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Extended abstract

Introduction

Seasonal floods in mountainous regions of Iran are a major challenge for water resources management and
the protection of rural communities. This study evaluates the effectiveness of check dams in reducing
seasonal flood impacts in the Sijan watershed, Alborz Province, Iran. The watershed was selected because
of its high flood potential, the occurrence of destructive debris floods (including the 2015 event), and the
importance of Sijan village as a popular tourist destination. In 2018, the Forests, Rangelands and Watershed
Management Organization of Iran constructed one masonry check dam and four gabion check dams along
the main channel upstream of the village to reduce debris flood hazards. The main objective of this research
was to simulate the historical flood event and evaluate the effectiveness of these structures in modifying
flood hydrographs. Because the stream is seasonal and hydrometric data are limited, a physical model was
used as the main research tool. This paper presents the results of the first stage of the study, which focuses
on evaluating the effects of the check dams on runoff flood hydrographs (clear water flow without
sediment).

Materials and methods

A direct physical modelling approach was used to investigate the influence of check dams on flood peak
reduction and peak delay. Field investigations were carried out along a 700 m reach of the Sijan stream
after the construction of the check dams. A detailed topographic survey at a scale of 1:1000 was then
conducted. Due to laboratory space limitations, a 168 m section containing three 1 m high check dams was
selected for modelling. A 1:10 scale physical model was built at the Soil Conservation and Watershed
Management Research Institute following geometric and dynamic similarity principles. To eliminate
infiltration effects, the channel bed and banks were made impermeable. The experiments considered two
main factors: channel condition and inflow hydrograph characteristics. Three channel conditions were
tested: (1) no check dams, (2) empty check dams, and (3) sediment-filled check dams. Flow conditions
included both steady flow for stage-discharge calibration and unsteady triangular hydrographs for flood
simulation. The time to peak was examined under three conditions: shorter than, equal to, and longer than
the watershed concentration time. Peak discharges were selected below the estimated 10-year flood because
of laboratory limitations. Hydraulic variables were measured using standard weirs, and all experiments
were video recorded to improve measurement accuracy. The analysis focused on three hydraulic indicators:
peak discharge reduction, delay in peak arrival time, and changes in flood base duration. In total, 90
experiments were conducted, and the outlet hydrographs were recorded using a sharp-crested rectangular
weir.

Results and discussion

The results demonstrate that 1 m high check dams significantly modify flood hydrographs under different
hydrological conditions using clear water over a rigid, non-erodible bed. In the natural channel without
check dams, increasing inflow discharge reduced both peak attenuation and peak delay. Empty check dams
showed the highest efficiency for floods with peak discharges below 4.74 m’/s (approximately
corresponding to return periods of less than five years). Under these conditions, the dams temporarily stored
runoff and effectively attenuated the flood hydrograph. However, as flood magnitude increased or the dams
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became filled with sediment, their storage capacity decreased, resulting in lower flood mitigation
performance. The experiments showed that empty check dams reduced peak discharge by up to 28% and
increased the time to peak by up to 36% during small and moderate floods. In addition, the ratio between
watershed concentration time (tc) and flood time to peak (Tp) was identified as a key parameter controlling
dam performance. For floods with short hydrograph duration (Tp < tc), representing intense short-duration
storms, the dams achieved their highest efficiency, reducing peak discharge by up to 22.5% and increasing
peak delay by up to 43%. Their effectiveness gradually decreased as flood return period and hydrograph
duration increased. The results indicate that the design of check dam systems should consider watershed
hydrological characteristics, including flood return period, hydrograph shape, time to peak, and sediment
accumulation, to maximize flood reduction efficiency. Three empirical equations based on dimensional
analysis were developed to quantify the effects of check dams on flood hydrograph characteristics. These
equations showed good predictive performance, with coefficients of determination (R?) ranging from 0.81
to 0.92. However, their application to other watersheds requires local calibration.

Conclusions

The physical model results also identified the ratio tc/Tp as a practical indicator for evaluating check dam
performance. When tc/Tp > 1, floods have a short time to peak and a narrow hydrograph. Under these
conditions, check dams provide temporary storage, increase backwater effects, enhance local turbulence
and energy dissipation, and significantly reduce peak discharge while delaying flood propagation. When
tc/Tp = 1, the inflow hydrograph is well balanced with the storage capacity of the dams, resulting in
effective but moderate flood attenuation. When tc/Tp < 1, floods have a longer duration, and the available
storage behind the dams gradually becomes full. Consequently, the proportion of dissipated flow energy
decreases, leading to lower reductions in peak discharge and smaller delays in flood timing. Overall, the
findings demonstrate that check dam performance depends not only on the structural characteristics of the
dams but also on watershed hydrology, particularly the tc/Tp ratio. Therefore, in watersheds with short
concentration times, check dams are particularly effective for mitigating flash floods and should be
designed to maximize temporary storage and energy dissipation. In contrast, in watersheds with longer
concentration times, combining check dams with larger storage facilities and other watershed management
measures is likely to provide better flood mitigation. The study also highlights the importance of
considering long-term sediment deposition during the design and maintenance of check dams, as sediment
accumulation significantly reduces their storage capacity and hydraulic performance over time.

