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s 6&»;&..5)14 0,99 ;O A LSL‘“.-"B? 6‘)‘.’ Aog> )30 4O LQAAS} slaws B Jgoa=

2 yr Design Flood, SB1 Basin

5 yr Design Flood, SB1 Basin

Dgn. No Dgn.1 | Dgn.2 Dgn. 3 Dgn. 4 Dgn. 5 Dense Dgn. No Dgn. 1 Dgn. 2 Dgn. 3 Dgn. 4 Dgn. 5 Dense
Sub.B 1 10 10 20 20 0 100 Sub.B 1 20 0 20 20 20 100
Sub.B 2 30 40 40 40 30 100 Sub.B 2 40 30 50 40 30 100
Sub.B 3 0 10 0 0 10 100 Sub.B 3 10 0 10 0 0 100
Sub.B 4 30 70 50 80 90 100 Sub.B 4 50 60 50 90 90 100
Sub.B5 10 30 20 20 0 100 Sub.B5 10 20 10 0 0 100
Sub.B 6 30 50 60 50 100 100 Sub.B 6 60 70 70 100 100 100
Sub.B 7 50 0 20 20 50 100 Sub.B7 30 30 40 40 40 100
Sub.B 8 0 30 30 30 0 100 Sub.B 8 0 0 0 0 0 100
Sub.B 9 50 50 40 40 0 100 Sub.B 9 0 40 40 30 30 100
Sub.B10 | 40 40 70 70 80 100 Sub.B 10 60 50 70 70 80 100
Sub.B11 [ O 0 0 0 50 100 Sub.B 11 30 50 30 40 90 100
Sub.B12 | 30 60 70 70 50 100 Sub.B 12 50 60 0 40 50 100
Sub.B13 [ O 20 0 0 70 100 Sub.B 13 0 0 40 60 60 100
Sub.B14 [ O 0 10 40 40 100 Sub.B 14 40 70 60 70 90 100
Sub.B15 [ O 0 0 0 0 100 Sub.B 15 0 0 0 0 0 100
Sub.B16 [ O 0 0 0 30 100 Sub.B 16 30 30 0 20 20 100
Sub.B17 [ O 0 0 0 0 100 Sub.B 17 0 0 0 0 0 100
Sub.B18 | 30 40 50 60 20 100 Sub.B 18 30 10 20 10 0 100
Sub.B19 [ O 0 0 0 70 100 Sub.B 19 0 0 80 90 70 100
Sub.B20 [ O 10 40 80 70 100 Sub.B 20 40 40 70 70 70 100
Sub.B21 [ O 0 0 0 80 100 Sub.B 21 0 40 50 80 90 100
Sub.B22 [ 0O 0 20 20 40 100 Sub.B 22 10 10 0 10 40 100
Sub.B23 | 50 50 60 60 0 100 Sub.B 23 0 0 0 0 0 100
Sub.B24 | 50 60 80 80 100 100 Sub.B 24 60 60 90 90 100 100
Sub.B25 | 70 70 70 80 80 100 Sub.B 25 60 70 70 50 80 100
Total 480 640 750 860 1060 2500 Total 630 740 870 1020 1150 2500
Cost 6432 8576 10050 11524 14204 33500 Cost 8442 9916 11658 13668 15410 33500
Qp 3.53 3.00 2.72 2.46 2.25 4.66 Qp 5.49 4.99 4.38 3.88 3.61 7.58
2 yr Design Flood, SB8 Basin 5 yr Design Flood, SB8 Basin

