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1- Sediment Retention Dams

2- Comprehensive Sediment Management Program

3- Bed-load Retaining Dams (bed-load filtering dams)
4- Sediment excavation
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1- Mud Flow

2- Debris Avalanche and Land Slide
3- Avalanche

4- Check Dams

5- Gully Erosion
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1- Extreme Events
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1- Sedalp (sediment monitoring of Alpine countries)
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2- Debris Flow
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2- Undercutting
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1- Edmond Thiery, 1891
2- Cantilever Dams

3- Open Check Dams

4- Solid Body Dams

5- Tailing Dams



IFoo/IF/oh s jloke oy ot proke 5 LT oLy Lo 3y (5lotas 13l o3 oo

3Shos 5 3l ) Sy Lapl sl 5 1Suss; slaow glsil (pgas )0 65 Sl iz DS
A2 oo sl |y ailsog, G,y Hlae 10 coliiwl 550 . Sgu, slaaw glail (Y-V) IS .ol onls &31)] laaslso,,

gy s Slas] )
> 4 thu,.m).)
gy gl gy - % Sediment retention danj
s 5 Jroas &l - in the headwaters
75 L y8 4L 5o AL
\ Active tributary
stabilization through
channel slope decrease e Sag) GBow g =)
1y hol ! S
ey oot e s = S
033 a0} Lo,Ls il g (&5 &5
Potential Main stem stabilization
landslide zone to prevent
incision and lateral erosion

gy Yo STy pSigm ) S =Y
G laaly g 038 (e 5l alol>
hel gl slllesl lae,Us
Consolidation dam
(side slope stabilization) of
an active landslide reach

(o)l 151 i) yoSgmsy w —F
$10y3 Gl s 50
Sediment retention dam
in the gorges

(A8 ) 43581 bg 5o (ol 55 yeSigmsy s =0
o ly (stgw) 40355 o gl
(4531 bog 50 Hlasls U g s & yuanno)

Sediment transport regulation dam

near the wide fan apex

widyt § UsT iRk gl 6 b )
e s9Hins S g 2o e 5 ( to control unstable bed shifting)
(Lﬂa)L'\.f 9 gy T
$ <

Channel stabilization dams
for fan incision and lateral
shifting prevention

shel &ilsog,

Main stream

<

[FF] (K81 g y5en o295 5 Sloo 03k basLi puw) Lailsdg) wgmy slied 3 o3liiun] 3 )90 iy (sloow glgil ~Y-Y JSs
Lyl >k Slo g mKgwy sow glgl 5590 -V-F

= odle Lol 5l oslatwl g osg 0,55 1 ailg, wdige 4oy jo alite slas )5 5l 1 Kgu; slaos
ks e dacds b,z webais oo )iS g iy o ccond Jrdnd i SLladl (gl o pagmsy b (g5lilals
A sllae [9F Y] 05i o il Jslate slaig, ahox | ciass il glaojl (ogm, 40dis oubas ! lrsl 4 Il

Sl sy L JLiml 5 ol 8 Glidee joo 5 slailsog, slo s i ymess Jodo o), Ken 5 ety

1- Drift Wood
2- G. Piton and et al, 2015



Lailsy, puogy slow 5,18 0y 3 Iyl o o lpb colelllao sloinl,  IFoo/IF/oA ro

S A Cnl p3Y 5 0095 e 1 SKgu; oo Gl axly oSN SO (B e Sl D dadiio g guials
5 o Slasiin (B9 b 5 Sigledee «Suglg o) lasleog, Sliogas 5 5 590 Slaal g Cundye
5 l0dssg, slaow dolog,S 90 10 5L nSogm, slaows glgil Lulul cpl 5 L2Y] 58,5 omes Mitns o o (slojl
Sl Koy Gloejl 5 (cidu o St 5 oo (Gloan .ol sal ools Las (F-F) JSi j0 7 le 8IS slaows
(F-) U5 5o o dalisro eloil 45 Wi oo (A 33 0] 4d5> prlaw 55 (235095 5 033800 5 slojuly Sligwwy s

el 00 LSBJM

- uy

SR (29 5 b pSgu) duw §14539) 39 ySuguny v 814553y ai aSaguny duw
Slot barrier (bottom outlet) Large slot barrier Multiple slot barrier

€ W

gy 1)y b @ao 30 (B slaaije, Wgw 3350 b B glodie

Horizontal slots with closed crest Vertical slots with closed crest

Slot dams 15439, gy o glgil -l

1- Slot dams
2- Slit dams



r

IFec/IT/oh ko gy o sk 3o Loy ol L 5 sy (slocks £13 ~ 90 oS

aJu(fin)
(AL (51519) H1ads aww (a3l 51,10) SIS v

Sectional dam with fin(s) Sectional dam with several piles

Yy T vWw

S8 LS i b ladlsll v SL (29,5 9 A8 LS 15 b Lslss v B Oy GBS U ladlsd duw
Slit dam with horizontal beams Slit dam with horizontal beams " " ) .
and a slot as the bottom outlet Single vertical slit with open crest

Wy W

(L e BIE L) (o5 IS0 v (e o5 BLCE L) (o5 IS oo
Sectional compound dam Gap crested compound dam

Slit dams lolLl 1S gy o glgil -0

[;‘ s;°] Lb‘bl”vb’) 9wy )léfo J° oo lasiw! )90 )b )»S’J’.o&) 6L®M g J&n\:‘ -Y-v J&JJ

Solid body dams <o K5y dws

(1220 231) o yuSugany S

Solid body dam

e yuSygas (sl Elgi
|

: | w s 1 v
T < : 174

|

|

] ‘
Sy ddle b Sioo ySugu) daw SraS ddlio b Sloo g S
Frame dam Grill dam

SIS eSygan ) S
Net dam

(Y £V 32507 adgo hanw 35 (glojsyly Sligusy sl 50 oolisias! 850 S 1Koy s § abio Ssgusy (sLovas —F-F S



