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3- Grade Control Structures
4- Hard Point
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2- River Restoration
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7- Geotextile Fabric



TV Sl oYoli p &g, sl lag b 50 ablite oy 5l (AT - gous (ow)

b abliie 0y oile 5 (A-A alaia) YUy 51 glalei —€ JS5

(Pagliara and Kurdistani, 2013) U JSW&

ol laelScj cisS 5 £95 Sloml > Jodoe (5nS]
o cidizee Sl alonl coage 005 ldgage (lp ()
Findlay et al., 1993; Kim) ui sales glailidg, (slapimm eS|
J(etal., 1992

iy Sl glaalllas 5 (VF-Y) o)Sen 5 o3ljuletanca
2 Sl g g5l i oS CatS glaojlo 3B )
Ole jd dals Wy dbul byl sy S yole YL K4,
P Sl claply Bls (2 prizen g Sl gloj ©ae
i8S a1y (S9mlS Slgay w3929 bl

5 PRlejl oy (ptimgy )3 (VF-T) oo 5 (oM
aeilag, ;5 Mol b yad Sig, 1 skt elapsSitl (b goue
o > e cla Sl sgg 4 41585 aoets ool izt
e )3y oyl 1 o (S pmln Yols il el bys
adolee U ad daled cuw loj Gl i g b5 00
Cabyon 35 (e 53 casbio CulilE (ADE) "Lzl jon
OTIS (ooxe Jdo byl il aslis 1y by Lol 4l jo 2l
oSyl jpas balyd )0 el (it (sl ol 45 )
VU] N 1 E00

aSbagy )3 (She gl S (MF4F) phlSen 5 e
Oles e 3 03l ol )3 45 qwyp & )5 Cdnle)S
Loyl sy e lo Qe g0 e Calisee glay)) aw o ailog,
odalie y o il Yo sy a s glasl ) (oo oo op 5 i
Ploo Lo 3985 Jsb & 8BS n iz e gl in S
Ol ol by a8l (al33l (s> 4 syl Gal3El b Gl
B sl aalss 5t 0 Sl (g 5 bolad cnl lalew
ok j ol 4 g Rl L Sl ploj e (1SSl
WINVYIES

4- Advection-Dispersion Equation
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1- Hyporheic Zone
2- Stream Ecology
3- Biogeochemistry



VPoF Colgus 3l 995958 I8 wdar o) oylots oyl ol (uSb g Gyl 4 ot VY

D2 e Y b & (6 e e 5 (659025 ol oSl
feeF Job i g e IV (5L slaoylgsd gl cyio o /0 S
3 525 ooy Sy b o ilojl ole (sl 5lny00 o
b 38 b 436 I YV plyr 3 Sl | S5
losiiino Loz 4 039 e onlil altalesl JUI cl otaes
Slonl diej ol g9 ol b @lyy g 2985 JUI 3)lg Sloy 5l 2
snlss oalyd Latalosl (alos o colsisy g jlul ol bl

’ sty s (8 Lwosle]

5 ob glae o5 /0 lgas (lalsng, iy (gjloamd jslaiea,
)b Gl e (25 &lE3g) 53 @l g5 (ane Syl awle
Gae il carge Ylsinl ol s 13 laojls 2929 05 425
O 45,8 cpl 8,8 a5 o LI ws dalgs S pnla Yals
laoSan bl b (s plsl L (gw) s Coles 1
0y 05l yeuan 0 Soymle la by 4 20,5 dbol § oy ye
d9a 5> abed jgbatecpin 28 JSb Jol5 jsboay abolita
Ve/Y e (dso) Lauwgio ybad Ly dls 5 b gdlaas 1 yio sl YO
JUIE Gs ol j1 e VY Jobo 53 /¥ (1) U5 g sie ke
25,5 3l T clasl b _alKalel

&bl 8y 85Lw
I bl oy slaojlw l2l g (b lp Gigs ol »
Rosgen aslle )l sladuoy U ad aw JSG U 5 S5
5l gLt o,y Sy Slog) wlalllas ol 3 55 Llsd (2001)
o Bl gl s 3 gSan U G0ty (Siw glas
anlyl (LS Jolsw )3 ol &8 g Co g by GRS GhalS
U cdb aole colia anlpl caw a0 1) bya (6550 9 ol oo
Ol e 32 S Camlyign laojls 95 o0l wsSae S5
Cuand 13 (B) (o (ol JUIS )0 pounS 3900 45 3,5 )18
acalpl Lol JUI 1550 (e Cuond 3 5 by e 2 3g0s
Cuomr 4y 08590 Sg3l 35 Cunly 9 G S 53 9 398 Ll
5 Jlp Coms & a2y ¥ IV g gl b g camnnly
U ablite oy Slasss slos () JSi5 5555 sloxg) anl il
JSb ) Bollae a0 i 1y ety oyl 5o eddboll s
g e 22,0 1) g 2agss onl slaojls o)1 slagil s
eyt gblie 5 ol Slhe i 2 il ol I e Lo Y
233yt YAl 393> (1) o)l ool Jbo 285 )18 ol
Lyl 93 Cpmied sl 0 3,911 VEY bgss 35 1B s 1)
0y 05l L)) 15U )y yelateds o Sl Ve/Be 5 O/VD

