WA-NY &xiio A glisugls DA 6 lasds kit 9 w Jus (olishs oo
Gt 81 0310 SAIS3g 5 38 (398 w0 S dain i o3l
N385 o ST 3L Joloo

" Sl L M g% Ud pule

olel o3 - ol G 095 (SwIie 9 (518 BISWIS (o)) (Saed rel.nl Mol olisls pludsls-\

yanghong@ou.edu
AG/A/YY b pads G

S ol oaxio VLI LadMST ¢ (30 95 « = wamn) Jou=xo re,lc; Olee Swiiie 05l LaMST olSisls Hluksls-Y
ISVAJAY REC ISR PIL

oS>

A

33 ol w3y Ol Ganass ¢lp BuiS Grae coldy g ol o Uiae ) (layguiS Blae oy inten jl (S (omwyp 4 pols> dllio
4 (blge Lbgy) ol 53 oalisiel 3,90 gy (aetS Gl 4 b dailing, Slo ok sl p3Y (T Sl JBlas sy e Alio )
3 Bl i B3 b So3glsST Lo 1 lise ccamlio leMbl 136 3blie ;5 bl o 45 sl 0k 4isl3 ;e oK) pups
by sl (Sdgyien g (Seiodgrten Sledy) dwd 93 )3 Glgioe |y 385l 3 (o 3)90 Sy S Awlore |y (dare Gy
oy 9 o )90 Lol Sl g ot Coglie 525501 90 b 0ad S Lame (39 pgd &t I g (Llige) <l g, ol Ao
I oS woleidn (o) Ol Gl g ol €IS Coldd oy 4 ol 23 @390 Sladlae )3 ymze By, 9> Nl 4By 18
32 sl 015 0313 s (gl (gl Juloos 31 elitol b sasld (ghldgy mebs Lasly 5 ctiS o o3lil g, Safelghye (slodatio
Gl canliol 156l Bl o (So5lg0n whm p wyiasl Juess b Llige ooy 5l edlitul (imgs ol 50 odel Camday ol (bl
P9y gl 0ad plxil (63)90 dalllas gy &5 M3 o (LS pSls Budos Sl Laliag) (SjelsST e bais (sl JBls b e
Sl e Canj (23 Sl (ol domie cud gy il 33 laes b iy Bl I e Lol Slas Sy

Al 3550 Sl Ol e b gyl (dblie > Sl e o5 45 o ety 1) wlSg) bamgie (03 51 55 b

Do popad ) Cul 485 Cjgo (S 0 ST oo ol
A3l gn 5813 ilyas (Slelis oS Sloay (clealSiunl 5 31,0
powye Ol yd aul g sod ol il (lodrg liupes Mos
aS ol dlalo Loyl o ying jd AVl Coll (00 Sy 009
D9 Q5l§.‘.’.a )§€.3 dlc\ﬂo.;p @ L;\c\.b’.]a.:ﬁ )'I O] L;th.o Ja > b
Llige ploay (o9, 5l oolitul (o) (Bly5 pdl Jlo 2z 5
WSl 15 6,500 plu dgs Lol e p3 a5 coul 43 )5 &g
Sl g e a0y ol gpd dx G5 3 & gy ol g
a alale Uy o dad el yolie Gyguo 4 g ol cdolds

033 als’

W) ((Sejelstre sloaasiis wu) e (S3dsS  Jl
T
5 od b oplie canlaasling, 5l eslimul o el ofy oy ool S
Oho 28 Sl &bl (gl pptnosST &5 050 T b 0315 5
Lod bLas a8l 13 5 035 oyl pl jaiwe gadse ol bidiojls
2 adl aS pos GBS ol ad 5T Ges 4 2wl
oW 1y 255 (g iy G g Gy b dawgy S pd (sl yauis
L andS slollo plos Jsbo 53 ol )3 457 (550 JSdo wams o0
P e Cansyj iy Comwluw dgg pie Mloby Qly C)T
¢Ltzm\_31539) ‘5]);. Ub.o:.o Cn ) ;.j O‘}.:.a Jﬁ\» Oy L bL.J)]
) gy 1™ )—Jﬂ) ‘_;’Libo)l.w i Ja)b.w 2 pegasy

E-Mail: shokoohi@ikiu.ac.ir

S AMARE £ A PO LR FEUNPRENNP



OA o)wwulaﬂmdlm

A

ol b Blige by Sl Glyce ey cnl degerme (s 5
239 e by ¢ poll =ve Al b9,y (Tenant, 1976)
&S Ulisga g 320 2 o6 TQI0 gy 5l (rizred 5 &l
3 Sl 3 (ase G (b panass Sl 300 b,
eaply 3 ol 4 i iso ol dell )3 g 395 e dlaeld ol
Ay s Suyls e cud glaodly jl 35 FDCA jbs, ccdlayy
B39 s (gl ) asdlS (o (iio ol e Lol S8
by (25 e slabaly (ogy ol 53 S o o3kl 39 Cunday
el 5 3els plej e plyz (23 5l Slodgioe ;5 )l 4
Gilhe a5 aslidg) (Ll (abbioys 535500 )8 (2
e )3 ) (ol Lulyd ilgi o 0dd o5 Gl I (sloacs
ol B9 o BB yse (ot gy Jl S el i
Ol 5 0392 iy Sllasll (g ymje o) €S Ol oo ol
05555 Elyl G55 b i 5 8 Aol (sl o 5
S ol et 33t e S 5 6 Snle U a8 5 5
220550 53 9390 Sl ool e plosil pilie sl
Sl (Siedglealssian s (Filus 4 g (oLl dilaie
.(Marchand, 2006)