Dgn. No Dgn. 1 Dgn.2 | Dgn.3 Dgn.4 | Dgn.5 | Dense Dgn. No Dgn. 1 Dgn. 2 Dgn. 3 Dgn. 4 Dgn.5 | Dense
Sub.B 1 10 10 10 10 30 100 Sub.B1 10 10 10 10 20 100
Sub.B 2 0 0 0 10 0 100 Sub.B 2 0 0 0 0 10 100
Sub.B 3 0 30 40 70 70 100 Sub.B3 0 10 40 50 80 100
Sub.B 4 0 20 20 40 40 100 Sub.B 4 0 20 30 60 100 100
Sub.B 5 0 10 30 20 50 100 Sub.B5 0 0 40 40 60 100
Sub.B 6 10 20 40 50 50 100 Sub.B 6 10 20 30 60 90 100
Sub.B 7 0 0 10 30 20 100 Sub.B 7 0 10 0 20 20 100
Sub.B 8 0 0 0 20 50 100 Sub.B8 0 10 20 30 80 100
Sub.B9 0 0 10 20 30 100 Sub.B 9 0 0 0 20 40 100
Sub.B10 | 0 20 20 20 20 100 Sub.B 10 0 10 10 10 40 100
Sub.B11 | 0 10 30 40 40 100 Sub.B 11 0 30 40 60 90 100
Sub.B12 | 0 0 0 10 20 100 Sub.B 12 0 0 20 30 60 100
Sub.B13 | 20 0 0 10 10 100 Sub.B 13 10 0 10 20 40 100
Sub.B14 | 0 20 20 30 40 100 Sub.B 14 0 0 10 30 20 100
Sub.B15 | 0 0 0 0 10 100 Sub.B 15 0 10 0 0 10 100
Sub.B16 | 0 0 0 0 0 100 Sub.B 16 0 0 0 0 10 100
Sub.B17 | 0 20 50 70 90 100 Sub.B 17 0 0 20 40 40 100
Sub.B18 | O 0 30 70 90 100 Sub.B 18 0 0 40 70 80 100
Sub.B19 | 0 0 10 30 50 100 Sub.B 19 0 0 0 20 40 100
Sub.B20 | 0 0 0 0 0 100 Sub.B 20 0 0 0 0 0 100
Sub.B21 | 0 0 0 0 10 100 Sub.B 21 0 0 0 10 0 100
Sub.B22 | 0 0 0 10 30 100 Sub.B 22 0 0 0 0 30 100
Sub.B23 | 0 50 60 80 100 100 Sub.B 23 0 40 60 80 80 100
Sub.B24 | 0 0 0 0 0 100 Sub.B 24 0 0 0 0 0 100
Sub.B25 | 0 0 0 0 10 100 Sub.B 25 0 0 0 0 0 100
Total 40 210 380 640 860 2500 Total 30 170 380 660 1040 2500
Cost 536 2814 5092 8576 11524 33500 Cost 402 2278 5092 8844 13936 33500
Qp 10.89 7.8 6.24 4.96 4.35 8.46 Qp 21.28 15.93 11.99 9.33 7.41 8.46
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10 yr Design Flood, SB1 Basin 10 yr Design Flood, SB8 Basin

Dgn. Dgn. 1 Dgn. Dgn. 3 Dgn.4 | Dgn.5 | Dense Dgn. No | Dgn.1 Dgn. 2 Dgn. 3 Dgn. 4 Dgn. 5 Dense
No 2

Sub.B1 | 40 50 40 40 90 100 Sub.B 1 10 10 10 10 30 100
Sub.B2 | 40 40 50 60 80 100 Sub.B 2 0 0 10 40 10 100
Sub.B3 | 10 10 50 80 20 100 Sub.B 3 10 10 10 10 70 100
Sub.B4 | 0 0 60 70 90 100 Sub.B 4 0 10 20 10 100 100
Sub.B5 | 20 20 10 30 100 100 Sub.B5 0 20 20 20 50 100
Sub.B6 | 0 0 10 20 50 100 Sub.B 6 10 20 50 70 50 100
Sub.B7 | 30 30 30 40 90 100 Sub.B7 0 0 10 20 40 100
Sub.B8 | 0 0 30 50 50 100 Sub.B 8 0 0 10 10 80 100
Sub.B9 [ 10 50 60 60 10 100 Sub.B 9 0 0 10 30 50 100
Sub.B10 | 20 20 10 10 20 100 Sub.B10 | 0 20 40 40 20 100
Sub.B11 | 0 0 0 0 80 100 Sub.B11 | 0 40 50 70 80 100
SubB12 | 0 0 40 70 80 100 Sub.B12 | 0 10 30 60 30 100
Sub.B13 | 40 40 0 0 90 100 Sub.B13 | 0 0 0 10 20 100
SubB 14 | 40 40 60 80 70 100 Sub.B14 | 0 10 20 50 30 100
Sub.B15 | 40 40 0 0 30 100 Sub.B15 | 0 0 10 0 0 100
Sub.B16 | 0 0 0 0 50 100 Sub.B16 | 0 0 0 0 10 100
SubB17 | 0 0 50 50 0 100 Sub.B17 | 0 0 0 0 100 100
Sub.B18 | 30 40 40 40 0 100 Sub.B18 | 0 0 30 30 70 100
Sub.B19 | 70 70 70 80 0 100 Sub.B19 | 0 0 0 0 60 100
SubB20 | 0 0 0 0 70 100 Sub.B20 | O 0 0 0 0 100
Sub.B21 | 40 40 40 40 10 100 Sub.B21 | 0 0 0 0 20 100
SubB22 | 0 0 10 0 20 100 Sub.B22 | 0 0 10 50 30 100
SubB23 | 0 0 0 0 50 100 Sub.B23 | 0 0 0 0 90 100
Sub.B24 | 0 0 0 0 10 100 Sub.B24 | 30 50 60 70 0 100
Sub.B25 | 60 60 60 60 0 100 Sub.B25 | 0 0 0 40 0 100
Total 490 550 720 880 1160 2500 Total 60 200 400 640 1040 2500
Cost 6566 7370 9648 11792 15544 | 33500 Cost 804 2680 5360 8576 13936 33500
Qp 7.34 6.72 5.85 5.04 4.21 8.80 Qp 28.47 20.62 15.96 13.40 11.122 8.463