Keywords: Debris flood, Energy dissipation, Flood hydrograph, Sediment deposition, Time of
concentration, Watershed management

Cite this article: Akhtari, R., Hajipour, H., Saneie, M., Gharibreza, M.R., 2026. Experimental assessment
of individual check dam performance for peak flow reduction using a small-scale model of Sijan Stream.
Watershed. Water. Eng. Manag.18(2), 275-296.

© 2026, The Author(s). Published by Soil Conservation and Watershed Management Research Institute
(SCWMRI). This is an open-access article distributed under the terms of the Creative Commons Attribution

License (http://creativecommons.org/licenses/by/4.0) @
O



https://doi.org/10.22092/IJWMSE.2025.369122.2113
http://creativecommons.org/licenses/by/4.0

Watershed Engineering and Management el o e g cwdige
Volume 18, Issue 2, 2026, Pages 275-296 YA2-YVO Slao N F0 (Y o,leds VA ol
DOI: 10.22092/1JWMSE.2025.369122.2113

Olow zgl (28 SRl )0 3 yiio (>Mol Glaady 8 Shos (2 LojT (o)
Ol oo (S 38 Joo 1 eolaiw! b

Loy 3¢ Lo yoozmo 9 T oxibo (wizmo < Tygs (2l Lo yames g i3l K5l 29
Sl ol «6555laS g 5 hisel elinios lojle s o] § SI cblis coSing o bobiwl’

Ol ol oz bl cazes asly oDl ol5T olSils «ol pwiige = (Gl pee pwdige 650 (saziils Y
Ol i «85,9leS g g Liyeel cnlindizg ylojlu os lojutul 5 S cblax oaSimgs, Ll ©

VECELENY sl b AR ZRRATA IR RN

by oSz

doddo

SrelSEySen il 3 T gl e 3 bl sla 2l sl | ol nsS 3blie 5 b slocsSls
o357 »> shad lacdlew J3uS o ol sloosles (pidu il (o) & adlllas (nl Wisd oo Dgume (ol
s o 3T iy ol g5t o ailaie ool SRl s e 55 olid 55 ey Sl 3
K885 Eoratl 5 (VA o Sl alar) e slogly losdlms 5 4l w5305 oo 53l il
ol Gan b 58S g lopeiel 5 gl da JSim lojles AYAY Lo o i bl anlline dilate lgicas b,
i iy Sy Shasl Lol o5 oges dilate ol 5 (g pel Sliles gl 4 pladl cslogly oSl S
b Glosly SMew Sileannd Ban b gy (nl 05 liws) 40 Bt (Lol e )0 (S92l i ez 5 S
had Coale 4 4z bl ould (b OV G150 Sla Sy Jrasd )3 555 slaojle o Shee b5)) 5
Syt (Gl s (e S5 Js) oS258 (5dtn i, 51 s ng it (slaesls 35ea 5 g, ol o
ool b oS ks ol o5 alllae ) ) cgtlon o gl a0l,] 4y ol gy b oolictl iy Lol I3
sl adly (plaisl il (Ggmy 0 2T 0Lz sy s S5 000 sla ol

g, g olgo
2 Bojls tnl 5B & (Dol (slanis 4 oo a8l ] o oris (Su5b (g5lade okl b ol ol
Ol S ) Sloae adlllas .l izl 5y 0l S 0 G 00 23U Oley GRalidl g O 2ol (20 208
ool b (e 6,10 paids ( Aol slassy Slasl I Gy 5 0l plonil e Ve v Jsb ay (lme Ly awsVL)
S ol a5 Jrwo (ol 51 e VA Jsb @ (o250 (oalRlesl slacusgume 4 az i b 285 &jg0 Vi) - -
Ly (Soolas g (oo 4lis Jool Cole; b (Sopd Joe b OBl Glaghy sl o S S glis)) 4 (Lo
S0t Joe bz Sei Ol Bdo gl o witle 1588 (g lossel g S clili> saSimgly 1o Vi) b
Sloai g Cgm, 5l (I laan wn (yew) aalpl Ll s Jols Jole g0 olol p baialejl .t >k dLdgis
b aw o anlpl lid ol (b (25l (00 4 Gy 0loj 5 @3l (29 59505 Ol Ll 5 (Cgms) 5l 0

r.akhtari@areeo.ac.ir ;oL Jgius -


https://doi.org/10.22092/IJWMSE.2025.369122.2113

VFe0 Y e)Lo..i:‘\/\Jl? JJJTW);M5‘5.4AA.Q,¢/YVA

A myp 2 5l (el Glaan g g, 5l JIB (el slaan (el v (9 wals Sl Jels
SIS 9,000 L) (ol e Gl 5 (ol 00 o giomine mom 5 1) (oS Lz Sl 50 55 Joe 4 63959 Ol
355 0bos 3l e 5l eSSl s 50 ol (@9 & sy Gl 08 Jlesl (Do (g5l Cgr (e
(piles] slacysgame 4 azgi L) allues CutS il 0y90 b Blie Jlade 51 12eS 5 gl (20 g o 438,85 Lai o
S e Jil col,8 cds ymli8l 6l g (6 S oslail o sl (gl gy s 5l oolazul b (Sdg o ole el L Lot Sl
4 oy Sl )...>L; Sey (20 LalS Jels oS slaasle awlxe b leosls Lo ol (5,00 pekd b yioles]
Sy e Gk 5l sras Sl g 0 plonl (ialesT A ggaze jo 0 plonl O arly (loj Sy 5 Sy