Uil LSen g Richter &y a5’ (RVA) clyuss 53ga00 o,
5 @blis lys o3 (Richter, et al., 1997) 355 0 Cguin
5 o baos Lain Lol )3 48 ol il dngs olgalSiu]
e Caj Copie 1) Jol By uosST (S )L
03 w5 Joulod Ly &5 0555 o y3je (o) LU nl 53 0
Sluogas 4y |y dalllas )50 oo (S3glss1 luoguas (Lol
S3Pasn Clsd 8 1) Glofag 4257 9 035 lape b
OS5 ) S ) By lase (slaslsg) i wgS] Lads )
5 cplel daseiio YY I olomio 4 a5 cunl ()] g, opl oMo
335 5L o Lol s (S (Seiapien Lo
059y Y (0 (S ) 7QL0 i, (Smakhtin, et al., 2006)
9 Brb 195 ) 95 oo odes yob 4 (Al Ve cuiSHL B0 L
Bar S o )8 eolatul 350 1S el odziio VL] (Byb gl
el 3 o8 canl bl )3 o (655,150 g, o) dmwgi 51 Lo
(USEPA, 2009) 55— 3l als alius 33 oo o oS
=l e Ll el sy Glsis 4 50 by,
ol g, Sl 5 ISy bl (e plaiess (TDML)
(Ames, 2006) 29 0 0dlawl saxie <YL 4

sbiol dalllas o Ao el JBlis s, ol 45 am3 o0
L 2gd oo (orwo dldo oyl )3 s Dl o8 asg b 4y 5 009
slaosly 4 LSSl sls as a S (6, S sy, 3l oala il
SoS a5 00,5 olatwl Ly Sgyain I (S5edgy0
s ogites 48 e 3le el s Sgpi cladasuin
a3l )38 o 3l ladiliag) 05 Clagrge (S5 slad cuaS
S i S ) gl el 5 65 |y 5 aly 5 38 o
S (5o (Byme sl SlaB3g) (bx kulp b 55
Ol Al

e o) ol 5L e 5 Lol JSite oS ol sy
pae b las o aes aldaily ol 13 905 cewd 4B,
4 dng bg Ao e yd el JUS 35390 03,58 clacaalad
Tharme, ) calisee (o, Voo any K05 (o yiwd 53 glaosld
Lol ,iST S g5 o (IS a1 )3 &8 Wilodal ¢354 (2003
U”I J9>o gy Sloss Ly u)‘b).w uLmLo uS/_\;) b bos d‘):
(Slasy J 03S il 951 b o5 sl 039 ol e,
oSibe | 6o cuns p cob o) Jamass p e odlw
Ly atlgion o5 2l B csla e b g, 6¥Lo ol
5 2LS (slaaiss cus il 5y50 O s 4 Cslie B
0d5j baroe (A4S A2 cuws g ailag) 3 39290 6ygil>
I8 g bz g Ay, (awdine GLolid)lS LS ] 53 il
4 g ame Can 2l S e (gl oolitl 3,90 (o) 2 00
sladyy 4 1y (So5lsS b il p5¥ O i (gl
ol yj )8 an Ll 5l (S5 aS w1038 s peannds Caliso
.(Marchand, 2006)
S35l 9 e slevy

e sosls sl p jidin (Sjglssbe slaedy)
Lo (Yl 5 aSlale casliy, 0 e SY b (slaoald) 34250
0955 oyl 2 4 oledsy den Lol CBan (Petts,1996) cul
Ol asebl (gl ae Cany Sl b a8, 0 )8
09,5 (rl > Olgiisn ) P9y V0 JBle sl ailbdg) (5ol
(Smakhtin, 2001;Marchand, 2006) sl> ;1,8 slwlus 5,50
sl kb ol ) St 5 0o (92)90 sl Ll 51 sl &S
(King, et al.,1999) wloads 03> presi § dwgs ols gladlais



V4 u,....u 6‘14 (SN‘J 6L®=bl.‘>bs) e éJ)}‘gS)A 6[.@4..4.79@ )l R rom

d =
Sl sbjue

o (o) lSal S5 cnl el 2 S0 @ale sl don
P g Jolg e ool jny ol (lalsdg) pruwgS] JS7 oS
ki asg ol by IS 51 cos o] cuae izzen 5 (2w
Lyl HlE Sl ey JBls oo

5 eato 5 JolS GleMbl iojls b Jao oyl olwl (pl 5
933 plej e gyl jlas ) slailesgy by JolS s
90.)._4)]44_7:,0 9UL))>&_§\J9)J._.~E SleMb| L’du.B)f (LQ‘)T @‘9‘)9
2 S o (S5 b ptunasST ol LS )3 a8 Canl 0 yo pisred
.(Marchand , 2003)

O 3l (S WL g 0dgs dgdme dtwd pl (sla Jae dlaas
el il ool o Glasie 45 asl BBMO Jas byl
A Fwl yd el awoyioy B (King, et al., 2008) aloocs
S)lig BOVE 5 balisg) Jawoxe Con 3l 2y90 Of s L
o=l 53 bl gy il 4y Cwd pre (o8l 45 g4
gl Lid 13 35250 (slomdgy s b o 13 g ol 03 i
ol a1y Jruse Can3 L5 390 O JBlas

o) dyr 48 amd o LIS (2950 yg5e 38kl Gugisie
Syl 3 Sl L5 5 Jo8 B ) & s sl Yoo
9 A.)T Cxio J)L\JL_MI) A)ID )‘)_9 uyaia.»_ﬁ 9 ulsm.?m 95 U
(VYA dal
Loy g oo
(S6l) bligo g

cL)Luyo L;l_mu_lbl 0 4.3[5.)9) AR le)g u»Lwl SANEYIY) U)‘
3j90 9 clio (23 (8L yolate 4y 5 15 el sl 9 Sienaly
SpsS ladbss 12 o ol ale (Skals,iS el ol s

