between the concrete (inclined zutter) and the embankment .

{8 Leakage has occurred around the gate, and soil and garbage have accumulated in the surrounding area.
& Muddy water is coming out of the hottom zutter outlet even though the intake zate is fully closed.
{& Yetlands and puddles are ohserved in the downstream ground.
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B P Wanagonal (11553 )Reservoir Management Manual

Inspect ion Checklist Intake facilities
& Damazed inclined gutter. Bottom gutter is damaged or water flow is obstructed.

0 Inclined zutter & Water cut-off wall
@ Water intake facility €@ Low gutter pipe wrapping section

@ Sediment discharge (& Low gutter pipe wrapping

& Winding handle @ Low zutter pipe

& fir hale & Outlet manhnle;ﬂgk&-t? __________________________

& Inclined zutter waork e e A

@ Inclined gutter pipe section et P ﬁfrﬁw Jood @

& Water intake hale section (slide gate] [iiiiiii =il filj — T i ]
@ Sediment discharge gate &
{ Corner stop {2

{Ir 4ttached waterway section 11392
@ Sediment discharze section f;;ﬁ,ﬁﬂ;;ﬁ;fj
@ Attached hox section S
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Dailv Managzement
Inspection Checklist Intake facilities
{% Gaps are ohserved at the boundary between the concrete (inclined zutter) and the embankment .

0 Inclined gutter @ Water cut-of f wall
& Water intake facility @ Low zutter pipe wrapping section

@ Sediment discharze (@ Low sutter pipe wrapping @

@ Winding handle @ Low eutter pipe

@ Air hole @ Outlet manhole wertres @Gapg
® Inclined gutter work AT : :

& Inclined zutter pipe section : BN e @

@ Water intake hole section (slide zate) iy , T it ]

& Sediment discharge gate I PR e o

{0 Corner stop it @'@ U

(I 4ttached waterway section 11392

@ Sediment discharze section a,‘; TR
A f"".l.l.l""-'J," it
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L TR
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(@ &ttached box section
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A R (115565 )Reservoir Management Manua |

Inspection Checklist Intake facilities
& Leakage has occurred around the gate, and soil and zarbage have accumulated in the surrounding area.

T Inclined zutter & Water cut-of f wall
2 Water intake facility @@ Low gutter pipe wrapping section

2 Sediment discharge & Low gutter pipe wrapping

@ Yinding handle T Low zutter pipe

& Air hole @ Outlet manhole work=t s

& Inclined gutter work — EEIIIIIIIIIIIIIIIIIIIIIIIICG

@ Inclined gutter pipe section LIS by @

@& Water intake hole section (slide gate] SIfTiiisoroiiziifia , T i) ]
@ Sediment discharze gate I Vonpast @
{0 Corner stop o @Q.E) {2

I &ttached waterway section [1392
& Sediment discharge section oy T

Paogkg oat ey e gt

[1380




(11556)Reservoir Management Manual
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Inzpection Checklist Intake facilities
@ Muddy water is coming out of the bottom zutter outlet even though the intake zate is fully closed.

{0 Inclined gutter & Water cut-off wall

@ Water intake facility & Low gutter pipe wrapping section

@ Sediment discharge @ Low zutter pipe wrapping @

@ Winding handle @ Low zutter pipe

& hir hole @ Outlet manhole ekl

& Inclined gutter work 5 i,

@ Inclined gutter pipe section s Y iy @

& Water intake hole section (slide gate) izl , il it ]
@ Sediment discharze zate I ‘IE’W ©
" Corner stop o @ 5

{Ir &ttached waterway section [1358%
(@ Sediment discharge section I R )
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baily Hanagemant (11557 )Reservoir Management Manual
Inspect ion Checklist Intake facilities
& Wet lands and puddles are ohserved in the downstream ground.

D Inclined gutter & Water cut-off wall
& Water intake facility & Low gutter pipe wrapping section

@ Sediment discharge {8 Low gutter pipe wrapping @
@ Winding handle (@ Low gutter pipe
w7 &

& Air hale @ Outlet nanho e e
@& Inclined sutter work - - S
& Inclined zutter pipe section i 1A &
@ Water intake hole section (slide gate) Siiiiiiiliiiilly - T T ]
@ Sediment dischargze zate [ o
o eh B ®

(@ Corner staop
(I &ttached waterway section [1392
@ Sediment discharge section f;; G ,';;;;,',}',';:'
{® Attached box section T ::f:fff*f:at’f“
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Dailv Management

Inspection Checklist

olopes and embankments within the reservoir and around the embankment

{® There are areas within the reservoir where large-scale slope collapses and continuous cracks
and springs have occurred.

@ There are areas on the slope close to the embankment where continuous cracks
and springs have occurred.

11471

Check points for the slopes around the reserwvoir and embankment
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Dailv Management
Inspection Checklist
slopes and embankments within the reservoir and around the embankment
(@ There are areas within the reservoir where large-scale slope collapses and continuous cracks

and springs have occurred.

Springs

[141

Checl points far the slopes around the reservoir and embankment
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Daily Management
Inspection Checklist
slopes and embankments within the reservoir and around the embankment

@ There are areas on the slope close to the embankment where continuous cracks

and springs have occurred.

11380

; 11471

Check points for the slopes around the reservoir and embankment
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Daily Manazement

Inspect ion Checklist
Embankment
1> There are areas where the embankment slope has collapsed, cracked, or bulged out.
@ There are areas of damage or erosion in the riprap, stonework, and hlocks on the embankment slaope.
& There are changes in vegetation on the downstream slope of the embankment,

such as the overgrowth of ferns, butterbur, and moss. which prefer moist soil.
@ Spring water is seen from the edze of the embankment .
& Seeping water, spring water, and sediment are seen on the downstream slope of the embankment

and in the bherm receiving channel.
& Erosion of the embankment due to drainage from the connecting road is seen.
spil |l way
& Spring water is seen from cracks on the surface of the channel concrete.

There are also areas where the rebar is exposed.

& The top of the channel wall is bulging, and it is bending inward.
& Severe wear and damaze is seen on the bottom slab and side walls of the channel.
{0 Overgrowth of vegetation is ohserved in the spillway or in the downstream waterway.
{I* Gaps are ohserved at the boundary between the concrete (spillway) and the embankment.

Observation facilities
@ Leakage has recently increased sharply despite no rainfleakage has become cloudy.

@ Water level measurements within the embankment showed walues T7that differed from previous trends.
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Dailv Management
Inspection Checklist

[ntake facilities

& Damaged inclined gutter. Bottom gutter is damaged or water flow is obstructed.

(% Gaps are ohserved at the boundary between the concrete (inclined gutter) and the embankment .

& Leakage has occurred around the zate, and soil and gzarbage have accumulated in the surrounding area.
{» Muddy water is coming out of the bottom zutter outlet even though the intake gate is fully closed.
@ Yetlands and puddles are ohserved in the downstream zround.

olopes and embankments within the reservoir and around the embankment

@ There are areas within the reservoir where larze-scale slope collapses and continuous cracks

and springs have occurred.

@ There are areas on the slope close to the embankment where continuous cracks

and springs have occurred.
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Oaily Management

(115683 )Reservoir Management Manual

Record (sketch) of deformation of embankment slope

Upst ream (reservoir) side

Hormal full water level

Crest of embankment

Downstream side

Survey date (vearSmonth/day)

Reserwvoir lewel [ Inm

#Sketch the defarmation on the diagram. number the deformation., and descrihe its size and condition.
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(11564 ) Basic knowledge of reservoirs

Rezervoirs

{DSecuring water for agricultural use and
&F lood control
1. How ta design embankments

2. Haow to desizn core facilities
d. Important points to note in construction management
4. New construct ion methods
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(11565 ) Basic knowledge of reservoirs

1. Embankment design concepts (design considerations)
{I* The current shape has meaning

@ Important structures should he installed on the natural zround

@ Clay soil (embankment) should be consal idated (subsidence)
& Pay attention to boundaries (piping mav occur)
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(11566) Basic k

nowledee of reservolrs

1. Embankment design concept (design guidelines: schematic diagram)

Lacatiaon

T Spillway @VWater intake facil

ities O impermeable zone

11382

11471

11380
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(11567) Basic knowledge of reservoirs
1. Embankment design concept (design guidelines: schematic diagram)
Locat ion @ Spillway

] e
163 164 165 1 GR
67 164 I




(11568)Basic knowledge of reservoirs

I

(11568)

Embankment desizn concept (design zuidelines: schematic diagram)

T Spillway

Basic knowledge of reservoirs

Floodway
Flood spillwar
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(11569) Basic knowledge of reserwvoirs

1. Embankment desizn concept (desizn szuidelines: schematic diagram)
@Watar intake farilities

sediment discharge gate

11382

11386




(11570)Basic knowledge of reservoirs

(L1570)

Basic knowledge of reservoirs

1. Embankment design concept (design zuidelines: schematic diagram)

& impermeahle zone

11382

11402

L]
11382
g
5
N 11405




(11571)Basic knowledge of reservoirs

(11571) Basic knowledge of reservoirs

Definition of reservair height
In case of sloped impermeable zone twvpe

5|l oped impermeable zane

5loped impermeahle

Reservoir heizht H (w d<10m)

Inpermeable zo
Foundat ion rd

f—
Y—F
[d ]

Bottom width of impermeable zone d

Base (soft rock, hard rock, clay, etc.)




(11572)Basic knowledge of reservoirs

Bl 1BRE)

Definition af reservair height
In caze aof uniform tvpe

Basic knowledge of reservoirs

Foundat iop-&round

Unifaorm tvpe
Reservaoir height H

Base (soft rock, hard rock, clay, etc.)




(11573)Basic knowledge of reservoirs

K

(11673)

Basic knowledge of

reservolrs

Embankment design concept (embankment terminology: embankment heizght, embankment lenzth)

In case of the spillway is installed on the ground

Embankment length L

Embankment

Foundat ion ground

Inst

Spi | Tway
lation on the graound




(11574)Basic knowledge of reservoirs

(11574) Basic knowledge of reserwvoirs

1. Embankment design concept (embankment terminologzy: embankment heizht . embankment length)

In case of the spillway is installed on the Embankment

Embankment length L

spillway
Enbankment spillway iz installed on e Emhankment

Foundat ion zround




(11575)Basic knowledge of reservoirs

[k

(11575) Basic knowledge of reszervoirs

Embankment design concept (embankment terminology: embankment crest width., reservoir depth. etc.)
h?: Freeboard (difference in elevation between the embankment crest and the design flood level)

HEL: Design flood level (water level when the design flood volume flows downstream)

FHL: Full water level (highest water level when there 15 no flood)
H1: Reservoir depth

b: Bench width B
H: Embankment height
B: Grest width WL EE he & Pt
h2: Freeboard FHL &/ sy
d:Bottom width of impermeablle zone ) @&%
b _H.f‘*a
SR
1 H

fiigi;ximpermeahle zone




(11576)Basic knowledge of reservoirs

(11576) Basic knowledge of reservoirs

Concept of embankment design (concept of embankment repair method)
Inportant points in designing an aging reservoir

I Properly judge the deterioration of the current embankment (permeahility coefficient, N value)
@ Plan to utilize the current embankment as much as possible
The impermeahle zone is embedded in the old embankment

i

y i

|||.{\:]

‘iééézﬁiiig;ﬁ;permeahle ZOone
(Core material)

The impermeable zone is emnbedded in the old embankmnent




(11577)Basic knowledge of reservoirs

(11577) Basic knowledge of reservoirs

Concept of embankment desizn (concept of embankment repair method)
In case of close to new construction, use the central core

L%

||}<<]

A N




(11578)Basic knowledge of reservoirs

(11578) Basic knowledge of reservoirs

Concept of embankment design (concept of embankment repair method)
The sheet is installed on the old embankment

£k

sheet

||||=<|

sheet




(11579)Basic knowledge of reservoirs

(11579) Basic knowledge of reservoirs

Concept of embankment design (concept of embankment repair method)
In case of close to new construction, use the central core

random materi

impermeable zone soil
(Core material)




(11580)Basic knowledge of reservoirs

(I11580) Basic knowledge of reservoirs

Embankment design concept (Geological map judgment: in-situ permeability coefficient
of foundation ground)
I Immediately after embankment repair. the reservoir did not leak much

and did not reach full water level

@ An obligue boring survey of the impermeable zone soil was carried out.

@ The strata and in-situ permeability coefficient of the embankment and foundation were confirmed
- . N ' ' ' . '

@ A detailed examination of the boring survey results is required to determine

the bottom elevation of the trench

boring survey results

N\ 4




(11581)Basic knowledge of reservoirs

(11581) Basic knowledge of reservoirs

1. Embankment design concept (Embankment leakage concept )
In case of vepairing a reservair, an appropriate investigation should he conducted
to determine the necessity of repairing the reservoir based on the faol lowing points
and to identify the causes of the reservoir’s safety being compromised.

(I Leakage from the entire reservair
a. The leakage from the embankment at full water level exceeds BO?/min per 100m of embankment length.

b. The reservoir’s ariginal function of storing water has decreased, causing prohblems with water use.
. The change in leakage when the water level iz constant has increased by maore than 10% in ane month.

@ Cracks and deformation of the embankment

@@ Insufficient clearance of the embankment

@ Deformation of the cross-sectional shape of the embankment

& High infiltration line position

® Deterioration of spillwar function and insufficient cross-section of water flaow
& Deterioration of intake facility function

& Deterioration or deficiency of safety management facility functiaon




(11582)Basic knowledge of reservoirs

([1582) Basic knowledge of

Embankment desizn concept (Embankment |eakage concept)

reservolrs
1.

In case of repairing a reservoir, an appropriate investigation should be conducted

to determine the necessity of repairinzg the reservoir based an the following paoints
and to identify the causes of the reserwoir’s safety heing compromised.

D Leakage from the entire reserwvaoir

a. The leakage from the embankment at full water level exceeds B0?/min per 100m of embankment length.

h. The reservoir’'s original function of storing water has decreased, causing problens with water use.
. The change in leakaze when the water level is constant has increased by more than 10% in one manth.

11350




(11583)Basic knowledge of reservoirs

(11583) Basic knowledge of reservoirs

1. Embankment desizn concept [(Embankment leakage concept)
In case of repairing a reservair, an appropriate investigation should be conducted

to determine the necessity of repairing the reservoir based on the fol lowing points
and to identify the causes of the reservoir’s safety heing compromised.

& Cracks and deformation of the embankment

D Overflow destruction & Slide failure ,#?ﬁV#ﬁﬁ?f; @ Seepagze failure Seepage failure
L I I.-"-'.'
z_ Dvprf |low i a:’;”fa?,’rf:
_: 3 f'l ”"l_'ln' l:' r;.
- (F ’
: Il e rosion ; e e : ; Eglbnle
St ainfaM. mfiltration : T — e i
11487 11488 11489
D Col lapse due to debris flow & Cracks ESubsidence

AlD NI AN

R T T b s

[1440 11441 114492
@ Slope collapse &5 lope lands|ide ol lapse

2 =
; T =

11433 11494 114095




(11584)Basic knowledae of reservoirs

([11584]) Basic knowledge of
1.

FESErYOIrS

Embankment design concept (Embankment |eakage concept)

In case of repairing a reservoir, an appropriate investigation should he conducted

to determine the necessity of repairing the reservoir based an the following paoints
and to identifvy the causes of the reservoir’s safety heing compromised.

@ Insufficient clearance of the embankment

e learance

B
h?: Freeboard
hY &

HYL

Wiy

HI

[1575




(11585)Basic knowledge of reservoirs

(11585 ) Basic knowledge of reservoirs

1. Embankment design concept (Embankment leakage concept)
In case of repairing a reservoir, an appropriate investigation should he conducted

to determine the necessity of repairing the reservoir bhased on the following points
and to identify the causes of the reservoir’s safety being compromised.
@ Deformat ion of the cross-sectional shape of the embankment
D Overflow destruction @ Slide failure Guiew) @ Seepage failure Seepage failure

fravg iy et s

Ry I..-'..”-'.'.."