Al Sl Jae glel o a0 08

Gl Lyly5 5 Mo BlyTsmen sloSis 1y sie o glisy) b (oMol (sloasy b sy nl @l
I a2 500 ran s 55,5 (gt o ialons M 5 b st 5 Slo T Sl ool b oSl e
5 I el sloa rizmen 28l 2lS Sy & sy Gloy 256 5 25l (20 2 e (5399 (o0
et (o 5 S i3l 090 b lbedlem Jolas) sl cara e FIVE 51 a8 (slos 55 opm,
s (Fadpn b (oo Rl L &S Jb o wishs glas SlS g 0 Jass s obyr S8g0 035 0 1, 2L
Cgy 3l JB slaan a5 ol plis mls Jolod 8l 2l Lol (pi il o p38 st x> (Rl S cogm,
VEU 1, o oum,y oloy g ools jials ao 0 YA U 1) 29l (o0 ailes oo oligS iS5l 090 b slocdhew o
S8kes )3 (SloaisS et 18 sl (20 4 (e Oloj & 4d9> 55 peT oy S el ogdle e aldl sy
Wit SLSU Gla)lS ) g9y Byxe a5 (Tp < te) obsS bl oy b slocdlow )0 a5 slasgFfa secils laosle
0595 ialydl b o samlive (auoys FY 1) 5u3b leg Lialidl 5 (aoys YYD B) gl o 2olS (liee oy

P23l 2alS e O oo o e STl lej pud 5 SYsb g Odlew Sk

& S Ao
S99 sla Shg el » b (Ml slaoy b oM J S Glaptuns (b oo Glis izen mbi
@bl (i B ogd plnil laais (6518 Cgm) Comdy 5 2l (20 4 (e Gloj e SaS 5L 090 Jold g
S » el slasny 13l (G5lo oS lp ol Julos p (e 0525 alay dw wZuled 53 298 Jol>
2 BlF e, Dlets St ln semlie SblB AT B IAY s Gulps baS al lpsid SIS e
S (e S s bl sl iy 3l gl Ll )5 Wiz s ali Ll
ol slasn o Shae (2bj)l 50 lS (catld Glyie 4 (TP) gol (20 4 Do) Gloj 4 (10) 429> 35 o5 ()lsj
g Sl a0 lgi e 1) Lol (SOdgyae o Slae (bl ol ol glolid O G185 000 Loy jo
Shilo O g 009 adg> 35 10i e 5 5olisS zgl (20 @ oy Hlog cdasl il cpl jo (te/Tp > 1): Jof <> 10,8
Sy Gilwo S sl (BB Ceop (Mol laviy ondg (pl 3 cl obsS b Glej g 5 ol b (SS9,
A 0 g roge sladsls F g Kasl Ll deas cawoVl o Ol e LS a5ls (65,5 Sl 9 Sy,
Ol 55 g nl @S 0edoe (295 Tyl (20 Rl 5 Ol JUI loy SRl cage o655l piinn SN
A ogb oo Jol> Ll (ol 5o 230 Gl (Al g @l (20 alS )3 (el lassy L) (n yties a5 0l
Olse smilio Jolai 5 Canl ol 9> 35 505 Sloj b Ly ) (20 4 odms Sloj eiundg cnl o (1/TP = 1): g
S8kee lizen (ol slovn s ;o 098 o0 5180 (6551 SHetl Cedyb 5 (5395 (29 il S o>
poms Sl sl 1268 ol Sl 4y S il il lie aizpe iyls s SIS 000 Jauss o orlie
skl oloy shls DM g 039 yiin ad5> 35 05 (o 5l sl (20 4 e Ol il 2B ol o (te/Tp < 1:



Yva/ ol gloasy o Slas _alEislejl o)

5% bes el Gl (Gloy St g oud JooSS a8 4 baaty Sudy 0033 B x> (Ol ol Lo
5 @3l 20 el e (el laa LS g 4l palS Gl JS 655 4 cad Sgiue (6551 s s
Slasein podle >Nl slaon IS a5 sls las iagh onl mlo Eaeme 40 .S o bl 50 oy il
obey b sloass> ;o oplply .l anly de/Tp s o594 D (S5509,0u0 sl Ty 4 il cwiin
cslio Syl ol b Ll (Sl g 03 g GUSL slacdhm S8 5 laejls cnl wlisS 35 53
laailels sl oolitul ( SYsb 9 703 oy b sboads> ;o (Jlie ;5098 35 yote (65 31 Sl § 2890 (3l o>
s 0S5 0 (6 ydion oidu il wlgs o (5,00 el Sleladl sl b (Mol slaots §ual § 500 i (g jlwo yusd
sl 5l sl pope 5 Phb )0 6 s, Wy (0,5 Bl D958 asllhas ol @S (e ol axily
sobas 1y ool cnl (Sg uen 3 Shoe il n oy Job 52 (30 dnhe > (2alS |5 S oo 25T >l