Y. J.)st P zdlA.&L}.ua olalics u»l,wl » 039) Q)’I 2
oLy e g Boas (e b dly GVl lawgie 03 do)d
Tenant <Ll jl ool Comdds guls b 03> Lassuis cuslio
Uiy 3 ealawl (gly sl aas ,S3 (V) bjless Jgi> 55 (1976)
3 olalae coiils 4SSl dngi b S5 slaailiagy 45 ye5e
cals s o.))_i? 4_;’])‘ |) L,’_’])DU dLerg.) ua.a?v.w.: dl)g
2 ool 3)50 (Slaasliag) any j5je 4y (55585
ol ol ol wlaios

SS9 slesig

Silwdnd > b Uy d929 L (Sdgpam sledy,
Ol Al S, 8 dng 590 yiaS Loy p3 o lalame
obbe el cowlio o slalase bl sl Lolol s,
Oles o (AS (%5 4> (Marchand, 2006) 2lodal 293 e
Ol I 48 20l (abaie S5 2oy, 1) (Sgpa slecds)
Gos Sl b g oud ud e i (Sgyie claaasiie
Chygage (555 eaiiSdgame ame Jolos (S0l (lsie 4
2550 Sledyy byl cul 53 S po odliil (LS 9 ()9il> 05
o Gl ol 0 9 ol e Gle |, sl ol 5
A e Cewddny deog S8 laome Cany; JBlis ol
3)5-0 4 iy slb Jio Gloliig Mos (Sg)ad (sleds)
s sten (So5sden Lok (gjlu and (gl ool
Lo (soodls JUS )5 (Lol (S gy & (Sdgyi b e
S (5o o3l (S T5len — (Su5lsS]
SS23551 Bao 5 3o s (So 00

Gy ol 2Lyl ladsy polsl 2 p9m5e lads,
DM gy oyl Bl dmwgs dol b 4 gl S5 a8 oo
L sgto 5as palis Syien el pito 5] oolil b b a8
By e (g5lw dud (glp B2y S by (IS g Gy
ol enlasl

ao bype CLMbl L jje (Sdgyien sbyyiie Jio
6 oy sladisS mae Ml (S5 g L5y 093 ¢S5 Lasoea
Sl ) g (2 U 03,5 (o0 oS 5 Wigd oo Bl dilaie S5
o= 3l S (Jowett, 1997) WS i ,a3 550 ailB0g,
3 ol 1 & o TFIMD o asd )y 39390 slo o
ol 0lawl 3y5 0 y Sl JLs 3 IS yel oo YL 3ble

S5 1y oo oyl ol (sl yi5% 5| LS, PHABSIM®

a &gy g o) e &S ol i Wy bl [yl g a8 o
Jowett , ) .o a5 o olic Sl SJgyim by oo il s
(1997,Zappia and Hayes, 1998, King, et al., 1999
45 ol i BI5S Jao o) o 3 e g2l 5 oS
$95 S Gl Jie o) &5 ol oladisS Codgase Ll ales
leMbl sgng pae Yope Ao 5 48l drwg gl (S0 lae
Slodgazee il gl JUil (gl Jdo 4 dedSe Cunele sl p5Y
.(Hudson, et al., 2003) cusl ,55 5394000 4



OA o)wwula..mdlm

VY-

Yo Blas gy a8l pgd g ol o3, S pMel 45539, Slo o
lio Co e sl |y ddgn yly 3 VL by 5l 4o
pMel (6)9y0 Juadalyox cole)olyon ay (S559)6ST oo
A e
o > buso i 5

Cansj SLajls 0590 1 (sladyy »Sd Ly sl plis
Annear and Conder, 1984; ) ouds s oo g ¢ oo
Gippel and Stewardson, 1998;Reinfelds, et al., 2003;
sy cle 4 (Gordon, et al., 2004; Suxia, et al., 2006
0dd b oo = (03 (e 3 Il Al g o g ()
ol j5y95 50 (6 i dlazel SUlgy 51 (Y 8leud JS5)

by ol 4 Ll Bloge gy 5l eolatwl ;3 a8 500 ppe &5

Ol (o5 )3 55 65503 Cogots &S5 ol 295 ced 485
ohLSer 3 Smakhtin 4 S L ol 48,5 )|, 8 0,Li1 350
9 JW )_.:.c I) (\) é)l.o._.w JBJ_> dhobs)}u ul?r.’b‘ (2006)
aod goluce )5 oS wlie 1y ol 5l ool g aadly (gl
5 L oS slaglase Jl psl a5lng) 3 39290 sl >
byly b ay dag fygin wlibe jud s 45 Laine g diwdld
P e g ot sl 45 93 Sl 2 )3 S 3l Cannj Laroee
Obey> bawgio jl0oy3 Ve 3529 a5 cnl Jol 233 3929 L5 (b
Sl lulyd Pl glyie a0y mls 5k 4 aldg) 1 4Vl

