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ABSTRACT

The Dez River, as the third largest river in the country, plays an essential role in the economic, social and environmental life of North
Khuzestan. Also, it is very important because it supplies water to more than 125 thousand hectares from the Dez plain and the lands
downstream of this plain to the place of Bituminous Dam and provides a significant part of the environmental needs of the Karun River. The
purpose of this research is to investigate the trend of quality and pollution along the Dez River and evaluate the effects of urban, agricultural
and industrial wastewater discharges on the trend of pollution and quality of the Dez River in 131 intervals based on the QUAL2Kw model. In
the calibration and validation stages of the model, it was determined that wide parameters such as flow geometry, river hydraulic conditions,
water flow rate, aeration coefficients, pollutant entry points, nitrification rate, oxygen demand, etc. in the river are involved in qualitative
modeling results. The results showed that QUAL2Kw water quality model is highly accurate in simulating quality parameters and pollution in
Dez River. The trend of changes in quality parameters and pollution in the Dez River showed that this river is better in terms of BOD pollution
due to the discharge of urban and industrial sewage, in terms of EC pollution due to the discharge of agricultural land drains (mainly sugarcane
plan) and in terms of N-NH4 pollution It is in a critical condition due to urban and industrial sewage and drainage of agricultural lands.
Therefore, it is suggested that all the wastewater of Dezful city, fish farming effluent, Haft Tepe complex and Pars paper factory should be
treated and then discharged, but regarding agricultural drains, corrective measures such as improvement in the type of irrigation systems,
fertilizers , the cultivation pattern of the area, etc., should be done at the source.
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1.Introduction

The Dez River, as the third largest river in the country, plays an essential role in the economic, social and environmental life of North
Khuzestan. Also, it is very important because it supplies water to more than 125 thousand hectares from the Dez plain and the lands
downstream of this plain to the place of Bituminous Dam and provides a significant part of the environmental needs of the Karun River. The
purpose of this research is to investigate the trend of quality and pollution along the Dez River and evaluate the effects of urban, agricultural
and industrial wastewater discharges on the trend of pollution and quality of the Dez River in 131 intervals based on the QUAL2Kw model.
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Figure 1. The location of the study area (a- the range of the regulatory dam to Abshirin station b- the range of Harmaleh station to Bamdej
station)

2. Methodology

The QUAL2Kw model simulates the river in one dimension (one dimension along the length of the river) along with non-uniform permanent
flow and can consider the effect of loading both point and non-point. In this model, in order to determine the concentration of qualitative
parameters, the finite difference method is used to numerically solve the displacement-diffusion equation (Chapra et al., 2006). In this
research, the QUAL2Kw model was used to simulate the process of pollution and quality in Dez River. This model is able to solve the
equations related to the river in both permanent and quasi-dynamic conditions. Also, simulate parameters such as dissolved oxygen,
biochemical oxygen demand, temperature, ammonia nitrogen, etc. in the river network. In this model, the qualitative simulation is done based
on the river course spacing. Spacing is done according to the hydraulic conditions of the river and the place of discharge of pollutants.
Therefore, the distance between the regulatory dam and Bandaghir was divided into 131 intervals with variable lengths. In the calibration and
validation stages of the model, it was determined that wide parameters such as flow geometry, river hydraulic conditions, water flow rate,
aeration coefficients, pollutant entry points, nitrification rate, oxygen demand, etc. in the river are involved in qualitative modeling results.

3. Results and discussion

The results showed that QUAL2Kw water quality model is highly accurate in simulating quality parameters and pollution in Dez River. The
trend of changes in quality parameters and pollution in the Dez River showed that this river is better in terms of BOD pollution due to the
discharge of urban and industrial sewage, in terms of EC pollution due to the discharge of agricultural land drains (mainly sugarcane plan) and
in terms of N-NH4 pollution It is in a critical condition due to urban and industrial sewage and drainage of agricultural land. Therefore, it is
suggested that all sewage of Dezful city, sewage of fish farming, Haft Tepe complex and Pars paper factory be treated and then discharged, but
regarding agricultural drains, corrective measures such as improvement in the type of irrigation systems, fertilizers , the cultivation pattern of
the area, etc., should be done at the source.

4. Conclusions

The construction of a treatment plant as a solution for all polluting sources seems to be expensive and impossible. Therefore, it is suggested
that all sewage of Dezful city, sewage of fish farming, Haft Tepe complex and Pars paper factory be treated and then discharged, but regarding
agricultural drains, corrective measures such as improvement in the type of irrigation systems, fertilizers , the cultivation pattern of the area,
etc., should be done at the source.

5. References

Chapra, S., Pelletier, G., & Tao, H. (2006). A Modeling framework for simulating river and stream water quality, Version 2.04:
Documentation and user’s manual. Civil and Environmental Engineering Dept, Tufts University, Medford, MA.
https://www.semanticscholar.org/paper/

6. Conflict of Interest
Authors declared no conflict of interest.

Cite this article: Lashani, M., Shabanlou, S., Najarchi, M., Basiri, M.R., & Mazaheri, H. (2024). Simulation of
quality and pollution of Dez river using QUAL2Kw model, Advanced Technologies in Water
Efficiency, 4(2), 1-21. DOI: 10.22126/atwe.2024.10383.1115

Publisher: Razi University © The Author(s). @ )

NC




1 639 0y 3 by G (9l

,\'\_/, YVAY-¥4¢¥f Iu,-{:i)jg‘ L https://atwe.razi.ac.ir '« i eli.:} U};,,{Z],

QUAL2KW Juw 31 00kt b 30 A3, F98T g Cud Wig g (5 3bwdn

° 8 ralio s (T E 6 pa Lo peseo ¢ BT o slon o ¢ T gliband e Y G e

parseyan_saze@yah00.com :asbb, .olpl ¢ STyl oMl o131 olKiils « STyl soly oyl pas (wtiao 09,5 lpos (owdito (65 (somiily |
saeid.shabanlou@gmail.com :asbl), . )yl clisle)S ¢ oliisle S aoly oMl 131 oKl cl owdigee 093 Ll ™
mohsen.najarchi@iau.ac.ir :asbll, .|l ¢ ST ¢ oMl Sl olEuisly (STl anlg ¢ylyos wdinee 09,5 6Lkl ¢ Jgiums oian g5
mohammad.r.basiri51@gmail.com :asbbl, .1yl « STyl ¢ oMol 81T olKizily (STl sl o 2las wdigen 09,5 jbdbiusl ¥
hossein.mazaheri@iau.ac.ir :asbLl, . \lpl « STyl ¢ oMol o1 olEtils STyl anlg ¢ gowsds (wdines 09,5 ¢jluiils ®

EXVOES

4 oz 2 s Jlod (lamatuny s g (elotzl oalail Sl o bl (18 598 Olyy 6lg) (ages Glsisar 5 4B
3 3l e B it el g Bty Jome b s ol Candimly (2l 5 50 > bl 51U e WO ) e Ol e
gl ol g 50 alagy Job 55 (539l § cutsS W9,y (awyp 3a855 ol 5 Bl ol Bl Yl (0,8 G529, Jaeciw
3 ool QUALZKW Jao Lolul 1 0jb WY j3 50 ailBng, cuisS g (5ol Mgy p x5 (659l ¢ 000 sl alss
Wlhagy (Sdgyier Laulpd by (wiin Chogad aile lod s b yiall b jasuie Jio (e Covo g (oxiwly e
iS5 Siloe @l > Wlig; )3 0y g (2l (3mST (igslSiin i 5 dmoay VT (9399 blE (m3lsn culpd ol Bl ol
YU By 5l 5 4By, Sl g S el (gilwans » QUALZKW O cuas Jao o ol zols a5yl s
adss s 4 BOD _Suo¥WT jlass) asleng, ol a5 ols olis 50 aildngy o (Sogll 5 S (ol oyl ol puss Wg, el o yg 0
N- (Sa¥T sl g (S b Bame) (50l (o)) iS5 4 e & EC (Su¥l Jlaij) e o 5 o0 sooMls
2 OBl oles 25 o Aoty 11 3l5 )15 il Lol 3 (65,908 o)) ol o) 5 ainkos et slaols e 4y NHA
S3o9iS S iSa) (ogad ) Lol 135 455 s § 4kl oyl (GjledElS S g ascuin geie (ale ()9 p Cluy (985