Pepeg g et

LR H
e

»

’

. !
Brosian ol N ; ho e
i ainfabl_ikfiltration o -

11487 [ 1488 [1484
4 Collapse due to dehris flow & Cracks ESubsidence

E/\?’;x/ —FTN

e e

= ‘%ﬁﬁ@@ﬁﬁﬁm&

mmmmﬁﬂ&

11440 [1491 11497
7 Slope col lapse @S lope landslide ol lapse
- A n g
= 7 er éfff’f/z’: Ax,#ff- (e
- - 3 - -

11443 11434 11435




(11586)Basic knowledge of reservoirs

(11586

Embankment design concept

BEasic knowledge of

EaSerug s
].

(Embankment leakage concept)
In case of repairing a reservoir, an appropriate investigation should be conducted
to determine the necessity of repairing the reservoir based on the faollowing points

and to identify the causes of the reservoir’'s safety heing compromised.
& High infiltration line position

||{_:I

||||{J

Fipinghole )

e T A S AT

14849

1|5

Corfrelat ion diagram

Figure Image of rising water level

L1551

inside the dam




(11587)Basic knowledge of reservoirs

(11587) Basic krnowledge of reserwvoirs

1. Embankment desizn concept (Embankment leakaze concept)
& Deterioration of spillway function and insufficient cross-section of water flow [15EE

O Spillway Floodway T
s~ Flood spillyay [T [

--------- =]

: . R
it = i = %‘:‘?“
é‘%’%@"ﬁ

[13Qp S i [138%

N e TR L B
hada IR

'.|'I||'|| .H":,|l n'.I'I|||l' A
faeg et "".l'_rII ! \

¥
".' W ".-I.Illl ’
L) ""'"'.- x

¢ ’
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(11588)Basic knowledge of reservoirs

([1588) Basic knowledge of reserwvoirs

1. Embankment design concept (Embankment leakage concept)

In case of repairing a reservair, an appropriate inwvestigation should he conducted

to determine the necessity of repairing the reservoir hased on the fallowing points

and to identify the causes of the reservoir’s safety being compromiszed.
i Deterioration of intake facility function

L1

11387 11342

11380

[1566




(11589)Basic knowledge of reservoirs

(11589) Basic knowledge of reservoirs

1. Embankment design concept (Embankment |eakagze concept)

In case of repairing a reservoir, an appropriate investigation should be conducted

to determine the necessity of repairing the reservoir based an the following points
and to identify the causes of the reservoir’s safety being compromised.
@ Deterioration or deficiency of safety management facility function

safety nets

life jackets (huows) an pating ropes

/. 11520




(11590)Basic knowledge of reservoirs

(11590) Basic knowledge of reserwvoirs

Concepts for each facility (points to consider when designing each facility)
Foints to consider

1. Case of leakage due to change in spillway position
Uneven settlement of spillwar channel on embankment

. Gase of embankment sleeve entrapment

Case where pond hottom excavation reached gravel laver
Foundation treatment of spillway and bottom gutter connection
. Case of uneven settlement

. Gase of tension block

. Temporary road reguiring ground imerovement

l:l:l—\-dml'_rl-bll'_l_'lm




(11591)Basic knowledge of reservoirs

(11591) Basic knowledge of reservoirs

Concepts for each facility (points to consider when designing each facility]

Points to consider
1. Case of leakage due to change in spillway positian

T Spil lway

Floodway




(11592)Basic knowledge of reservoirs

(11592) Basic knowledge of reservoirs T

Concepts for each facility (points to consider when designing each facility) ff

Points to consider Z.zettlement
2. lUneven settlement of spillway channel on embankment : 11574

T Spillway

Floodway IO
Flood spillway [ [ |

R T e IR
fa LT
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(11593)Basic knowledge of reservoirs

(11693)

Concepts for each facility (points to consider when designing each facility)

Basic knowledge of reservoirs

Points to consider
3. Case of embankment sleeve entrapment

d.zleaeve entrapment

Floodway
Flood spillway

3.zsleeve entrapment

ﬁ“‘ﬂaaff

L Y I
L L I

I',llu'll,ll'l'fn'.l'.l'llJl' 4

. P
pat g
!
v
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ety
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11380
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(11594)Basic knowledge of reservoirs

(11594) Basic knowledge of reserwvoirs

Concepts for each facility (points to consider when designing each facility)
Foints to consider
4. Case where pond hottom excavation reached gzravel laver

Foundat iop-Eround

e
DEE R

d.zravel| laver

C R R R
R

Base (soft rock, hard rock, clay, etc.)




(11595)Basic knowledge of reservoirs

(11595) Basic knowledge of reservoirs
Concepts for each facility (points to consider

when desizning each facility) 11392
Points to consider s e -
5. Foundation treatment of spillway and hottom gzutter connection I B Bogudbers eohHaction
Floodway
Floaod spillwagﬁnﬂﬂ“‘* [ T 1 1574
EE SRR

""" [1478

F.spil lway

.'I""'”'""".-
Sy i i g
".'.l.'.l.'"".. ""l'.l"
II"”"':'”".' .-M""'.-'Il -
II".'.'.'.- ':'.-f-' ""-',. .
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cspil lway
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(11596)Basic knowledge of reservoirs

(11h96) Basic knowledge of reservoirs

Concepts for each facility (points to consider when designing each facility) B iineearsat i I 8nent

P ~ 11565

Foints to consider
. Case of uneven settlement

Z 7

[1583 . IEE?B
D Overflow destructian & Slide failure S e @ Seepage failure Seepage failure

'
R e T
fradg ot eyt

W .-ll,." .-'I.-'I.." .-:" .:::' I ": ,-'I
: S : ‘ :’ ;EQ hole
E__K_L__:_irn:lsnzm mltratinn T o
11487 11458 11439
4 Collapse due to debris flow & Cracks Elubsidence
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B S

114480 [14491 [14492
& Slope collapse @5 lope landslide @Collapse
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T

11433 114534 11485




(11597)Basic knowledae of reservoirs

(11597) Basic knowledge of reservoirs

Concepts for each facility (points to consider when designing each facility)
Points to consider

7. Case of block covering

T. hlaock covering

slope crib work slope crih work concrete block

T

\\\\\\\
P

R764 RZ3z R244

- , ,
stone pitching work slope crih work slope crib wark conrpate ek
cobhle stone

RZ254 RS54 REG3 REZE




(11598)Basic knowledge of reservoirs

(11598) Basic knowledze of reservoirs

Concepts for each facility (points to consider when designing each facility)
Paints to consider
8. Temporary road reguiring ground improvement




(11599)Basic knowledge of reservoirs

(11599) Basic knowledge of reserwvoirs
?. Concept of each facility (spillway location)

5pillwavs are basically installed in the natural ground
OMeasures are taken to prevent uneven settlement of structures and seepage flow

2

i
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(11600)Basic knowledge of reservoirs

(11600) Basic knowledge of reservoirs
(Leakage due to change in spillway position)

(I In case of repairing a spillway, the previous spil lway alignment should he the first priority
@ In case of it is unavoidahle to install it on the embankment
@& Sufficient foundation treatment must be carried out.

Qni 1TV
L= L=

T T
11 /" CiaE
44
-

spillway

e
_'_'Sta:r:mz:-z.ta*i; er rangze




(11601)Basic knowledge of reservoirs

(I1601) Basic knowledge of reservoirs

2. Concept of each facility (uneven settlement of flood spillway on embankment )
This is an example of a 2ap in the side wall of a flood spil lway on embankment .

Countermeasures:
[t iz necessary to improve the foundation of the flood spil lway about Tm deep (old embankment +

embankment) with a cement-based =zolidifving agent to prevent uneven settlement of the structure.

(D01 d embarkment

EEmbankment

@F lood spillway

@G round improvemert

Countermeasures

Current situation

Flan




(11602)Basic knowledge of reservoirs

(1160%2) Basic knowledge of reservoirs

2. Concept of each facility (lUneven settlement of spillway on embankment)
This is a case where a spillway that was located in the natural ground of the embankment
was moved to the embankment of the embankment .
i The new spillway was planned at the boundary between the embankment and the natural ground,
consol idation settlement occurred in the embankment, causing the spillway overflow to tilt.
KD New spil lway
0 Half of the structure was on the embankment
@ The structure settled unevenly immediately after installation
@ Piping occurred at the bottam of the channel, causing leakaze
@ The side wall of the channe! was excavated down to the foundation of the channel

€ Replaced with impermeable zone soil

@ 0ld spil lway

& New spillway
& Relocat ion

@ Uneven sett lement

& Leakage

& Enmbankment

(& Embankment

& Bottom gutter

@@ Bottom zutter excavation line

{0 Matural ground




(11603)Basic knowledge of reservoirs

(11603) Basic knowledge of reserwvoirs

2. fpproach to each facility (example of embankment sleeve wrapping)
I In case of there is a permeable laver in the zround where the reservaoir
iz located or in the bottom of the pond
& In case of there is leakage through the zround ar the bottom of the pond.
& In case of the embankment sleeve wrapping or the bottom of the pond needs to he dealt with
by using a hlanket

I Leaking in the ground
& Embankment
& Leaking at the bottom of the pond

=

oo

M

__.___
)
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(11604)Basic knowledge of reservoirs

(11604) Basic knowledge of reserwvoirs

?. Concepts faor each facility (examples of embankment sleeve wrapping)
I In case of the results of embankment horing indicate that there is leakage
from the houndary between the embankment and the ground,
& fdding a sleeve to the current embankment ensures water stoppage.
@ There was leakaze from the ground, so a sleeve was installed.

T Current plan & Planned plan

Leaking leaking




(11605)Basic knowledge of reservoirs

(1160%) Basic knowledge of reservoirs

?. bpproach to each facility (examples of embankment foundation and sleeve wrapping)
I Leakagze is common after reservoir renovation
@ Trench does not penetrate deep enough into the ground

@ In case of there are few horing points, it is difficult to judze at the desigzn stage

@ It is important to check the foundation ground during construction
Flanning stage #fter construction

-/

In case of the foundation gzround at the bottom of the pond is deep

{0 Embankment

& Foundat ion ground
& Trench

@ Leakaze area




(11606)Basic knowledge of reservoirs

(11606) Basic knowledge of reservoirs

? Concepts of each facility (& case where the pond hottom excavation reached the gravel laver)
The planned water storage volume was secured by excavating the pond bottom, hut there was a gravel
laver at the bottom of the pond. and water leakage prevented the pond from reaching full capacity.

Cross—-section of the reserwoir

BRN57727

Gravel can he zeen on the pond hottaom

Fond bottam repair plan

Pond bottom construction using blanket (80 cm thick)
T O O L O O T LT T




(11607)Basic knowledge of reservoirs

(11607) Basic knowledgze of reservoirs

?. Concepts of each facility (exanple where pond hottom excavation reached the gravel laver)

In case of digging the bottom of & reservair in mountainous areas, care must he taken
as it mav reach the gravel laver at the hottaom.

fiz a countermeasure, a hlanket was installed to prevent |eakaze.

secondary embankment Main embankment

. . BT
____________________ e LT Blanket

Entire pond lining

Gravel laver




(11608)Basic knowledge of reservoirs

(I11608) Basic knowledge of reservoirs

?. Concept of each facility (foundation treatment of Sediment discharge and bottom gutter connectiaon)
I Crack at connection between Sediment discharge and hottom gutter
& Crack confirmed 10 wears after construction
& Improvement of Sediment discharge foundation is insufficient
@ Partial pipe rehahilitation and backfilling with impermeable zone soil
Piping of embankment
Crack at connection hetween Sediment dischargze and bottom gutter
Leakagze from crack
Backfilling of embankment with impermeahble zone soil
Partial pipe rehabilitation




(11609)Basic knowledge of reservoirs

(11609) Basic knowledge of reservoirs

?. Goncept of each facility (foundation treatment of sand dump & bottom gutter connection)

1) The Sediment discharge. which is a heavy structure. should be installed on a good foundation
@& The result of installing the Sediment discharge in a 4m deep trench
@ The Sediment discharge sank due to compaction of clayey soil in the trench
@ The bottom gutter did not sink due to the installation of pine piles
& This is a case where the connection between the Sediment discharge and the bottom gutter
was damaged about 10 years after construction
& Subsidence of the Sediment discharge is possible
@ We will determine whether the Sediment discharge and the diagonal gutter need to be renovated

11392

Sediment discharge Bottom gutter




(11610)Basic knowledge of reservoirs

(11610) Basic knowledge of reservoirs

?. Concept of each facility (foundation treatment of sand dump & bottom sgutter connection)

I Embankment width 3.5m
@ Random materials

& impermeable zone soil
@ Trench bottom width 1.8n
& Trench top width 5.8m
& Embankment haody

& Embankment height 7.5m
& Trench depth 4.0n
@ Silt clay laver
i Bedrock 1 9
&
B &
& &




(11611)Basic knowledge of reservoirs

(I11611) Basic knowledge of reservoirs
?. Concepts for each facility (foundation treatment of Sediment discharze
and hottom culvert connection)

1. Foundation treatment hy mid-laver ground improvement
2. Renovation of Sediment discharge and diagonal culvert

Sediment dYEEH;rge Bottom eutter 113492




(11612)Basic knowledge of reservoirs

(116812) Basic knowledge of reservoirs

?. bpproaches to each facility [example of uneven settlement

Cracks occurred in the joint
Countermeasures

in the bottom sump)

I Change position to hetter zround

@ Uniform inprovement of foundation zround
@ Installation of (receiving platform)

Cracks

.........................
_ i nE T Ne e mm ey
..... -

;
uneven settlement

Sediment dischargze Hitkon sutter 11392




(11613) Basic knowledge of reserwvoirs

?. fpproach to each facility (examples of differential settlement occurring at spillwavs, etc.)
1) In embankments, structures settle differentially due to consolidation of clavey saoil.
2) In case of constructing a structure on embankments, gzround improvement work
is raguired for the foundations.

Floodway
Flood spillwaghﬁ"“~i T [1585

haspil lwa=

11473

spil lway

[1380 114749




(11614)Basic knowledge of reservoirs

(I11614) Basic knowledge of reservoirs
?. Concepts for each facility (Examples of pitching hlocks) B111

(I In recent wears, larze blocks have become cheaper and are increasingly being used.
@ The condition is that the pond must be accessible to a crane truck to |ift the blocks,

@ [t is inexpensive and leads to shorter construction times. E

pitching hlocks

slope crib work slope crib wark concrete block

N
T 1r
AT Tk
(LT
£

R4 4 RZ32 RZ 44

slape crib waork slope crib wark concrete block
cohble stane

RiG64 RE &4




(11615)Basic knowledge of reservoirs

(11615) Basic knowledge of reserwvoirs

¢. Concepts for each facility (Example of pitching hlocks: Disaster prevention pitching hlocks)

@ Can be used for bank construction of reservoirs, rivers, creeks, and floodplains.
@ Finelv spaced vertical joints on the surface of the hlock provide excel lent surface drainage,

preventing the accumulation of dust, soil, and sand.
& The front of the surface is stepped, providing footholds for improved workahility and safety.

@ Finely spaced unevenness on the surface provides handholds in case of falls or slips.
@ lLarze pitching hlocks reduce construction costs, save labor by using machines,
and sharten construction times.

itching blocks ;
c s clope cribh wark slope cribh wark concrete block

R284 RZ32 R244

slope crib work concrete block
cohbhle stone

RZ04 REG4 REA3




(11616)Basic knowledge of reservoirs

(11616) Basic knowledge of reservoirs

2. Goncept of each facility (temporary roads requiring ground improvement)

Issues

G T3 :

T Time—consuming

& Preliminary design

@ Inconsistency in the amount of improvement material

Proposal
d) Re—examination of the process When planning the overall| process for the reservoir construction,

gonsider the actual improvement process and create a flexible schedule by referring to other cases
in the area
@ Additional soil survey Gonduct a soil survey at the planned site for detailed design

of the temporary road
@ Additional on-site mix test Mix test of cement-based improvement material

temporary roads




(11617)Basic knowledge of reservoirs

(11617) Basic knowledze of reservoirs

3. Points to note in construction supervision (when the impermeable zone soil and step are separated)
I The impermeahle zone soil and step are constructed as one with the same material
(impermeable zone soil ).
& In case of the construction width is extremely narrow in the embankment downstream
(colored part), careful attention must be paid to the compaction machine and soil twvpe (clay soil).