(Tennant, 1976) wiwd dawgio (39 31 G0 38 B 38 (oloi— (i ) bligo g y GOlgmins 29 2() ) 8 b0t Jouo

ol dpogi iy (2 :
IRRS 98 Sdol — e ol &y
ALY Flushing or ) ssgcus b pesjSle b >
(maximum
(75 T (Optimum range ) ;b > 4w ,lie
AR AR (Outstanding) Jl jbun
70- AR ( Excellent ) Jie
AR AR (Good) g
AR AR (Fair or degrading) 4¥sle
AR AR (Poor or minimum ) ciws
Too=N (Severe degradation ) y.us co )5
ﬂk
g} :i\ e s
1|/
L e e i
&~ >

Ao Cu ) SIS (39 g 1y Al —oukls s Lo g 29 Sl Al i led 3(1) B ylos S



\VY u,....u 6‘14 (SN‘J 6L®=Ul.‘>bs) e éJ)}‘jB)A 6[.@4..4.79@ )l R rom

o baome (o pie g Sl Al ) 5l il 5 e
g 2Ls8l gy ] 3] Asling, S (St ogld g oy o OIS 0
by 118 0y (6l colio yiumy plois 1) 255 cools
BLS Lindg y K3 Bl aimse s Y slap )
Joleale jl Slaaiws glis glsie 4 aldg) (U8 slao g
Ol gozs Jloinl g Of CudS” (alSTL cules 53 9 Sg)00 o
Ol 225 Sy & e &5 Soro8 lodgazee 3 lale 2> ]
Gordon, et al., ) 395 o 3,95y A5 Jnlgs 05l 055 (¢l Lol
(2004

103, S" Jras gy ol bl & (Slo 25 den 3929 L
el oy 3,90 gt Gl Al (e i o] BS5 0 et
i SeaS 4y 5 (pased Cuildp Sl yer5e gy dmwg ghinl
Annear and ) 455,5 o atuie jeije (Sxe gy |y dads oyl
(Conder, 1984

alads ol e gl (1998) Stewardson 4 Gippel
LBUS g 93 Lwly ol 53 S (o0 Syl (2l Slocdy)
Lol Sl (g 9 (e cud gy | A5 )ke 05

Oy (oo ) 8y Brioe b v cad by
e s oled Ao ya cljl 4 aS 390wy 1) (clabsleo
3 o Cawddy dadi lan 31y 00— ol Lt e

e ddai 03500l (5-xe 93 (e3loiudy B9y ool
100 o bl 3 oo cud o ljl 4 oS ol (glabas

dy
| |
. M

X g gl (2 Jio addlas 3)90 @b Bpuo Y (398 dlally

3L 3ivee 9 .l 0dd it laro Aile Jie yuiiio B yxe
53 45 Makine g dtasly puite |y o] coad ol Okl 3590 50 0
adlllae oS 0kij SladisS (g2 e 9 39 B85 b )90
26 o 361 9 315 )13 Joo Mo |y (508 sl (g0
axgi b dioal Shis g 53 iy oo (olid) o 4 J5S e
e $9) y= 45 (sl (8L p (e Ll (3l oy
5 alais 5o )3 Ll @ @90 (95 cand S g Ll 3 &S
bt ] ) e g wles bt a8 ol (clasgls 2l Vgl e
o) ol dlais ] b oxie Jgb o Lk g 33ke 00 391 L

2 09 oo adin Mo (V) Bylais IS5 j5 a8 g0k len
L ey 9 295 oy & il (Sl B 5l by
LS Sy 0t ol 3 3 s (2S5
Sl Sl 4 yoxie (23 3L Slyuss dlais opl ey 5 Wb 0
Meos 0ad s b e gy 5D g oo 00d Lt Laswo 4
B Loy e g odd Lt Lo oo (gldlayly oS 055 0 (540
Suxia, et al., 2006; Gippel ) 55 3939 b3l (slp o yiwd
.(and Stewardson, 1998

wasule ool (K31 (oo lpe bl nl 2
05 Lo oS el (ol ol g 03 BB Gl Sgpam 4 by
Comd Olod & (Jg 0395 (ol Sy dlaid I VL gl 03 &
Ao )3 w3 Lt Camlus 395 1 Soml laad 4
Sl bl lgi o 9d el clildgy 13 Jlymu o 25 S
(Suxia, et al., 2006) 5,5 ‘peuss |y al3q, o (54551
ol Pl oeiomen g g jlade iy pslaie 4 Ul
d;‘_.‘a.o ] DJ._AT J_A.C a odlasiwl u.bl.,o L):’)ﬁ)'-.’. L5l)'f wl...o
el eyl 53 (o L (ol d9250 a1
oo A b jblae a8 cul 0oy &y (ola 023 3500w ) 1S 0l
g lodgs ailBgy ol 15 (wyiwd B odd s Laxe Sl
5 obwle (g S oy Bilas & Cuwl (Jb 3 oyl
o=l 3 a0 JBlas al LSyl 065 0l bl iy Sl
ol (yibgy s gyt 4 bgrye peujSlo ot Laee
Gippel and ) s il 4l @ 0 Kiwog s g o jl
.(Stewardson, 1998

9 Sowely slac bl ) il )5 zbs b duwslie plio )
0 o wgio 00 Loy Ve Joleo 0y oS W lgi e Lliige
Ve il 58y sl 0 50 g 0 S oo jSlas il as )
0l > oo Sl o Ve dn S5 dhwgie 00 Aoy
(Tenant, 1976 ) 3,5 o )l )Lid) > pes Sl

Salsdg) g5y & Sliiod elul p byl (pen Bilao
2 (Slyoo i o wb absde 8,5 &g Wil L]
bawgio (ol do > B Bdgasme D (0D — ol Lt b
Conj Pl (23 (e Ao (2bigw ol () 205 (o0 51,5 AV
2 1555 Sy by ol il el Coanl o5