o 0, IS sl el 51 Ldm A g
OlSen 5 05 ol S Joo bawgs

Parameter by )

359l oal3alel s

CN 72.6 82.7

Tc 0.75 11

R* 0.5 0.5
R+Tc

v




aA



19



S azms —V-0

L LS g 0ggls oalyplel slaasss> Clly, Glusgas 59, p kooSs Slaxl Ol 31 asllas ol jo -)
0855 ssbiie b eizmen g 0h (o) Siledinge 9 (SHgyned il Joe @il 5l eolanu
Ghall Sl &S puSs (5luil 5 Dliga, 4l ISt paSs cle 6l ()l 5 e 4 jo
2w ol (20 Rl Sl ol (pl &S wd Bk g O eSS )0 LeesSs (5135
Bedioe S SVsb tF il sloo s
Jas b b ol e slaclys aslan b wagly ool plol ass> slp (g5luJone jo =Y
g FY £ O FA oy @l g0 cuiS 3l 0,90 ,0 aS ol cudline Cewl ounis oolaiul LpouS>
oais oolatwl paSs I oS Sl 4 cons 1) O gl (o0 Slade agy slaclex ws s £F
FY DY DY 1) Ol S (20 dige Clo> 0 clle oy T3k 0,50 0 .ol ools als el
mdgs Joe Clox 0 Coles ol sols rals poSs e Sl b anlie o ds 0 FA 4 £F
FF oy 4 paSs o A banglie o 1) Odew gl (o0 Al 00 cliS5l 090 0 il

Sl oold juals as 0 £ 4 FY DY D

oS> 5 aSlill> b oyl avslie 5 (g5lwaige Joo Olaz O 5l ssel casas ol [l ase> sy

Al oo 7 s Sl oo oolazul
sl ol do o Ve 5 PY BY e NP o5 4 O zol (o0 e alll g0 cliS il 090 o
Ja8 b b awlio ol Odlew Soo (00 Jlade ags slaclex allo iy iS5l o590 (sl .ol
0,95 5l p plil s .l ools als ao )0 £ 9 £V B XF V) (i a4 conl oais colaiul pus>

S aSiley a4 G o) 3 PV 5 £ BT (YA NP Gl 4 OV S o0 Hlade Al oo iS5l



looS> 5l ooliiwl ool Cawds s 4 axgi b .ol 05,5 lag 2alS sl oois soliiwl lgosS>
oo, Jlade g canl ool oLl cude 3 GYsb iS5l sloo,go slp silwaigs Jow Lol o
glie )o iy Joo slaclex 5l Sope 6l e Sk slweyes sl SMw S (23 S
Lol 039y 4z g5 BB jlows (puS (g S L
S 3525 gl eaige slp GIel (ul 63l a9 S3le et (EAE Joe gl Sl eslaal L -
ot b Jb Shliel mhw pmres 5 aihie oldlpe bl g @l o) b &S