DS Sy lase p3 0yt g dilaie oS (663U ¢ Byme sladsS (s )bl slapimmw g9y Mol WSle ol Lol

55 6lB3g) ¢ 539l Wg) ¢ S (gjlwans QUALZKW : g5 slaojly

iy dlis :e £oi
VoY 55 o) 2 Sig SN Ol V¥ Culigud)l V8 1 (w0 da VFoY 50355)8 YA iz Mol VF- Y pags VY 2L > tllio allu

QUALZKW Jus j) sslizl L 5 &g, u§°9ﬂ 5 CutsS gy (g5l dnd ((VFeY) iz s yplin g epp s ymar op ()0 ey egbliad cp ¢ ] 2D URw]
10.22126/atwe.2024.10383.1115 s dwlis A=Y (V)F ;y/’d)j opr g0 dibpi (slo (5)9lis

@. RULEPIPY © &5y oy £yt



mailto:parseyan_saze@yahoo.com
https://orcid.org/0009-0007-6413-7312
https://orcid.org/0000-0001-9107-9233
https://orcid.org/0000-0001-7128-9970
https://orcid.org/0000-0001-6323-323X
https://orcid.org/0000-0003-4461-5018

VY (V)L VLY O (59 0500 53 & pug 51 (598 /5] Sed 5 ot |

doddo

oo slatsn Ol iy o Jisl sloglyb crplel 2)lse 55150 5 aarlys dalys o (el Sl lle et el
35 3l e BEg) O S 4 a0 it 50l B1 (claileng, (S Cumdy (o) @l Ao Sl 4 (5 0h 9 (gygliS
S Jgad ) il CodeS (1l ol g Wl (il Wmosiy YT 95 (cdlaulgas (65)5LES 5 Staio ¢l (s b ) L Gble
8o 3] ol 5,0 e Bl a5

adsg o)l Gl s Jarecw g sloinl (ool Sls 13 awlul (i HeiS Oy a9, progw Hlgieds 3> 15y,
039 dlge JStio Ly Jlyom gblie 3 ogasa |y aldag) Cla &g, yrue )3 )i )b 5 (5)ysliS 5 (inio el slacley
Baa )b aslagy (Il Cuxsdg LA §0 paiiis il glades o Ol Jlasl g aslBag, el (Eals (axes il ioted
0 oo g (xily g QUALZKW Jus jloslital L 55 wlsg) ) o (So9l] 5 CodeS Comdy (g3l 3ai5 )
a5l 50 4By, Jabo p3 (Slmo slaojb L bl pens .ol 35 45339, (59, p sloolKim! Joo ;5 (539l § i slaodls yulul
e a0 an g boai] 3 ol oo 55 ailBagy 40 ond oxiwly e bl el i ol ;500 Blual jl cuaS 5 (Sl ola el )b
itelip o] CetS 35 (sl g 03900 ity 1) 0 WlBg) (S Cumdg iy, Sl ()b 0yt 59T e g orldl Sl g dnng
Dged

OG5 St 9 S (e
sl sio clyil g By Csllog 5l cwyd Sy g wrdl > B pl b 0ad )18y et (sloylil g il 4 s ailBag, CU3L
G a8 Cupde g (iydelip el o @y g 26,8 oyl O cusS jloand slaJde .o yumo alag, N ,k8, S5
odlazuldyge Wiy, Of cutsS (giluand caa slodynS Hba QUALZKW Juo wgrge jlodns la i o il ail oo Hled

(Yeob T ollan 5 1pls) caslyls 1) cunlad pae Julos plosl culld ¢ 485,18

5 QUAL2K o jl oslatul b olKaasl ¥Y )5 1y Of (a8 el VF )8 alagy of cuas” ol clp (YY) o) Ko o ouile
e O Sl celin gy S plgiedn g oo abe o (Bg) ol LS ol ola)l3 (qw) 3590 (ele Jlos (b
u.ul_w‘ = ‘) Hb)é 431&.)5) 047.»5 d)L»J.Lo (\\“‘\\) IR dgexe g u.c.>o .)9.» ool Lhom‘ 5 ui CA..&S ATy )J}o dl.b:).ml)l)
by olis =l Wl ploal QUAL2K Jde jl oolatwl b (65,0liS" o8l)) ¢ imo sladils I8 d o (gladads yue g (slddais dLa:oJ.:,{\JT
L oielS ooyl Jlasl 5 caslys 1) DO Jlide oy yiaS 9 TP« TN jlide oy 45 conl sliiile S o 3l dms 0L 03b (5 50
Do o dilBdgy S Cundg ety umw Abdal Glisl Sy alBog, 4 (63959 L;Lmu?sj.ﬂ

1953e Jdo a5 Wiy 4t cpl & QUALZK Juo 5l ookl b gya0,5 ailBg, (S bl awyp b (VWD) o, e ¢ (6,0
sl 3o 390> 51 Gl Lalyd DO 5 TP« TN alie g5 05 1) log, ol oS (slajial)ly 5t (silodnnd 1 bl bl
O S Camdg 2900 Cgr itV gl 528 g 0L poo ol Gl oyl 53 0o 5l e ledgad jolos (Ll Sl
A3)S By fp ol Olgisds pgd (soyluw D,

1 Gilbert and Maxwel
2Huetal

SLietal

4 Chapraet al



| QUALZKW Jao 3l eslizal L 5> lizgy (529l 5 S g, sl x|

olis,S 5B wlssg, BOD 5 DO L& (sl el sl sl QUALZK LT S Jao j1 (WYAY) olas 5 Mas sitls
9) i o pyS— o Yo 5 Y iy 4 BOD 4 (DO alss ol laibiusl gub Glay ads (ognyliw 93 Lingr ol 5D -idged odliiul
03 53Lall 4y 0l pgd (sonyliw Ad)S Ll wlidg) cuslio (&S Ll Lais bpiday 5 aldg) 0V 355 g bl oy adss
5,5 s (plliw] lg o B35y & YL g5 lgr il dipy eolatul Lol il gl b Gl 5y (geylw Glgieds U o)Ll
Bl dnsly GBS adss gl er awwlie (g3kaiBl g5 A

QUALZK Juis 5,5,54, L 1,DO CBOD {N-NH4 . N-NO3 sla l,l 5,5 ailsag) 5o (V4IY) ' o, 5 2,
U ol aad o &l 4By, Camsg 5l Jod BB o)l coleMbl 59008 d939b 553e Jdo a5 by L ol 03,5 oy 3,90
Ol s oy 2y 6y i Camlus CBOD 5 gl s &5 cslabais mlio (03 ilngy (03 4 Cand Jdo 3l L5 Caplus
8 OMBB (6399 ahaii 5 43,k il cot S alagy Of cuas a8 ol lis QUALZK Juo 5l anlisl b Wigiay 429, 35)] IS
(VN T Ken g giie) 3,5

s QUALZK Jaca sl Ly s fmmacis o oo (5ot it (i 1] o1 L (1Y) "ot 5 oS3l
TP 5 TN NH3-N « BOD sla ol ooy ol (St )Ly cud o 153l3)))3 sy 0 9 Sl 350 |y (2 5225 g,
slaylas TPy TN NH3-N ol coas Glaal 0,90 (gl a5 sl lis guls .l gl o5 +/¥Y FIVE O/OY AVIOY Ciy
Al SRl YYAYZ g FEAY 7 057 e 4 iy 4 anl A asllland g0 a5li3g, 3]