@ In case of the impermeable zone soil and step are separated, the area hetween them (colored part)
must alsa be constructed with impermeahle zone =ail

& Wave support

& Random materials soil @
& impermeahle zone soil
7 sodding
ey 7
= :_ff:
o i




(11618)Basic knowledge of reservoirs

(11618) Basic knowledge of reservoirs

3. Points to note in construction supervision (in the case of gate installation)
Installation of a zate requires simultaneous construction af the structure and removal of boxes.

[1382

&

11397 sediment discharge zate




(11619)Basic knowledge of reservoirs

(11619) Basic knowledze of reservoirs

3. Points to consider in construction supervision (stock pile)
This is one of the methods for transporting materials for the dam hody to the construction site

when constructing a fill dam.
(I The direct delivery method is a method in which soil and rocks collected from a horrow pit

or raw stone mine are transported directly to the dam,
& The stock pile method is a method in which the soil and rocks are temporarily stored in

another location, warious processing and adjustments are performed, and then the rocks

are transported to the dam from there.

E387




(11620)Basic knowledge of reservoirs

(11620) Basic knowledge of reservoirs

3. Points to consider in construction supervision (stock pile)
This is one of the methods for transporting materials for the dam body to the construction site
when constructing a fill dam.

{Ir The laver thickness should be as thin as possible, with the minimum thickness
that the fine-gzrained material can be evenlw spread.

@ The pile hase and soil surface should he sloped to allow for drainage.
@ The pile height should be 3-Bm, which iz the efficient excavation height
faor the tractor shovel used. The stock pile method

18cm: crushed stane
Zfcm: stockvard soil
Jddem: natural ground clay




(11621)Basic knowledge of reservoirs

(11621) Basic knowledge of reservoirs

3. Points to note in construction supervision (clay soil mixing machine)
In case af mixing clav sail with gquicklime or granite, uneven mixing is |ikelv to accur.
Mechanical mixing is also an effective method for achieving uniform mixing.

Msalidification material (zranite sail

"

DFRaw soil i ge 08 N

& Inproved ﬁ%}ﬂ

[1RZ0




(11622) Reservoir Development

(1162%2) Reserwvoir Dewvelopment

1.2 fpplicable to the renovation of reservaoirs with a height of less than 1hm
@ Ensuring continuity between reservoirs and the hinterland

& Environmental lv-conscious construction method for embankment

Figure 1.2.1 Enviraonmentallv-conscious scope of reservairs




(11623) Reservoir Development

(11623) Reservoir Development

1.4 Bagic design points

Reservoir renovation desizn

{DEnsuring reservoir functionality

@Structural safety

@Easy and economical construction

@Consider maintenance after construction

SEnvironmental harmony

EEarthguake resistance

"’.',l.l',l.'_.'lf,l,l.‘-'_,l_,l-"l'
.',-l,-,l.,-.-,.-:..:.l,l,#-'.r.-
Faala et iy
Cara .:,"'.-"' oy
[

I1471 11380
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(11624) Reservoir Development

1.4 Basic design points

Figure 1.4.1 Structure of reservoir facilities

(DReservoir (@Embankment (3Embankment

(9Embankment ancillary structures

(2Spillway Bnlet

ADConduction section

QDEnergy dissipation section

@Intake facility @)Intake section
@Conduction section

@DSand spit
@GDEmergency discharge facility

@Uniform type

®BInclined water-impermeable zone type
®Central water—impermeable zone type
(DSurface water—-impermeable wall type

(8Embankment grout type

(DRevetment work

ADAdministration road

9Channel inlet type

®Overflow weir type

(®Side channel type

®Chute type

(9Blocking wall and step type

@)Hydrop type

@Impact type

@Drop type

@Inclined culvert

@DIntake tower

@9Bottom culvert

@DIntake tunnel
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(11625) Reservoir Development
1.5 Determination of need for repair @ Insufficient clearance of embankments
I Leaking from embankments, etc. @ Deformat ion of embankment cross-sectional shape
& Cracks and deformation of embankments @@ High infiltration line position
& Deterioration of spillway function or insufficient water flow cross-section
& Deterioration of water intake facilities

@ Deterioration or deficiency of safety management facilities . .
d Owerflow destruction S lidesifai Ture  wpbriiin @ Seepage failure Seepaze failure
’ et

LI
M
""-"'.--".'".' gt

: Uverflnw Jronda g
: i 3 ; ;:%hule
é__:__irl:lsmn mltratmn T e

11489

11437 11438
ESubsidence

4 Collapse due to debris flow & Cracks
E/m d / FFFFF \\
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11441 11432

slope lands|ide ol |l apse

E
i e £ 7 ) 5 P
b = "'.,,\.\_ - 2 b A el -"‘--_”" -"'-\..\.
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(11626 Reservoir Uevelopment

etermination of need for repair

Lo
1

D
5.1 Condition of embankment requiring repair

Cal lapze of rear =lope

(a) Leaking (b} Piping (c) Cracks and col lapses

(d) Cross-sectional defarmatiaon (e) Insufficient clearance
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(11627) Reservoir Development
1.6 Design procedure
Reservoir renovation design

|® Design of main structures | I@ Environmental considerations |
D Environmental survey (preliminary survey)
|® Reservoir structure and function survey| = Literature survey
= Interview survey
|® Calculation of design flood flow | = Field survey

|@ Selection of reservoir renovation method

() Design of embankment I <— I@ Degree of environmental impact
* Low = High

®) Design of embankment ancillary structures

() Design of spillway | |33 Field survey (detailed survey)

® Design of water intake facilities | I@ Setting of conservation targets

(9 Design of other structures | (9 Selection of areas

= Consideration of consideration measures

% \
(0 Environmental considerations < |@ Environmental considerations for embankment area|

D Environmental considerations for other areas
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(11628) Reservoir Development

2.1.2 Gealogical survey and soil testing
Figure 2.1.1 Tvpes and purposes of hbaoring survevs

D Core collection (geological survey of embankment and ground)
@ Permeability test (permeability test of embankment and ground)

@& Standard penetration test

(strenzth of embankment and bearing capacity test of zround)

@ PS5 logging, density logeging and hole size logging

(elastic constant test of embankment foundation ground)

> Core collection
Thin wa[l sampler

|7z
A 7

7 Z

. 7

Z 7z

7 7

7

/./

T 1“%&"“"""3’:- ‘{E

@ Permeability test

Pz

@ Standard penetration test @ elastic constant test

it Hammer B3 .5kg

e

E3l

() [rop heizght 75 cm
T S 7
sojunding
or|ng survey
oomery b ey

Edd E22 EST0
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(116%29]) Reserwvoir Dewelopment

2.1.7 Gealogical survev and soil testing

Figure 2.1.1 Types and purposes of boring surveys

& Understanding of embankment saoil

& Understanding of foundation ground geological condition (horizontal and longitudinal )
) Deciding whether to reuse embankment fill material as it
@ Checking of sedimentary nud in the pond

@ Deciding on excavation depth

i

{@ Deciding whether to use water-proofing method [zrout, sheet pile, hlanket, etc.]
! & enbankment saoil
B foundat ion ground geological conditiaon
& reuse enbankment fill material

& sedimentary mud in the pond
@ excavation depth

i water-proofing method

11306 boring surver

I|||| gt gt
".r.r-'.'ar-:.'.'.v.l..--" !
Sl g ittt
II"'"'""':I":I"""'I'.III,
P '
. '

11380
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(11630) Reserwvoir Dewvelopment
2.1.7 Gealogical survey and soil testing

Figure 2.1.2 Standard exanple of horing locat ion and number

sl A

Upst ream | ‘ ‘ Downst ream

bleeve

Riverbed

bleeve
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(11631) Reserwvoir Development
2.1.2 Geological survey and soil testing B
Figure 2.1.3 Standard boring depthxf;;;f,;f”fffff HMHRHx&MHHxxMHE %
@ @ ) @
Upstrean | ‘ ‘| Downst ream

o leeve

||b{]
£
)@

|5m or equivalent
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(11632) Reserwvoir Development

¢.2 Waterial surwvew

Geological survey and saoil tests are carried out to clarify the properties of embankment materials
Figure 2.2.1 Exanple of test pile

Femove topsoil and soil containing foreign matter

e 7 Z

1.0m

lst laver ™
2 .0m sample collectian

fnd T3

I-Om 1.0m

1 laver
¢ lavers
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(11633) Reserwvoir Dewvelopment

d.1.1 Characteristics of reservairs by twpe

I Yalley pond & Plate pond

mountainous area, hilly region b Flat Reservaoir: flat area with dikes around it

a Hillv Reservair :

e I
ty iyt "-'_.'.-'""-"" '
|,'I""""-'"':'.'.II"'"" :
"""".-""-',.,."""'-' ;
:""'I"_I.-',.':' .',-I.II !
rr.'..f,f !

11381
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(11634) Reservoir Development
TDHigh water level
&ilow water level (water volume decreases due to rice planting)

@High water level (water volume increases due to the rainy season)

@low water level {Restoring the water level of the reservoir - weeding
ESHizh water level {PStarting to drain water from the rice fields - weeding
EPlowing the fields

Dhdding fertilizer

Eddding water to the fields - plowing
@Planting rice - weeding - spreading fertilizer

{@Harvesting rice - draining water

Water level of the reservair

O &

1)

2 &

=

e = I [

mo| = L ] — ; O

| = o = L = =
fas] = - - w i} -= = =
= — =} e = = -+ = o a
= ) [ L = @ —_— f=11] o - = 'K
o] u:u o] o 3] = = = i) (%] e a
- [ |= | = | = = |= |=C [eo [= = =

[ I I I | I | | | | |

Figure 3.1.2 &n example of the annual schedule aof rice fields and the fluctuation of the water level
of the reservoir




(11635) Reservoir Development

(1163H) Reserwvoir Development
3.1.5 Consideration of harmony with the environment

Examples of considerations for reservoir design

(I Consideration of securing a hahitat for living organisms
@ Consideration of basic conditions as a structure

@ Consideration of the use of environmentally friendly materials
) Consideration of hydrophilicity and aesthetic appeal
a: Forest canservation area

....................
.......

lllllEt F'lElrIt Z0ne area i ::::-_ """""""""""""""" e SO | il =
Emhankment area 3 |

.........
......
...............

e = y

h

3

d: Water-friendly area  .°
g: Wet land cnnservatinn;ireé;
fi:

shrine forest conservat ion area % _ TSl 0w T aeni

........

.....................

-
-
EEE

.......

......

__________
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(11636) Reserwvoir Dewvelopment

3.1.5 Consideration af harmany with the environment

Examples of caonsiderations faor reservair desizgn

a: Forest conservation area

Fﬁﬂﬂ
o
24

7

(D Consideration of securing a hahitat for living organisms
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(116837 ) Reservoir Development

3.1.5 Consideratiaon of harmony with the environment

Examples of considerations for reservoir desizn

b: Wet plant zone area

v NETIRTY \/’Uhf

Eohsideration of securing a habitat far living organisms
@ Consideration of the use of environmentally friendly materials

NN
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3.1.5 Consideration of harmony with the environment
Examples of cansiderations for reservoir design

(11638) Reservoir Development

Reservoilr Uevelopment
c: Embankment area

||||<:]

@ Consideration of hasic conditions as a structure

@ Consideration of the use of environmentally friendly materials
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(11639) Reservoir Development
(11639) Reserwvoir Development
3.1.5 Consideration of harmany with the environment
Examples of considerations for reservoir desizn
d: Water-friendly area
19,

o
ansideration of the use of environmentally friendly materials
@ Consideration of hydrophilicity and aesthetic appeal
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(11640) Reserwoir

d.1.5 Consideration of harmony with the enviranment

Examples of considerations for reservoir design

a: Forest conservation area

Development

bh: Wet plant zane area

= L |
o =]
[ib3d
c: Emhankment area d: Water-friendlv area
rd
"
T ]
=\ - ey
)

%\ f=r, e
1 I l;- I_I ’_4—_'_‘—/_'_

[iG3d [16349
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(11641) Reservoir Development

Examples of considerations for reservoir design
a: Forest conservation area b: Wet plant zone area