Slosl gjlwaigs g ilwacd il Jow 5l sael Cavns Lo g 0ol )53 0lge 4 axgi L -F

OlF s Iy Ow Sl gl oo Lmé.@‘).g—‘ A 5 cawlio g Ay Shgar ST Lo S
2,5 3yl
Slpodes S G (pl g aiie wlis 2l b )b Glie 4 Cand e ool -0
ooy sl 5 Wload Sl Bolar sl Yeans by Lo il o calides 2S5l sloo,ge >,b
Ao by WS R GilesT 850 syt o ST Sllllae o i i slaclsz (504

D550 18wy 0590 0] Sladllas yo ¢ o Calad pae 438

Sz -Y-0
Silwaity Jao o ol lojle ai zyb st 6l (o)l caebpbl cpl o
58lg,0ee Jaw 4 NSGA-II adosns giluagy Jow .l ool &l)) (giluwans i

GlwdineS slate Blaal o Jolss caipoylis aS o5y agy loole> U ol fate HEC-HMS

3OS ppl asg jl ade> 3 90 Gl ool @l Jow gl ool el duie g O gl o0



M 5565 Slocdl gl ane slag,b 9ot 485 )15 4y (63,50 aslllas plgie 4 5 Gl
039 4 g s JyUS sbro3gy (55lT Ak slran o (g5 oo 00l &) Jae 0 )5 Lol s
2 S sb a3l oo s o 1y o sl 0 e 5 0l lS iy iz b, oo S

)5 aeS Sl pasd i je Coll e (23,5 LS
Gilwdae Gl oloul o e38l weals slprinn Jow JLSle o (SSisdgae Juw I colaal
2 Sl G5 ol 58,5 5 sl iy dlland (53 e 5ol sloass> (Sijgls e
ooz 51 oslital b oo gl (g3 GE0lS lojen o,Shae wibie S Vb i3l (slesygs
w9 lp (0390 oo5 Foladl 1) bagja fals 5 (adhaie 4 oud 3]y Sl )lus 2alS 6l 0)
b ooles o Lo poSy 5l oolitul a5 ool Coavss gl 4 dm g b el canlin L5 390
3 oS 5 bl il el 6l e s el 455 50 45 1) il oo iy Sel Dl Ll sl
b iz w23 0 18 Jlaide 00y Slilus o 2eS Ly el G e sileainte 5 siluaned Joe

wydige Glasl Slals as a8 Gl oM Sl alS b g, cnl 5l sslil

Ololgcioy -Y-0
&l Joo S8 L nanl pl o laaSa gleil 5l eolial v/
) adge o 0 les Sz a5 V
Fasllas @l Jpamg <85 50,96 61y 53 (So3eds e (53loand slaJas 5l oslizul ¥/
Mo [l lojle slaz b o 50 g5lwaings Jow 3l oolainl v
ol adg> b ) (Slakidgd g5 paSr cilu g bV

o Coalad poe 38,8 L b iy sla o g baslas ) 5l ool V7






ol oo aige Alold owd AYAY Bgeme (GBS, (6ym 5 pelpl e o> o
S5l swaige 5 psle o Graler el (055 o glaaisls (Mol lavs (63,50 aslllas)
Aio Ayt S oIS voge) 5 Gale B (o Gales (e )lex

55 o | el yl5 aabipbly o Mol (gloonns slal 5 dlold g iludigy ATVA o o S5l g e
o Vv (o) gued plal Jle j53g0]

Ll AYYA 6 K98 ol M ple (g yolazs ol ( SBan Ll wsese oyle>
oo bl (Swiile slezr o ool areS

szul aog by, JpS p0 glopsel (Slle Sllas (85 gy AT ez gy,
TNV Ol )] pwdige (gl oole aslilad o500

Loyde Sy Wlyrsams (ot e siollb Lo aams  olais] g o Sl
(33 Sliie 3ol Aoy 160,50 anllas) M gl (20 2olS (Dol slaows Slas! 31.VY4-
DF-FY QY (Saile 5 i) @l slasiags,