Gilwdad o de g 555 S ololid sl )80l 3,555, b (silw e glgie cov QUALZK s HEC-5 S5 Jae jl eslazal
Gl Jod 0B cams e g ) laaslBagy O coas (oilwans i Jie 93 opl S a8 s ol w@ilbagy Of cuas
(Yoo e 5 58) cushs salgs 03g)] (claailing, > Logas Ol a8 Gluogas (jlodus

$Laspaly < o] doly 5 oo e omlsnS 535, T a8 QUALZK Jse (6,554 L (Y+10) * gl l5an 5 ol ee
aS oa deludl yawd g 59y t0 e (sdne dlas 3l HeShe gy oy L (gilwdnd gt Lal)l8 b5l 5550 1y (gdse dlge Cuysie
205 o Jgloro ()58 Sl crge Sl 0
i Sy Sigal iza i el (815200 (s> & i) 45 5 ptin S alidgy o] kS (Y1) oS 5 s
O ang by cunaib @S 5 Ol cuis 5 skl gandil 4 i b g 335 w)03)50 BOD 5 COD lansd «slee sol> 550
Ul U5 23,5 ol cduses ouiy Y Bl 5o @)llas S WL wlBog, R FOW 4 Sgutg jl Hlsebl (gl a8 Wl do g odelCawddy b
323 Bl e galio 31 (SS9l il )3 e cbs jl cales S L) 485 g
V0 3 BOD 5 DO (sl yiol )b aizsls by SEMo 03900 15 59,8 adgs ol cuS oy a0 (Vo) Yoo g Lo (g
b Gl @l 05 plsl s g (r (39) & S (Prisly Slilas g 08 (55loaees WASP Jao s g ()l paiged cilies ol
clale  oie s WASP Jue 1 as ain,S (S aons 13 o)l 3905 0 (6,501l polie 5 Jdo zols oo (55 ol &
235 o3kl Gl e 9)8 A9 3 8o (sl yialyl
Sl o5 S YO ol 10058 siloaed QUALZK Juo L 1) sy S liall O wliog, cutss (VIY) Aolyan 5 g psz
Jde (i i g 00 (6503l y3dlae dunlie g o adsT dildag, 0 (B CMBBE Cluy g b fin db oyl gy ¢ olud mlo
sgr S (sl iie (siltind 3 Jie ol s 1SS S QUALZK
A1y (152510 e 4 el (slaoly 51 (B (So9)l g pladiol 29,00]5 O (Sagl ISl sy 4 (V0A) o Sen 5 2bsS sile
035 il (S il g )5 HIE (aw) 090 ol Wiz 53 39j00]5 82,

! Rafiee et al

2 Mathew et al

3 Zhang et al

4 Fan et al

5 Mehrabi et al

6 Sener et al

7 Khosravi Nia et al
8 Chuersuwan et al



VY (V)L VLY O (59 0500 53 & pug 51 (598 /5] Sed 5 ot |

2 S 3 gyl oS o M i sl S (st sl T S Gl 45 S, (V1Y) S 5 53
elefl slo S S > (L Syts o 5 o il S 3 5 i sl S e 3 sl 3t 5 (Sl (5ol o
ol Judo jlaay ol d590kk0

gy o sk bl (sirtiag sl 405t 3,55y 5 GIS 5 QUALZK GEFC (lo Jaa a5 (Y1) " iom 5
LS 1) 5Lo3 g0 dstual glaw ¢ S ololid |y ailng, p3 (Sogll Slsw bl wilgn b 15,8 slgri

g asyje VYV VY) (LS 5 0 faje oV oTT) hlSen g dosme Clidiod 4 (lg5 o0 340 (nl Ed9e dine)yd Oliios 505
5 oabie (YA) oblias o(Y+V+) e g cuye oY) o) Kad 5 paio ol )S (VoY) sbilads g oy (Vo VF VYY) )0
25yS o)Ll (Y+¥Y) o)) Ken g odljude 5 (Y+VF) o)

el JEIY
oles gLy 5 bl sl ads> g ol sl ailog, 5 Jug b 5 (23S 3 e 09 S lam 5o wlsag,
9 S g Cdn S g gy Sl e Sl e 5 W29, cal oad LSS ()i g )l pU 4 ol a3L3gs 1 &S oo Jled 4
VY s Job & (odoamn Colus (b g J935> b 51 )35 L g 980 Gliwjsd aSlr 3ly 53 d dpl )y (IS e cudy
09 9 03d (5 555 g ladad 4l b by pU &y (e 53 g Slgal (i jeed Jloud (steghS ¥ adlold )3 (B = J9853) yreshS
4 ibio ol jipl 4o g 039 yoglS Y+ 9 ) (o)l b (BN Jomo b dasdarjus 51 5o by, Jsb dimd oo S5 ) S
ol drwgi > @ ol slaailagy cuioln 5 S 3 (S plssar 3> 9log) 23,5 oo ol |y e sioghS YYO- + Cunusg
o 9 Sk 9 559k eSSl (28U alitie lacley slpdy lajeed b ©pglore (izmen 5 (sixio slaal)S g (55 )5liS
ool )3 B3, ol Carenl 5 40,5 51,8 55 Cov ey ailagy ool I S (59l 5 CuiS Cunsg odd Cely S 0dg:
dilate 1 .canl ondobal guios ol sl dilate e b owel 50 ol GiB g 5> sy Glisee Bjlas | ey 5o
JS ol 50 sl oddodly L (V) UK 50 oS sdsolsasl pBman Jore U 9850 cendal du o3l p0 55 ildag; jl clowd dadllasdjse
5 ERA hgkiS Gl b Jore 5 (5yiegs ol Joro snmdplis iy a1y U A S (glas] slacadle

el (imiao

270000 275000 280000 285000 290000 295000 300000 245000 250000 lSSt!Oﬂ 260000 265000 270000

Al

3552000
3592000

3592000
z
\

3584000
3584000

3544000

3536000
3576000

3528000

3568000

3520000
3520000

3560000

3512000

3560000

3552000

3504000
o
3552000
~

All
o — — Mies
g 02040 80 120 160
Z
“

245000 250000 255000 260000 265000 270000

3544000

270000 275000 280000 285000 290000 295000 300000

! Abedi Koupai et al
2 Varekar et al
3 Fanetal



QUALZKW Jss 5 oslizl | 55 lng, S39l 5 CasiaS 59 (30 400

(Gl oKansl G a0t 03— s O olKtas) U oS s 034 =) Slalllae adbane apmlpo N IS5

529 g CodeS' (5wl

(USEPA) Y, 01 oo cblis lojl 305 590 48 coul QUAL slaJuo sy 5l Jrorpydl jsSihe Jao (Yo o8 oo Ko
QUALZKW Jao (Y++¥ I oL San o BIS) conl 4i3,3,1,8 sdlinlsygo oailedg, Ol cuss (ojlwdns cas (slodyiud jgbods g 03
sl Pogaome SOl ) 5l oS slayrel)ly Cale el pglator Jao cnl )3 250 Jlai 53 (slabal pif o 5 (sl g0 o0 )
K339, ;5 cuiS g 5ol Ky, (oilwand Iy QUALZKW Juo 5l ao oyl 53 395 o0 ooliil iz — oluls dbles (o33 >
09w yehl feomes WS s Seloddid vb g 03 Lylyd > e ) Ay 4 bayye Yolee Cunl B Jao ol L eslazwl 5
¢J.>u J}bo 9 d.}l>.)9) LfiJB)m ]a;‘).w ‘.: wl.wo ‘d.)..uo)b ")9”"@ P\}ul d.)l>.)9) aaano ‘_SJU.)O)L‘ d;lwl » u.D.LS ‘_S)L»M J..\.a L)ﬁ‘
3959 Jomo ciling) (slaojl b puunds yuxio gla Jobo b ojl VWY & 800 Jore U eudald s Juolbis cplplls 9,5 0 a0 oY