OA o)Lo..»stLwJa..md.lm

\YY

ewdYl bl GByre (oye alade b yidy a5 29 o0 onlin

oy S (8 glalie s o ] A (6 yi0gy e ol
5y Soisle Jgmors 3 55 390 (sladasiin gl 5l § Sisle
o3l (oo o) (23 Cp 8lp Cad b ooye gais
..\ATJA:,@

2 4S8 Gl (2la placl Cuond Byao 2)s ghais oyl
Slors asuie (V) 6 lews IS

o Kilometer:

39 ko 3 T Aog> g Albag, o aw slod 2(Y) & ylous JS

a3 M A0dg) s day

1600.00

1400.00
1200.00 -\\

= 1000.00 \\\

800.00 \\

600.00 \\

400.00 \\\'

me \
0.00

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
(54 ol 5 a0att

s

() (MSL) g

39,0 &l53g ) Jab Jdg 2 3(TV) 8 lo S

2 adeis SO gljl 4 s Db o alas Mo (V) dbleo j> &S &b

Olod 48 350 A aled poyiSLe 00— 0dd i basee s
.(Gippel and Stewardson, 1998) cul >0 i

d’y
o 3 ")
1+ (?)214
X

Loy by, 5l oslitl b &8 casl p3¥ ol ol
oo ) ol Lt laoro laml ccalise gla o ljl 4 cB eSS
Laly) oS 4y g 5 008 dplone wlSdg) )3 Jlas 3)50 (0550
e Canj Blas 0 i cjle 4 g Slyo dd VL)
gl 53)91 Cawddy
™)
W Ll

o Soran s (Sglaian ) 9 gl alie
G55 (=l 5L 390 &l SleMbl 5l gyl (1392 wal ) e
2 A4S pusly o (83959 ) y9iS Sl )3 39)li0 Blsdy)
e slaelag, 5l (S lsie 4 ohsjle o s asgazee
Wy wdige golr 5 (o 8550 1 5 Canl ke Gl 08
dw Al (Y) 3)‘.0.&3 Ji.w W ubw‘ il aslllas 9 W)y COoT
b oy (¥) )l JSG 5 o jupl dogn 5 wldg) (gam
0l gyl VYO e sladn & gq) 5l &S], O] & ool s
3 o i

Sz 3blin 558 (sl ol 51 iy, oyl i 5
3y9-0 oyl (sladhaie O olouw €815 Hgrwd 4 CandY j
Suile o pd 385 ke 4y oliwd Cps el S plol
A0y (g e )i oS! 48" W do o8 ddlaie (pl 5 iy 4

XS Profe for cross 1.dbf XS Profie for cross2.dbf XS Profle for cross3.dbf
(Cross section 0) (Cross section 0) (Cross section 0)
66
66 64
64 ] [ ™
) y ] V4 i -’I
60 A Y 7 sgh\ Vi o ¥ Fd
5B % 7 5
Elevation \ y 4 ' AW ' h Y |
gg \ yi Elevation g . Elevation gi LY
2 N——f J— s \——f
8 g f Zg — — ?.g L ™
0 10 20 30 4 0 6 oon o 0 5060 0 10 20 30 4 50 6
Station Station Station
Cowd b G309y ol cwd¥ly

Al 9 590 83 gusmo 43 99 )la0 LS9 gy B sa0 (0 5 abLio 2(F) b low S



\YY

u...uu 6‘)’ GA.;‘Q 6L®<\JL‘>\>5) 5o é})}lﬁfo LSLQMM )l oolazwl

Q(m3's

3.00 4
000

« hourly(62-78)

« howly(@4-85) sedment file

2500

2000
1500

1000

500

000 +

Hicm)

odwr (5 5 0311 Sl 99 Al siulod 2(D) 5yl JS
it Jilio 30 (g gm0 g s oLt

(29Ha) el

(m3s) St ot

w

i

B gio S0 99 g AT (39 (i 3(F) b ylow S

41395 O 3149

(22 i i

(%) 4ia s

Ao (ANT O puiti Jwlod (V) 6 lows S
BT G20 (S

S 3e0 o SN

oo 3 cuslie (g yiag i oKl SG (gl 39)lae wlssy)
a0l olyd GleMbl e bl Lol Cuid 4 ailBdg) 344
=0 STy 151 (8) Bylesds JSb 00,8 o WWFAIYFA Lo
1) ol b La s 5l ik el 1y ol ol ! s 5
5 FAYA 893 93 ) ik (23 Gioped 5 (G = (23 Sl
sleodls (WAL, @-lar e (65,50 ) dmd o ol 1) AF-AD
(—Te (3920 G ng ..\..wl.; )M‘) °Li:"“:’.| J.w‘— (P (S
Jleio] 990 ol g ol s gt Loy 5L5 9 o5 slagd sl
o gime BAMB] dgng JBlas b e Jubl — 05 doxie jd Cunsld g2 g
A BAY Jlo 4 basyo slrodly LS o camds 1) (iow g3 ol )
sLaosly oMl & win o ol bt &y Jilote Loy 5 cawiSy
Sroe Jbo ;2 53 g opiee Jlgw pja ]y Jlo ol 3 0 &8
ol (M i 4y bayyo sl 00 3 )b dme Sl dg2g pac
e Olgse 48 ) @x ol @ g8 oo JSB ol I b e
g, g9y sl ol (gl sloze) BB Yiazsl g asly ocia
&S Caol o] oyl Jusl = (05 dlaleo ¥ Adleo LBl Cawd 3g5las
@&M)‘H9mbﬁwﬂﬂwyub)>@bg |).>