DM SIS g 008 (slog )l s 35 103 o s AT gm ) (55 5l S ‘6)‘%-:—7’91 15l sojly

sl Thy elel » oM ol p egdle
09,5 4 & Bes cogms; Jo (lien 5 (Se5ls,000
(ogmy 5l s)le D (lly, slaodw Jols
ol Glonyly Gl 5 (L slacdw
3o gene lonly Sodlw g5y isdioo
5 P Gdg B (JlSis SYsb slae g0
IR Dgd g0 JALS aals (g, laubl olsdl
S el ojem 5o 50 e s g4 Ll
leladl ohb g by cwlal sl i
Do e how J 7S sloojles g 6l 55]
olas Khalajzadeh et al., (2021) i) ol 5o
Sslsdrsess 5 Srtesdree sl Shy a5 Wl
P Sk g ol arlpl Jsb ohisar usul ojs>
s SIS 0 50 sl a Ll (ke 5l 09>
5 oo Sloly obx 9 slosly Sl ol
5 0L &5 it Slr el Sl Wil e
il caslive (2 o Sleladl Gl
ol 3bl S| (S plgieds Glomems jusul 059>
3 el axgi LB ol lus sals Al o Jl Ll
2l ez Jols a5 cul slogly sl
SloolSiss saags s iabo ) 4 sl o5 ,5Li8
5 ol .(Akhtari et al., 2019) sgi o0  gliwg,
(b Sy sl i (Sielsdiee sla Sy
G 5 Bl 5 lulph g (LS lsy Candy
Jasl 5 Gl Sy, wdg 5o (GleaisS (s
as” aisls ylas Fattah et al., (2023) .ai,ls gu,

doddo

a8 35 (b o col o1l S ez laom,
A olejer GRlBl L b GO S
o yans St slooygd pghts § e sl
o, FY 050 Jotwe w45 Jb 5o ailosgs
3 JuSis looygo witws (oxnb L S5
BUNTS P EIRELORU ST [P VRN X WS & GRS
loads o ol glie Co oo glagtlle (o et
o o b glien jsber Aol sz 0l
o> sl ad g Sl Gl (ol
A8 o 3l JlSas slooyeo polas 5 g S
A axlge

S S1B3,S09, 53 S5k D98 il )l
5 ol Copde syw 4 S5 > 5 Ol e o e
axslo JIET i 5l Gt 1) 50l sleoje> 4z LS
§| tiansS bl o oaldl Seoll cpl
Lol s sl o b g S 31 45" o5l ool alos
SV¥e5 gdo,0 Feoogas als b K0 (sew 3l g
Sz ol oo azlge 23 Jlo (b5
Aol Cymats ;5 (UNDRR, 2022) sl aily (52
drwgd X9, ow,p b 55 Mousafaei et al., (2019)
d‘o)Lm Sloladl dd.l.b u)j)..a 5 cul).vl o ‘_g)b)..:cj
soul Copae gl glos Sog, 3wl 5 (slojlu et
Ao ml Gbejs sl Gl Gl

los S ST el &l bl



VF0 Y oleis VA Wl

el Capde g (cwaigal YA

9 U o 55 Lrals ol lapiuwsST sl
WO 65 A (S3elsd 90 syl Ll
Gan Sl Sl 5 el (Sgue Ak
Gzl 3o 00 ns lag IS aleys S92y L
Jeloa (ol sloasy 51 (55 szl slooss
CatnS 03l Sl e yob Ol icslinl oL S
cwlin (b sl Lo 5l oolainl pas g 1>l ol
wds Siislysests 5 Sisloe i
bl S5 lnl Hlacas bojle cpl 4 olazel als
o o (Lucas-Borja et al., 2021) ailoass sl
o, lee obj,l L Armin et al, (2024) L.,
sblceags szl ojgm 5o (Mol Gloaty (6505 wgms,
Coluo 0 350 0,033 Cud b s a5 Wols lis
Jolse it S eVl ade
pae g Sl Sgw ‘_g)‘.\a‘ékl; b_:‘)lf o..\...»SJl,.MS
oy 2hb g oL o ele slalas cule,
il azgr BB rell coge wilg g0 Do
0gh (5)l0550] g gy o pae yo baojle pl
Slaal b canlite ¢ wbioS>oS slaojle
g 4ihic JlSag 9 Soidoe kulyd wjp
L oyaie Ojgods Ayl oo qgoladl slacoogass
.(Bombino et al., 2014) wgs 1>l 5 b Jlge
o poiady Oypoh Ysene Jlgte (Mol laas,
(2o Plolul LU wisd go last (il b asy)
be 5l g 00,5 Shets @y | Gl 55!
ol (ol oS (S el> anlyl loo, LS § yiws
oled el Jad sl S n opdle
085 5 o S9i Cuo 8 (tal8l o (5l 45 (599
il ol >l dise ool (b Jdsas dayylasul
2 s B S 5 Ssssl bl L s 55k
Lg)b}.:énﬂ lojlo Sloladl oy Soas 3l eligas, J a8
Sloas o,8lee Sbsslacs; jo (soaxin Olalllas
ol el Ll (Ssglypae gildae 5 (Do
(2l Joe S &1 L Akhtari et al., (2023) .ol