Wl oabodly L (V) UK 55 a8, 5l Ol cuslyy e 5 (slabais (on VT alio

Headwater
‘!’ Outflow 1 — Outflow 5
2 44 87 —
> | Outflow2 A7-> [46 |« AS 55
Al = 4 | _ 5 47 -
> 28 90
6 L—J
. 91 | Outflow 6§
Ul=| 7 AS > 54 -
M 55 03
I =19 |« A2 B > [56 |« Al 51
u2—>| 20 57 95
21 58 Al3 > o5
22 59 | Outflow4 o
23 | &« A3 60 5 108
24 61 109
Ad > 25 —— 110 | < Al
== Outilow3 S 111
>3 3 Al = ; 112
Ul —| 29 | < U4 73 —
30 128
- 73 120 Outflow 7
2 -5 75 130 | —>
3
ag > 45 Al —>[ 76 A1—>1i1
Downstream
! Chapra
2 United States Environmental Protection Agency
3 Kannel et al

4 Finite difference
5 Advection-Diffusion



VY (V)L VLY O (59 0500 53 & pug 51 (598 /5] Sed 5 ot |

ST 9 $2000 Sl mba plaile 5 55 bty Gy o3l Y IS

Pops g S oy IS (olB)) pgd) Wldg) Job cud ol o (JU Jsb o oS I etz Slaseie ofl a5

5 ool b g wlBdgy yume (g0 (gladijed (5,8 L QUALZKW Juo s Jae 3)lg g dwlxe AUtO CAD 2018 ,l33le 5 las
s Joo 5linyge ;0> SNl (S agiy ol 1 am (Ve oA Ml g i) WS oo dlne |y lr G g g Bos ( Sisle dbles
&l b Ol /oYY dgas > glailidgy ablis 4 bgyye Cledbl g Slase slbadil dikis o) (i 4 dogi b Sisle o i

ol oabodld lis (V) Jgdo 50 50 0 a3l (sldais cusls

3o albtoy) sl slaad cudls b Jade

$lsgy glesl b sl

) ol cls Cls 4kl e )
Vay/o e JUS Outflow 1 )
VAA s S Outflow 2 Y
Yoo 45 Cds Outflow 3 v
AT W Outflow 4 ¢
Ae et il Outflow 5 °
vy aands Outflow 6 1
A [dseas Outflow 7 v
Silwdao j oSl SYalro

QUALZKW Jaw 45 oyl a oM bl
hSan 5 Iyl 558 oo Erypo 5 dlaly b Sl Al ol wlse lall b (gl (ol bS] Loy b iling, Job o
:(Y~ 4
070140, 7O M)
2 g sl glie oles J 63959 bye Qini d-1 ojl jl (295 by olise Qi d ojl 5l (298 by Blie Qi ol 2 &
MUSPS uL.».: I) ubP QM*’ Sslous (\") JSW; ol a)‘b jl dld.hb'.} g dlﬂai? @l;.o @LQS jl 9 ub)> Qab,i 9 i o)'l.g & dlA]a.'olS
Qin,i Qab,i

|

Qirt

au;;,;,lﬂig,p&\ﬂogﬁwﬁrp

! Pelletier r and Chapra



QUALZKW Jss 5 oslizl | 55 lng, S39l 5 CasiaS 59 (30 400

QUAL2KW Juao 43 bod W alal,

Wlsagy O CudsS Ol (s42)> Syl Wlog) Sl aba ya > Ol 423 e silodend )0 wre syl S (S
:..j 4.3,19] sbod 1l W)l X5 550 Q)|)> a0 Ol)’.;.p O LY LsL"‘?“ L )lf)ui; 9 BOD uu.mlf zy ‘J9l.>u Q}ﬁwfl O‘}m
» )_)‘9,9 Jcl}c .o)#'c 9 45[5.)9) 4 (829)9 ‘5]@ )».C l) d]m $39)9 é:l.w dLo.) c431$39) Jd 9 UUO) éhw dLo.) s|9b dln.) ¢43l$.)9)

ol oadbodly Hlis (¥) S5 50 d o5l sl "j $Oilae (sSs g Oyl (gdsyn
atmospheric

transfer .
heat load l I I heat abstraction
T T
1 1
inflow ———— . —— outflow
1 1 1
dispersion +—L—— <+«—— dispersion

h
sediment-water
transfer

A 4

sediment

Sl gy r|i.,~te Sl b My £ S

(Voo Z hlSan g Inle) 23,5 o0 duslona (V) dlatly 5l 03l y2 )3 oS &ijlge (iren

dTi Qi i Q Qabl El 1 E Whi m’ )
—l=ZEelp Zip Zabipy C L n T (T, T : +
dt Vl i-1 V Vz ( i-17 ) ( i+1" ) PWprV 106cm3

Jh,z ( m )+ Jw ( m )
P, CowHi NMO00cm/ p C, H; N 00cm
batly ol
L 5 1ol o e (Saaisy cepd £ (M) O o Vi (daY) ol £ (°C) o ol s T (miday) o Q
Cow (gr/em?) I J&s ip d(callday) l i ojl 4 (glabas yu& g (gldlais mlio jl o cdly ©)lps Lalls jlade :Whi (m?/day)
Ges Hi (callem?.day) Cow, 9 Ol oo @)l )ls Jsi (cal/emzday) lga 5 ol 1 0jb e @)l Ls Jni (callgre) of opg (slo)S
ol (M) B39, )3 pl 0L, O buwgie

e ol > 4 8k o a5 Lol dblee gdly)s .ol pyr ol Jeol ol i claJae (can g0y 5wl Jool 5l (S

355 s0 Alors (¥) dlal 51 eciS Sl iy o puiio ooled gl 45 sl (s Sy Lio — abuls 4oleo
& . Ql'_] Q Qabz Eli-] E, W E hyp,i (Y‘)

i v, Cig- V,-c Vi iTi(ci-I'ci) V(C’+IC)+I/,+S+ (0210)

iy cdale Coi g 4By, Ol o A s cdale (G (9 m3day) sauYT 295 9 39)5 be Si(g/day) asls 4 sau YT o3lg b Wi



VY (V)L VLY O (59 0500 53 & pug 51 (598 /5] Sed 5 ot |

B G jlwdannd (51 ol 4l g 35 Al dg, oes T aulie (o pre

ALY u.ul; |) ..\:9»»‘59 Ltb‘j .))19 0l L» [XWEW- ey O ygody 4 dlb.\u\ﬂ .)199 JJ))@ UJ&»» dL&au] é:L.c )] u.{) u‘}a&du LO:AJB)”
&g, gi CotsS oylsen 45 M d]o.\:u"\ﬂ Bl (Pt dasjl chglite S sla Shg b (65)slS 5 imio (g4 oMb
0154305 0an Y] wlie opl Elgil (Byme 4 D )3 35l walsd )b wiewwsST iy |y i i g dg walyss o adal 4
]
SRS SO | 26 o Sogl (il
Jols oMol oyl il o O (IS g 2L ySL) Lioslow lpuslS)lg,Sae g (N) olié yolie COD 4 BOD (oYL polis
g plro o (goutitund 51 5L by cpicred g Syl 5 Gluwho db )l lows plos ¢ ogas Sl 5 (B B)las o (Sludl CNSG
039450 jd olas d)%(w DJ».JYT C)L.o J.:wh;o d.:l>.)9) ui .))|9 Ma; a9 9 w J)ISA )u.w.) PN &S J..w.)l.)L;a u.?.).:)l) )Jl).) Lmublo
adss 3> ali 1) 295 NS g wloadgdly 33 alsdg, abls )3 a5 cunl 39,0k 9 > bl ho ¢ 5953 (ol s OISE Lol adlllas
=R Sl a4 b g 29 pbnl St g (2da ol s B)b bl Cubs Slaliwg) 5 S o (ile AL g8y S oo
.J);L;o d..\.lDU (a_i..g; 9 39)\/[{ Ju.)LO) 43‘.5.)9)
$5)9W8 sl o (o