Lol Jsdsae ool SOl eslawl b o)y Ken 4 o,
Iy oa oYl Bls 45 oMol JUIS ond (¢jlodns 2K lo]
Sl osel Candas ol g 153,85 wyp oSl el jlam g )3
Sy byl (g0 yobods Wl o J5doite (Sl & g ol |
5 B 5 Jb e en (Ra0 et al., 2018) wisy d5u0 1y 39250
Sy sloojlu sl oslizal ) (Sagll S8 (sla) el 51 S
o Jdsie d a sy L aS s )S o o aojle opl 5l (S
4 SeS g (Sogdl S g et i Wlg oo L 4565yl
.(Pal and Galelli, 2019) sl Lyl albsg, oYboss

e (o)l sl Sl (e Cloxio @blite slooy
2 slosilo ol SU da 51 aasliag, silejl g oMol slag )b
o T Lol S o gl |y adils gy yinlo b 5 cuy55 5| (6 pSols
cde @ baanl g ailiagy by Sdgyian 13 oud ol il s
Ladaslog, (s55ds5T b b daled o bojlu (ol 51 SO 2 545
2 dolite o iy red lboilo Sg2g 5,5 15 55 o 35
ol dnl o Sl SYols U ud dales oo by e
02> Ol 33)5 (Slsld Sl s (g piew 4l g b
Sy (Alai 0 Ml asbe lo; cse (1wSile 5 Y5 -yl
A Ldlgs Slolyd il s hesCuwd

c2go gl e )3 dbliio o)y (gomen (olaojlo 2929
ol anl o Sopola YOS e 5 bduasuie o Sl
O iy Slilllas g0 03 Bl g pm 45U g ol
aigojy Ladalpl g aailisg, (o5losl o Lol ldllas el a8 sl
g 4l 35 pe5 ol 48 cpl (Sdgprn ladsir  dblite oy
e 3 Lol ool Slics) (S35 1581 Syl o & i
LU as o pidoh ol 0 1045 aslyyy aslBag, o baanlyl
| es 3l eblito oy (slaojles b adllas & (alStlejl (gjlosnnd
Lbi.b‘);] 9 Lmd.ll&)” 0 6\»)»[@ UYJLJ Lgy JS\») U 9 JS\w

95 9 319
Ayl JU

JUI S s Gimgiy ol Sg i slagilajl ¢l
orej ol gpe ) dgas 3 &S bl ekl Llatue
Pl pudS Sy i ) lis S g o> (sl g 005 s
ui (WA °5)j 4cgame 4 u.hli_..wl.o)] Jl_vlf U—’] L.AB)JJQ

1- Submerged Vanes
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ABSTRACT

Grade Control Structures are one of the most important measures to restore rivers and small waterways.
Cross-vanes in I-shaped, U-shaped, W-shaped, J-shaped and A-shaped types made of wood or logs, boulders or a
combination of both are among these structures that help to restore rivers. These structures can cause changes in
river ecology in addition to constructive effects in preventing river erosion and destruction. Therefore, in this
research, two types of I-shaped and U-shaped Cross-vane structures in two different heights (hy) 5.25 and 10.50
cm are made of boulders in a rectangular flume with a length of 12 meters, a width of 0.5 meters and a height of
0.7 meters were installed to investigate the effect of the presence of these structures on the characteristics of
hyporheic exchanges. Sodium chloride solution (NaCl) was used as a tracer in the main channel area and
potassium permanganate solution (KMnO4) was used as a color tracer in the hyporheic exchanges of the storage
zone area. The results showed that increasing densimetric particle Froude number (Fy) decreased hyporheic
exchange parameters including length (Lyz), depth (dyz) and residence time (RT). Also, the results showed that
the increase of hy in the I-shaped Cross-vane structures caused an increase of 8 to 115% in the value of Lyz. On
the other hand, a consistent trend between Lz and hg was not observed in the U-shaped Cross-Vane.
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