‘bdj’}‘n}j)ﬁx’f}«)} 6[‘31—\.«! 6)/))#3)6{} b?/i‘;?l).é wwllho dm/) 1Foo/1 1 /oA

rr

=S 5 B sl ;o 5 wis )T o Blasl s (b gslwilals Gaa b Sl g slaisg, slaas glgl —

g 48,5 plonil 3500 59 5y gL 515 6 Blae Sl s b pley bl puiie LSl 4 azgi b

Dgdige ST e jb sslalals o 51 YL

slooil g o cud b slrasli g Lbd.(e‘).;‘) ).))j Clrdsss 0,008 0 loges (GlaSll 5 Sio loas —

5 Simwa Y 5 S Slabd 5 sloj s ( AT Lol > Jlee Soa b (Gloags (253 a5 5lLL
g g0 48,515 & oMl Janags 05 Jozr landl 5 lgl sl 415l Slga (5 3Ilals iz
ablio ;0 age SR g 005 5 00550l Slag b 13 Gguy e Slojle 5,55, 5l (25w 5wl slaaw —
5 &5 ooz s G3pIimes ony 5l ol (sige) Slse osl JUi Jlas 5 Sl (sla b B oanay b
L5 20 &Y V] oS o Ll cons ol ool & pl adg bl mokaw g ey blis 4o sloj s

o il Coali g yian Sl ojle laie a4 5L S, sla Cews ol 0 oligS o slaas ogdle

gl oo 485 5 &

Lol ol 00ls sy ;S lad glgil 05T paar o i Sloy> (V-Y) Jeu> o

[ $V] ailsogy wguy yleo 5o ooliwl dy90 mSagmy (sduw Elgil 8,15 —V-Y Jgua

Q){)U é)"-o

T95% 9 SKagmry Jedg i (59 rduy oM 4dSS 50 1yl (29,5 ghaite GalEl L ojle ol yo
Dglen B s bl (o5 g sy, Slige,

St lyls cbigmy 3l midn (2o 05 At Jla e 50 9 009 Sgatme O (S Ss Ol i)
Sdlor Sl glaosly 53 (oo (Sgroem g SO3dls8 590

S £

gy 3y b 9350 (B sy

el 3yl Holid lakad g 5 9 OV @ po 45 (550 S5 bl @ azgi b
Shgw, 3l =ity (Pu o A 5 (Sdgaae Soidee ald (b albads o plas glailal b
0lge A Olel ceslie (Su55ls8)50 5 (Selsyee bulrd (65185 5 Cosdimly (g 03 eplal

Sl 4535 99 gy S

£33 5 0ley> o RIS Crge sy sl 5 3505 ot abine cally b sl (515 gy csloa
Sdlos (29,5 6 )lme Sl @b (Fojm Db 258 se (Dl Lulyd 50 (050 ooy

sllal (alocas o wlae bogas) (ogm) 3 5l (o0 D g9l (25 L (o (S350 E939 L
Oyl 005 g gy Soilil slas laval g ol las 5l cass b glaol 3oyl cnl 5l g 00
oo Ggas O

S &8, b Gk orl 5l 9)ls 9529 Glxdl g Jlgl) jobid wlakid Jleo Sl rizren oty slavw ;s
D4 o bais LT plSowinl § (gluk « ST gy0ue cud b sl slaojl o o )y slos!

(a2l s110) bl auw

Wu(fin)
(W (51,19 IS ouw

Sl 3o Lol sla oy cewoVl jo dél ¢ pguy 5L oo Ban pogdle [0S 15 1 Kgm ) sloos
00,8 oo Cawdymly 4 il g ol ladad JUil mile oojle cpl aigds oo

Sleiz! )50 g bailes slawil § gy caiilsl Slas 51y o5l (jgbids Slahad § Slgus, (glailals b
ilse SRl T )l 5 plSoal 5 (g Csllas o Slos 4y bl 5 oails (y5a0 laasl

T TN JUCI AR RCT I

S g el 1) M by adss cud )b pals Jlas! jslis wledad ross ¢ loS 15 glaaws jo
S Sl Sgupe (ot g A8l o8l adss cud b« gliss alss glimme 0,5 Bl L 60 lge 10 g 00)

Sy o 50 w1y e el Liol5l o analsl ailo gy Sligay po a5 b ojle
D so Bie IO 5 Sl 53 Ol (S al 3 ¢ pslid Dlelad LS 5 o5 L e p ogdle

SUN (79,5 3 A LS b lIs o




rr IFoo/IF/oh s jloke oy ot proke 5 LT oLy Lo 3y (5lotas 13l o3 oo

[Y $Y] Lailsogy Cgmy sl 5o colisiwl 3590 uSgmy B Elgil 0,315 —1-F Jgux aclol

Sy, 3190 A Egi

90092 (ool Sy Il (il g b e (A b g o s 5l (R (oS 5 Kogm; Sl -

b e anl 3l e3game sl g Senl pR Gl 5 gl SIS B Blae 5 S L gl (sluslals
03,5 (o0 Bme o33 Sl ) a iy, Slgw; Calas s i

Lyl 5 il o Casdiymly gloojl 5 Gl0g, mgms AkiS walats lodes ol Lol Glasl alex 5 — (5 5 L) eSS

Calap S rmly 4 L po8 Sligesy O] (559,85l 5 008 €3L3l (3500 53 Bge gy )l ¢ Do
5 se
205 o0 55 sl o Slilas 2085 5 So3el5 590 slacs bl sl ailesg) (pgw) 4335 S L -
JAS s Cale mizmen 5 O 4l S p g (g3lilals 5 0eda 50 eSS 39 A pe s SUL -
2biss Sy syt bl

(e SISE L) (oS 7 IS s

Byl 052 bz (gl e bl b sl iy Jb 51 cise b LS gslailals Sl —
20,8 oo BEe Dl ol Jasd i dyoee dain 3l 6503 50 L g 00gs (6030 w8 Sles gl ls -
Sl g e mly Gleosl gllas o Sles 5 ol M S g (29005 Sk e -

PR oy b pSig )

dw solanly g ool wal 3 Do Ll i o cunlie L8850 Sl cojle mhaw )3 (s)le maje8 Jdoay -
be Rl
sloi=)ly Slack > e lp o Jb I » odle lasw cpl canlio g)luk g (LASR5 0 425 L —