Szl Slaladl 36 oyl AT (o dlane o6 )9l dgemms (6581 Ld jure s ¢ Solo
aslllas) GIS Lisms ,o HEC-RAS 5 HEC-HMS (clo Joo il 1 ooliasl b Lo slo S
VYV 00 (ol g logemel (st 5 psle (ctpghi sole alme (5,62 suoul admg> 160,50

CawoWl )3 4 e e sl o dlal, 4l 5 e iy AFY ST e wlie
PN A lpl @ logemul (cwiige 5 psle alzme (Mol oo,

Ao NV () Lo, plal oiils ol jlactl ¢ 60 3,0 5809 000 Jaol AR oolide

AYAE Jlo b il 5 55,5lsS &) (b @l 5 ologeel a2, 4l woly (slor cos i



dro ()bl O 55l dogm 60,50 anlllas) Sligw; oy 5 anlpl (508 50 » dam
NYV-YYD A ol O gy,

2 el laow elasl Gl AYAY (e woge;l coml deme (gaeme @l (Lgls
X0 ol psle (55,5 DB 4,25 5 bl s 3] 4 Sl yion Syt
YYeYAY

sladw (Siglgaen 0 Sdee Lbj)l VAT Gz (LY e (gaeal e LIS
¥ el Sy g ceiige agimsele 4,85 08 W0y ssul ads> e U5 0 (el
YEA-YOA

AVAR i 55,5 (g0 pasly el Lo Jlase oy el pallaans (345 ) 0ol salaas
ooty HEC-HMS Jaw 5l eolial b bl oblianz (g)lo5sel 25k Sojglsyane oIl L5
02 WY Lk L Sl S o) Glnl yloseel (gwsipe 5 psle (alon

GINS 5 12l slealyy (b Gle Gopezr ey wopl, )5 65, aly Cislee
OYAY) FVF 0l a5 (oMol slod) g § o S (sloojlo

2 olep S gl (b Sle st dy 0 pl, D)l sh, asly Soglae
OYAY) FAY o,les a5 dool plg laasls-sg,

VYAR (oS wilsog, dbss o8, Sa e lalllan o158 il ] ol daoge

ol Glaas il 10 (108 G,y 3B ATAY (oS Lo (L LIE ol e dan (codile
Sy 5 s (BRhm sole 4 pis SasS ] Glhassr b anin o0 p GereSis

AYE-NND LY el



Al-Weshah, R, (2005). Watershed management: a tool for flood mitigation in the Petra
area. Journal of Hydrologic Engineering, 99, 11-11.

Armanini, A. and Larcher , M. 2001. Rational criterion for designing opening of slit
check dam. Journal of Hydrologic Engineering, 127 (2): 94-104.

Bombino, g., Gurnell, A.M. Tamburino, V., Zema, D.A. and Zimbone, S.M, (2008).
Sedimentsize variation in torrents with chec dams: Effect on riparian vegetation. Ecological
Engineering, 32, 166-177.

Campisano, M., Cutore, M. and Modica, C, (2013). Modelling sediment seposit evolution
upstream of slit-check dams in mountain streams. Environmental and Water Resources
Congress 2013, Showcasing thr future ASCE, 1757-1767.

Castillo, V. M., Mosch, W. M., Conesa Garcia, C. and Navarro Cano, J. A. 2007.
Effectiveness and geomorphological impacts of check dam for soil erosion control in a
semiarid Mediterranean catchment: El Carcavo (Murcia, Spain). Catena, 70: 416-427.

Chatwin, SC., Howes, DE., Schwab, JW., Swanston, DN, (1994). A Guide for
management of Landslide-Prone Terrain in the Pacific Northwest, 2nd edn, B.C. Min. For.,
Victoria BC. Land Management Handbook 18: 153-155.

Conesa-Garcia, C., Lopez-Bermudez, F. and Garcia-Lopez, R, (2007). Bed stability
variations after check dam construction in torrential channels ( South-East Spain). Earth
Surface Processes and Landforms, 32, 2165-2184.

Deb, K., (2002). A fast and elitist multi objective algorithm: NSGA-II IEEE
Ttransaction on Evolutionary Computation, 6(2), 182-197.

Environmental Protection Agency (EPA),HEC 2002. Office of Water, Development
document for proposed effluent guidelines and standards for construction and development
category, DIANE Publishing, Technology & Engineering.