(")
0=(02879-0026H)’ R=097

Jsad )3 5 0357 " arl (sladilsdg, dlan jl 39 ko Lilss,
S8 ajl e ol 398 i 1 b i b g ke
Sl Alble g (V) ke IS 5 oy ool e () Bl
» 4l 25 slaodls (g bl Julow amd o lis w339y oyl 31,
ol o 1)l i S (Vo) Bylauds Jalin 50 ailidg, ol Sis

gl y (5 309 g olud! 4 (M3/s) 89 ylao 0[’03, AVl g dldbo 90 glbe)loT (Y)O)W Jovo

RS | Mg | 5 | AR | Cugemdyl | (mdg9d | Wl | ek | s | M| ol | e | WVl

Lwgio V/¥Y AN VY VXYY Y/XY Y/¥o Y/5 Y/-Y VAY Y/\Y A7ARN y/¥a Y/
RS

" RIVN AN -[50 100 AYAYN VYO VY VY -[20 VIYY V¥ vy -[5¥

P

’:’” sy N TS L ) 7Y B T 7S 2 B S VTN S Y7 N I A
e iong

SNex \TAYd Y/¥Y y/0 +/AA VY VY A% Y/5N YIvY -5 <[a¥ <oy AN
Sl Y/5¥ Y/AY Y/AY Y/04 £\ AAY VA £IVA O/AY ¥/AY AR NAte Y/f5
Jolas Ivs AR /Y0 -/ A VY AN +[AA -IvY - [0) - I¥Y AR AN




OA o leds gulids laore aloxs \YY
el Judoxs el 99 (M3/5) 89 ylao Ll58g y S g 3 50 399 99 :(T) 8l Jguo
ol y oGt 8 b > G 3148 slaosts
S B9 Cob e by9d
CuiS 5L g
RA0CCAN R POURE I S B TN (R 2O PO R IS A PO [ 2 B 7N A P IR T
(Jw)
(m3/s) NS GAY | ALY | Vs Y | VY v YIo | YIM | YYE | ves | visR | Fy
e sloligy ) cuslie e Ll 395 o] Baes e Taxo Cun j Cledb!

el Bl oS 5 3908 b i b 35 (5by3 &
iy 5SSl Laasing) 3 (gl ol s oS S50 o
cutS cos ol ol o)l Blas cap s | i cusly
slod oliee Gl bl Gk s S0 (g9 il g
45 Conyd lojlasl any dga (Siid 5 bo)S Juad (s l)8 g Iso
g onlpbis il (Sogdgyen Jlasl )3 by b laaslisy,
Sl 295 Jloasl (plos any iy 3 Wge pliale o (ypen
2335 Lo ) e plalo 95 v axgi b g Vgl &5 (550,050
Wloads x8lg 39,Yh bl jo ¢ SVl gl &b & ailidgy 4
by (Al ol ar ]y 35 Wi 2B 5 08

ooled L Cnlpll 85 idna iz ol il e
Wlgi o il 5 4 s Ll b )35 6l 4 i slaailesg,
b (5)91dlj > Jarome Camj O Mdme g OMSue Sl sl
035 ool 2l lale Jus jletial g (rnb Sl w05
2735 8 b B3 9 935290 2 Ol BB slye
(YA, b —lase (65,3 OT) S 5l
Olwlxo

= = olee adaly (8L < by je Sluslre plosil (4l
Sl Soile copd Hlude i) S Cawl p3Y 0dd Lt laxe
e 3l odlil U jebate oyl 4 ] Cansay  Slalllae B3game
Gty (2 Sy Boe o il 4 (g pteg)iem olRia] J3l o0
gl ot 3 535, o s o3l L e
tin st il Uy 5 o (F) e IS5
03 9] Cumddy Sisle byl 3 odliunl 3590 Ui duasuiie glatio
Joeyd 10 00 drwlbre gladasuin IS oIS b g o
03 y5) Cwdds y 135 )90 B3gd e (¢l Kile o yo « Sisle
Ol Gos 9 (0 cwip cupd onl & Sl (o 95 00
Hodlaiwl L yomje o s (35 (2l slp g2 alss glite
oy 3l odlaiwl b (03 Jloe! 5 cundVL glate wiid Slasuio

2l by Goee ot e Jud Ao ye 13 oel Cawnday il

Slaailing, jl slasgarms gl (oo Cunj lallas
29 Sl 48)S ©jgo alig) I 1 ot Gliujle 08
0395 39)lo AlEdg) &) o )15 53 gydte SleMbl dx
353 bty Law o8 1) adllas 390 (slaailing, (oges bulyi
Sl 3oL 29)lino Blg) 3590 )3 s - psbods (S 9
slapgS o adlles 3,50 (slawlisg) 5 (bl amd o Lt
b gg—SOMN jl JSuio Lm g8 ol 4 iz
(LogeSidgs)) rsile slagygsidly (g i) als
(bl glssl) oSS g (g5 pmm b Sty Slagge) (s
g g0 (gAnaLlb

ploxl GWlas slasno zlis g 39290 slagt)lS olul »
S50 5 5 o bapee cBlis g @MS JS bl gy 0l
90 4 adlllas 5)50 sladiling) lale (hjle (b Clisios
2l pleale g baileag) (ol ) (Slo (oqr pliale ol 095
» Sl (o glaple g e gita il )15 Lo
OleleyssS o3l ay 3haie jiy adllas 3)90 slaailesy,
obele) Lag)l abls (alo (Jyane yo5 wlo (slaslisy,
S (plo g (plo (ware @iyl b o 03)) lai (HhShew
U camo anl jl aslBag, calisee bl )3 a8 ditwn slaslBog,
b ST, Ly e 5l y 20 £e e 5 00 e 290 clelas))
LLE yii o by ale 5 £s5 (lale ol odlgls ;] ogdeay
L5 glailsg) lals oIl 5l izan g wlsg) 4l Gos oS
S )3 Blg 53 5 GliwnsS g Lle i 0 308 J5 (YT 8
Connj cdalllan 3)90 (slaaslisg) (o3 b ool sloasls p
adllas )50 slawling, 4 555 by 5l 2lee lale S
3T 5 lple 598 03l (53,0 sloaisS Joli dagas oS 55
205 9 5SS sl el g ole Joad )3yt Wi (lale
S oo @ ylas addllas Dyge (laailidg, 4 dn il