ez T g Wed Land conservation area 11631

~~~~~~~

¢: Embankment area T o d: Water-friendly area gﬁ%%?
f: Shrine forest conservation area e N
v .
- L]
o)
o [

11638 11639
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(1164%2) Reservoir Development

Fizure 3.1.7 Conceptual diagram of the network between reservoirs and their surrounding environment

THidden area (paddy fields)
&Hidden area (wetlands)

Hidden area (satovama, woodland)
@ReservoirSReservoir ®Reservair

Dlownstrean waterway

Downstream rice fields
a Overwintering of fish and aguatic insects
b Ezg laying of amphibians

c Ezz laving of amphibians

d Ezg laving of fish and aguatic insects

e Migration of aguatic insects

f Fish
fiquatic insect range of movement
3 Fish fquatic insect range of movement
C_Z2PBRird and mammal range of movement
C hmphibians range of movement
----Egg laving
—-—Overwintering
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(11643) Reservoir Development

Figure 3.1.8 Cross-section of the environment around the reservair

Birds

Migration of mamm%lf__rg___f,fﬂffo’#f?
,grfrf’*ﬂriagg:;T;;;}ing of fish and aguatic insects Eee [?Etngﬁﬂf Al BT A

Eeg laving of fish and aduatic insects

=
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(11644)

Tahle 3.3.1 Comparison of embankment repair methods

Feservoir Uevelopment

Tlniform tvpe

||+=:_:]

2 fane type

&5 loped water-resistant zone twype

fane twpe

@Central water-resistant zone twpe

E | —.|

surface water-resistant twpe

llater-resistant sheet

v T 7

*5urface water-resistant twvpe
Esphalt pavement

i

EGrouted embankment type

AR AN
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(11645) Reserwvoir Development

Figure 3.3.7 Sectians of the levee hody of the sloped impermeable zone twpe and the uniform twpe

oloped impermeable zone twpe Uniform type
B B
THIL R R : R4 S S S
S hl g O FHL hi i
— "'\-\.\ —
Ha H
H2 Random Hb Hi HZ
Filte Filte

2
A unda et 2r ound Toe dradsl i Toe drkds!

Inpermeable zune|buttnm width d

H: Embankment height H1: Reserwaoir depth

L: Embankment crest length HZ : Maximum water depth
B: Embankment crest width hl: Overflow depth
(HWL) Design high water level h?: Freehoard heizht

(FWL) Continuous full water lewel
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(11646) Reserwvoir Development

Figure 3.3.3 Embankment crest method

Sloped impermeable zone tvpe Uniform twpe

Z ez

H: Embankment height H1: Reservoir depth

L: Embankment crest lenzth HZ: Maximum water depth
B: Embankment crest width hi: Overf low depth
(HWL) Desizn high water level hZ: Freeboard heizght

(FWL) Continuous full water level
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(11647)

Reserwvoir

Figure 3.3.2 Treatment for permeable ground

Deve lopment

& Eerzeahle @ Design method @ Schemat ic diagram @ #pplication
thickness
Thin Water-resistant zone =£:* g\ Complete water
; -resistant effect
“—7 Water-resistant zone
7
Incomplete water-
Medium sheet pile —EE égéquhﬁhkh Fhe et ant et et
' Hot suitable for lavers
e
T Teer gile” containing houlders
LT kFffective for hedrock
Medium Grout - /é/_\ permeabi ity
=
ECﬁrtaﬂ(‘gﬁSLﬂ
'l_f' Fffective for preventing
Thick Blanket RIRINE
Water-resistant brown hlanket Low cost
w7 Hizh cost
Thiek Full surface pavement = A In case of leakaze is
limited to a minimum
Full surface pavement
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(I11648) Reservoir Development

Table 3.3.3 Soft ground treatment methods
@ Permeable |@ Design method @ Schematic diagram @ Application
thickness
Replacement method ATE Remove all or part
= jﬂf/;ggfﬁ“xkxxx of the weak layer and
k:f S0TT Tayer and replace it with a
Thi o . 4 safer material
'n 7 Mix with improvement
Ground improvement _1§r____1@5?ﬁj;;;3?&¢giar ma:Er|aI s the feq”'rEd
: depth of the soft laver
HH 50Tt fayer to improve it to a safer
= / material
o HEIQjELEETEE;Q:EEEHKmEH: Place reinforcement
= embankment at the end of
Reinforcement Jﬁﬁ?ﬂfﬁf the slope to prevent
embankment Soft layer  |through the foundation
Thick - - surface
‘ i 7 Mix wltT imprﬂuement. .
round improvement e ’f__ﬁ“bk{ﬁx material to the require
j$afhvemenh yer_ depth of the soft layer
= SoTt layer to improve it to a safer
material
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(11649) Reservoir Dewvelopment

Table 3.3.4 Standard cross section of inclined water-resistant zone twpe

Him): Embankment height bhiml: Bench width
Hl1 (m): Reservoir depth h3im): Distance from embankment crest
him): Planned overflow depth di{n): Top width
he (m): Freehoard heizght d4im): Distance from front eleva%inn
Bim): Embankment width . PR
Front slope HIIL e —
nl: Gradient 5 h?
FWL =7 hi
Tk &
~ % < -
e Z
H1 H
S
i, water-impefrmeshle zong

d@(m): Bottom width of water-impermeahle znnh\\H H;;f b
d3(m): Floor excavation width

hdim): Floor excavation depth | d3 |
nd: Rear slope zradient _ de

[1584
L1575
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(11650) Reservoir Development

Tahle 3.3.10 Drain classification

(a) Downstream tip drain
Drain classification

¥

Orain

4

AN

(a) Downstream tip drain

Purpose
Pramates drainage of seepage water within the embankment and lowers the seepage line

Characteristics
Used when installation of (h) or (c) is difficult
Uzed during renowvation
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(11651 ) Reserwvoir Development

Table 3.3.10 Drain classificatian
(b} Harizontal drain

Drain classification

|Iq‘_:]

Drain

R =Y

(h) Horizontal drain
Purpose
Promotes drainage of seepage water from the embhankment and foundation and lowers the seepaze |ine

Characteristics
Relat ivelv effective in lowering the seepage line
Large-scale excavation of embankment emhankment required
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(11652) Reservoir Development

Table 3.3.10 Drain classification
(c) Rising drain
Urain classification

||b<:]

Orain

{c) Rising drain

Purpose
Promotes drainage of seepage water from inside the embankment and foundation
Reliably lowers the infiltration line at the rising drain section
Characteristics
Comparab |y effective at lowering the infiltration line
since no infiltration line occurs downstream of the rising section,

it iz highlv effective in stahilizing the emhankment and preventing liguefactian
Large-zcale excavat ion of the embankment embankment iz required




(11653)
Table 3.3.10 Drain classification

(11653) Reservoir Development

Reservoir Development
5

Urain

{c) Rising drain

Drain
4
- AN
(a) Downstream tip drain T1R50
ki
Orain
}
P,
(h) Horizantal drain 11651
5

[1652
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(11654) Reserwvoir Dewvelopment

Figure 3.3.18 Exanple of downstream toe drain desizn

fi: Blaocks

B: Backfill crushed stane EE

C: Filter material -é;

tee drain. T
i i toe drain
B
777 . 7777

N

‘F\\\

Foundation concrete
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(11655]) Reservoir Dewvelopment

3.3.5 Slape protection works and safety facilities

Design flood level + wave run-up height

FiL EE

H1/8 g

Praotection warks

H1

Figure-3.3.20 Upstream slaope protection warks




(11656) Reservoir Development

(11666) Reserwvoir Dewvelopment
a.4.1 Spillway configuration
fpproach waterway @Transition part

DReservair @hdjustment part &0 ischarge channel EEnergy reducer  DExit waterway
@ Flood leveli o marginal flaw jet flow i Jumping water ordinary current
@ Regular flaw : ' ! :
O gl @2 f . © ® @
Pl B L Spil lway
i E still water pond

=2

axis

|
Cnbanknent top umhankment downstrean slope

= Ll :
g O : —_—
= | i

1|
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(11657 ) Reserwvoir Development
3.4.7 Selectiaon of spillway twvpe

HW L+

O Canal inflow tvpe

MWL+

OFront owverf low type

HILw

|':_'::]

@ Side channel tvpe
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3.4.2 Selection of spillway type

Table-3.4.1 Comparison of spillway types

(11658) Reservoir Development

@ Part type (® Comparison of each spillway type
@ Spillway type — -
@Adjustment part @Transition ® Spillway location |@Flood volume [22?[3 drainage
nao I‘+
@ Canal inflow type Waterway inflow Front overflow On the ground or Extremely small Small
type on the
@Front overflow condensing On the ground or Small to middle About 1.5 times
Overflow type
type waterway on the school that of the canal
@ Side channel . . About 1.5 times
Overflow type side channel On the ground medium to large that of the canal

type
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3.4.2 Selection of spillway type
Table-3.4.1 Comparison of spillway types

(11659) Reservoir Development

@ Part type ® Comparison of each spillway type
@ Spillway type — .
®Adjustment part @Transition ® Spillway location |@Flood volume :;2%3 drainage
V'\f'\V"l'
@ Canal inflow type Waterway inflow Front overflow On the ground or Extremely small Small
type on the
(@Front overflow condensing On the ground or Small to middle About 1.5 times
Overflow type
tvype waterway on the school that of the canal
@ Side channel . . About 1.5 times
tvpe Overflow type side channel On the ground medium to large that of the canal
(11659) Reservoir Development

(D Canal

3.4.7 Selection of spillway twpe
inflow tvpe

@Front overf low tvpe

@ Side channel tvpe
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Spillway (11660) Reservoir Development
FiguFigure 3. 4.3 Example of inlet designre

DChute type @ Standard curve type 3 turve type

T
- —_—

163 / bt

5 T-shaped side waterway B'Y-shaped side waterway

@ Standard type side waterway

167
@Double type side waterway @ Bathtub type

166

170

169

163

168

1M
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(116

61) Reservoir Dewvelopment

3.4.3 Hvdraulic desiegn of spillway

pproach channel

(@ hpproach watervay

g :
Hd T
T, ; — P=1/5Hd
p V= dm /s
o o S S o o o

Fizure 3.4.4 Spillway approach channel
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(11662 ) Reservoir Development

3.4.3 Hvdraulic design of spillway

Fizure 3.4.5 Waterway inlet twpe
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([1663) Reservoir Dewvelopment
3.4.3 Hvdraulic design of spillway

N -

Figure 3.4.6 Overflaw weir tvpe and side channel twvpe
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(11664 ) Reserwvoir Dewvelopment

3.4.3 Hvdraulic design of spillway

bl
r

vl
-

[1HER

i- HYL : MWL Aeprox. Zmm
Hilrooe s : . e g ek~
. i 2 1~1:4 = T P ﬂ ' S fpprox. 457

Inflow direct Inflaw direction R Inflow directian

I+ i

B1=0.5Hd-Hd T=p/B

RZ2=Hd R=T/2

(Circular arc weir) (1/4 circular arc weir) (Tooth weir)

Figure 3.4.10 Cross-sectional shape of a simple averflow weir
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3 4 3 Hydraulic design of spillway

7 .
=

1ot
0q

Plan T»*M ‘||||
= 11656
Weir l - SO | A=A’
R o Sawtooth plate
A T Flii Discharge water wvein
VAV VAV
R 7
Sawtooth plate ——=A T
e

Figure 3.4 11 Suppression of water film vibration (noise) at low overflow head by sawtooth plate
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(11666) Reservoir Development

3.4 3 Hydraulic design of spillway

fra
-

hwd
-

Plan view

| 11656
N - N
_ g = Non-ov ow section
i nuerf\w Tchmn Hl w l E\ A-A Non-overflow section
—=A l i
= ___:_ﬁfl'l’elr
T T Weir T R
Bo/2 B A|Bo/2 d :
% kS
B T

Figure 3.4 12 Example of a non—overflow wall
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3.4.3 Hvdraulic desizn of spillway

fdjustment section

(11667) Reserwvoir Development

& fhpproach waterway

ﬂ%ﬁdjuetment part :
5 @Tranmtlnn part |

Transition sec

tion

-
-
-
.
.- |

apil lway

11656

bl

b

gl

=12 g’

Figure 3.4.13 Plan shape of the transition section (contraction shape)
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(116868 ) Reserwvol

d.4.3 Hvdraulic design of spil lway

& bpproach waterway

DReservoir : Dhdjustnent part
1 @Transition part

r Development

ay

[ 1656

EEnergy dissipation warks

b

[

¥2°2 2
h 3

[ {sectipn Iengthld*hé n Ffﬂ

[ (spillway Iengthj
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(11669 ) Reserwvoir Development

3.4.3 Hvdraulic design aof spillway
Energy dissipation warks

11656

T L=hd? secondary dam

Figure 3.4.20 Secondary dam twpe energy dissipation works
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(11670]

3.4.3 Hvdraulic desizn of spillway

Energv dissipation warks

Feservoir Development

Figure-3.4.21 Twpe III still water land
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(11671) Reservoir Development

3.4.3 Hyvdraulic design of spillway
Energy dissipation works

g e
- "
[ .
>
-
¥ .
] '
] '
I m
'
'
.
T
L -
0
-

B =)
— = = Toaan
T T
‘||u 11656

Leave a small zap

spacing:

2d1min

L hl

<
1

Tilt the top of the bluc_ig degrees downstream
Figure 3.4.23 Twpe IV still water area
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(11672) Reserwvoir Development
3.4.3 Hvdraul ic design of spil lway
Urop-twpe energy dissipatar

||| <]

He

1 W1

Figure 3.4.26 Drop-tvpe energy dissipator
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(11673) ReaervoirﬂDevelopment

mmmmmm
b

3.4.3 Hvdraulic desizn of =zpillway

dm or more

Figure 3.4.31 Clearance under manazed bridze
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(11674] Reservoir Development

3.4.3 Hvdraulic desizgn of spillway
Jdoints
Figure 3.4.44 Joint construction
{DExpansion joints
Elontraction joints

v
o

TS

L LN
I e et LN
| ‘||u “ @1 656

Figure 3.4.44 Jaint construction
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(11675 ) Reservoir Development

3.4.3 Hydraulic design of spillway
doints
Figure 3.4.44 Joint construction
{DExpansion joints
@Contraction joints

Fizgure 3.4.45 Contractionfexpansion joint

TExpansion joint
@ Contraction joint

o
T

%5

~- =

Ellaterstop ‘ |
@lowel bar ij Hl
Spply oil-hased paint to prevent adhesiaon Figure 3.4.44 Joint construction
Edoint material
O &
.;@ ' 1/2 ' : :@ E ' T/2
o] TR L 1 :
& @ l T/2 @ {E}mé T/2

Figure 3.4.45 Contract ion/expansion

joint
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3.4.3 Hydraulic design of spillway

Joints

Figure 3.4.44 Joint construction
(DExpansion joints

@Contraction joints

Figure 3.4.45 Contraction/expans

(MExpansion joint

(I1676) Reservoir Development

\
|
S/

ion joint

i

Z0 00

Table 3.4.11 Width o

Concrete th

ickness [mm)

Materstop width

200 or less 150 =230
200-300 200-250
300-400 230-300
400 or more Over 300

@Contraction joint s
@Waterstop ‘ ‘ , [1656
@lowel bar w
®dpply oil-based paint to prevent adhesion Figure 3.4.44 Joint construction
®Joint material Figure 3.4.45 Contraction/expansion joint
D &
1/2 - 1/2
[N ZI oF 2|
= ——
@ © | 1/2 @ ©—" 1/2
f waterstop
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(11677) Reserwvoir Development
3.4.3 Hvdraulic design of spillway
Spillwaw/Still water area: When there is spring water from the ground

side drain/Under drain
T Weep hole (for bottom plate)

& Under drain

& Filter
@ Side drain

& Yeep hole

— 2) Spillway/3till water area:

|[:;_]

@ / i 11656

Fizgure 3.4.47 Installation example of side drainfunder drain




(11678) Reservoir Development

([1678) Reservoir Development
3

5.1 Configuration of water intake facilities

O Water intake section 3 Yater convevance section
Q> Inclined pipe & Water intake tunnel
@ Water intake tower » Bottom pipe

Water intake facility

T Inclined zutter {@ Corner stop

& Bottom zutter (I &ttached waterway section

@ Sediment dischareze @ Sediment discharge section

& Winding handle @ Attached box section

& bir hole @ Water cut-off wall

& Inclined gutter work (% Low gutter pipe wrapping section
@ Inclined zutter pipe section (& Low zutter pipe wrapping

& Water intake hole section (slide gate) O Low eutter pibe

& Sediment discharge zate gfjgbfff’fjAH @ @ Outlet manhole work
LV

{2 Provide app riate joints

A F 27 R I
qﬁ,® ®

& 11397




A
302

Configuration of water intake facilities
ater intake tower

(11679) Reservoir Development
(11679)

Feserwvolir

Deve lopment

T Slide zate

|
FIL 7

\

& Water impermeable zone
L ! ! | | ]
— oy
Figure 3.5.2 Water Intake Tower
[13492




(11680) Reservoir Development

(11680) Reserwvoir Dewvelopment
3.5.3 Bottom gzutter

T tvaid filling the ground

@ Decide after considering the current heizht of the downstream irrigation and drainaze channel
@& Clay laver
@ Install a filter laver

Figure 3.5.8 Foundation ground and baottam gutter longitudinal plan
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3.5.3 Bottom trough
In case of H<E.0m

(11681) Reserwvaoir Dewvelopment

In case aof H=H.0m

Figure 3.5.10 Cut-and-cover cross section of current embankment




(11682) Reservoir Development

3

(11682) Reserwvoir Dewvelopment

5.3 Bottom traough
3.5.3 Bottom szutter

{I* Reinforced concrete 21-8-25
& Lewveling concrete 18-8-%25
@& 0138250

B
_/
3

Fig. 3.5.11 Bottaom gutter

Fig. 3.5.12 Chamfering




(11683) Reservoir Development

3.5.3 Bottom gutter

I Water-impermeshle zone

([1683) Reservoir Development

& Prevention of soil particles from escaping

& Filter
@ Perforated pipe

L]
Hl imwater depth)
&
3 _."'I
1 n \IIIl'.IlI fllfr L Fﬁ:‘
] SN I
ﬁﬁx [LSHT

Figure 3.5.13 Downstream of the hottaom culvert
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3.5.3 Battom gutter

FWL

(11684)

Reservoir

|“{j

Deve |l opment

i

—/

N

Reinfarced har D13 Joint material 500nn 50 Onm
5 |
; ; “-. -y kal — i :
Waterstnp’f; (2) E
Hume pipe ! ( ;
o) i B E= |
Concrete El-B-EEfﬂ = \ E;gE:__ !