b g oo Sloj 90b5 jolie (ylel 51 g Wl sy (o)l piliae Comon (I Sl (e Slgo aad po3) 5 (55gliS dngs
e o i Bl g9 (g )lol wlob Hlosily g 95 ¢ B ppan Of CuiS @ atunly (65,9l Gl 0 D95 o gy dsyie | nejy;
EC O ‘)‘.} d))sl“*f dlbu] 3 u.LoI dasStine Cuwl ddlaio (—;Qﬁlsl Ja%‘)a.) W 9 Sk dl.muf))a 9 &9} ‘d))s‘..\l}f Lglbo.)‘.e(v ;_9).\49
ol pgsSen Jalge oS sl 55 5 Sl 5 pgms (sblEr g2 (med 5 425 S I 55 (P 5 N) (slia polic 2 YL
S ool S cagcdm St ol ol (2 9 (B 0 Cbd (55,5l ()] loj el ol bl ol IS s jos
—abai Ciygo O ISR VD bawgy Wy 0 1y dilaie LSl 1 sy Lisw aST 9,8 S Glaw ity g dusmid )l o dued plal
Dswu.o 45‘5.)5) .))|9 d‘
Blepbign 9 (saie oML (¢
ui )I d)b){")'ed l.’ 9;»&: )I su] é,l.uo u.(q.)).s 2 p!au] u.tbLo L)")?)" 9 (J"’)L’ d)L«uJ&K ‘@&..o.m P ).Jas i dLh¢l>)l§
3bj polie niies Anle o 45 53 43539, 4 1) COD 4 BOD (gobj polie ol gio 0 039l Ol cutS b )05 (cgm 5l g 4o,
P i el (B g () 9 o 9 aberd Jse g el SR man 9 O 098 5 Sy (I3 g wliogy ) Blee el dlse

(Ol G5 T Olsla tase) 53 ltagy 4y (539 (sllais sk s Y I g

Km) wless, skl b dol &f.x;i‘ﬂ@;ﬁ 0Ly VT 6 me 3555 oY e
VA4 By Al
WYY ol e A2

VY Ry A3 SasliS SSa
Y /0Y Ew Ad

\FLViAd (QURVILIVIY A5




QUALZKW Jss 5 oslizl | 55 lng, S39l 5 CasiaS 59 (30 400

V¢4 W) a5 A6
YYA/EN oo A7
VYA P A8
AR s b A9
\YA/0 = A10
Veavy o S All
Ve g/a oS Al2
DA <Lle Al3
T4 BEBle Al4
1 A Al5
\A0/) Jsbis Ul
YA sl s u?
SAas DL
Y08/ ~ U3
Vor/Y 35 5ke U4
\Ve/0 Al S 11
Voo s Gl S ¢ garme 12 e LB
\YV/0 ool @sleiels 13

(BOD) So3edgm jbidgge oiawS! (DO) Jglmo (y5umST PH (EC) Ol (ol colan dod Jolis o gjluodund (sl yiol,b
& 03855 0 ¥] o alas (sl 5s8e slo el e (xSiie o) (N-NH1) Sligel 5 5 (NNOs) i o
ol 0ds 03,9 (¥) Ugds 50 (s)lol (50,93 (b 53 45y,

K ;_j O3l :@:u) (AV-4Y) (o, (go,y90 b ol 53 33 by, 4 (639, (Sl @b o luand gla sl )l R[S S PR

(Ol 8
= T EC pH DO Fast BOD N-NO3 N-NH,
Syl
m3/s °C umhos - mg/L mgO2/L ugN/L ugN/L
o8 \/Y 1 Ay V/A A/ Y/A ARAWA Lo
o e A \3 YAV vV A £/Y YV£0 ooV
e VY Y1 VVA V/A A% Y/Y VAT YYq
s 0/0 Yy ViA v/t VA YV Yo41 4
QY] s lan \/Y 1 YYAN VA VA Y/A YYY. \YE
W) a5in \/0 Yo 1080 v/e Y2 A% 14y 1o
dod 1 7A% Y \%21% V/o a1 A7A% Yové 3%
s Ve/eo \7) VA4 VY A% v/A ALE Aay
o b \/Y Y1 AAA v/e v/t 3 YAAL Y OA

= Y/Yo Yo \YEY \2A% VA Y 14y VYA



VY (V)L VLY O (59 0500 53 & pug 51 (598 /5] Sed 5 ot |

o) —SigS var vo YA a4 %4 £/40 FAE AYY
38 Ve A TaAs V/A Vv v/A WAe AYY
obls /0 Y4 \agb v/e \7A¥3 A YIAs ooV
BYEES Y/0 s a0y v/A /84 A7 vag. AoV
and 1) 8% 0rYs V/A NOA £/9A Yo Vo
30 /it YA \Vo \43 \ YA\Y/0 \WVou yie
sbl s et ve Vo v/t 0 O 1 vegs

= et \3 Vo % 0 YY/A ¥y viol

55 ke /ro \3 Vo v/s 0 YY/A A\ viol

Al s /Y \3 W v TN Y £WAA Yo

s bt ls V/A A8 YAS A% § e 113% A\t3

ool kels W YA/ Vgo VA | Yo ARy AR
Laildag, of Cods

S0LE (1B A <S5 09,5 st oyl )3 sl osd 03,91 Caliseo 09,5 x>y alag, Ol &S sla e clale (¥) Joao j

Lib.)).g)lf u.l.cl dl).: 4\5.\.&:3@ uL.w |) ‘_j mw)—’-b )LP 09;9 Cwl WLA (P9 dhbf)lfwdl).: &S ol LSJ WLA MS

9 )}ni)lf) D90 dmogd L&M.SB.)S) u.l.cl dl).s 1) Y 09; uT M&S ulyksn c‘_)‘);l d.)La.dl 9 ‘;o.».lsl Ja.s‘).w 4 d>g L> ol u.wLnl.s
b ol 1A 5 1B sloog S 5 o) (oo 5,5l &y dorgi by Ctio ) lial ¢ a5 (VYA Ll

_ 3,1k
.b-b ke L;Lhcjjs
Sall ‘ e Sete 3kl
1A 1B 2 3 4

s °C <=Y. Yo-YY YY-Yo Yo-Y. > Y. < 1B

PH - Vo-A/0  /o0-A/O 1/0-A/0 0/0-4/0 <o/o L >4/0 A 1B

EC umhos  <={+» fee=Vor  VOr—\0rr YOre=Yeen > Yo <o ke sl
DO mg/l >V o0V A - <y >V 1A
BODs  mg/l <=y Y-o 0\ \e-Yo > Yo <\ 2

NOs mg/l - <=tf - RN >\ < it PCEPIRH WY
NH, mg/l <=+/\ V/\=+/0 v/0-Y Y-A > A < /0 1B

Jae (Seiwly

B BAY Lo (leS Jgad) oloyss ccsylol Jlo Jlog csle Jo oot 5 (oslidlom ((Sigytem SleMbl 390 5| g (2riasly sy )
Jde b ol p3Y polie OB 5 059 @ dog b 1d)S duwolie Shalie polie b Jdo buwg Slwbre pdlie uww ¢ Ad 1,5