STy 3 AL Gdn Shess LS, X
O » sl b Gl ejee (Sop
o5 Wl oo )k Gloj Dl 9 W)ls (puge,
w3 18 3t oo g BB Heboas 1) gy U]
S sleojle 3 Shee b3l 5 (b )3 500l
L S R N e
Seiloier llyh g (Soiledieesss sla S
sl (5590 30l 039>

3 e 226 Slbbe el b, o
(Check Dams) Mol slaos « gliwngs sblis
Slladl pon B g FFse 5l S olyew
b baojl ol gt oo aisliss (o o5l (glojlu
5 S ORlep U8 ol 65 el Sae
0385 1T 53 Gl gy JUiE] 1S e S
o ;58 (opiansST Sl g (e sloo]
a3 oo Hlas B le gl 4y o g co Dlas
S585m Lol b >l glaosy Slosl .4l a5
G Gl (S (LS by drey ol
bl o sl glaojs> Copae slas el
DN )3 iged plgieds Ded o Cgmne (GliansS
s 5l Mol slas 00,58 Gl (e W
ol glanwgs glodsliyy ool s g 0 5ET VA0
S 3l o gL (ol ok e VY5 e
JrS 50 oot R4S S5 151 jgnws o
Xiang-) cewl 00,5 Wyl Clly, Copone 9 Liolw,s
.(Abbasi et al., 2019 «Zhou et al., 2004

oealS jo 1) ol (pl sidu Sl wasie Olalllas
Piton wilos S anb (5w 5 (Sejglsyied bl
ol slaas a5 wsls yLis and Recking (2017)
(97 bl g Shgw) Jl S Ged a0
s 2alS g si JB Hebar |y O ol (20
w5 > Theofanidis et al., (2025) . yuizon
55 ST 3l o Gl B S5 sl 5 Slas
3 el glasn Jie 8 (Glg Sz slaoje>
O35 s arlnl ey coti 5 g JUl talS
Lucas-Borja et (5,950 aslllas pl p ogdle .250,5
oniploml (gl g0 o pasle 5 Sy a5 al., (2021)
s oo lid el e o (Sl slaas o)y
2 segy 9 s 7S 5 odle aojle (nl a5



YAY/

el slaasy o Slee ‘Smli.iglaﬂ gy

2 o394 yiie (Mol glaas (Sgrune o Slee
055> alie (Su3slsdysesss sla Sy b aleoje>
el 210 SUeMLT 35005 by lizman ¢lra e
DBl el 5] Slalllae 4z 51 Koo 9m0 5)
soan (Hhb sbasls 5 Shal (e mo
a1yl Lol (Armin et al., 2024) ailos,S oSG >l
Sibde 5l Jol sloosls (e (b slo L
Sl Hass slassll Lld sy (o
el (oSS sl gy il Gliores

Sl o) an 5l gy s ol )
Slos,ly O Copae yo slzl (ol glaas
B 0 el oad (g3 yanlin 51 90 )0 (lres s
Joe colo bl agh onl g5dge a5 Cons
SSle il Joms 1 110 iliie s (S5
2D lly, Gladlw JyS 0 (2ol slaas
@l @ G en Gkl (G Sl sl
Lis, gl 5 SlSgue b oy gl
el oad byl (Sgraee )3 e 22
slagly> Lulyd 5o ojle cnl 0 Shoe (pgs 518 50
aele 13 cwyn 3y50 o, JUE 5 lon)ly
ROy

Sislgmd b5 cd Jdoar Gl 5ol ojs>
SolKieSw  anwg wcudp  sloanlpl ol
25w gy able g basdlbg g o bt
slaadg> 5 cn il 5l (Ko slon)ly oM
S3s8sgegiepee Shblie L1 5l ol
2 Glorly Glacdw ), £585 05l 0 g
loly «55,5LaS o2l G FS  odle ade>
s Bg5 290 sgilizp) Sl 5 (Lol
Sibesl laaza (l3l g (obisg; slacliosSn
Pars Piyab <Akhtari et al., 2019) <ol ool
wole 2b3)leg 05l (Consulting Engineers, 2009
slaos ohgd ol >l (g ls sl Sleladl o Slee
ol 1o 155 Slotng Eaanl jl dbg> ol 10 >Vl
5 b slp @ plpsa Wlgi oo Jol> @l
S gS slaasg> plo jo aliv sbvojls Cu pow
20,5 18 eolatwl 350 4guiS

SV shaloske Ghash ol sl )sls e
S SRy » Koo S oo Sl (2L

(GRe Gl )3 WSS e Sy, SlSg0e
L b e S Oypoa ol slaas o ,Sles
Sy ¥ Mol ol o g al gludos ot ole;
Ll o g S50 Olds gileand
aslas ol s .ol &)l olisS slaasy Jlgie Slas!
2 236 by 5 0pd culps Jlasl b as ols olas
ey o,Sdee lgi e (Dlly, SIS 000
5 Silwaed (Jod JB B L) (Mol slaosy
2 @ slgtesh mls (rzen 05 o)
ojl pl a5 aes o lis Gl alize sbli
feLYD O M‘}:Gc g/...?uT 059> “4)‘)‘"’ o
(Mousavi et sias ol |, 0w gl (o0 5l oo o
al, 2011)