T 7~
WP tube Dowel bar

Figure 3.5.14 Bottom gutter jaoint
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(11685) Reservoir Development

3. 0.4 Bottom gutter
FWL i

i
w\\mw

Ductile cast irsn pipe,

SEhaiiii§§§§§§§§§§§§§§§§§§;}?

Il I
1]

T 5| T

1 ! 1

1 1
1

1
: ; i
Residual settlement distribution — ; !

Def lection rate
Watertightness

15 3% or less

's ensured Figure 3.5 15 Bottom gutter
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(11686) Reserwvoir Dewvelopment

3.5.3 Bottom gutter

_____________ S —
e e e R B Water-impermeabta. zone
e e e e B bppropriate joints

]

F
N o
|l over approx. Im

Figure 3.5.17 Location of water-stopping wall
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3.5.3 Bottom gutter
3.5.18 Sand spit

(11687)

& Gangway

Feservoir Uevelopment

Fizgure 3.5.18 Sand spit
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(11688 ) Reservoir Development
3.5.3 Bottam trough
Fizgure 3.5.19 Tip jacking method

{Ir Excavation & Push ring (strut)

& Water-impermeable zone & Pressurize the soil
@ Press-in extension & Hvdraul ic machine

& Tip { Bearing wal |

& Lead pipe I Jack

& Hume pipe ¢ 800mm or more @ Grout injection hole

3.5.3 Bottom zutter
FiL LV

Figure 3.5.18 Tip jacking methad
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(11689) Reserwvoir Development
3.5.3 Bottom szutter
Figure 3.5.20 Blocking of old bottom zutter

) Excavation line

& Air went
& Filling old bottom zutter
& Filling material
& Grout pipe
-----
L T
-JJ-. . o
@
sl e KR R e el B R R T —1 @
|1.Dm |1 Dml

Figure 3.5.20 Blocking of old bottom gutter
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(11690 ) Reservoir Development

3.6.3 Location and structure of dischargze hole
Fizgure 3.6.1 Water intake facility
dQ» Emerzency drop depth
@ Emerzency discharze hole
@ Inclined drainpipe
@ Water intake hole

Hnax =20or0.3m

O: Discharge hole diameter (m)

Figure 3.6.1 Water intake facilitw
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(1168911 Reservoir Development

3.7.3 Seismic performance of embankment

DElevat ion difference hetween embankment crest and ful | water lewvel (FWL)
&Flevation difference between embankment crest and design flood level [HWL)
@1 .0m (taking into account excess bank and freeboard)

Embankment crest l

Figure 3.7.3 &llowahle settlement
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(11692) Reservoir Development

4.2 Construction
Figure 4.2.1 Construction flow for reservoir construction work

l@ Prepar@/tion work |

|® Temporary work (work access road, work road) |

\

|® Embankment excavation, floor digging | | 4 Flood spillway (mainly for mountain ponds)

l@ (Old gutter blockage) Bottom gutter (excavation, low gutter pipe wrapping, soil discharge work, backfilling) |
W

|@ Embankment embankment |

EE—— 9 Flood spillway (mainly for plate ponds) |

l Diagonal gutter (diagonal gutter pipe wrapping, gate installation)

|@ Slope protection work (upstream and downstream slopes, safety facility work) |
v

| Cleaning up |
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(11693) Reservoir Development

4.2 Construction

B Embankment

2)Plane excavation of the impermeable zone
(T)Pond bottom

@) Create a gentle slope

en—-cut channel

Figure-4.2.2 Drainage of the impermeable zone floor excavation
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(11694) Reservoir Development

4.2 Construction

Figure-4.2.3 Types of slope collapse
A Slope collapse

Hard foundation ground

B: Deep collapse (bottom sl ide)

e

Hard foundation ground
Figure-4.2.3 Types of slope collapse
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(11695) Reservoir Development

4 ? Gonstruction

A Gounterweight

ﬁ;jkﬁgdep05|ts 4

& Estimated foundation groun

Part 0 is excavated and filled first.

then part @ is excavated

able zone

® Bed excavation

Figure 4 2 & Example of embankment in upstream area
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(11696) Reservoir Development
4 7 Gonstruction
O Excavation is slightly wider than the area of one embankment.

making drainage easier and improving workabil ity
T Excavation @ Excavation © Excavation

T Draifage Drﬁinzge Drain

EEJ

Low

= -
| |

|

J @ Embankment J @ Embankment J ® Embankment J

Figure—4.2.5 Improvement of workability
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(11697) Reservoir Development

4.2 Construction
O Shape of excavated foundation ground - Avoid significant changzes

@ Fill with concrete
Vi
I Cut out o .

Excavated foundation zround

a: Overhanging b: Concave (in the caze of rock)

Figure 4.2 .6 Shaping the foundation zround




(11698) Reservoir Development

(11698) Reservoir Development

4.2 Construction

b Cut ground line

\

a Current ground line

Fhyg

£
z
.
g
.
g
b
-
&
2

A .

Figure—-4.2.7 GCut ground line
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(11699) Reservoir Development

4 7 Gonstructian

Mechanical construction

Near damage to natural ground
Gompacting possible up to the edge

Figure 4 2 8 Gonstruction of natural ground connections
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(I1700) Reservoir Development

4.2 Construction

Embankment slope. Add 0.5-1.0 m of embankment and scrape off to a regular cross section

Roller compaction machine

Embankment top bank bank - approx. 5-15 cm

Figure 4.2.9 Embankment top bank




(11701) Reservoir Development

(I1701) Reservoir Development

4 2 Gonstruction
Treatment of spring water and precipitation

#Gollect spring water etc. in one place and pile it up

Pump drainage

A

Earth is piled up at once every 50 cm

Figure 4.2 10 Treatment of spring water and precipitation
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(I1702) Reservoir Development

4.2 CGonstruction

Treatment of spring water and precipitation
@M Insert a cylinder and compact the surrounding area

@ After removing the eyl inder, pump out the water and quickly backfill
with water—impermeable materials

=

e L

N

Figure 4.2.11 Embankment method using water—impermeable materials when there is |ittle spring water
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(11703) Reservoir Development

4.2 Canstruction
Treatment of spring water and precipitation

T Cvlinder
@ bhdd small gravel and compact the surrounding area
@ Inject thick grout milk at low pressure

@ Remove air l

N

W Lh i

N

8 % 2% 00
CETICANNNNNY

w
B9 ek

HIE

Figure 4.2.12 Embankment method using water-impermeable materials when there is a lot of spring water
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(I1704) Reservoir Development

Table 4 3.1 Quality control items

A: Water—impermeable zone B: Random
M Soil particle density test

Soil particle density test
@ Grain size test

—

& Grain size test
3 Moisture content test 3 Moisture content test
-"‘N_ ' [ T L . '
@ %0i| compaction test by tamping
& On-site density measurement
® On-site permeability test

@ S%0il compaction test by tamping
& On-site density measurement

||<]

ol .
~— (1'Water—impermea

material (clay soil)

@ Random material

A\

11405
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' e e

(11705) Reservoir Development =

Figure 4.2.13 Location of an-site density test =
s

@

&

=

e N et i &
—————————————— IEEI——————————————-—————-j:J

____________ — 1T =

=

[u k]

o

=

Largitudinal lacation Transverse location ::

i

a.

| <]

= D Water-impermea material (clay soil)

& Random material

WY

[1405
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1.4 Retention effect

(11706)

Reservoir Development

T Inflow from the basin

@ Discharge from the spil lway
w7 FiL _—

S




(11707) Reservoir Development

(I1707) Reservoir Development
1.4 Retention effect

@ Inflow from the basin oz ,
QQBWﬁQharge from the spillway

Spillway is overflow type
0=C - h"3/2
Q: Discharge amount (m3/s)

|'{_\:]

> Overflow coefficient 2.1

Effective width of weir 4.4m
. Water depth (total overflow head) (?)

:,—mt.'_)
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(11708) Reservoir Development

Figure 5 Ground displacement and bottom drain pipe displacement

oint 4 Joint 5

J
| I
1
I
1
1
1
1
I
1

e
1
1 1
1
1
I
1

Final settlement (mm)

11685




Reference materials
I

(11709) Reservoir Development
(I1709) Reservoir Development
Example 1:

Relationship between embankment and ground height

In case of the ground around the reservoir is lower than the planned embankment height
(T)Embankment length

(@ Embankment top \/

@Sliding section

———————————————————————————————————————————————

@ (HML. + wave run—-up height) or more
Reference 1-1:

Sliding of the start and end of the embankment




(11710) Reservoir Development

(I1710) Reservoir Development

Reference diagram 1-2: Alignment of the main embankment start and end

Example 2: In case of the ground around the flood area is lower than the embankment design height,
instal | a parapet or secondary embankment at the border with the road

L L 1

(TEmbankment

@) (HWL + wave run—-up height) or higher

N

-;Z}Rnad HWL
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(I1711) Reservoir Development

2.1.3 Base and bhase layer of waterproof sheet

1) Sheet

7 @2 Soil without gravey, soil finish

/

a Compaction finish (base without gravel) @ Sheet

P
@) Soil without gravel, soil finish

Figure 2.1.2 Base and base layer of waterproof sheet
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(I1712) Reservoir Development

2.1.3 Base and base layer of waterproof sheet

@

?Z& Sand layer

J 7

b Sand layer 5-10cm thick (bottom gravel soil, bottom soft ground)

) Sheet
[

2 Sand layer

Aol Lol e Al o L=

Figure 2.1.2 Base and base layer of waterproof sheet
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(11713) Reservoir Development

2 1.3 Base and base layer of waterproof sheet

if

i@ Soil cement layer

4/ 7 T AL T,

¢ Soil cement |layer 5-10cm thick (gravel soil on slope)

d) Sheet

@ Soil cement layer

e e A =l

Figure 2. 1.2 Base and base layer of waterproof sheet
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(I1714) Reservoir Development

2.1.3 Base and base |layer of waterproof sheet

M Sheet

@Geotextile
Mortar smoothing layers

J

d Mortar smoothing layer 5-10cm thick (soft rock gravel area)

-
) Sheet
= £}=E}Geu:ex:ile
= 3 o Mortar smoothing layer

i [T AL

Figure 2.1.2 Base and base |ayer of waterproof sheet
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(I1715) Reservoir Development

2.1.3 Base and base layer of waterproof sheet

T Sheet

/  @Geotextile
Welded wire mesh concrete

4/ g

e. Welded wire mesh concrete 10cm thick (masonry)

1) Sheet

@ Geotextile
Welded wire mesh concrete

BRI AN

Figure 2.1.2 Base and base layer of waterproof sheet

| | 1 | | ! |




(11716) Reservoir Development

(I1716) Reservoir Development

2 1.3 Base and hase layer of waterproof sheet

v @ Geotextile
Water-permeable concrete layer

J L ;

f Water-permeable concrete layer 10cm thick (for frost heave prevention., seepage slope, seepage bottom]

) Sheet
Z Geotextile
Water-permeable concrete layer
// &

Figure 2. 1.7 Base and base |ayer of waterproof sheet
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(11717)

2.1.3 Base and base layer of waterproof sheet
Figure 2.1.2 Base and bhase |ayer of waterproof sheet

M) Sheet

@ Soil without gravel,

(1) Sheet

e
soil finish

(1711

- o L+

1 — i

@ Geotextile
Mortar smoothing layer

il

(1714

(1) Sheet
2 Sand layer
T e P Al s =

11712

(1) Sheet

@ Geotextile
Welded wire mesh concrete

(1715

Reservoir Development

@) Sheet
@ Soil cement layer
G A e = A A
11713
1 Sheet
7 W/ Z

2 Geotextile
Water-permeable concrete layer

[1716




(11718) Reservoir Development

(I1718) Reservoir Development

2 1.3 Base and base layer of waterproof sheet

o

T Water-resistant sheet

@ Treatment using geotextiles. eto

@ brain pipe

@ Installation of base treatment |ayer and drainage |ayer
Grusher run. stabilized soil 1106

O Surface water-resistant type

[1644

11771




(11719) Reservoir Development

(I1719) Reservoir Development

2.1.4 Depth of penetration of waterproof sheet

@Waterproof zone type method @Waterproof sheet method
Sheet — Sheet
o
7
- Waterproof zone
.-'lll}j
= g
Le Ls

Figure 2.1.3 Depth of waterproof sheet penetration
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(I1720) Reservoir Development
2.1.6 End treatment of waterproof sheet

Fixing at the top W
@Waterproof sheet method

(1) Example of soil wing finishing

500 300, Backfill soil

Sheet e

Sheet

2

R= 300 ¢ _J/

2 Slope shoulder concrete and embedding fixation

4400 300

Sheet

300 j200

500

ks
-

/ii%
=

—
—

Reference diagram 2.1.5 Fixing at the top of waterproof sheet 400

" 300
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(I1721) Reservoir Development

2.1.6 End treatment of waterproof sheet
Treatment of waterproof sheet at the tip and ground attachment part (terminal treatment)

@Waterproof sheet method

300

Reference diagram 2.1.6 Waterproof sheet tip fixed concrete




(11722) Reservoir Development

(11722) Reservoir Development

2.1.7 CGountermeasures against back pressure of waterproof sheets
Waterproof sheet

J0cm or moreg
@) Suction prevention material

Reference diagram 2.1.7 Drains at the bottom of the embankment slope and at the berm
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(I1723) Reservoir Development

2.2.3 Foundation treatment
Waterproof sheet

""" " MDrainage ditch

T 2 @)Gravel layer

------------------------------ 3 Sheet

o Water pipe

Reference diagram 2.2. 2 Example of drain placement
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2.2.3 Foundation treatment
Waterproof sheet

(I11724) Reservoir Development

Reference diagram 2.2.3 Cross section of drain




2.2 3 Foundation treatment

Waterproof sheet

(11725) Reservoir Development
(11725)

Reservoir Development

| {:]

@ Steel pipe (exposed part)

3 Sheet
2—3m

Al
.-'-f-' .-'-.--.-
N - .-".--.-
______________________ B ‘_.-".-

Reference diagram 2. 2. 4 Air and gas countermeasures
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(I1726) Reservoir Development
2.2.5 Schematic diagram of waterproof sheet
Waterproof sheet

instal lation

E ,_-—"-C-_L_-—‘_ e T
pEen TR mmsnd
T s B o
,_-—"'-_ _‘""-\_\ _‘-"‘-.. 4 -7 _\\ -
J_,,__f:'“"i-\_‘_h __1_.'-“‘5';1-: v
R e HmAg UTEL | pemast ‘ Y
__-—"‘-»F-:—ﬁq_"ﬂ.\ “‘fg—j:,::_}ﬁ A a7 - B .
S BiE Yo et T A ey
et Sra pea T 3 Sheet already'-]aid
__.—-”'-F *.L_‘_\_‘:aq_h_‘ __,-—"'J 5 e d o T o
L ; Ao T il
-~ Packing sheet GEErR .. EEE ; HiH
=R _\}f{____,-— \\\\\ \\\ \\\ ‘_\_,:,-'-"\\ = "\.\
- i ! % i J
PR w \'\ & \l'\ \\ \\ & N k "
__,-’ - kY " \.r,-:—'-'--}_\‘ ‘\\ - ‘\\ ‘\\
N S <d: Rope “hadder Y ™
; e i - - > ~ S -~ -
R " b “ N e S -
s A \\ - i \-r"'_-;" by ]
. @ Sheet being deployed :
E ) %
\'\. T -\\ H -\--\.
\{__-"-J ) . 2 -
~ E 7
~ \\ -
g
4
.
. !
\\ \.\ .
. PR Leais
.
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(I1727) Reservoir Development
2.2.6 End treatment (top fixing)
Reference diagram-2.2.6 Top treatment
¥atargrool sheet ﬁﬁﬁapé}proﬁfxghget method

Shest

@ Goncrete or soil o T e P

____jESSEQF\ Unit: (mm)

\\\ Sheet
Reference diagram—2.2 6 Top treatment
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(I11728) Reservoir Development
2.2.6 End treatment (top fixing)

Reference diagram-2. 2.7 Bunk treatment
Waterproof sheet

A

1 Sheet

3 Joint

o
\ \
7

Concrete or soil

Reference diagram-2. 2.7 Bunk treatment
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(I1729) Reservoir Development
2.2.6 End treatment (top fixing)
Reference diagram-2.2. 8 When using cushinniﬂg material

ZEWapéFprmmf sheet method

@ Gu1hinning material

1) Sheet

N

ﬁ

Reference diagram—2.2.8 When using cushioning material
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(11730)

Reservoir Development
2.2.7 On-site joining of sheets

Points to note when on-site joint construction of sheets

T Avoid construction at low temperatures (below about 5" G) and during rain
& Dry the bonding surface and clean it by removing mud. dust. oil. etc
3 The adhesive is dry when it no longer sticks to your fingers
@ After the sheets are laid together. roll it down with a hand roller
10
@ Adhesive for sheets | @ Reinforcement tape
L' | ] ]
I /I -------------------------------------------------

100
@ Adhesive for sheets @ Reinforcement tape
| :;;;%::jﬁ’

~ o e
v =3
[

b —— = @ |
.
| @ Sealing tape

Figure 2.2.9 On-site joint construction (synthetic rubber sheets)
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(I11731) Reservoir Development

2.2.7 On—-site joining of sheets
O For synthetic resin sheets

@ Pressing pressure (hand roller, etec.)

3 Hot air

IIIIIIIIIIII_Iﬂ?

T

@2 Waterproof sheet

Figure 2.2.10 For portable hot air welding machine (synthetic resin sheets)
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(11732)

Reservoir

2.2.8 Joining the sheet to the concrete structure

I Adhesion

Fig

2.2 11 How to attach the

Development

3 Goncrete pin or hole—in anchor

@ Gaulking material

® Retaining plate

sheet to an existing concrete structure
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(11733) Reservoir Development

2.2.12 Jaining sheets to concrete structures
T Fizing metal fittings pinned

& Sealant ] ¢ & Sheet adhesive
Eaanh‘m;m

@ Existing structure ii
[l
11
11
11
11
L
& Insert har
bpron concrete

Figure 2.2.12 fpplication for adhesive bonding to concrete structures [independent structures)