! Krenkel and Novotny



QUALZKW Jss 5 oslizl | 55 lng, S39l 5 CasiaS 59 (30 400

ol g cwl Slalie glaodly 5 Jio lawss odd do i (e oo BB 38 Bl o oriwly 5l B S ledy 03,8 oxiuwly
9 Jde (298 JSE e (SBMBT Vgone 398 plonil (giludinny slogsby) dhawgas b g o yialil (3:83 (6 pSojluil dbowges Conl (S )18
9 ORI Jae I Jols jolie €83 wculypd g Wajiall (S0 (30055 9 s b ol p)Y 45315 3929 aslllaedjge (oa8ly s S35
Jgexeyobody A8 uSaio |y Casdly el do b Jao a8 conl o (T o] 23903 3ol sdsiccd Claalin g o (295 o 295 b5l
sl 5 2 395000 50 e 150 & (il (eges (b9 92
(5o Gh9) Bbgopge)] dogty Joo risls )
(ootunes) S35 90y Jao (rtuly=Y
y aslal sloyiall 5l (Gwe35 g 03,5 3)lg amd plol (658 Clislie (wlul p Wlg5 oo &S]y (oo el plos 1) sl (59,5
u‘).u.:u )I .)).Suﬁ Pl&u‘ Rates J)J)‘S Jel alisee d‘.m).ml)b W.Ja.u ]amy QUALZKW J.\A » L)"’9) L))‘ "\’L’Lf" 4ol u>9)> 93
polie laalin 4 Glasbre yad S35 51 L.:‘.p(’ Wb o aobl Juo S (gl g s 5 aw O ygods Jdo ol pd g b ol s
Hgden dBpdy (Priwly als e 3 plie cp pihe plgisa (Zeiwly byl ol
&S Bl e Jihs 1) Slubre gl 5 Shalie gols alols Fithess gesl Lulg, 5 oslizwl L QUAL2KW Jue pg3 o,
i o o ST (0 ) S 5 ) ool 23l (Sl By oS o3 (RMISE) 3 ol ik ol
Pl gloanlp gl slunlie (LSS I (S Saf a2 sl ed e odlitel Jue S35 (sl S (gl S5 o) 5
Jloya slaodly (gly a5 & yguopds i o3kl twd (siwly gy 5l Baio cpl 53 (VAR TS palS) conl 0,5 9 (JolSS & yg0ay
el Cawd 4 ol S e yoS3e Sl Hlaa ooled (sl a8 iy colps colodys g plol SBlas &g Il g

RV ST OV

Galps 5 byl (s 4 dagi L5 ol (pSejluil glaodly J 505 oy iz b G udly Jl] o b omecons Al ye
Slawlbre e s 5 (So5 e U35 o0 Lal OleMbl sis (gm0 b 5503 )b 1y Jdo )] pusd (9 5 oiwly dls po 55 odelcanday
2 e W95y (6855wl Jae (rwtons Al ye p3 A8l oadell (gt Jhe slajiehly (oxiwly axilia 3,5 (6 S ojlul wlialise
g2 aalss Jae a4 (939)5 sl el e

Sged el po 5l oadigjluand el | S e bl sl g 8 L2l AT BAY gla s sloys glp (S Jde (Priwcons
2355 oolizal (NASH) Lt jzel,ly 5 (NRMSE) 015 Jloys st ol yo 5Sikes sgioma (F)

_ Z (Ym'Ym)(Yp'Yp) (\c)
VE (Y, ) T (Y,
JEE v,y ©
NRMSE_ Xmax Xmm
NasH-1 — 2= 0m = Yp)- o)” i’

?:1(Ym - ?p)z

s9ome 9 Sy L ojlel g (Siuvar s (i 42 oddgilwdnd slapally 5wl Slalis Jlake pyieS g i
Sg aaled 513508 1 6 pVL luebl 5l e gl il 5Suss jho 4 oad oy s Slayye (1 Sike

1 Pelletier et al
2 Goldberg



VIV AV)E VT w59 000 9 8 g 50 o608 ] o S 5 o |

Jio Camwbus Jolod

o) s Lol 595 aseie 315 6yt Copmlis bl 4 QUALZKW o o5 &S slayiall a8l el oo cpluns il
Ve il Ly Gl LIS cnl el 48 eamis Jslome ()5ST Slits 4y o jielily wi sl (i ol 1 g el V gl 500
W odutia 04 ¢ jlwdnnd S (gl yiolyl il s ulel p Jde Comlue ol ol )b (S0 pblaaSs col 5 e gauo)d
Lady

2153 5508 115 (DO) g (50051 {EC) eyl colan PH dos Jalis [S39l1 5 a8 (sla sl oy QUALZKW s
olod 1zl & gty S (oriwcone g (ewly (N-NHA) (Slisel (5525 5 (N-NOB) il (59525 (BOD) (Sejglse:
> (wly culps b (oxily A BAY b olops sl Jde g 8 Jdo 3)ly (85 9 (wlidlyn ((Sg)in (slaosls
Cono dlsye )3 13,8 S0l S (b oKl 8 Slalie claodd b Jue )5 a5 Lol b 5us ooy s Jse gl
25,5 1yal aoes 00 omioly calpd 015 paes yos 9 (AF B AY ela Lo oloyss) limlive (slaodls pgd gy 51 odlitol b Jko o ocius

Sloadosls lis (B) Jgdo yo a8 Bab 48,8 Jas o Sled Colpd Md o 00 pud wd O ygods &S Colps oyl

3 4.'-L>°.>‘}) BL QUALZKW ‘.;5.35 JJ.A ‘_;"‘.““"b &_A.l‘)—\@ .0 JJJ’

Sall Slade -y YL o Oab -
ISS Settling velocity 0.2 mg/day 0 2
Fast CBOD Oxidation rate 0.05 1/day 0 5
Organic N Settling velocity 0.025 mg/day 0 2
Organic N Hydrolysis 0.05 1/day 0 5
Ammonium Nitrification 1.25 1/day 0 10
Nitrate Denitrification 0.6 1/day 0 2
Sed denitrification transfer coeff 0.2 mg/day 0 1

Sl 1y L5 oylel g oad Jloy s cilayye (pS5ke y9iome ¢ Siumads o yi slaoylo] Lolul p ¢ twcous j Jols gl F) Joso
Syd € Jdo il 55 i 4 NRMSE 5 6 a4 Nash 1 claolol jlade as jo c0ni S5 (ol ol ol p oams o
Cably Aalgs

‘ﬁu'uﬂw d?f B QJAJI ‘sl.ho‘)l.a.()‘.ﬁﬁ A JJJ,

La gl b Les PH EC DO Fast CBOD N-NO; N-NH,

r «/av +/44 /A 3 +/9A «/9A Ay

NRMSE /*4 Y /) LA v/e (VAR A



QUALZKW Jss 5 oslizl | 55 lng, S39l 5 CasiaS 59 (30 400

NASH Y3 ‘40 Ay +/44 +/40 Ay LAY

5 S oyl (oilwans » QUALZKW Ol cuas Jao o5 €é)5 ams olgi oo 399 Jgio dlael g as a5 asul olul 5

ol H0y95 5 YL 85 s 4By, gl Sl

QUALZKW Jaw Comvliws Juloo oo LS
e bl o 5T cpl sl 0138 asedio 3y (¢ it Gl byl 4 QUALZKW Jao a5 &S (sla yzal )b (V) Jooo o
Ol L il b le opl 5l a8 05,5 alool ielyb cdn (gl U1 cpl o oo Jgloe oy 3enST @l i 4 W yiel b i Calus
A ol Jdo Comolue liee b ol )l (500 5dladSs ol g e oo )d V-
35 Alagy ‘sb.v QUALZKW ‘_53.:5 Jke Gl J:.\’J A% J_,J:-
DO Change (%)

PARAMETER Description +20% -20%
Parameter Parameter
Q River flow 2.89 -3.39
q Point source flow -2.1 2.63
Kdc Fast CBOD oxidation rate -0.54 1.75
Kna Nitrification rate -1.24 1.6
n Manning coefficient -0.45 0.91
CBOD Point sources CBOD -0.72 0.78
Kan Denitrification rate 0.67 -0.6

Ol 1 oy g (Safedgn enS] 5L« Sasdl lio 3909 bl (ol (i 4 |y Cmlus (i Jao oS 0 jasule

-wl)‘)