‘\“‘“’L'Ls“ wl...a o 145595 win 1Susan;

5 S O3S S SIS (5 sy wzse wojle (258 o Ll @i 5wl s)lme sy Sl o0l -
Dglse (e (2509 Wl 0w ped 5 () Kgw ) Ae &y 91

st 5 Sislsdjee DS s Sl I dS (myo8 alS M (S Sl ogdle -
Al g Cewd iyl ol o ol

T . Sy ) Lol glaas;
il e ilscad o baas o35 5 oad bl Sligw, il bz )i g sl - St e

ol p3o oSl Blas g pi b gl slslals —

i j0 518 &g mds (6o mBul slaz b o slojle Sleladl LIB o lapaSx b cdo slovws -
5 g sloasli w5 anlpl )0 o)US 5 fa Condl oo o (ol s sl el 4>
1 gol3 0l (S5 p085 g 033y s (gldoSgURe (rrizred g AT S

3 e Sagy Sloow 4Bl Cosl g S S Sl oS ol Glgier rizres o lao ) -

g oo ool (om0 3308) oo 5Sigay S

5 A Sl 33 Lol (09w )b S8 oo 5 cod howi o oo las )57 S0 51 -
b oo Cawdml sloesl 4 T (05 s

o9l JLge (gl 45 axib o (o o el Glaladl jo g slojle 0,50, e 5l o sloows gl —

Wgd oo Sl dacslo )

3 5 60,l90 0 5wl oo 60V 98 slaalo b 5 (5,55 £ 5l ka5 50 Blanl el 4 Sio slos —
g g0 ookl o)l ilalad
Szl g lojlus golaly jo s o, Slee 5 aiils oYL LS &)08 waxe d8ln o o Jdoay -~

)l lossls ol = zge 5l ol (Salindg st (595 Sy idlia by e oSy s

A\ ! 74
oyl U Laxy) )5 38l b SbawnsS gblin 1o caws ol ool 4 Sw 4l 5 S S5 olakad J
: |

Q30,5 oo Slasl (g ¥ I
;GA = S dile b Sdie yeSigas d




Lails3g) pSogas; sl )15 300 0 3 Iyl oIyl crlellao sloial, 1Foo/IF/oA re

gl Gl (V-V) oo 08 4095 ¥ 50 (lgs oo 1) 2Sogms) slaos glgil (pmain slaaasiin oulal 5
g lid coow e L slaans Jolds ooes 09,5 90 4y oo o(V-V) Joaz glao (g a0 ,Slas [las 5l ogdleay
ol 6‘)—3 )L,.‘I:._é ) Ja.:b_...: (_g)‘)éﬁ o )5.5 4 ‘e)’y .[?\c ‘?°] D9l (0 (G ot .)‘)T ul.’):> 6‘)“5 oo

oo)fsa dm O‘)~‘ ul.:)_‘> '59|._\_: uls.o‘ (o d...a:lf L: g 00g dbLa ‘SDL.M:

[FF 5T P (S yind 9 i saasiin 5 1 Bails0g) Cigmsy e 50 00liiul 3550 ySsgmsy o (sis09,S —V- Jguxr

oy &S eSSl plge )b plee S E g5 095 0 lod
JLad cog Slit dams with open crest i, 5 NKgm, Gloos Slodise, )
Slit dams with open crest 30 e b e B8S ;K gm, sloos
Slit dams with horizontal beams IS5 g, Sloos
— Sy Y
Sectional dams Sl 1 SKsw, slaows
3T b, Compound dams 5 5 pSogmy sloos
Grid dams — Net dams Sdn ;K90 oo Seieo Y
. o
Solid body dams R PP LW . ¥
(JEIIRTIL)

Jshte olsa 5 ol Gikizee Ll 5 5050 Bl b coslite daailog, 3 ;eKogms, cslovw glyil 51 osliinl

By 9 2] o5y S oo Wl 1) (glodes 4l alog; (paugw 5 a0 e g9 Ll 0wl o
g5 3l Lol (Jome (2lso s ol Lalps 5 055 o0 i Gladg> 5 alodlS Lelss asgorme anyl ) laailsos,
Sl lly s o aidly o (Jolaie (Busesy 235 G105 010505 52 6505 ol (20 5 (Bl Slyes 5l g 000 el
Ol 38l SLaSU Lo £9-89 5 iiwd (guuad cs“""T Slyd s bailbog, (Sis das g i olen g
Bz 3 ol oL 515 L feas g ad laaileog) 0o S o o |y (o3 Slg o5l JUiil 5 oan]
S e Sl s )0 el (59,0 plolasly iz 4z 2w Glaow (Hhb o Wl e (el
L cmiliie Sy a2k 5 SLl auges; 5 (ol 02y (b (atio b lads 5 e 5 o Lalyo
ooty glic b il o lae (b ene 5 b caslo) loailiog, glyl sl ,Lai, 50 Blanl 5 slaslog, Ll

1503 (SOl 5 Aghe dus j0 (Y-V) Jgoz Bl |y oo glgil Glg5 oo ¢)5a5 sladileog, Lalyd 6l 348

23S GaSg) 5 2lavg T Ll pds (6l Cowy Hlew 53 o3liiwl 590 puSiguwy Gladw Guiuog,S —F-Y Jguo

G)Lo.;)
lailog) byl o Eg9 ;
09
Jhs axb,udai) daies sble slaal>os,
zol oty 5 0L p2) Wies Gl b (j5iS
db) e )L.’ 9 (ws " i . i
g 32y b zedye S sadisy) \

Ao gbln ;o JlasS >l gbalssg,
ol g sl g ol ys wlas Jom Jonily (slls

14595 99 ySuga; v




ra

IFec/IT/oh ko gy o sk 3o Loy ol L 5 sy (slocks £13 ~ 90 oS

23S (LailB0g; 5 lgpg T bl (sl gy L 50 03liiasl )50 Syga ) (Sl (gs09 5 —Y-Y Jgur aslol