Sleedr (558 g5ldas (goue Slallae LS 5o
3 ok By owin sl by, crpee 3L (S
OBl 1nj webige aslid (Slgaee slaosl
eor (S gl s osalis
5 ok slegsdl b)) wile 5 plr S e
5 Oyl mdS gl olazel LB glaools oldgs
azx 31 .0iS o w2l 3 1) goue la Jow (oriw Lol
Ol Byo pilins (300 (iludde & S g (]
eledl o Vb cds Jdoay Lol el (g 0ies a0
2 kel sla)lpl 51 (S plares (L (Al L3,
s J55 sloojls (b 5 (S50 Sl
o2 53 (Novak et al., 2010) 55 o0 gme
|, 606 s o ,Slee Schwindt (2016) (L,
VEY obde jo (S Jow sl eolaiul b endgu o
3 650 by Salabietal., (2021) 49,5 obj,l
sl cuwoml M] ARE (5{.:,.3 Joe
Lasols )‘]5 ey S)90 ‘) k_‘?i"“’ ‘5>)Lo|
byl p Bgiagh fiie o aasee ol e
ol o g5, L (Siedgyoun o Sles
©ogame Slalllas g Wilong 35 peie Jhiwe <jgods
Sibedio ol loojlo l (Slgpaem 13, (o) @
Olnl GlwnsS slaanlpl adly Lulys o (58
5 S5 g0ee 22b ey gl (20 St Gt



VF0 Y oleis VA Wl

sl Ca e g cwigal YAY

o395 ol 03,5 40,25 |, otn sloodlems A+ am
0D s (Suielgyaue Sy TY a4 oS5 g
9 455y susul 0j9> G Cumdge ) JSi o el
axly aw Jols a5 addllae 5,50 00gae dde>
ools lis wul Ad-int g A4-2 Ad-1 _Si5elg 000
el 00

SR Ad-int adg> 55 bl )5 Glomew b,
Vo dgux legamme adem p) dw ol Coluw o)l
I L WS IRV I L.i)mﬁwleﬁﬂ#
Jgo 0as o olaisl o3 a |, 45,1 550l 0je>
@l salS (SKojglsyan sla el )yl (slasdls o
5 ol g €165 ) (oln Jali ooy 5o
o oo (LA |y w9 ailsog; Jobo

ooty 9,8es 5 =Y e o3l 055> (28l
Sad sl sleasls ooy (S
)Y b by gl g sl (oo s Jols
sloas (Slgyas L8, coniin ¢ln 225 L,
sy -F 5 Rislesl slrosls ulul 5 Mo
» el glaon an Sk Glr bl

e bl S slasal ]

L gy g lge
Joleo T s b a5l 55l ojs> 0 Gloms

o Cewdmml lasg> o (LSe e 0o

2 Lsgy culyls S8 2 8 ailsog; usul g S el

Ol liws ) CewsVl asg> Ad-15 A4-2 Ad-int sloaxly Soje0s,002 slo Shs - Joue
Table 1. Hydrological Characteristics of A4-int, A4-2, and A4-1 Units of the Upper Watershed of Siyajan Village

Parameter A4-1 A4-2 A4-int
Area (km?) 3.5 2.6 4
Mean Elevation (m) 3077 3148 2636
Time of Concentration (min) 25 15 25
River Length (km) 34 2.5 33
Slope (%) 19 32 9

Ao s Jolis 009z (ol ol Ol g 5lwand gl
D J55 50 ol cpl JIgi 45 039 (G908
s eendy Coul o3g adllle Lol G
b ol plowl ot gty 5l o 4w 695 2 LS (ilotnnds
o, Slas 095t i 0,90 Blonl 4 ax>gi b g o
O IS8 55 Mo S5 8 ool
St Jae iSape oo cle 5 oolib
2 e YOI Jsb & o psls Sy o lisisy
s SB cbli> suSingg S jsoes oSyl
5 swiid lid sla sl @80 Soley b g (550550
Akhtari et ) o aislo Tdine & )go0  Swluo
L ol oty aw (Jaw ol jo al ezl (al., 2022
b2ty bk Sl ubsgign (Lol sla S i
Wls ol ;0 &8lg Mol v s (3 pa 0l
o yia OF 9V PO L ol s s anl ol CLL
Sl g Sl 0k G o3l o dalpl Jsb o ool
Qo3 VYD Gl g Sho oy o3l 0 g 0o y0 VP

RERPIR ISR

StV e 5l 520 Ve v (sl caalllas ol 5o
Slilos Cod a5 (Ul Jomme) gl sbny,
ol o3 ol s Sl sl 2385 13 (5 s 5]
dw el )l 4y e (S an S Jolds w095 05k
o Kol o Sy gl 4 sl o Sler e
YL sty oy cwl Lol o Ol jo SSws
Nz Gized 5 Slojly Sl wlgi o adlaie
Glp edgame pl wad Glasl gleojln yog
500l ey @l At g ad Sl gjleacd
o DO 00 (60 Ak mme 88l Jobo s alov
]