5= (S S il I Jols gl

4 02939 03] glie & byyye (1055 slaosls (g o 1 53 W39, (S (giloe sl Glyiee 00 (Priwly calp 3l oolizl
Gl §) Jols bt 58 it o] sy o] 51 4 o 5 1) g, (S3gl 5 CaieS Sl 5 03905 o3litial lojym 3 &lng,
Sl Coons 5 3L po 31l oadodls Hlis (V) B (Q) sl Ss o 5y ailagy Jsb 4o oS sl yelyl sl QUALZKW Jus
&S yeblen 15,5 osliul Slanlie pilie olgieds 55 pb g aloys opwd Of (Jo85d (lnolSium! ;5 saibind pilie 5l e 4 sy,
M| aS Gl ol > Shalie polie g QUALZKW Jas bawg sdd gilwdmd polis o ol jasuie lalsges |l
sl yiol38] a8 Li o 4 Coms 4B3g) slol O slod (lie wglie (slalod b (glabais oan YT wlio adss s 4 0yl 3439 (cjunb
3 S pS colin eyl sl Jgb b aailsg, Of cuss o)kl 4 dsg b a8 S o uii Y-AA 03b 0 jo PH e ool
bsgs a9 (edpll S b w8l Oloj a5 5 5> b, 4 S8 Sl 4y gy )3 pogasy Wby, ywe Jobo
b (S99 o B g (Se3 3 s S0



VY (V)L VLY O (59 0500 53 & pug 51 (598 /5] Sed 5 ot |

30 -
S —
3
©)
10 T T T T T T T T T 1
181 161 141 121 101 81 61 41 21 1
(km) w9 clagl & Coms alols
B halie ol — 005 (6w A ydlde
(¥4 ol ) 33 wlbragy Jsb s by (siluags 0 K5
8.5 1

I
o

7 T T T T T T T T T 1

181 161 141 121 101 81 61 41 21 1
(km) w9, (clgsl b alols
B helis polie — 05 (S5l dad y2lie
(\“«' olﬁjg) BL ﬁl”-é‘,‘) JJL BL) PH j:“Jl.‘, LSJL“"A‘.‘.“.‘“‘: A g}g‘:

1800 -~ [
4 1500
%\ 1200
\ﬂ; 900
o 600
<
I 300 -
=

O T T T T T T T T T 1
181 161 141 121 101 81 61 41 21 1

(km) w59, slogsl 4 Coms alols
(W ol ,3) 5o wilragy Isb S EC il (giluas v IS

adiodly L (V) B (A) sla Sy 3 aldagy Job jd (Sogll (sl yal )b (sl QUALZKW Juo ¢lpsl 5l Jols uls cpioren

0ok iledsl SB  ascin peime (lo (Bygp Clay (J85d b SL Jlgte 4d5S Jd> 4 ling) olul de 3
231 93 by Ol cudlyp s 4 (o0 dlas Mo B jzalS ;505 (gm0 3l 9 YL BOD L (WY 430+ Ve OAD (cla yioghS )5 s )5 &)
ol 33,5 53 S 05nS) 0l g o e 45 35 5 s Ll 5 BOD e i g, i 5 o o
lsagy Coglora 53 dyends 3 e plal St £ (ol G35 3 s ol ol 9 (5398 (sln 50 455 gt
B Sbigel g e )05 dbgrpe slod bl L Jpplio bl cusl oad 639 Jsb )3 STt (5955 oliee GiI3B cely



QUALZKW Jss 5 oslizl | 55 lng, S39l 5 CasiaS 59 (30 400

5 wlsng) el dag (gisliS sl iSn) 5 SigS o, Al (1 GONSB 455 LB sl Logass alids, slasjl

(UBN/L) 15 035y

29y pld alBag, jbre o)kl dgus

10
_ 9
18
D
3 7
3
- 6
=
b
S 5
4 T T T T T T T T T 1
181 161 141 121 101 81 61 41 21 1
(km) aBog, (sleis) 4 s dlols
B lelic pole m— 0 (G A oo
(W4 sl ) 33 wlbtagy Jsb 55 DO byl (g5luand A IS
9 -
3 8
507
A
8 6
g\: 5
K o4
g 3 T T T T T T T T T 1
£ 181 161 141 121 101 81 61 41 21 1
(km) w9, slogl & Coms alols
B lelis polis — 005 (S5l Ad y3lEe
(\\"\' atﬁﬁ:) BE) A.‘Il".’}) d‘,b BL) BOD J:“bl.‘, LSJLJAT_\..: q g}g‘:
3000
2500
2000
1500
1000 T T T T T T T T T 1
181 161 141 121 101 81 61 41 21 1
(km) wlsg, closl 4 Coms alols
B helis e cm— 15 65l A 3lEe

(W4 sl ) 33 wlagy Jsb 55 N-NO3 eyl (g5luas Ny IS



VY (V)L VLY O (59 0500 53 & pug 51 (598 /5] Sed 5 ot |

600 -
%
3 500 -
BES
X
W 400 -
jry
=
@ 300 - |
=2

200 T T T T T T T T T 1

181 161 141 121 101 81 61 41 21 1
(km) 6539, sles! & Coms dlold
B lalis polis — 15 (65l dud 3lie

(\Y’Q' el‘j:.‘i) BL dl’..ﬁ‘,‘) JJL BL) N-NH4 J.ZA‘)L‘ LS)L"‘*?::-:' AR &}g.:

ol s (55)gliS g x5 b oo YT A s 4 5 4By (SS9l g CudS Lgy wyp Slial b ol igh
Jae o como g (ouwly Jolye p3 i plosl QUALZKW Jae 5l oslizul b a533g) pouwe Job 55 Sun¥T cus sl Jlyso
bla ‘u“’"}"’ w').w ch ol O‘}.;.n «il5g, US\:J”A,,& h»l)w by i Sluogad Wil dloa);:mf dl.:a).':.al)l.; Wb astiie
ojb 5> 4lBgy Jgb 55 ol s guls bl cawd polie gl 4 g 03,50,lil bayzal)l ol 51 By 4 )55 aling, Ol LaS g6
).).)LQ.A L)’)"YL d))slmf 9 (g dllbo.\.u\ﬂ 9 lmw&m) &ly‘ 39)9 L;\jl: Wfl)" cle @ ALQ)> om‘ iy (.)9)Yl.) asls 639)9) Jl)]..\:.&
30 gl el I (S polie ;500 Syl mie din ad e3g38] cde ay ael oSl B gl 1) a8 g Sogl ola il b
$ OV b o 51an L) Jghin Bl 22 (B 5 (s so IS gy ling, T 5] slos,2u e il s 4 bl o 215
Jsb 3905 5 ginio 5 (55)5lS 0a VT it Vo 5l her 99y9 0515 s 05 9 8 S 595 o s 5 (456 2 axSloyie AY
a9 b 03)S o 53 okl o yieghS V5 dgus > Ol S JialS Cage ilidg, daldl p3 e VT Ll (S5 5 ailidg, 5l yieghS £
3ol S I8 W gy slod 4 ol 4 Gl 51 ey 09 69y o oS’ 2V 5 S Ol ite S lsisar o) ol Sl &
sl oten sl 5 4>

e

)

S5
solod 39 o dlaidin Cplplo Sy oo a5 4 Saopé g Ay (el 02V plio oled (sl K]y G lgicds A ahas Glis]
—US) pegad ) bl 63,5 455 5 kel )l eSS SIS 5 agcan geime (alo (hygn ey (5850 b ASL

35 g0 Thse 3 0pd g ailain cuiS (5550 Bpan (5138 (5ol (Slapiuns 95 5 Mol 2ile (HMol Clabidl (g5y5li8 sl

5 ot sl OB alss > BOD SV sl ailBagy cpl a8 ol s 53 6lBdg, y3 (Iogll 5 S sl el b ol s 5,
o o e o N-NH ST il g (5 b Btoe) (5555 b 550} 456 s & EC SVl fai) vt
e (Fmcoue Al e 3 adbdnsle el (slaoylel ol )l 8 Sl baylpd ) (65ylaS ol Ol o) g ixkio s ped
150 e Jlaggi s Y €85 §) 5o wlsdg, 5 LSogll 5 (b8 csloiably (sjbouns > QUALZKW L caisS Jio 85 05 domst
e 4 a9 b o] 59 e swiin <o 3 alhag, QUALZKW osis oxiwly a8 Jbo j 1 lidog 1> 39 00 Sl
35 Moo (e sloylSaly Sl g o] )3 o 5 (b dngs