Q)Lo.&
Slalsogy bl i e Eg9 e
09y
= ) i
bl laailsg)) IS idgy 5l Jol> |
‘U .-
[CIRVEDS g S o g3y g O 3 o {agly 51310 LM
b g ool (b, glyls sladilsog, g laaal ol 4o
(e SIS L) (oS 5 IS (3% o5 IS L) (o 1USCE s
b Sis dod g Stz bl sladilsog,
Glae b vg ¢ (Flash floods) as slaodlw Y
ok
FURT e b g
Sraltog; g SlwwsS slaasliw g LM.M;J "
Slogly S,z 5 s (25, Sk Jeili b
(M 6"‘5‘“ 9 “-j Ja;‘)...:) 140595 i gy T bl s SIS
)J).J 4.«45? o).'l..-f Lgl.tbd.ﬂbl)j 9 leA}LmJ.m
St Sl g cerd o g Leogsd (el sln ¥

(lizeo olsn g Of Lyl ) lao,LS 4

(10 ) s =S4y
iy b slapgls 5 leaal ] 5 loas s o ‘ “ij\; 7 | <7 T/
aos> g ;5 B jesS 5 Slorsly slagl > KKK N /
S abY 9 S lmdl 9,1l e }:‘.)éT —— T
(e glsn 5 O Ll2) st S Ko e el

(Sox idigy )10 3 0l Sass b ais Il (olgi pulii) dlusizo @bl gl ) 69,5 -
Jlw il Jpab ) o (G 5 Sloj Jolae @isi 9 557 slagi b @ 2Siauiae bl la S alo

e 0y L (omonl plls g (50 5 K Sloas ) ol aLS Gibe lpEtul 4 e a5 0Bl

b laie gl 4 g o0g S S (il b (sblie g5l )0 00,5 o (o5 gl oy 5 diee LA L) (ol
0 3l ail ey e ) 5 Blie )0 g JpS SiS ded g i (2o b alie o laailsog) (3las
5 @l slople,z bwgi ool Jo sl clahd g lodl gyl il ogiil 952 (bl (ol (a3l sla S5
930 3l (xla s slaasY (6 lanbl 5 S glsl 5l Jol> (A5 slacl o g 033 ey slosay (pizen

looassay | ol Gy, alis (ojlalali 5 lsll 5 el aogusy Cu e B b ) 05,5 15 o0 5y slads




Lails3g) pSogas; sl )15 300 0 3 Iyl oIyl crlellao sloial, 1Foo/IF/oA rs

Ss Ao g Sis 3l 5l ¥ 09,5 —

iyl )b 5l g 00 ol S ialud Jeudlty  alS iy i s 4y Kb aay g Sis gbls 4o

39 el Gl aiiad (6508 plgd D g St Dud s g (Lo Sl (patiin 0598 ) Sguze) (b 95 5l 55>
Jbe Jolo sl )L VL CLle yogdle a5 00,5 (oo s 1) T3S plg e g i sl 90 b SSU slaode
OB e 2SS odle (Sl gl £ 5 g, (laaw) v Slasl b aiil oo 5 ool
o 90m3 8w i (S050m oday s cale g S NS 4 (Blate Blao )b 5l (o855 i )b Sl (sloses
i Sl e e 5 eah e 4oy Slige ) Sl slme o ST Glz ) b oDl (25755
Saide b 55 (55e slojgs adsS sialB g )lo po e polas sl 03l 98 cnl o 09dse SELSL s Sl

0,58

(Sl dn 9 Sl g aluime I pel) alizo oy londS Ll (g1 ¥ 09,5 —
bass Ko 5 o glons 0l oo ilisee o 5 o Llpd gl cnlio 09,5 (nl ;0 oud ail)| (slaas gl
loanlyl g loasli s ;o Siwad¥ 5 Siws jloe eizman 5 (IS 5 Sloj)ly slaglyz 5 058 e osuy e sl
s 31,55 5y Cunges Sl (sloles 3,55, L (10 5e3ul Sloladl LB o g 5 pl ads> 0y (SliwnsS 5 sy
Jesly L sloosl sl (69,190 50 5 yms b sl ln slaileog, aSids jo 523 ¥ og 5 4 Blate Jlaaiss 5 sloSIS
(\=Y) Jgoz 10 H30 loaw 5150 005 5 )l90 098 oo ooliiwl Gguy o pae Sl Glgie @ o S5 slagyb >

RS PR
S5m0 & e 5 6099 SOk 9 losle lizl Jels ol (Lol yolie Gl lass o Slae 82 jslats 4,
B e JSD Jgda j0 zyaie Allhe jolic (0-Y) S Gillae el 0al ools lis (O-Y) USG50 Sooles
S)lome 3929 Jds a il et i (B-F) JSB 3 a5 g jsbplen 058 o0 (AL 5L Sigm; Sladws Slogile
QMaX) gl (=0 Jladie (St )1 595 5 SLSs CoeS 5l (2955 9 $99)9 DM ST gy008 2 (2 4SS
S9) 3=t gy S 5 Sl e 10 109,5 o0 ol Jhgiws g bl (uSd (25,5 (65 o3l L el
S5 5000 3l JSs llas 5 055 (a3 LE Ml iy b g3lali & 4z g b (1S 50) 63955 ey LS5 000
il 53, S Bl 5500 otee 4S5 el S5 (295 @ (35 ) gllall 0l 8 ) 630 3B L 2o S s,
CgB g i (=SS (et Ol L ablie sl o a5 (Gelyl azedgm) OOl (ptalesp (5551 Ghals

1- Flash flood
2- Sedograph



ry JFeo/I /oA

il gy Sy o 0 Loy ol g pSoguny slodw Elyil - pg0 Juad

slraw Slasl Slegile 51 sidu Glaie 4 (B-Y) USKS Gllae cowl g3V S il oo 1 Sogm, dwo pSainl 9 5,000

3551 B e 2Sosm)

5=y st e o el (o 9L (Byme 5l a5l sloas iz glgil 5l pladises (P-V) US55

b jlge) s )L gilaslals ol cslaslog, aSis jo aojlu ol 5l oolatwl L .casl 0050 )5 (3,20 Laaslsog,

oo glgl (V=) JSi jo il oo pdy 86l OV bawd aiels pizmen g (ailocil o by g saiails calizes

ady> oS )3 (iale b SlagglS Sl ol ol (e g Slosls o sl Sl ool 5550 o 5 St

inlayd om0y L ablie 10 slojle 8,509, b (s o psul Sleladl 5l isu daowws opl 51 solatul .ol sas &1l 5 0]