3 Gl 3 aS el G151 (SLo g0 sla )15
a8 00,8 Iy el b & AdIS 4 Cond b (alo yalps



YO wey® Gl sl laailsog, 10 So5e)e8 e lrdastine )l solaul

L lsin ebigpisn slod 4 ailingy (Sgphed 5 (Seislsdyess)
L os8T 0,8 dwbro 1y e (90 Sisle dbleo 1 oolazl
A (BS Glgie Gblite Bad e lazme 5 by (23 (1l
= dlee e il b cales 205 g | () B)led JS0

Al o Candts ¥ Aole «laye JBlas g, 3l odlul b o

+
A.W

P(m)

5 8
"7\\* .

\

Q(m3/s)
2900k o Lo Okl il e 1(3) 6 s JS
O 20 0 5 @i 33 (99 Jilo

53 odol Cwsdy SYolae Uy (o0 canlus sl cawday dolao
o=l e e Lii(1998) Gippel and Stewardson  sla,)l
SYoleo i i £ g O SVoleo . 150y9] Cawds |y o i sae b
SIF Ao g a0 i 1) by p3—0dd L laowe (aoxie
Cowddss ¥ Ablre 3 ¥ dsleo p9d 5 Jol 4550 wlitine (6,115

w] b..\,o]
dP _3.834 )
do 0

—-3.834
=L )
3.834 , |2
1+ (===
o]

5 00 e b Bpme iy Q 9 P absbes 90l o
2 e « S Jolxe B ddolee (palo)i8 b iz by 00
Ly 4l 53 caSo yio YA Jolao (Sl Al ) laoee o
K oSl e (slym (i bl a8 cljl 4 5 dleo >
a5l o xSe 0 VYO Jolee lrre sy Bl 00 lude
et Jpi 3ilao Usgo gy Jlac b (20 (ol 4l o Cast
Sl (¥)

loda suin &I i b e8] .05 dulee cundYl alads
S ole aob asl end el canyy Sisle cops STl
3l pBay 5L cupiione ol pI5 (39)8 551 0l Gk
|y ol Sllons gl lad g daws) 5S35 glaio 4 alafio S,
DS S s Gl dale sl Glge 1) Ol 2515
bedoxe 13 |y Jomsd Jols Sile s ks oyl Jols
o=l e 09,8 olas sl b cewsy 0.07 <1 <0.09
8 b peSe duglie in Jb)eiSy (gl edlil by o
Lo pusly (gegyda o] o (gl > (A) B)led SIS
sl glyy g 42 S 5Las (USGS,2010 ) 5,luial (cla IS
=y 0393 (ke d> B oS (sl 23 (sly +/+ VA dxe Slwle
duu—’b dl)_; o ‘)_;1 )l ool&_ul A.As)f )I)B ook dy90
L o8t ol oy 1y owoliol 5 Kot juf dos 55 (oMo
é_.\afu )l 03 u.m‘bﬁ u._m).c J_.\Qj).» 9 &uLo w)..o u.u.»‘.)
S Sl By glalle plyie 4 3480 (pl )3 & Cuwd il
loslatwl b ylgr po el o Ol ase Canyj JBlis oo
(Q) bz (2 w9 5o cens 2 (P) 0 et azme (£l
9201 Ol daly Coleg 53 g dnwlors |y b aaSa o o
Slwle oles 4 ¥ Aolee g (1) 35l JSKi 3,9 cawdas |,

P=3.834Ln(Q)+74776 R =097 (¥)

099U 30 39 ka0 AlB 39y 3 (ki 2(A) b ylous S

S309 3 ol
a8 Gl 0dd Joo 956 cpts (1) bylod IS5 a5 (610
Loy a8 0 ¥ I el ) 1l iz slages ol
3l g 0ad s oo g Corlus sl Lol anlpl ges Jolre
dy oy phabe (SJgyiud lad ob p dasuie 93 (pl pads
il L s g o 03] Cwdds Jblise Goe (<l
St it iy it e 45 51 L nia S



OA o )lods oslids Lasme alone

\YF

(m3/5) awmo Cut 3 o> 39 et 51 9 Jol> @l oM 3(F) B,5l0ds Jour

SWg b (W9,

Lol Sl gy (23 Jihs | (otie o b9y (0 JBl>
(m3/s) (m3/s)