{svnthetic rubber sheet)

7
N
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(11734) Reservoir Development

2.2.12 Joining the sheet to a concrete structure
M) Sheet/adhesive for sheet

@) Sheet/adhesive for concrete

mmnmm ﬂ;ﬁﬁeinfmrcement sheet

@ MNain sheet

Figure 2.2.13 Application Tor adhesive joining to a concrete structure (around pipes)
(synthetic rubber sheet)
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3. Solidification treatment of sedimented mud in a pond
Solidification material selection and mix design
Table 3..1.1 Lime/cement-based solidification materials
O Lime-based
(D Lime-based, slaked lime
@ Products made with lime as the main material, and gypsum, fly ash, slag powder, iron oxide, etc. as auxiliary materials
O Cement-based
@ Ordinary Portland cement
@ Products made with cement as the main material, and gypsum, various sodas, reducing agents, etc. as auxiliary materials,
or a combination of these

Table 3..1.2 Target soil classification and overview of solidification material selection

Soil classification

Sandy Silt Clay Organic wet soil
Solidification materials

O Lime-based
O Cement-based
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(11736) Reservoir Development

3 Solidification treatment of accumulated mud in a pond

O Gonstruction of mud solidification treatment

a Gonstruction in a reservoir

{a) In-situ treatment method (using cement slurry)

After solidification treatment in water. the reservoir is drained

It is necessary to ensure dump truck travelability when excavating and transporting the treated soil
MSolidification treatment

@ Expose the treated soil surface by draining the water

@ Prevent scattering during transportation by dump truck

agc = approx. 50kN/m?

@ Target strength is to ensure dump truck travelability

ac = 1200kN/m? or more

(3

|||<]
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(I1737) Reservoir Development

3.5 lidification treatment of acocumulated mud in a pond
O Gonstruction of mud solidification treatment
{b) Soil removal and processing method (using cement powder)
No need to drain water from the reservoir
Requires land for plant and curing pit
Sludge dredger

Air injection into sand discharge pipe
Mud injection
Material supply device

Plant
5ilo

Pressure pump
Guring pit
Injection

Guring 1 day

Gu ; i ng E da}ls G e o T

Guring 3 days St E 5
@

S0il transportation

Guring about 3 days

Transport with go = 50kN/m2 or more

Treated soil spread by disposal site (wetland bulldozer gc = 300kN/m? or more)

BoEE @00 O D0 ® WM o
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(I11738) Reservoir Development

J.%0lidification treatment of accumulated mud in a pond
O Construction of mud solidification treatment
b. CGonstruction by draining water from a reservoir

(a) In-situ treatment method (using cement slurry)

It is necessary to ensure dump truck travelability when excavating and transporting treated soil
M) Nud work vehicle

@ Improvement thickness: 1.0 to 3.0m possible

3 Target strength is to ensure dump truck travelability

ge = 1200kN/m2 or more
Prevent scattering during transport by dump truck
gc = approx. 5S50kN/m2

(&)

T

PPy

=
R Y/
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(I1739) Reservoir Development

3.5 lidification treatment of accumulated mud in a pond

O Construction of mud solidification treatment
b. Construction by draining water from the reservoir

(b} Soil removal and processing method (using cement fragments)
Mud work boat

Mud suction pump

Mud dumping

Material supply device
Plant

Silo

Pressure pump

Curing pit

Injection

=

Curing 1 day
Curing 2 days
Curing 3 days

Soil transportation
Gur ing about 3 days
Transport with ac = 50kN/m2 or more
Treated soil spread by disposal site (wetland bulldozer ge = 300kN/m2 or more)

@

BHEEREAO6 WP ® Mo
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(11740) Reservoir Development

5.1 Reservoir renovation work
Figure 5. 1. 1 Effective use of mud solidification-treated soil
O Improvement of deformability
(Initially solidified soil — orushed soil. compacted soil)
{T)Bottom mud
@ Dredging of bottom mud
@ Solidification treatment (initial solidification soil) - Guring for a certain period (ts)
@ Excavation (crushed soil) - Transporting soil (to the embankment position)

& Spreading and compaction (crushed soil. converted soil)
B Embankment embankment material (checking deformability is important)
D Reservoir
@ CGurrent state of embankment g——@—>0
@ Foundation ,ﬁ\fffﬁf

v e

- o ®

5 &

4 N

Figure 5.1.1 Effective use of mud solidification-treated soil
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(11741) Reservoir Development

5.1 Reservoir renovation work
Figure 5.1.2 Uses of Crushed Soil and Compacted Soil
Embankment Filling Material
Embankment Raising
Water—-Resistant Zone Floor Excavation Section

Current State of Embankment
New Embankment

) Foundation

Embankment with Belt

ANCR

@ G ® L

2. Road Filling Material

@ Pavement .
® Subgrade and Roadbed Material }ﬁq——iZl—?}gﬁ
)

Figure 5.1.2 Uses of Crushed Soil and Compacted Soil
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(11742) Reservoir Development

5.1 Reservoir Renovation Work

Example: Solidification of bottom mud and use as embankment material for renovated reservoir
(1 Water falling from the reservoir

(2 Excavation and removal of bottom mud

@ Mixing in the bit

@ Initial solidification curing in the bit

(B Crushing of initially solidified soil (prescribed diameter) (bucket crusher)

® Transporting crushed soil (embankment material) to the embankment site (crawler dump)
D Rolling out and leveling crushed soil (backhoe)

Compaction of crushed soil (crushing and compacting embankment) (bulldozer)
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(I1743) Reservoir Development

5.1 Reservoir renovation work
(b) Environmentally friendly revetment method

& Sunlight

® Low-cost natural soil filler
Suppression of overgrowth
Terrestrial insects

Shade around water
Water purification function

(a) Conventional concrete revetment
@ Sunlight

@ Discontinuity of ecosystem

@ Rise in water temperature

@ Leaching of alkali

Bw @ S
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5 1 Reservaoir renovation work

Figure 5 3.7 Test construction

@ S @y o) & O

Step height
Surface protection
Bench width b

Improved soil cross—sectional area AT = Ar + Ac
Random cross—-sectional area Ar
Water-impermeable group area Ac

Formwork
Dld embankment

=

Figure 5.3.2 Test construction
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(I1745) Reservoir Development

5.1 Reservoir renovation work
h.4 Cast-in-place permeable concrete
{a) Conventional method (b) Mew method

Backfill material hed st
@ Backfill materia (j{ug ed stone) @ Permeable concrete

I} Block pitching

2 Embankment
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(I1746) Reservoir Development

6. Construction that considers harmony with the erwvironment

6.1 Consideration of bird and fish habitats

L T

&) Evacuation =ite for waterfowl
B Securing spawning and resting areas for fish




(11747) Reservoir Development

6.

(11747) Reservoir Development

Construction that considers harmony with the environment
6.2 Preservation of aguatic plants and animals and observation paths

Nature observation paths made .from thinned wood,

.'-'.'II".--'"I:.-.'""-'"

vation paths
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(11748) Reservoir Development

6. Construction that considers harmony with the environment
6.3 Restoration of revetments damaged by wave erosion

(@ Revetments made from natural materials

@ Ensuring habitat and growth space for aguatic organisms

Revetments




(11749) Reservoir Development

f.

(11749) Reserwvoir Dewvelopment

Construction that considers harmaony with the enviraonment
G.4 Revetments that consider ecosvstems and safetw
) Revetments

(I Rough, porous revetments with an uneven surface
& Ensuring habitat and growth space for small animals
@& Falling accidents - Considering safety

r Revetments

11352
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(I1750) Reservoir Development

6. Construction that considers harmony with the environment
5.5 Revetments that consider the landscape
{1} Rewvetments made of natural stone

&) Rewvetments with a variety of patterns

stone pitching work
* Embankment =lope

* Slope protection

slope coveringllining) works

“ogtene pitchine
" embankment

bed Embankment (bank protection)

k254 k232

Concrete block pitching stone pitching work zlope crib work
concrete or mortar

Rz44 Rz54 k584
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(I1751) Reservoir Development

6. Gonstruction that considers harmony with the environment

6.6 Safety facilities that use natural materials
A Safety facilities that use thinning materials

Safety facilities
Safety nets

e

EAASLTFS BT T SEL 3

11520
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(11752) Reservoir Development

Gonstruction that considers harmony with the environment
6.7 Protection of rare plants and animals

6

Evacuate and transplant rare plants and animals that inhabit the area during construction
Re—transplant them after completion

ENE N

Preserve the ecosystem ;o

Rare plants and animals

Rare plants and animals
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6.

(I1753) Reservoir Development

Construction that considers harmony with the environment
6.8 Pavement that considers the landscape

M) Use greenery blocks to pavg;auErppmpﬂgg;qnﬂdﬁ

: oyt Fo, et

ounding roads
eenery blocks
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(11754) Reservoir Development

6. Gonstruction that considers harmony with the environment
6.9 Preservation of native plants on the downstream slope of the embankment
Secure seeds of native plants on the downstream slope of the embankment in advance
raise seedlings. and plant them after renovation
@ Aim to restore natural plants and consider preserving the natural environment and ecosystem

;L

A b TYT VYT VYT O

ST BT I

o 11381
pnservation of the ecosystem

Native plant seeds

Gonservation of the ecosystem
Native plant seeds Native plant seeds
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(11755) Reservoir Development

9. Earthquake-resistance measures

OHardware measures

a: Earthquake motior(D Adding resistance to sliding and deformation @ Reinforcement embankment method
@ Steel pipe sheet pile method
@ Embankment reinforcement method

® Increasing density ® Vibration compaction method
@ Consolidation Ground improvement method
b: Liquefaction @ Grain size improvement Replacement method

(D Lowering the wet surface (reducing the saturated area) {2 Drain method
@3 Installation of filter zone
Dissipation of pore water pressure @ Columnar drain method
c: Infiltration Infiltration suppression at the embankment @D Cross-sectional expansion method
Drain method
Surface impermeable wall method
(Waterproof sheet method)
@ Infiltration suppression at the foundation ground @D Upstream impermeable method
(Steel sheet pile method)
@2 Blanket method
OSoftware measures
@ Creation of hazard maps, their release/publication, and decision on evacuation destinations
@ Establishment of water storage rules, review of required water storage volume
@ Establishment of monitoring/alarm/reporting systems
@ Implementation of disaster prevention/evacuation drills
® Preparation of emergency materials for emergencies, establishment of emergency discharge works,
conclusion of disaster prevention agreements

® Establishment of BCP, strengthening of management system
Figure 9.1 Earthquake resistance construction



(11756
Y. Earthquake resistance measures
1y Reinforcement embankment

Vi

=

(11756) Reservoir Development

Reservolr

Deve lopment

(3 Embankment reinforcement work

& Ground improvement

N

¥

Feinforcement material

4

5 Full repair

Im

T:iigmﬂﬁffT;yer
N

@ Drainage method

BN

B ;
= Drain
AN
New embankment
N E
— .-_né;_\m \.l“k
o00ld embankment -
Fizgure 8.1 Major earthauake resistance measures for reserwoirs
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(I11757) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs

Construction methods for decommissioning reservoirs

(1) Embankment cut-and-cover method (2) Culvert method

31 Landfill method (4) Combined method

Table 3.1 Construction methods for decommissioning reservoirs
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(I1758) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs

Construction methods for decommissioning reservoirs
(1) Embankment cut-and-cover method

Current state of the embankment top

iy , Cut-and-r g

; Eﬂt

OO0verview of the method
A method in which part or all of the embankment is cut,

causing the reservoir to lose its water storage function.
QOOlverview
CGurrent state of the embankment top Cut-and-remove embankment
ODisaster prevention
The risk of embankment collapse can be eliminated. - Even if measures are taken to prevent soil
from escaping, attention must be paid to the accumulation of soil over

OHarmony with the environment
As an environmentally friendly measure, it is possible to leave some water area by making the bottom
of the induction channel higher than the deepest part of the
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(11759) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs

Construction methods for decommissioning reservoirs

{2) Gulvert method

(Upstream side) <7 e (Downstream side)

Gulvert

O0verview of the method
This method involves installing a culvert in the current embankment.
eliminating the reservoir’ s water storage function

O lverview
(Upstream side) (Downstream side) Embankment Gulvert
O Economic efficiency

Varies greatly depending on local conditions, such as driftwood countermeasures

O Disaster prevention
The risk of the embankment collapsing is reduced. but since there is a risk of the culvert being
blocked by driftwood., etec.. it is necessary to establish a management
« Even if measures are taken to prevent sediment from escaping. attention must be paid to
the accumulation of sediment over time
O Harmony with the environment

As an environmental ly friendly measure, it is possible to leave some water areas
by making the bottom of the culvert higher than the deepest part of the reservoir
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(I1760) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs

Gonstruction methods for decommissioning reservoirs
(3) Landfill method

, (Downstream side)
Reclaimed embankment

O0verview of the method
A method of filling up a reservoir with soil from the embankment or brought in soil. ete
to eliminate its water storage function
O Economic efficiency
Since it requires improvement of the sedimentary soil in the pond. surface drainage facilities.
and underground drainage facilities., it is generally more expensive
than the embankment excavation method
ODisaster prevention
* The risk of embankment collapse can be eliminated.
« In order to ensure the stability of the remaining embankment and the entire reclaimed embankment.

measures such as cutting the old embankment and slope

O Harmony with the environment

Since the reservoir will be filled in, it is difficult to preserve the water area
as an environmentally friendly measure
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(I1761) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs

Gonstruction methods for decommissioning reservoirs
(1) Embankment cut-and-cover method

Gurrent state of the embankment top

) The embankment excavation method is a method in which part or all of the embankment is excavated

causing the reservoir to lose its water storage function
@ 1t has a direct effect on eliminating the risk of embankment collapse. which is the top priority

issue, and is generally more economical than landfill or culvert methods. making it
the most basic method for reservoir decommissioning work

3 Even if measures are taken to prevent sediment from running off

attention must be paid to the accumulation of sediment over time

11758
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(11762) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs

Construction methods for decommissioning reservoirs

(2) Culvert method
(Upstream side) -~ s (Downstream side)

I Culvert method is a method in which a culvert is installed in the current embankment,

causing the reservoir to lose its water storage function

@ Gulvert method has the risk of the water level rising due to the blockage of the culvert
by driftwood, etc., and overflowing the embankment
Ensure an appropriate cross section of the culvert

management on a daily basis.

@ A management system will be established. such as establishing a maintenance plan to ensure proper

11759




(11763) Abolition of agricultural reservoirs
reservoirs

(11763) Abolition of agricultural

Abolition of agricultural reservoirs

{3) Landfill method @

Reclaimed embankment ;
{Downstream side)

removal of old levee body

{(3) Landfill method Partial

Reclaimed embankment -
(Downstream side)

in reservaoir

Gonsider necessary measures such as partial removal of old levee body (cutting.

Gonstruction methods for decommissioning reservoirs
) Reclaiming reservoir with excavated soil or brought-in soil