FAOQ. 2001. Small dams and weirs in earth and gabion materials. Food and Agriculture
organization of the United Nation, Land and Water Development Division, 171p.

Goel, P.K., Samra, J.S. and Bansal, R.C, (1996). Sediment retention by gabion structures
in Bunga Watershed. Indian Journal of Soil Conservation, 24, 107-110. Hashemi, A.A,
(2013). Assessment of efficiency of flood reducing check dams, applying in Iran. PhD Thesis,
Faculty of Hydro Melioration, Land Management nad Land Cadastre, Armenian State

Agrarian University Yerevan, Armenia, 127 pages. Hassanli,A.M., Esmaeli Nameghi, A. and

A



Beecham, S, (2009). Evaluation of the effect of porous check dam location on fine sediment
retention. Environmental Monitoring and Assessment, 152, 319-326.

Heed, B.H. and Mufich, J.G, (1973). Functional relationships and a computer profram for
structural gullay control. Journal of Environmental Health, 45, 5-12.

Heed, B.H., and Mufich, J., (1997). Gully Control Structures and systems Room ltaly:
F.A.O

Honxiong, Z., (1998). The uses of silt trap dams in Zingzi river basin. ASAE, 1064-1069.

Hudson-Edwards, K.A., Macklin, M.G., Jamieson, H.E., Brewer, P.A., Coulthard, T.J.,
Howard, A.J. and Turner, J.N, (2003). The impact of tailings dam spills and clean-up
operations on sediment and water quality in river systems: the Rios Agrio-Guadiamar,
Aznalcollar, Spain. Applied Geochemistry, 18, 221-239.

International, 27, 3-13.

Kang, Ji. Hyun. Kazama, So. 2013. Development and application of hydrological and
geomorphic diversity measures for mountain sreams with check and slit- check dams.
Journal of Hydro-environment Reaserch 8 (2014): 32-42.

Kundzewicz, Z.W., (2002).Non-structural Flood Protection and Sustainability. Water

Lammersen, R., Engel, H., Van de Langemheen, W., Buiteveld, H, (2007). Impact of river
training and retention measures on flood peaks along the Rhine. Journal of Hydrology, 267,
115-124p.

Lenzi, M.A., (2002). Stream bed stabilization using boulder check dams that mimic
step-pool morphology features in Northern Italy. Geomorphology, 45: 243-260.

Lenzi, M.A., Comiti, F., (2003). Local scouring and morphological adjustment in steep
channels with check dam sequences. Geomorphology, 55: 97-109.

Li, X., Wei, X. and Wei, N, (2016). Correlating check dam sedimentation and rainstorm
characteristics on the Loess Plateau, China. Appear in Geomorphology, 66 pages.

Martin, N.R., Jaeggi, and Pelandini, S, (1997). Torrent Check Dams as a Control Measure
for Debris Flows. Labrotary of Hydraulics Hydrology and Glaciology Federal Instititute of
Technology Zuurich, Switzerland, 22 pages. Moges, A.S. 2007. Flood forecasting and early
warning system (FFEWS) an alternative technology for flood management system and
damage reduction in Ethiopia, Arba Minch University, school of Graduate studies, 36 pages.

Moore, C.M., (1996). Effect of small structure on peak flow, in effect of watershed change on

YoV



stream flow. Water Resources Symposium NO2, Austinm texas,Octobr 1968, P 101-117,
University

Nyssen, j., Veyret-Picot, m., Posen, J., Moeyersons, J., Haile, M., Deckers, J. and Govers,
G, (2004). The effectiveness of loose rock check dams for gully control in Tigray northern
Ethiopia. Soil Use and Management, 20 pp.
of Texas press, Austin and London, 17pp.

Oscounejad, M.M., (1996). Engineering Economy, seventh ed. Amirkabir University
Pulications.

Osti, R., Egashira, S, (2008). Method to improve the mitigative effectiveness of a series of
check dams against debris flows. Hydrological Processes, 22, 4986-4996.

Pilon, P.J. 2004. Guidelines for reducing flood losses. Diane Publishing Co., 83 pages.