3 S Sy (Sl an gl alold ol o
S (S iy 355 B (e (Sow aiy cewsVL
e SolS wi ez iz (mizen el e YYY
SR Gl pasds Joe CewdVl e VYA 3 (650
g o oddline V SE jo aS aigilen o)ls

Serge SUGl 5 olad slacusgise 4 axgi L
b9y Hlaeds (o VEVIQ) o3L ol 51 ciase Lo

! Direct Scaling



YAY/

ol ooy o Sloe  2islej] )y

$2959 20 i 9 el (sl (ogld) i 0 99
wels S b,z easSel,l G (Sod Jae
o Q)—”“’ B (Jw‘) s.j C‘L"‘" )|f (_gﬁfo)“..\jl

bz (S ) 6T el polaie 4 (S5

¢ 74 27 & 5
[y % 7 s B
Z . The su g
> Z the Sian ephemeral stream
Arange Stream Network 7 1

The Surveyed Reach of Sijan Sf
80 25

3550 #Eilejl asgarme (goims S (sljz]
O ke A Se pold 0 Lhegh (pl jo eolaiul
WNgd oo el Lol
G R 65 e SO Jold (S5 58 Jowe R |
2 (VS8 ol spSeshl 5 Ol als alale
Shasbe o Glil g ol s ATV VLRGN

Elevation
2084-2291
22922299
2300 - 2307
2308 -2314
2315-2320

—2321-2327

—2328-2334

—2335-2341

— 23422348

by [ — 23492358

; ' —River_1397

% | w ¥ : : == Check Dam_1397

Cross_Section_1397

T T T T
S1'930°E S1935°E SI'0W0E S1'945°E

é...a.‘?u b«lb}@f 9 uL"LuA LgL'i.-as) can)las 3,90 03gd0 -\ JS..:
Fig. 1. Research prototype and topographic survey of the Sijan ephemeral stream (Right) and Geographic location within the study

area (Left)

(& i 5o o] gl 58 o3l 31 (o 525l (o ol (538 (em (Gl (st s 15 (e e ooVl izl Y S5
RSN PN

Fig. 2. Upstream components of the physical model in the concrete flume: a) Metal reservoir (tank)
b) Flowmeter, c¢) Water level gauge in the reservoir, d) Continuation of the physical model's topography

Loy cbadlw g anlyl Job 5l alisee bla o
3 e 625 Ol (VAAD) sl alayl, 5l eoliiu
cops bl Gl gl ale b Lyl
Slp g 1YY Lol anlpl gse gl Sl

ol o s b ol o anl T S5 58 Joe : Lol 41T
e VEIVD s olasin b og Vi) obie b
ool Jsb 5o e ¥ e 5 e VPO £l | Sl
gy gamails 3l g)lo paiges Lol asle S0



VF0 oY o)les NA 0l

5ol S e 5 (pusiql VAY

KW |).‘>‘ ).n.bla.)}a.a 9 ul..o (5L®°)L-’ O ygods LQM

ol e SIPA CLL g Sl i oy g

oyl Sud Jde po b Q”Tﬁ o[ Cadew
Cusadw Gl g o/ V) anlpl ise o Kl
ool Jloe! (605 e (yod ol oy o[+ Y'F
S e oo 5 aslpl sl (Sond Joe o
s 235 iy e e VWYY 5 sl St
ooleie b 5 ooty oliiecSa oS Jae coizran
olas gleils (Lol Jas J2 1 jo g assle Vi) -

upstream check dam

downstream check dam

Upstream of Small-scale model

L s b el pms 5o 3585 LB 1é oMol slo oy ans b o citiie Jrns oliio SgS Jow — ¥ S

Middle & downstream of
Small-scale model

Fig. 3. a small-scale physical model of the Sijan stream, with three check dams placed in its upstream, middle, and downstream
sections

Sogd Joe sl g ol o ol g8 il 3 6l
Sle=b bgad bl o gy Soe Jobo
G550 A ol b 8l 550 31,5 ool

D9 oo gl Pl alas (pl )0 g5l o (29,5

el 3 W mages 3l (S Joe Sewd ]
P S9 (Se pold wilee ;0 (So5d Joe o
ol @Sojlail wlebes ol $,5 b Libtu
(F JS8) wes (oo S 1) (So5d Joe 5l (295

" - S
o

Fig. 4. a) Upstream section of the rectangular weir b) Downstream section of the rectangular weir, including the water level
measurement gauge