Method to eliminate reservoir’'s water storage function

@ Improvement of sedimentary soil
In case of surface drainage facilities and underground drainage facilities are reqguired
shaping slope)

11760
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(I1764) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs

Construction methods for decommissioning reservoirs

(4) Composite construction method

* Composite construction method of dam excavation and fill-in

@ A reservoir with a small full water area and a steep bottom slope, such as a valley pond
@ A composite construction method of dam excavation and fill-in using excavated soil

@) Cases that are economical and excel lent for maintenance after abolitian

(4) Combined method

(upstream side)

on of embankment

(downstream s ide)

Figure 3.5 Composite construction method of dam excavation and fill-in
[1757
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(11765) Abolition of agricultural reservoirs

bbolition of agricultural reservoirs

Construction methods for decommissioning reservoirs

(Longitudinal image)

Foad use, etc.

Excavation of embahkmeﬁ{

Figure 3.6 Combined method of embankment excavation and culwvert construction

* Combined method of embarkment excawvation and culwvert construction

D ln caze of the width of the embankment crest iz very wide and part of the embankment crest

is used as a road
@1 lnstead of making the entire embankment crest a culvert

G h combined method in which a culvert is installed only in the road area and the other areas

are excavaled
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(11766) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs
Gonstruction methods for decommissioning reservoirs

(Gross-section image of embankment excavation)

t embankment top

Gur rem

S e Excavation of embankment

Figure 3.6 Combined method of embankment excavation and culvert construction

* Gombined method of embankment excavation and oculvert construction

) In case of the width of the embankment crest is very wide and part of the embankment crest
is used as a road
@ Instead of making the entire embankment crest a culvert

@A combined method in which a culvert is installed only in the road area and the other areas

are excavated
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(I11767) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs

Construction methods for decommissioning reservoirs
(Image of the cross section of the culvert)

Current top of the embankment (for road use, etc.)

= Downstream culvert crnsa/;ectinn

Figure 3.6 Combined method of embankment excavation and culvert construction

« Combined method of embankment excavation and culvert construction

M 1In case of the width of the embankment crest is very wide and part of the embankment crest

s used as a road
@ Instead of making the entire embankment crest a culvert

@A combined method in which a culvert is installed only in the road area and the other areas
are excavated
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(I1768) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs

Construction methods for decommissioning reservoirs
(Longitudinal image) Road use, ete.

""" T e Excavation of embankment
(Image of the cross section of the culvert)

lGurrent top of the embankment (fnrapﬂad use, etec.)
Downstream culvert cross/ section

11775

11776

11777
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(11769) Abolition of agricultural reservoirs

Abolishment of agriculfural reservoirs

"I

&

Reservoir abolition construction methods

Ghapter 4 Design of the cut-and-cover embankment method
4 1 Structure of the cut-and-cover embankment method and definition of terms

The structure of the cut-and-cover embankment method and definition of terms are as follows

Downstream connecting channel
@& Remaining emba
Inlet channkl

. —— -+
& Guide channel @ Downstream channel

—

AR

& Outlet \\\ ® Downstream connecting channel

Excavation qf gmbankmentiT 7

2 !
hThTHTﬁrﬁrThWMTMTMTMT“T“rHFWHThTMth @ Discharge channel

[

Figure 4 1.1 Names of each component of the cut-and-cover embankment method
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(I11770) Abolition of agricultural reservoirs

Abol ishment of agricultural reservoirs

Reservoir abolition construction methods

Chapter 4 Design of the cut-and-cover embankment method
4.1 Structure of the cut-and-cover embankment method and definition of terms

1) Deepest part of reservoir V

® (downstream side)

- , @ Embankment
2 Sediment

@ Pond bottom (foundation ground) A TR e R

Figure-4.1.2 Deepest part of reservoir
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(I1771) Abolition of agricultural reservoirs

Abol ishment of agricultural reservoirs
Reservoir abolition construction methods

Ghapter 4 Design of the cut-and-cover embankment method
4 1 Structure of the cut-and-cover embankment method and definition of terms

| <:]

Hki//f

M Induction bottom channel

@ Lining section (lining concrete)

Figure 4 1.3 Names of the parts of the induction channel
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(I11772) Abolition of agricultural reservoirs

Abolishment of agricultural reservoirs
Reservoir abolition construction methods
Ghapter 4 Design of the cut-and-cover embankment method
4 7 Gonsideration of embankment excavation position and induction channel bottom height
The embankment excavation position and induction channel bottom height are set hased
on the following items. taking into account the field survey, etc
a Smooth attachment to the drainage channel
h Stable slope of the excavation slope can be ensured

¢ Removal of residual water at the bottom of the pond (prevention of drowning accidents, etc.)

Deepest part of reservoir
Bottom gutter

Irrigation channel
Unlined channel

S

—

CRORICICACES

Gutter
Drainage nhannel[ D {

Embankment excavation

@ &

Current spil lway

ol

)
Figure 4 2.1 Example of consideration when the bottom gutter is far from the drainage

channel
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reservoirs

=

Abolishment of agricultural reservoirs
Reservoir abolition construction methods

Chapter 4 Design of the cut-and-cover embankment method
4.2 Consideration of embankment excavation position and

@ ® W N

©

&)

Correction of

Figure-4.2.2 Example 1 when the deepest part of the reservoir
longitudinal gradient

(I11773) Abolition of agricultural

Deepest part of reservoir

Bottom gutter

Current spillway
Embankment excavation

Drainage channe
q

ot

induction channel bottom height

Cross-section

|8

[

|

&

~

e s

B Guide channel
7} Downstream connecting channel

@ Irrigation channel

lower than the drainage channel:
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(11774) Abolition of agricultural reservoirs

Abolishment of agricultural reservoirs
Reservoir abolition construction methods
Chapter 4 Design of the cut-and-cover embankment method
4.2 Consideration of embankment excavation position and
(T) Deepest part of reservoir

induction channel bottom height

1 W )] 1l
Y @ &l RICoN: BULes Cross—section
B @ CGurrent spillway

IT i @ Embankment excavation
= N ® Drainage channel
AT ) | o)

: | | | | | | | | | | | | ::' PR innsnmnnn sy e e

0 Ry

" ®

)

(sp)

W @ S

Guide channel
Downstream connecting channel

I[rrigation channel
Landfill

Figure 4.2.3 In case of the deepest part of the reservoir is
Part of the deepest part of the reservoir bottom is filled in

lower than the drainage channel:
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(I1775) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs

Reservoir abolition construction method

Chapter 4 Design of embankment cut—and—cover construction method
(2) Slope gradient of cut—and—cover section

Table 4.3.1 Slope gradient of cut—and—cover section

Slope gradient of

Excavation height H cut—and—cover

5 m or less 15to 1.8

5to15m 1.8 to 2.0

(I1775) Abolition of agricultural reservoirs

/

T Width of the bottom of the cut @

V@ Top of the embankment

V@3 Deepest part of the reservoir

@ Guide bottom channel -
3

Figure 4. 3.1 Standard cross section of the cut-off section of the embankment
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(11776) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs
Reservoir abolition construction methods
Ghapter 4 Design of embankment cut—-and-cover construction method
V({3 Embankment top
@ Gut-and-cover bottom width
@ Ground stability gradient (cut slope)
V@ Deepest part of reservoir
& Guide bottom waterway

-

Figure 4.3 3 Example 1 of embankment cut-and-cover cross section when excavation affects the ground
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(I1777) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs

Reservoir abolition construction methods
Chapter 4 Design of embankment cut-and-cover construction method

@ Cut-and-cover bottom width
@ Top of embankment

V@ Deepest part of reservoir
® Guide bottom waterway
® Filled fill

e
oo

Figure 4.3.4 Example 2 of embankment cut-and-cover cross section when excavation affects the ground
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(11778) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs

Reservoir abolition construction methods
Chapter 4 Design of embankment cut-and-cover construction method

3 Top of embankment @ Top of embankment

B Guide bottom channel
Figure 4.3.5 Example of embankment cut cross section when berm is provided
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(I1779) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs
Reservoir abolition construction methods
Chapter 4 Design of embankment cut—-and-cover construction method
4.3.3 Consideration of the guide channel

Clearance

Lining

Clearance

Design flood level

10-year return water level fﬁ&“%

Control width

2-year return water level HHRMK:?g ¢ ig:;f’/ff
'T Yk B4

&
b
=
i

Guide bottom channel

Control width

O WU O ®VN O

i . @
Minimum cross section
30 ¢m or more
@ Lining
@) Concrete, ete.
i3 Vegetation works
Figure 4.3.6 shows an example of the layout of the guide bottom channel, lining,

and slope protection works.




(11780) Abolition of agricultural reservoirs
reservoirs

(11780) Abolition of agricultural

Abolition of agricultural reservoirs
Reservoir abolition construction methods

Chapter 4 Design of embankment cut-and-cover construction method

4.4 Design of downstream connecting channel
In order to safely drain the wastewater from the abandoned reservoir to the drainage channel,

a downstream connecting channel should be constructed as necessary.

Lri]
o
o
a
=
o
T
" . &
2 Downg ect ing channel =
| =
A
@ Abandoned reservoir ————m——1 | [ ®
@ Connecting/manhole

Figure 4.4.1 Drainage channel of abandoned reservoir and downstream connecting channel




(11781) Abolition of agricultural reservoirs

(I1781) Abolition of agricultural

Abolition of agricultural

FESErvVoirs

Reservoir abolition construction methods

Chapter 4 Design of embankment cut—-and-cover construction method
4.5 Design of auxiliary facilities

reservoirs

Considering the prevention of sediment runoff downstream and damage caused by drainage

after the reservoir
and maintenance and management,
Inlet

Sediment retention

@M Sediment retention
@Gabion basket, etc.
(3End protection work
@Vegetation sandbags,
®Water cut—off wall

@Induction bottom waterway
@®Lining section

ete.

¥ G leave a width that does not obstruct the flow of floodwaters.

Figure 4.5.1(1) Example of

auxiliary facilities will be
(Plan view) 3@
0 o

|

T
1]
N

SRR

and

co)

install

installation of sediment retention using gabion baskets,

is abolished using the embankment cut-and-cover construction method,
installed as necessary.

the sediment retention

ete.
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(11782) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs
Reservoir abolition construction methods
Chapter 4 Design of embankment cut-and-cover construction method
4 5 Design of auxiliary fTacilities
T H g PURR " 'R E
T Guiding bottom ® Gabion basket. etc @ 10-year probable water level
& Waterway bottom height @ Edge protection work @ Sand retaining wall fixing work
@ Ground improvement 0 Vegetation sandbag. etc. @ Steel bar or wooden pile
@ As necessary i Water cut—off wall
& Suction prevention material i Sand retaining wal
& Synthetic nonwoven fabric @ Gabion basket. eto
@ Sand retaining wall @ Design flood level
(Longitudinal section) (Transverse section)
il ® @j ®
- A
:kl’: @
- i
® Gy @0

Figure 4. 5 1(2) Example of installation of sand retaining wall using Gabion basket, ets
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(11783) Abolition of agricultural

Abolition of agricultural reservoirs

Reservoir abolition construction methods
Chapter 4 Design of embankment cut-and-cover construction method
4.5 Design of auxiliary facilities
M Catchment basin @Sand pit-20 cm
@Waterstop ®Ground
@Height of guiding bottom channel@Waterstop

(Plan view) (Longitudinal section)

g)\
TTTTT @
ﬁ{\k B
ol ¥
Rl | et Lo D S = [ _ O O
N = =T~ TR
”% -

©

H "'\-Jr_\_\x . \
I. E- -:_jl

Figure 4.5.2 Example of catchment basin

improvement — if necessary

reservoirs

@Lining

®Guiding bottom channel
@Lining

(Cross section)

installation
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Abolition of agricultural reservoirs
Reservoir abolition construction methods
Chapter 4 Design of embankment cut-and-cover construction method

4 5 Design of auxiliary facilities
O Water cut-off wall (Figure 4.5 3)

To prevent soil particles from Tlowing out due to seepage water and ensure the stability of the
induction channel., a water cut-off wall is provided at the upstream end of the induction channel
{Front view) (Gross—-section of center section) (Cross-section of sleeve section)
= Levee body cut-off bottom width
=Ta]
‘o Lining section
. s i
— Induct fon bottom channel
a»
E S 4 Induction bottom channel height
= = 5 1gtion bottom channel height
" 2% Lining section
a L T I - = —
1
47 ; an
{4 ] i -
= i o
an 3,
5 - E = =
a1
S In case of the foundation is soil and sand. h=1.0 m
_
= In case of the foundation is bedrock. h<<1.0 m

Figure 4. 5.3 Example of water cut-off wall structure
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(11785H) Abolition of agricultural reservoirs

(longitudinal sectiun) T & @
fholition of agricultural reservoirs
Feservoir abalition construction methods
Chapter 4 Design aof embankment cut-and-cover construction methad
4.5 Design of auxiliary facilities i E;J
(o Dissh L £
ischargze section fulan wlowd
OInduction channel (narmal flaw) ﬁ%ﬁﬁ W
@ (cross section of downstream side of connecting manhole) ‘_‘ﬁj@
@ Connecting manhaole xf{éa
. &

@ lownst ream connecting channel (&
EWidth of downstream connecting channel | |
@ icross section of upstream side of connecting manhole) | | 170
OWidth of downstream connecting channel corresponding

to the flow rate of downstream cannecting channel ¥ | D

Width of dawnstream connecting channel i

cm

@ Llining section

@Induct ion botton channel Figure 4.5.4 Example of connecting manhaole structure
{The size should he easy to maintain and should he

determined according to the surrounding topography.

{IThe width should he such that it can he connected to
the downstream connecting channel and that it can

be connected to the cross section of the induction channel corresponding to the flow rate.
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(I1786) Abolition of agricultural

Abolition of agricultural reservoirs

Reservoir abolition construction methods
Chapter 4 Design of embankment cut—-and-cover construction method

4.5 Design of auxiliary facilities
Rapid flow construction
Induction channel

Rapid flow construction

Rapid flow section
Downstream connecting channel

@ WD O

Ensure the necessary height
for energy dissipation construction

Fig. 4.5.5(1) Example of rapid flow construction structure

(Longitudinal section)

reservoirs

@
) @
| ; I
N

@)
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(11787) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs
Reservoir abolition construction methods
Ghapter 4 Design of embankment cut—-and-cover construction method
4 5 Design of auxiliary facilities i , , ,
O Rapid flow construction (Longitudinal S%thun} : g
@) Width of downetrean conneating channel b (Downstream uru%ﬁ—seutlun of energy dissipator)
@& Lining section
@ Ensure necessary energy dissipation length
® Width that can ensure necessary energy dissipator
side wall height

a (Plan of energy dissipator) , ,

o {Upstream cross-section of energy dissipator)

L]
‘@ [ ]

Width that can be connected to downstream connecting channel and also to the downstream
cross—section of the induction channel corresponding to the flow rate
Fig. 4 5 5(2) Example of energy dissipator structure

—_—
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(I1788) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs
Reservoir abolition construction methods
Chapter 4 Design of embankment cut-and-cover construction method
4.5 Design of auxiliary facilities
Q Other facilities
(M Retaining wall

@ Retaining channel

a (plan view) b (longitudinal section)

\ =
3

Figure 4. 5.6 Example of retaining wall and channel structure
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(I11789) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs
Reservoir abolition construction methods
Ghapter 4 Design of embankment g iz