$99)9 PN SS9 00 | (53979 ey 31,59 0

Q‘ ’ Q:max Qsl ‘ E ®

t t

34 gm0y dw ilises polis

(SIS

oyl

FeSagy do 550

Al (5)lxe g yaSigany S 030w

(bl cbla> gl Q:-alﬁ Axig>

g (555 GBS a6l Sy RS

o5lw 9 3%0 &y (quyuwd aly

59959 3y 9 S 3,55 000

X9 yy § o S5 00

<|vw|o|-6|t|—<|—

=955 O 31,89 0.0

[9V ol i 5l 3L syt 5T sl ol 5 yoagony s —B-F S



Lails3g) p Koz, sl )15 300 0 3 Iyl oIyl crlellao sloial,  1Foo/IF/oA rA

Compound dams - oS 5 0L gy oo 5l o bdige -2
[ 55521 o 9 BV o] Lotilosgy 50 it 11 34 6Tyt 31 yeizgusy Ubtus Elgi 31 gy loigos ~5- ¥ S



e IFoo/IF/oh s jloke oy ot proke 5 LT oLy Lo 3y (5lotas 13l o3 oo

ol ades o 53 ledl g lgll g S Ay § Sow Glalad g (5103 lg Sligay Hloew (51 Soino 1Sgmy Glddws 31 (o diged — 0

[#1 Sl 507 Goad g (sl b S Cgmsy Hleo 50 ooliins! 3550 o § Sniion yuSsguy (SUookas 31 3 BAigoi —V-F S

B0 gy Co e 50 g uw Sl -Y-Y

o 3 nSa e 3,k ¥) s b il gz ge gla Lol 3abs yles se glogie slogs xinl besius |,
L7 l0Y 1 U sl aalS Lwgie a5 s o 2y (610 0,00 452 3l oy bl 1, loos o5k
u_xia).auo O)L».L:..A/\""" )’é”’)“"us’l'?:’ d.JLJLw g_:uj) Jawjmju.x&a).uo Q)L\.L.A ?°°°L$.3u> Q)L%o w..?t.?-) d)‘d )

(S yim sy Joie) ;528 sloas (il 50,85 Y0 o 31,55 008 5| Jolo b5 oy 3illae ¥4 (aib

Ol jaie olel 5 ke @ Y] Wl oo Laseine ) 70 /8A Jolae slalle 2als &5 55 (F-) Jgoo )0 ok

2 xS Hgaheo VPO el 08 ) 4 Cge ) bl SI s 5588 e sube o8 b alS Ce yu o(F-Y) oo



[b‘b‘l"n}’))ﬁf{}«l) 6[‘35\.‘0 ‘5)/0)‘-'0)@3 //'o’/“;’//-b wwllho ‘5&»&/) VFeo/I1 /oA

o

VR ojlad ay i ay gy ALl 25 g (e (BT 5,000 (pgad )0 ke Dbl ) cl (55,0 Lo

gy 5l @YU 5 i Sl o [Y] (08,5 annl e ,9i8 O o (8 sla s § Lulgs ags &b

Syl 13 Il anwgy Blaal b gam bla 1o go0g b y> J S g pedas Slacilh g oo (3 sl (sauags

[¥] gy il 51 2 (3l oo Al (SIS & i brwsgiin 9 9l (33 51 (gl (1,59 )it i —F-F Jgur

FSlas b gio FSlas bwgio o buwgio o luo & gox0
. adgl px> . o3be ol
039 (BNgmy | 0519 (Bhgwy | A¥lw Lol | a¥le Ll | euud aldlil wligw, e nal slasy> i15
< . < . e . e . ) . 2P gy
Pl bades| ppl (bade| (il paxe | (b paxe | o3le S5 aildLu RyEY "
JUw 30 @9 30 pioglaS” 3o oF oy oo S yio gk | cSo yio 0y bilio Km’
TYa¥ | ASY Y XA o SA V80 Y€ OV Y558 Yo

Opmaasiin g i ,ael L5 0000 5 e cogay et (g3l 51 A6 slaaely g Oled b ablie &g 00

2 shee bl (g s slid ple Slilge 4 xSosmy Slad 5l s 6 S o Aol 4 g b sl

oo osls i (A-Y) JSii 40 a5 asgSolen ogas ool ,o [FFlanle B me oo (5l cud b Lias o Lo

50 Wi SlelaBl 5l isu lgie 4 Soge, (slao 1 solaiwl adu sl Hlellius 5l ol |y pl5 598 !

.J}.oJ b.SJ; sl.ﬁbdjl}.ba) Sgwy g s.j eLa.Q Co e

A

2 Sbow adss glaas o »
3 L R -L e
(,”f &) -

(s

1) Cgmwy o i Ololudl
(Remedial Actions) = Ml Sleladl =Y
(g y Blyouil) H3,LS figs Sl -
O ¥ -
Lle gl gl alss -
Sdls Slles -

(Preventive Actions) !Xz Slelad! -)

o5l Slides -

[ s st Sl -

(@159 (o) oo, iS i § o Jooas -

[Fo 5 ¥A] cnl5 oSl « il loladl g paguny Glbow Slao b ¢y 3lke Cgmy Cu yoho i Glaigos —A-Y S5