YAO/

ol glaosy o Sles alBisle)l oy

At e pold el jo Jal — oo gl Gl p

(O JS) o

o S Jae ol Sen psld sl

& Sle Glgieas pold slosl jo o lasbinl e

79> 0% S0l (sl (e ) -0 S5
Fig. 5. Triangular weir for measuring outflow discharge

woy> (Suisle e olodlbl e gludoe
5l 5 s il 5385 ) Sl s b
Llo b agzlse 1o e S elas )| b (Mol slaos,
0,99 il 4 zol (@9 09d el Gl AL
dle slp S5 Oley g e lacasl
Sl 31 SCS g, bl il 155,00
(Pars Piyab Consulting Engineers, 2009) «l
RN pE S

solie Qp (599)9 Sl)Sg 0 Eal (29 -
Alo B g VO Ve iy g0 slocanSiloy90 yo (20
NV ANY FIY XTS5 o e Gadss adhie ol
Slacasine & arg b 4l cuSeie VVIF
VO (S5 Joo 2 59955 Olz Sl (alKaylejl
lo 05 CiaF 5 0,90 3g0> ;0 aS o0 asl p
sl 0093

ab oloj 9 (Tr) zgl & oy ol -
Slwbre 53 (o =D) 63959 SIFg,00
IS8 asdlae () jo colaiul 5)50 Jlie 8159 0.0
Slp als bl plaear ads> 55,05 ey (7
BF 9 4k 0loj g @l (0 4 e Olej e
Sl ey azgi bl aid )5 15 4 SCS Laly, bl
Ad-int asg> YL peucSS 10 (510 paidl sogasee
dgd> odgazme (pl 35 a3 ey o lo I8
(s ) Te gl (29 4 sy Gl -0 091 5

Q \ .

ab ol g aids (i Tp=0.6"Te akl, (ol
b »l Tb=D=2/97 * T alal; 5.k (Tb) &35 0.0

wiolosl gl shgy)
b3l slags Luw —Y-)
Ao py el aw daas o Shee 051 6l

HRWIPVER Y

Oleeds (Mol aiy ) aly Ll s o .

Gilwdd) Cgmy 5l (ol Gloosy b e

(81005 51 g dal o
9 Joe 4 69955 oLy Jlsl oy, -Y-¥
‘5),350}|-.\3|

‘J‘i"_u’«") sl gove C‘).?b.aw‘ rES :LSA.‘;‘Q ok

Jlasl oo S (slotogls 5 5l 2ol slai
ol Slas g sl ot o /A b > JBlas asal
gs‘J*" o g «;L'-L‘-'-‘“ﬁ.. " GLQ}%.))'“’ }I ool L’ J“\‘"
sk el U 5 s Lzl ooy Jsb 5o o ot
BV S oW PRV

SS90 S Dyge 4 (699)5 ST 9,000) Ol
(oo oS g zgl 2o U om0 iuliéh) odlie
Wl Jles!

Silola, (O ilwanl)  (WSlope b

4 obiws Glp Gols gildae anlg o

» gl sl s ablaadly  gileans
d‘;j)m O J}"a 9 alises i3 /)Lv le.a:aﬁo
5,9y crl b a8 3 A s 55 as ey b el

v

|

[
I1

el



VF0 Y oleis VA Wl

G Gy by a5 ail by ey b slacdlw 5
(Ao YY) ogax) aido Lid 5l i Ll o S
S (o0 Jobo

> laieds g3l (ol &5 0l dcwlxe ad s V£
694)L..~u 90 ‘U”‘ » os)LC w‘ AW 4..3; ).'aJ )\b 4.»[.»
a5 oligS aly oy b gl dhs ol () s 00

ands bl S ol ozl o0 a4 o, ol

tp

“ lcm

~

L)

E

o

) Qp
L]

£

2

o

Tp

Time (hrs)

Tb

Ol saels slayally 5 (i 155 000 —F S
Fig. 5. Triangular Hydrograph and Its Key Parameters

Loqelgon @ (Npd Joe @l peess Gl
(o ol 909 8 aulid Cole, wazgi bl
@ oo 5 0 Ol b el (loy eliie
Pydigs e Jobo el SV plg L celite
5 YIVE olide daepo loy ool (nl 5o eonlple
W oo YF ulde sue jo (o0

L e 950 LSS5 e Clasin ¥ Jouor
Al Gl e ok Iilyd 5 (S8 Jowe 50
282l e o GBS s ue slassls aes o

Jok oo sla goun 5l eolatul Loy ol g lew
AW oﬁ.leS

Ol ailag; Gl Ll o8 bl (S 58 Jue 50 oalitial 590 (e G155 s00 la Sy Y Jgua
Table 2. Characteristics of the triangular hydrograph used in the small-scale model, based on prototype conditions, for the Sijan
stream study

Prototype (m?/s)
Peak discharge of the input P
hydrograph
ydrograph (Qp) Model (lites/sec)
Flood return period

Prototype (min

Base length of the hydrograph type (min)
(Tw=D) .

Model (min)

Scenarios Based on Time to
Peak

Triangular Hydrograph Characteristics

Floods with short time

1.58 3.16 4.74 6.32 7.9
5 10 15 20 25
2-Year 5-Year 10-Year
00:06:19 00:15:48 00:31:36
00:02:00 00:05:00 00:10:00
<Tp Tc Tp>Tc
Base case

Floods with long time

Tp=6 min base

base
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Fig. 12. Normalization of peak discharge in Scenario 2 (check dams without sediment) and Scenario 3 (check dams with sediment)
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