Polaykov, V.O., Nichols, M.H. and Nearing, M.A, (2014). Effect of check dams on
runoff, sediment yield, and retention on small semiarid watersheds. Journal of Soil and Water
Conservation, No.5, 414-421.

Romero, D., Martin-Sanleandro, P. and Ortiz-Silla, R, (2012). Loss of soil fertility
estimated from sediment trapped in check dams (South-eastern Spain). Catena, 99, 42-53.

Roo, A. D., Schmuck. G., Perdigao, V., Thielen, J. 2003. The influence of historic land
use changes and future planned land use scenarios on floods in the other catchment.
Physics and Chemistry of the Earth. 28: 1291-1300p.

Roshani, R. 2003. Evaluating the effect of check dams on flood peacks to optimize the
flood control measures: case study in Iran. Enscheda, ITC, Netherland.

Shieh, Ch. L., Y. R. Guh and sh. O Wang. 2007. The approach to the assessment of a
check dam on riverine habitat alternation. Journal of Environmental Geology 52: 427-435.

Simonovic, S. P., 2002. Two new non — structural measures for sustainable management
of floods. Water International, 27, 38-46.

US Army Corps of Engineers Institute for Water Resurces Hydrologic Engineering Center
609 second street Davis, (Version 3.5, 2010). CA 95616 USA.

US Army Corps of Engineers, (2002). HEC-GeoHMS. An Extension for Support of HEC-
HMS using Arc view. User’s Manual Version 1,1. Hydrologic Engineering Center.
WashingtonVan Dine, DF, 1996. Debris Flow Control Structures for Forest Engineering.

British Columbia Ministry of Forests, Research Branch.

Yo A



Xiang-zhou, X., Hong-wu, Z. and Ouyang, z, (2004). Development of check dam systems
in gullies on the Loess Plateau, China. Environmental Science & Policy, 7, 79-86
Xu, X.Z., Zhang, H.W. and Zhang, O, (2004). Development of check dam systems in gullies
on the Loess Plateau, China. Environmental Science and Policy, 7, 79-86.

Xu. Y. D, Fu, B. J. and He, C. S. 2013. Assessing the hydrological effect of check
dam in the loess Plateau, China, by model simulations. Hydrology and Earth system
sciences, 17: 2185-2193.

Yazdi, j., Salehi Neyshabouri, S. (2014). Identifying low impact development strategies for
flood mitigation using a fuzzy-probabilistic approach. Environmental Modeling & Software,
60, 31-44.

Yazdi, J., Zahraei, B., and Salehi Neyshabouri, S. (2015). A Stochastic Optimization
Algorithm for Optimizing Flood Risk Management Measures Including Rainfall
Uncertainties and Nonphysical Flood Damages. J. Hydrol. Eng., 10.1061/(ASCE)HE. 1943-
5584.0001334, 04016006.

Yoshikawaa, N., Nagaob, N. and Misawac, S, (2010). Evaluation of the flood mitigation
effect of a Paddy Field Dam project. Agricultural Water Management, 97(2), 259-270.



Abstract

Checkdams are popular and frequently used structures in mountainous areas in order to
preventing sediment erosion, slowing down and storing the surface water for planting,
reforestation and also flood mitigation. From the flood control view point, checkdam
configuration and their numbers throughout the watershed are very important factors to
mitigate floods in downstream of rivers. A poor design of checkdams and their
arrangement may not efficiently mitigate floods, but even may cause to intensify the flood
peak discharges during rainfalls by synchronizing the surface runoff produced in upstream
tributaries. In this paper, the effect of checkdams on flood characteristics was studied by a
hydrological model and the best layout and number of checkdams on stream network was
attained by coupling the hydrologic model with NSGA2 optimization algorithm. Hybrid
model was then applied to two watersheds and optimal designs were derived for three
design flood scenarios with 2, 5 and 10 years return periods, considering the “efficiency”
and “checkdam cost” criteria. Experimental results show that optimal strategies can
mitigate the flood peak discharges up to 70% with significantly lower costs or number of
checkdams relative to a traditional design with a large number of checkdams in sub-
watersheds presenting maximum 38% efficiency. This highlights the importance of
developing and applying intelligent tools for design and site selection of checkedams

throughout the watershed.

Key words: Flood mitigation, Check dam, Hydrological model, Optimization, NSGA2
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