1- Preventive Actions




" oo/ IV/oh b0 gy s peto 33 s T olSs Lo g iy (slinkas 13— o9 oS

Bl JoS ol e 95 Joo coud ail)] 65U Billae ()3l gmy o e SLeludl s gz
ol (O35 & 3959 5 3 am) Jlee) 0jBee SVl jo il Ry olaladl —
Syl psul Slles @
2Ny Sldws Slas| 0
(Wo,LS g yiws ol 5 ool o) il gwaigeo Slaldl @
ol (35 5 2l 4 s,y Culan) | casupdle wloladl —
St Sldos @
O s9nY
Ll glagl,>als o
(g, Slzil) (35 LS Ly Slos| @
5 o s 4 Laanly pl 0 9w o plaisl ogs 4 ) 4l ) iy DLl 5l cage (idn GuSigu, sladus Gl
5 Grnlaos> oS ;0 glojl 5 Sujslsm 0,505, L) 55l055ul Slles a5 (el sl 00 ai3la o ey
GelS sl a8ty s aden 5l 53 ailBsg) (pwaige SLeladl lyie 4 oo )liS g i S g ool hoss
0SS oo b 1) (i glacal) (905 Wil (ogas 50 ke (s g S o5 wlioe ()3l 4 (6995 g,
s Lol o el L fSal, (5358 5 Labs, £955 & 5 b 5 isugdle SLadl 4 55l
Gaa Ly 5uKog, sloan 5l ooliiul Lloe digei 04 oo dnogs [£2] o [Fe] YAl ol (ogas ol jo g cunl

[Pa] ool oas ools Las ol 5 Mawe duw (sl (A=) JS5 50 b (33l 4 (639,5 wgmsy 5les

1- Remedial Actions
2- Miwa Dam, Japan



bailrogy pSosuw) slodw 5,000y 9 2] (2 lb colallao sloinl, |Foo/I1/oA rr
<L adss
Sligs, anlss 5 A
prm—— 65000 m3 50000 m3
30000 m3 59959 )
572000 m3 sUL
lgos S 239000 m3 < 622000 m3|
Miwa Dam <= V4
ST T = / -
275) ¢l T D)
163000 m3 46000 m3
ST P
1 YrKepss o
431000 m3 sy AR g LTS
LAS,LS By &
oot Al Cgmy pane [ (SN2 s S | 28 ) per | s o2
g | i ) . e | BOCE
o3 0wl SUL s gl s2e% s | Al oz L |l mth | Slles Loslo g5 Sleladl o8
% m3 (%) m3 m3 =05
I
50000 V eSig ) S )
18.5 115000 W Sy
65000 e e | Y
268000 | 22505 B ey s v
74 46000 4 S A e e el B w5l
: 30000 S35 3 srenY T £
163000 Slyg, K26 o
92.6 576000 Al (2a,5 5 (ol g Eaeme
145000 m3 <UL 20y Cgwy oo 431000 m3 LIl (25,5 g, o> | 622000 m3 Lo 05,5 g o2

[P (315 — Tgmo duw oo (330 41 (63959 Loy Jleo 30 puSguwy (Goduw (i 31 (gldiges —A-Y b

SIS Jolrs aldlos acdss 5 g oSl o ) 5oSigms, clooms 31 oolizial b ((3-Y) U5 Sl juie olbae

oy 5l o i Coloa 1 (gl pegdle ¥ pSigy d uizren 08,5 oo o0l B (35 4 (99,9 Cgm,

L YPAe oo m® Jolas) 0,00 coge 4 Caws ol o3k & ' )05 LS g b 511 o35 4 (699)9 (o 5 s L)

A gy Sl ol b A5 LS Bgi ate 509381 (A=) UK Gillas oymaasine oEaus 5l ojg el cunl ;S8 a4 p3Y

(Wl (639)9 wgm) 51 /Y

Comy 9 2l i 5k (65100500 Blaal 3iz 10 S0dS 5 ngh (Jso (5lre g a5 sla by, degecs
S i L oo (B o] (el ) g paenssST s asmaten s Cuga L plojen g ladilssy,
o=l Jaie Cews b @ (35 4 09 5 B (Blae 5y JL) (o9 5L 5l Slodes (A5 (S (g, DS
Oile= sbaml (JLal il Ll s (61,80 4 a5l (cxmb 5l el (e Sud )b L el 3 )b

De-d g Hb T 4y Tdlo O bMasl 5 03g: s Jb W86 29,5 Gl o 350 15 g5m) [l yels (glailals

1- Sediment bypass tunnel (SBT)
2- Hungry water




Fr oo/ IV/oh b0 gy s peto 33 s T olSs Lo g iy (slinkas 13— o9 oS

5oL (sl ialn p g8y JUinl cub )b 555 (clind, 53 5 ol VL S S, STl (e 5| 2 o O
eotacls las 5 Sislsdee Lo lomal jon Lide 595 45 93 5 (oo o Cews ol sloosls jo 1) Bjlaie o2
5 Blo Ol oasay 5oy 5l easdmly & g peins JWES! 5 35,65 Jigi 5l ool b 08 o0 (A (aroroiens
2 e o 9 5 LS B eolitid ogas o ea Slyzz) 99,5 o 5553k o sl slaualy
(col s il [#4] 5 [¥a] o 1o

5 monY b)) (el Slladly (s, laow Slasl) Al Kagy (b9, 3l L g s (ogas )
S il yme 45 o IVIE b g 00sd,S peers 65955 migmty b 3 LAY o el (IS,LS g ol
Sl 70 dg0 g 0o (gjlasilals 35 4 (639,5 wgm, LA cu B S b Jolaie sla g, 5o sl ,S3 4 p3Y)
O3B 4 (699,59 gy S e 5 1 Sogur; Glaos jled S eolatul (VoY) JSKb alss (o (05d o0 g, (5
[ra] ool onss (Byme nls 925 4o oo

el 5l ey 5 ol @lin 51l 610 0500 S e B b Loailag; igusy (s welds 50 gy gl
bz Cupie o JB jo a8 (0l j9iS ladileog; sy (N 50 (1)) USE Bllas aidlios Jlo,55 2 (oot
eyl Lado g gy 45 Cnliw 0 (55 50 Cgy petane Sl (S 050 Sl polits st Ban b g,
LYV Jolae mals od,) asldls Coy Jlae 10 Koo, slaocw i [Fe o VAl ol 00385 (g5 i

sl e

1- Comprehensive Sediment Management Programm



l@‘b‘l"n}’))&}«)) ‘5191-\.«4 6)/)):'0)6:’} b?/:‘f/).b wwllho L;la.&b/) VFeo/I1 /oA

rf

03 StV 30y gy de @ |

blel Aimata Miharu
B \ 95k
& >T Agigawa \
15 )94 Tedorigawa i

I K5l Managawa Y

«*$$ Nunome \,\\\ 3
3 \

;5592 Hitokura '