P & R __.-*@DIEI embankment)

o vy
cut-and-cover construction method ""ﬂfsaﬂﬁ_p'~

£ 5 Design of auxiliary facilities
O Other facilities
O Sand pit

@ Temporary road remaining i

—_— @0ld emﬁéqkmen:)

1Sand pit

2

@ Gat fence i s,
— @01d embankment)

d)8and pit

Figure 4 5 7 Example of sand pit
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(11790) Abolition of agricultural

Abolition of agricultural reservoirs
Reservoir abolition construction methods

Chapter 4 Design of embankment cut-

and-cover construction method

4. 7 Examples of standard facilities

(1) Example of construction plan 1
Soil retaining wall

Guide bottom channel
Receiving channel

Downstream connecting channel
Lining section

Staircase work

Fence, gate

Connecting sump

Retaining wall

Ground improvement

Guide bottom channel

DAY @G E WM

A2 Water cut-off wall

(plan view)

et

reservoirs

.ﬁ:,

a1
pll] 29393050

LI
G

—gr—1

(longitudinal section)

(=

[l [[TH

é%

&

®
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(I1791) Abolition of agricultural reservoirs

{(plan view)

Abolition of agricultural reservoirs
Reservoir abolition construction methods /‘ ‘ ‘ F
GChapter 4 Design of embankment cut- ?f & \’\—T
and-cover construction method O o O O VAR | O OO . 98|
4 7 Examples of standard facilities _._._ . _. EﬂLI_IEIJIiIiI!iI!EI_HEILI!IEI_H : SO I I - e |
(2) Example of construction plan 2 AR B R R e Raas SNl EAREREARRERRARaEaR @I, TR
I Water collection basin i\l ® @ &
@ Guide bottom channel |u
@ Energy dissipation work : ‘ L
@ Downstream connecting channel
® Lining section {longitudinal section)
B Step work
) Ground improvement work
@& Water cut-off wall
b @ £
Ui 11786
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(11792) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs
Reservoir abolition construction methods
Ghapter 5 Design of culvert construction method

5 1 Structure of culvert construction method and definition of terms

@ Infl ti
" N\ nflow section

()

® Culvert

Discharge section

Downstream connecting channe

@

=

.&;

&' Drainage channel

& Downstream waterway

‘Remaining embankment body

Figure 5. 1.1 Names of each component part of culvert construction method
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(11793) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs

Reservoir abolition construction methods
Ghapter 5 Design of culvert construction method
5.1 Structure of culvert construction method and definition of terms

& (downstream side)

Deepest part of reservoir ¥V @ Embankment

2 SHERE S

@ Pond bottom (foundation ground) A
( s ® Pond Pottom |jpe

Figure-5.1.2 Deepest part of reservoir
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(11794) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs
Reservoir abolition construction method

Ghapter 5 Design of culvert construction method
5.3 2 Gross-sectional examination of the underdrain construction method
Ensure a clearance of 1.0 m or more between the design flood level and the underdrain top plate

@& Underdrain

I Design flood Ievelq;

Figure 5.3.1 Glearance of the underdrain




(11795) Abolition of agricultural reservoirs

(11795) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs
Reservaoir abholition construction method

Ghapter 5 Design of culvert construction method
5. 3.2 Gross—sectional examination of the underdrain construction method

Intake

Driftwood stopper

]
]

Pond |iner

Photo 5.3.1 Example of a driftwood stopper installed on the upstream side of the culvert
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Abolition of agricultural reservoirs

Reservoir abolition construction method
Chapter 6 Design of landfill construction method

6.1 Composition of landfill construction method

CISNCICRCR TN NG

(11796) Abolition of agricultural reservoirs

and definition of terms

Inflow

Landfil| area

Landfill embankment

Surface drainage facility
Downstream connecting channel
Remaining embankment

Drainage channel
Underground drainage facility

Figure 6.1.1 Names of each component of landfill construction method
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(11797) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs

Reservoir abolition construction method
Ghapter 6 Design of landfill construction method
OSlope gradient

diLandfil| embankment

@ Remaining embankment 30 degrees or less

b=im
b=fm
=y
=
::j
T
i~

r-l‘-' £

L

Figure-6.2 2 Example of berm instal lation on embankment slope




(11798) Abolition of agricultural reservoirs

([1798) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs
Reservoir abolition construction method
Ghapter 6 Design of landfil|l construction method

6.3 Drainage Tacilities
Drainage facilities are planned to safely remove surface

water and groundwater from streams. rainwater,
spring water, and groundwater

Inflow
Gonnection sump
Surface drainage facility

Sediment sump
Downstream connection channe |
Destination channel

@ © ® 8o o

Figure 6.3.1 Example of surface drainage facility layout
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(11799) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs
Reservoir abolition construction method
Chapter 6 Design of landfill construction method
6.3 Drainage facilities
(2) Underground drainage facilities
MlLandfill area
@MWain pipe o
@ Downstream connecting channel
@Drainage channel
Hlandfill embankment

®Cross—sectional view position

(7)Secondary pipe “n

@Remaining embankment J @ @
©F low basin

rI"

—

Figure 6.3.2 Example of layout of underground drainage facilities (plan view)

Figure 6.3.3 Example of layout of underground drainage facilities (cross—-sectional view)
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(11800) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs
Reservoir abolition construction method
Chapter 6 Design of landfill construction method
6.3 Drainage facilities
(2) Underground drainage facilities
(1) GCollection pipe
(Main pipe ¢ 300 mm or more,

) Auxiliary pipe ¢ 200 mm or more perforated pipe)

Drain material
(Highly permeable material

€ M

) O (&)

&

Suction prevention material s, {i%% [ii> &

Figure-6. 3.4 Example of cross section of collection pipe
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Abolition of agricultural reservoirs
Reservoir abolition construction method

(11801) Abolition of agricultural reservoirs

Chapter 6 Design of landfill construction method @

6.3 Drainage facilities

(2)

)
@

=
3

Underground drainage facilities ) |
Collection pipe = —— H——
Underground drainage facility drainage basin
Sediment pit 20 cm

]

Figure-6.3.5 Example of inlet pit installation
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(11802) Abolition of agricultural reservoirs

Abolition of agricultural reservoirs (1) Construction flow
Reservoir abolition construction method T
Chapter 6 Design of landfill construction method © @
Chapter 7 Construction plan l
(1) Construction flow
QO Embankment excavation methed, culvert method P @
I Preparation work i
@ (Construction preparation, water drainage
and drainage treatment) )
@ Temporary work
@ (Temporary road) W
%) Embankment excavation ® @
® Guide channe!| construction or culvert construction
®
@

Figure 7.1 Construction flow for embankment excavation method and culvert construction method
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(11803) Abolition of agricultural reservoirs

fbalition of agricultural reservoirs (1) Construction flow

Reservoir abolition construction method
Chapter B Design of landfill construction method T @
Chapter 7 Construction plan l
2 Landfill method @ ¢
I Preparation waork J,
& (Construction preparation, drainage and drainage treatment)
& Tempaorary work ® ®
@ (Temporary road)
& Landfill embankment
® (Including underground drainage facilities) ]
& Surface drainage facility work
@& Downstream waterway wark l
& Cleanup i
&

Figure-7.¢ Construction flow of the Landfill method
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(I11804) Abolition of agricultural reservoirs

Abolition of agricultural reservaoirs
Reservoir abolition construction method D About 50 cm
Ghapter 6 Design of landfill construction method @VNW L (always)
Chapter 7 Gonstruction plan @Wire cylinder masonry work (gabion)

@ (Embankment)

3) Environmental considerations
BWater storage for environmental considerations

» leave some water areas as biotopes
- Move and transplant organisms ® (Plants, fish., etc. )

* Prevent invasion and escape of invasive species @Gurrent ground

* Mleasures against turbid water., noise and vibration & (Deepest part of reservoir)

- Gonsiderations for temporary construction @Reservoir embankment
@ Induction channel

.@. g 7

| <]
in
=

=
o
&
<

Figure—7.3 An example of environmental considerations

that leave some water areas as hahitats for organisms
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(11805)Reservoirs

' INLILL
'

L
LT

1 Roles of reservoirs

Chzricultural role
DSteady supply of water to rice paddies
@Staring water

2Public role
@Fire prevention water source for villages

Disaster prevention
@Flood contral functiaon

ZEcosvstem conservation
&Reservoirs have good conditions as a natural environment
EYarious creatures live here.

DExtermining invasive fish
Preserving the landscape and providing health and rest
@Places for recreation and rest

[1351
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(11806 )Reservoirs

2. The need for proper management

Proper management, such as inspections and repairs according to the condition of the reservoir
should be carried out
(1) How do reservoirs collapse?

The main direct causes of reservoir collapse are
1. Heavy rain

TR R Tt M R '
2. Earthguakes ) o 0 ool tie ]

£

! I ’ !
.-"-"'.-f""-'-".'l-'".--"' j_/
Fartnl e fEe i S Earthguake

!

11381
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(11807)Reservoirs

Reservoirs
(1) How do reservoirs col lapse?
(I During heavy rain

Breakdown patterns Phenomena occurring in the levee body

a Seepage failure a Seepage failure: As the levee body becomes damaged. water pressure
increases with each rise in the water level, creating water paths=*
that lead to breaches.

Wat H The upper part. where water normally does not rise.
gibl-REnta is often filled with rat holes,

which become water paths when the water level rises during heavy rain.

= Water paths: A path through which water flows within the levee body,
causing leaks.
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(11808) Reservoirs

Reservoirs

(1) How do reservoirs collapse?

(@ During heavy rain

vy

Breakdown patterns Phenomena occurring in the levee body
a Seepage failure dorrir syl )| Seepage failure: As the levee body becomes damaged. water pressure
increases with each rise in the water level. creating water paths#
that |ead to breaches

The upper part. where water normally does not rise.

is often filled with rat holes,
which become water paths when the water level rises during heavy rain
# Water paths: A path through which water flows within the levee body.
causing |leaks

b. Slip Failure

, bl Water seeps into the entire levee. weakening its internal strength
Rainfdl}
11
1

and causing the slope to slide

Stored Water Infiltration

T L L
g et ¥

] 'II i i 3 v . ' .
. Overflow FallurEIfﬂfﬁfn”eueaﬂhen heavy rainfall increases the inflow volume and drainage cannot

‘keep up. the water overflows the levee. This causes erosion of the levee.
|eading to its collapse

low Erosion
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Reservoirs
(1)

@ During an earthquake

(11809)Reservoirs

How do reservoirs collapse?

Post-earthouake conditions

Level of embankment damage

M Gracks

Gracks that ocour in the embankment can become water channels

Gracks that ocour upstream or downstream of the embankment require
particular attention

Vertical cracks

This ocours in soft ground. If the embankment maintains its shape
it is considered serious damage
There are no abnormalities inside the levee,
and it will not collapse immediately
However. if the col lapse affects the entire levee. caution is required

it may spread throughout the levee

is advised

Even if the collapse is partial
r gause internal deformation. so caution
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(I1810)Reservoirs

Reservoirs

(1) How do reservoirs col lapse?
@ During an earthguake

Post-earthguake conditions Level of embankment damage

@ Slope Slide

In case of the damage to the slope is significant, a large-scale slide will
occeur. Cracks may appear as a precursor to a slide.

This is a dangerous situation in which the damage to the levee body

is a high possibility of collapse.
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Reservoirs

(1) How do reservoirs collapse?

@ During an earthquake

(I11811)Reservoirs

Post-earthguake conditions

Post—earthouake conditions

dGracks

@ Slope Slide
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(11812) Reservoirs

(2) Damage downstream due to reservoir collapse
) A reservoir collapse will result in the loss of its water storage function.

It will cause serious damage downstream
The reservoir manager and downstream residents should discuss the matter

® LN 9

confirm safe evacuation methods and how to communicate the situation.
® 1t is effective to create a "hazard map” together.

Hazard map

1986
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(I1813) Reservoirs

{(4) Role of Municipalities in Managing Reservoirs
2. The Need for Appropriate Management

(1) Municipalities must he aware of the status of reservoirs
from the perspective of regional disaster prevention,

T

(?) must be able to contact managers and people |iving downstream in the event of an emergency

) s

Hazard map

.

1986
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Reservoir 2tructure

3 3tructure and Function of Reserwoirs |~
\ & IntsTa [Fal

(11814) Rezerwvoirs \

cility

/

[=-
1a]
E=
ption drainage channel B
b
—
E:g H /
He .19
=
\ |1 / z
1 Ty
- %
) Embankment ' /= =
=——=———=-—=—"5 === =]
ey
' ' Pt |
EReception drainaze channel e R P
£
=

Reservoir Structure
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(I11815) Reservoirs

3 Structure and Function of Eeservaoirs

Reservoir Structure
(1) Embankment bodw
D Fill to hold back water

& Water-resistant soil iz used

@ Clay impermeable soil is placed in the center

of the dam body or on the reservoir side
@ Blocks or sheets are laid to prevent erosion from waves
& Reinforcement revetments are installed to prevent

slope collapse dus to seepaze water

7

\/

Bottom Spillwaw

(1) Emban&ﬁgﬁt @ﬁi

@ 1

40
i
[t

@

P R e o |

| i ;
St
BRecept ion drainage channel ‘K\-—-—-—-—-—-—-—”—-—-—-—-—-—-—-—-7}(%
%
o
[+
o
o]
g |
o
[1385 Reservoir Structure I

facilitw
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(I1816) Reservoirs

3 Structure and Function of Reservoirs

Reservoir Structure
(2) Spillway

In case of water overflows the levee (overflow), it may cause a breach.

@
@ Prevents the water level from rising above a certain level even during heavy rain.
(3) Creates an overflow area in advance.
@ Usually constructed of concrete.
=
s [y
_/_,\_//:-13; Iﬂta acility
=
[£5]
=
O
4
s Ye
:Ej: ;
(1) Embankiient L ﬁ%h
i ®
------- o
®Reception drainage channel és\'—‘-‘-r-:lf.‘-::::-‘-‘:f?%
' o0
[=]
o
fan S
on
=]
=
-
[1385 Reservoir Structure [1815
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(I11817) Reservoirs

3 Structure and Function of Reservoirs
Reservoir Structure
(3) Water Intake Facilities
M A facility for drawing water for agricultural use

@ A gutter that regulates the amount of water by opening and closing the covers of several holes
in the slope
@ Vertical gutter structures that also serve as spillways are becoming more common

(3) Water Intake Facilities E‘ LL
e e e dd_;éle,ffzzii Intakdlfacility
Bl 5 =
5/‘/ =
i I i i i ] +
(3) Water Intake FauL.'—ies J 11679 ° (5 -
b -J__f" : 2
A A D (1) Emhanknén: 'E{: %’\ i
GETade) e \ 1 >
e s - b - P
HEE P W/ Iy B Reception drainage channe!| “®z===== i Rl oo
%
o
[
o
o]
|
______________ =%

11385 Reservoir Structure 11815
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(11818) Reservoirs

3 Structure and Function of Reservoirs
Reservoir Structure
(4) Bottom drain
1) Located at the lowest point to empty the reservoir

A s A o e /\\/J//"' acil ity
| /A( -
/’m/_ i i i i !|_" :.,-5:.-
: @ Bottom Spillway 11679 = -~
- S
(1) Emhanl:&rén: Cht
]ll ﬁi; w
. @ Bottom $pil lway AT B
s '@'HEGEDTiUﬂ drainage channel 'agl,‘—‘—‘—‘—'—'—?‘-'r ——————————————— -5}%
£
o
[
o
o
R B A S e R ot =
"""" [
Reservoir Structure 11815
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(11819) Reservoirs

3 Structure and Function of Reservoirs

Water intake facility
@ Inclined gutter @ Corner stop
@ Bottom gutter @ Attached waterway section
@ Sediment discharge i Sediment discharge section
@ Winding handle @ Attached box section
® Air hole @ Water cut-off wall
& Tnclihed sotisr ok @ Low gutter pipe wrapping section
@ Inclined gutter pipe section @ Low gutter pipe wrapping
@ Water intake hole section (slide gate) @ Low gutter pipe
@ Sediment discharge gate @ Outlet manhole work

.‘2 ]

11392
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(I

1820) Reservoirs

3 Structure and Function of Reservoirs
Water intake facility

2 Water

impermeable zone

L |

‘\\ ™ =

Figure 3.5.2 Water Intake Tower

11392