(blsge) oy s,

AR AR L AR

VYD Y/AY

Ly .15 YAd ¥/

Lrla.:?u Cang j (O J£|A> LY ‘_JB » ©IL fbu‘ $3)90 aslllao
33903 4l oy Voo il 2, )3 wlog, Slo 0k sy
03 ))51)_3 A_ul; Jel pu.gw).m Y/A )J.l)g (eTUe s U‘?’ﬁ) 2
(\” 9Y E)Lo_«j} J9‘J>) .)9)L5.»o 3&39) LS)LAT Ws ) Lol
xS yio ¥ dgds dildagy e )0 (00 lawgie & umd o LS
By 9> 53 Jluw B catSi 5,00 b ol 690 (03 9 45t »
0:39) L ) ¢U»Lw| u:l 2 Ll (ST Cudd uf’ﬁ) l.: 04ud .))9|)_3

ol s 2l Job LB bl o5 dP | 5,8 5 )3 b
do

Ogods (S3elsST bne (65 JSS Jole & aili2g; e 5l
(1) Byl Joir & a9 L 805 Byl j1aily judy conl (5958
obe (= 3l ey gy ol Sl (23 290 dlas Mo
o2 callae pl il geS 50 Jlo Ve cusSil 80 b Jlusiis
Gl yizy > aldg) cplyd & Cul awgale Cladly b j5,la5 o
Sl pordo Gy (lame Cans Sl (9 .08) o £ b
;.j Olise cpl pamass b cuil dgg (o)l (gladkais o ST 48
0551 o S Ll sl o e Jlo e 0
Sz (295 Sl e Sy e 2,8 bads g e das e
WSSl eSS D oo odalie (glaildgy 53 LS, Jlo Ver ya &S
o2 SLo g9 3l (Sdgyiam b9y J9d JB b9y bl ol
Blas > (3981 baore (S5iS byl Laas (glyy oS Cuwl Ll

Gl Yl bawgio by doyd £ il oalaiwl 4 L0 Jsd JB8
A 4y Lol S 5 cud laedyy e dumlia 33,5 o0 sl
A gy plp s o 5> (g pollie cad (yhg) & ) o0
2 olaize IS cou dS duw) o 4 4l 00l Cuwday Lol
;4_».]9».0.4 )l Sis dbLm dl)_s AT slcus )l oalaiwl dy90
ol 03y Uil dalllas o ol 3y50 3 AL o9 (6 ki

dP
)—%&A—éﬂw-\-e._\.ﬁslgd—=3 el yiag s ol &S el

Conj jlo 2y90 Gl Bl (s (yp 4 pol oS
2 Gl By (SoTgle)nn 9 (Sgds oBd 9 I e
ey 4 $3y5n (e Ly &S sl o L3 bl oyl
g odldtwl a5 25 031> LS 5 29 Bl dgn g0 liaily
Gy glojl J) e (oa)5l 41 oo Bl oo cme (509
o G5 (] 0 (Sl ledyy 090 0 9 lare
g o ald yid Uoge plyis 4 Lo )9S 53 &5 il b,
IS yeiwd j3 ST b hgy ol 5l eoldtwl Lol oas sl
= 9 Laasliog,y (pailelw g Copise b 25,0 clapylojluw
i 3kl bg)y lgie g 5y 48 O wle Lanass
5 Silwde lagyb ) pogadas (Ben odlitul 3)90 298 oo
25 518 b il Sl (s
ooleo 53 5 et LS g (il ay Sl S e le
2 g doedin 13 45 5yebilan usl iyl MolS 15 owige
e Gy Ol Ganass (ol 1 )3 3250 Slacdy) gl
3 M &S Cunl oledy) dgdme Alas I COlS gy Mb onyd
ol o sLSGT L Lass g (SO sbow baa slaosls I ealil (g
b 4 el s BB S s 3 85 Sojlyyin
D58 o Hlid p> ioled an el a1y ol dos g 300,
Cls gy 45 amd e oLt 3o ol )3 0ol Jos a4y (g2
Ol 59565 518 lpl seailsdg) 1 (g by ool 3)50 Ailgi o3
ey cpl 4 il 48 Cusleto oyl b JalS  Sinlan 3 paudgn
Con ) bawme s (cly g 039 (Slal Cuol 4l axwg bl <l
o) 5 2liiol 45 ,1I8 o dos &5 ol 1 g 0392 0329 el
gl bl )5 (bgy cnl & olaailesg, Sl e glailg) 5 by,
WS 3)lg G baze p p il e (Glled NlE e conl 0l
2 cewlio Hlws AleMbl 3555 oy 4 &S Gt (pl
ools s ol 015 ity lSel yile oy slaailiong, 51 LS
Seigdarie Sled) 5l LI b (Ssyier Slaedyy o5 00
Gy glop Sl pana 59 Al 4 Ll gl 5 00l ol
9 o8l (S35 ds5] e (sl i 5 e Mo ane



\YY eyt (6l soald slrailBogy 10 So5e)ed e (sladasiive l oolaiul

O 038 ud baee (g ((Sdgye Sledyy oo 51 -F
3l 93 gy ol )3 sl 03, xSt |y i ax g
2 aans Blis o5y gl Loul wSlis g doxie Coudd
e b oo ( SIS 00 e Sl ey Sl ol
ol 3ind el 0dd B yxe Lol iSlas oSl 51 51
A b Sis dos 3blio )0 gaudge ol 48 aad o lis
i yoSl 5,8 51 iols zuls g 03g0 Budaio Cuxdly b (glal e
Conj b oo bds gl 1) 65 e slaclsn Losl sl
0l iy a5 gl bl b e S las o2 o) Ll o Cawday
oS Gblio sl ol 5l ool @l 5 0392 gy 3blie caslis

bowiosl

1- Flow Duration Curve Analysis; FDCA

2- Range of Variability Approach; RVA

3- Instream Flow Incremental Methodology

4- Physical Habitat Simulation System

5- Holistic

6- South African Building Block Methodology
7- Invertebrate

8- Perennial

9- Generalized
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