$¥ Murou SN
<> Haji -
Yasaka _

2w LUL

i cah
- Nagayasuguchi

Tomisato

Nibutani _
VN

N

NN\ Miho 98 e

' Hinachi \ "
e

Kawaji >l

Urayama b 14!
Futase awbgd
Sagami VW

N

\

-
N

N\ O Koshibu  swsss
N . -
e Akiha & si

\ Yahagi bt

—~ Kawamata Gllgls

Shimokubo #s5 sess

. Miyagase aulSle

\ Nagashima L. s5u

[¥A] 15 y9uiaS 50 (o3 (slouw ¢ 3le CawdWl 30 Ssgay (S CarBgo alins —Yo- Y S

L alsog) Slile wsw,)

13 s o

200 MCM/yr

A (599,59 )

Cowd by s ailsog, $
100 MCM/yr (50%)

44.5'03)

o (531wl ali Cguny
reSagey Glaows 5o

55 MCM/yr (27.5 %)

O30 55 eul LBl gy
45 MCM/yr (22.5%)

b aildog, 31 Cguw,y Culls
(A.u:Ln 9 o.{::)
25.4 MCM/yr (12.7%)

Lyo

A

Lo 4 (699,59 Loy
74.6 MCM/yr (37.3%)

MCM/yr
Jlos 50 caSlo i (gl

[Fol (115 9 ;0 LALESg ) Camy (e 9 W (y5lko 41 (69959 gy Lo 30 puSaguy Gladuw (s ~N1-Y S



ro oo/ IV/oh b0 gy s peto 33 s T olSs Lo g iy (slinkas 13— o9 oS

2SS Gi5e da sVl i Siges; s 90l eolil (Gl e 50 1Sogw) ladn 0I5 51 Koo digad

Slasl oldy g9, adgi polas 5 oyt cd )b Laas Bua L aS wib oo (AD MCM adgl pz L) Lo S
Syl gy amme g e VF 50 ousd @las laaw gl coul oo Sl [Ve] a0 o o Slaje g oms S
88,5 o Gize OMw ogw, Lb 5 pds lp o cud b (slo,g0 adss Lol oo VA MCM Loyl (g5laslals
Oyt CmwdYl 4o L Sg, sloaw il 3 o YQSAKALA RURRUST PRLINR) PR SP W~ X WG KC BT V-
D152 53 rna e sl 55 TF MOM S, gyaman by Iyt 5eSipmy slotas s a5 10 cplS 5
O 50 08,5 a5l30g, e 40 Og3ge (3le CawdVh 48 oas Slas] 1 Sogu, sladw ¢ (Yae MCM aJygl cud b

el oas 6l [VA] o)l a0 ,0 ba)] Sl s a5 ol (68,190 ;500 5

1- Kulekhani Reservoir - Nepal

2- Saigmon Dam, France

3- Cull Canyon Reservoir, California

4- Shihman Reservoir- Taiwan

5- Yellow River- The Downstream Reservoirs



@& omoorepeyman.ir



¥ Jeo

% ol o
39 3 990 s g 4L

gy S o1 0




@& omoorepeyman.ir



r IFoc/IT/oA  pSoguy slodw 216k j0 jLid g0 i g 1l Olelllo - ppw fual

OS2 ey L Sl 2 odle 45 dged I Al (cwaige Slaldl aboz Sl g8 oo 1) eKge; Slav

Bl 5l slo o e g Cuypoe albolas 5l ciZ plgie 4« Sa3gle8 50 (slaie Lulpd (51850 bg oog Hge f oM
gl wgllae o, Slas (e 5 (Hhb Sl (ren 5 2leilz 5,00 5005 (o0 Slaml daailsg) g 5 o
Sl ot 9 Jugrd csslasilely dyal o lad g b (b (e Sldllas (ialag Slallhs S50 pll 55

a8 abo 5 (S Sils) ST 935 bl aoy — V-

SS5955 Loy 2 9 (i 5 (oo (oulidinme) Slalllas Sogw; slavws Cobe 5 oleile 5 Ak 5
ol (81 g 009 LoD oxles g ol (o pein 136 Cov 1 Kogm, o ol (50l Cusal lls
docis somdy 989 Slad L ablie wjlu pos)ly (Seolins 5  Ssliwl sla,lb poogdle day] (6,laul g plSoun
Sl Slmogas (ol Gos () gloay SFiime; slhaastin 38 o n { GRS Lid OIS,
Sl o il p3Y gy s Joee Sl j0 odleds oS o b | s S Cple g CuxBge o o g S
a5 slesls 5 sleplz dasis joss daojil o) £985 Jmily oy, gy 355 (23l 5 4y Slalllas
S s il e sl 4 (s lasijle 5 (Sldllas eogazms (olidiee) Sliogas 5l Sls oS ol S,
SIS

‘S.wl.wuu.ho) Oletlao —V-)-Y

5 P, sleo) e ey ) ol g Sblwgs i yiws Lol 5 (35 e s sloa i o wlid o)

VY Y] iagai lgie ) Spgo 4 Glgiise Ty S 850 (28 GG pam o] pllai 5 eges wlidar

(SOG0E wa.wu*o) —-)-)-¥
Slyasd ( (Ko oo (Fadd > 5 (F3jlgn a0 (oagee (oot 9 (S5 Slrogad g Slasie Jold
Slasein pluw g 7k odgase Cilu o) wdgdome ($55)99,90955 g0 Sladsjle chrogi ( cwlibaiz ()65 9

G il e 4 &l L) ddlaie gliogm, 9 Giulw,d LB slvalini 4 s douile yulas GM,LWM)

1- Seepage
2- Piping
3- Up Lift Pressure
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1- Settlement

2- Subsidence

3- Badlands

4- Excavation Problems
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1- Fill
2- Foundation Engineering
3- Test Pit
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1- Cone Penetration Test
2- Standard Penetration Test
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1- Open Sediment Retention Dams

2- Masonery Dams

3- Concrete Dams

4- Dams with Concrete and Rock Material
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1- Retarding Dams
2- Bottleneck
3- Flash Floods
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1- Tangible Benefits
2- Intangible Benefits
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1- Probability Distribution Functions

2- Normal and Log-Normal Distribution

3- Pearson and Log-Pearson Type Il Distribution

4- Gumbel Distribution (Extreme Value Ditribution)
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1- Continuous Event
2- Single Event

3- Design Storm

4- Regional Analysis
5- Direct Regression
6- Index-Flood Method
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1- Reginol Flood Frequency Curve
2- Youghiogheny River, Penssylvania
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2- Hydraulically Controled Bedload Sedimentation
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2- Uplift Pressure
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1- Sliding

2- Piping

3- Shear Failure

4- Soil Bearing Capacity

5- Allovable Compressive Stress
6- Homogeneous and Isotropic
7- Elastic Limit
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1- Eccentricity
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1- Finite Element Method
2- Overturning
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5- Overturning Moment



" IFoo/11 /oA Koy slow oo — o lg oS

gLl 5 (ol (AN -V1-F) S Gllas o5l slul (5l liselsl o po 3a25 6l p (S39 slaojle (b 5o
25518 aiae wb eojle sl Gkl (sl pliebsl ol o Jgax (lp sl oy 005 0 j5bite 1Sogu ) s
alp b amiie cnl p3¥ ciemdVh dzy 5o ' LaiS (55 goBy 5l olia jelate 4 o3l slul ks ogdle
[A V]l joee o Shoo i 5 (0 )V -F) IS gllas (R) 03l slvg s 4dlge
S35 R 1o 03ly aoiin (69,5 1R oSl g (I (slog i aiie s 4 iRy 9 By (0 -VV-F) S o

il (S $9) SWaol (g9 Frog axtin 59,00 J& 35 50 Slatie Y g X calol> ol oSe
o5l b33 S —0-)-Y—F

‘,\_.54_..152_,’54.._._“9 5&515.]4_.41 3 Sl =y Sy yS y ‘_g)’ljsjm)o*gséél Slog s axiio a5 90,0
(Vo o fl g oo Ole iy ally b i blae jo bbbl (o o ail o slasl ol o o L ol

FISZH_FV:F_“>1 D)

R Ry

0.15-0.2 Hd

& S b 5o (R) ygo slog i addgo dmisn yil alalli — o 39 12Ngmwy o jo gl )l a4 Cad b 9 (9 Py el — I

oY YOI (539 sRsgmsy (Goaw 30 g0 Loy i diin il alai 5 £ )1 &) Conmnd ZU 9 (3 28 onilid —IY-F S

Aol Py oy 5 gy s (3 5l ol (G958 5 T GRS 52 (595) o (sl adlge aipl s 1358 Al 5o
Sors P g s las 5 o o Sasl oy i ol Sling oup 9,00 9 S ily (65,m) B8 sy s
‘55-“’6‘ wl?u ).:) dJaa‘) )| 6‘51"] LsLs'b).Mw 6‘).: o )lm MLGA - Jl>9 O)Lw O S Klas!

pu=tanA, A=2/3D Yv-Y)

1- Tensile Stress

2- Net Horizontal Force

3- Shear Resistance or Friction Force
4- Cohesion Force
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Abstract:

Sediment retention dams (SRD) are one of major structural measures for implementing sustainable
reservoir management policies and establishing suitable morphological conditions within the river
system. Because of their mere function in filtering bed load and excluding suspend material, such barriers
are commonly known as “bed-load retaining dams”. Furthermore, due to the presence of outlet holes the
term “Open Check Dams” is synonymously used in the literature. More importantly, considering their
hydraulic characteristics, different types of SRD are collectively classified under two main groups,
entitled: Slit Dams (having free flow) and Slot Dams (orifice type or pressurized flow). Generally, SRD
are low structures, often 5-15 meter height with limited basin capacity, hence not categorized under
ICOLD definition term. Considering such realities, in this manual while basic and fundamental
engineering aspects, pertinent to subject matter of study, design and construction criteria, are highlighted
thorough chapters 1, 2 , 3, 4 and 5, especial attention is also dedicated to subtle subject of maintenance
and operation principles in chapter 6, in which sediment extraction and processing scenario has been
specially elaborated as an effective way of dam life extension procedure and indeed a dependable
alternative for sand supply of inherently hazardous river sand mining practices. For an effective chain of
subject presentation, the various chapters of this manual have been arranged in a way to provide efficient
and logically extracted text content from vast spectrum of existing literature. As basic data is a
prerequisite for sound project assurances, chapter 1 provides a framework for statistical and technical
data collection methodology and reconnaissance field data acquisition. Chapter 2 deals with various
forms of open barriers and their potential application in river engineering with emphasizing their crucial
role in reservoir sedimentation management strategies. To provide a systematic prescription for basic and
specialty study subjects (geological, geotechnical, socio-economic, hydrology and ...) chapter 3 is orderly
arranged. In this prominent chapter the utmost important sedimentation modeling - simulation techniques
under various scenarios and dam types are thoroughly elaborated. Chapter 3 also includes the core
elements of flow regime duration, design flood quantifying, appraisal of the entering bed load and its
gradation, procedure for software allocation and graphical algorithm to determine sediment accumulation
and trap efficiency(Te), based on the specified bed grain size or design diameter. Following the
fundamental notions of chapter 3, the design policy for SRD is hinted by elements of chapter 4. This
chapter comprises two major issues of hydraulic and structural design of the dams. The importance of
using experimental equations along with modeling technics to accurately quantify SRD elements (dam
height, sediment volume capacity, delta slope value) are part of chapter 4 identity. Stability criteria
against acting forces up on the structure, spillway dimensioning, stilling basin specifications, construction
cost and optimization algorithm, encompasses the remaining part of chapter 4. Following essential design
steps manipulation, chapter 5 is intended to clarify the important executive aspects of construction phase,
required for SRD under varying field conditions. The importance of maintenance and operation services
has obliged to pose problems such as data collection, structural behavior monitoring, sediment
excavation and setup of operation organization separately in chapter 6. A list of glossary using most
common and relevant technical vocabulary is also included as Appendix1 of the manual.
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