QUAL2KW Juo 5l sdlil b 55 a5, (539l g catsS 35, (gjlor dns

&b

=

‘OlH‘ gdl)_eg & _isls ‘O])—.’.‘ oMl 9 :..J (w9 F9—L° o)_§;5 WDgyd—y) (§d)—0 4o TR —
https://civilica.com/doc/600286/

(5350 5 (liond S adllas (V-] ol s csge 9 cbpls e oo e bl (ALl o0 es i e Sle s sle
YooV (O8N0 (S gl pade .ol (oYL flas g oyeilod an sVl 45 39 j0uil; o
http://dorl.net/dor/20.1001.1.24763594.1390.15.56.1.1

=2by Jie aliwady (glaslg, sla wiwww S o pie (VWAA) L BB o (glenl)Lilis g e puediw ( ololS jluat LS (oo s
bl oS Seplnl los—ul (i 5 pode (o Glalan ey (9)S 49, (93,9 adlae WASPT
https://civilica.com/1/3869/

Lacly (&S o)l jlxe s ) Baileag) (2Vb3gs (ly5 A (WAT) e (olo 5 e psl (J3l (s e po Maogsidle
https://www.magiran.com/paper/1408039.5V-¥4 ¢ (¥)) o jlawre (aodigo g pole 4 i

L oolls aleag) Jobo )3 jaud g (i Slyess silo e (W) (gilaiae b 085 9 g50l8 (635000 ol dpus (5B o
Xa—Fe (VI oo 5 olyas wiipe 4,5 QUALZK 1581 5 5l el wl
https://www.magiran.com/paper/950002

) (39l g by o inlen QUALZK Juo 5l odlitl b guso )8 ailedg, S (c5lw e (0¥AY) yalb ¢)g dgae § ey ¢ 450
https://civilica.com/doc/148298/ . |y <)l yo5 <yl s oKl

Oyl ol ol oBails ol (Sl 5 by> Jo Limlea QUALZK Jow 5 ale Lo g el SaSS L 2,8
https://civilica.com/doc/148297/

References

Abedi-Koupai, J., Nasri, Z., Talebi, Kh., Mamanpoush, A., & Mousavi, S.F. (2011). Investigation of
Zayandehrud Water Pollution by Diazinon and its Assimilative Capacity. Jwss, 15(56), 1-20.
http://dorl.net/dor/20.1001.1.24763594.1390.15.56.1.1 [In Persian]

Alizadeh, A., Rajabi, A., Shabanlou, S. Yaghoubi, B., & Yosefvand, F. (2021). Modeling long-term
rainfall-runoff time series through wavelet-weighted regularization extreme learning machine. Earth
Sci Inform 14, 1047-1063. https:/link.springer.com/article/10.1007/s12145-021-00603-8

Amiri, S., Rajabi, A., Shabanlou, S., Yosefvand, F., & lzadbakhsh, M.A. (2023). Prediction of
groundwater level variations using deep learning methods and GMS numerical model. Earth Science
Informatic. https://doi.org/10.1007/s12145-023-01052-1

Ashig-Moala, M., Mohammadi Fazel, A., & Hamami, M. (2013). The role of self-purification power of
rivers in the permissible determination of quality parameters of effluents. Journal of Environmental
Sciences and Engineering, (4)1, 49-37. https://www.magiran.com/paper/1408039 [In Persian]

Azimi, H., Shabanlou, S., Ebtehaj, I., & Bonakdari, H. (2016). Discharge Coefficient of Rectangular Side
Weirs on Circular Channels. International Journal of Nonlinear Sciences and Numerical Simulation,
17(7-8), 391-399. http://dx.doi.org/10.1515/ijnsns-2016-0033

Azizpour, A., 1zadbakhsh, M.A., Shabanlou, S., Yosefvand, F., & Rajabi, A. (2021). Estimation of water
level fluctuations in groundwater through a hybrid learning machine. Groundwater for Sustainable
Development, 15, 100687. https://doi.org/10.1016/j.gsd.2021.100687

Azizpour, A., Izadbakhsh, M.A., Shabanlou, S., Yosefvand, F., & Rajabi, A. (2022). Simulation of time-
series groundwater parameters using a hybrid metaheuristic neuro-fuzzy model. Environment Science
and Pollution Research. https://doi.org/10.1007/s11356-021-17879-4



V=YY AY)E VLY Ol (559 0582 ) &b iy S (5,908 / ]y S0 g il |

Bigleri, M.R., Sima, S., & Saadatpour, M. (2015). Simulation of river water quality in critical conditions
and the effectiveness of meditative measures: a case study of Zarineh Rood. Iran Water and
Wastewater ~ Science and  Engineering  Congress,  University of  Tehran, Iran.
https://civilica.com/doc/600286/ [In Persian]

Chapra, S., Pelletier, G., & Tao, H. (2006). A Modeling framework for simulating river and stream water
quality, Version 2.04: Documentation and user’s manual. Civil and Environmental Engineering Dept,
Tufts University, Medford, MA. https://www.semanticscholar.org/paper/

Chuersuwan, N., Nimrat, S., & Chuersuwan, S. (2013). Water Quality Management in Lamtakhong
River. Journal of Pakistan Water Resources Management, 10, 22-41.
http://dx.doi.org/10.19026/rjaset.6.3456

Fan, C., Ko, C.H., & Wang, W.S. (2009). An innovative modeling approach using qual2k and HEC-RAS
integration to assess the impact of tidal effect on River Water quality simulation. Journal of
Environmental Management, 90(5), 1824-1832. https://doi.org/10.1016/j.jenvman.2008.11.011

Gharib, R., Heydari, M., Kardar, S., & Shabanlou, S. (2020). Simulation of discharge coefficient of side
weirs placed on convergent canals using modern self-adaptive extreme learning machine. Appl Water
Sci 10, 50. https://doi.org/10.1007/s13201-019-1136-0

Gilbert, J. M., & Maxwel, R, M. (2017). Examining regional groundwater—surface water dynamics using
an integrated hydrologic model of the San Joaquin River basin. Hydrol. Earth Syst. Sci., 21, 923-947.
https://doi.org/10.5194/hess-21-923-2017

Hashemi, S.H., Rangekesh, Y., Ramezani, S., & Ghasemi Ziyarani, E. (2012). Comparative analysis of
Karaj river water quality with statistical technique of factor analysis and QUAL2K model. National
Conference on Water Flow and Pollution, University of Tehran, Tehran, Iran.
https://civilica.com/doc/148297/ [In Persian]

Hu, L., Xu, Z., & Huang, W. (2016). Development of a river-groundwater interaction model and its
application to a catchment in Northwestern China. Journal of Hydrology, 543, 483-500.
https://doi.org/10.1016/j.jhydrol.2016.10.028

Khosravi Nia, H., Golmaei, H., Mir Khaleq, Z., & Ahmadi, T. (2009). Quality Management of River
Systems by Wasp7 Mathematical Model Case Study of Karun River, Iranian Watershed Management
Association 5th National Conference on Watershed Management Science and Engineering. Gorgan,
Iran. https://civilica.com/I/3869/ [In Persian]

Li, Z., Quan, J., Li, X-Y., Wu, X-C., Wu, H-W,, Li, Y-T., & Li, G-Y. (2016). Establishing a model of
conjunctive regulation of surface water andgroundwater in the arid regions. Agricultural Water
Management, 174: 30- 38. https://doi.org/10.1016/j.agwat.2016.04.030

Mathew, M., Yao, Y., Cao, Y., Shodan, K.h., Ghosh, I., Bucci, V., Leatao, Ch., Njoka, D., Wei, I., &
Hellweger, L. (2011). Anatomy of an urban waterbody: A case study of bostons mudyy river.
Enviromental Pollution, 159(8-9), 1996-2002. http://dx.doi.org/10.1016/j.envpol.2011.02.018

Mazraeh, A., Bagherifar, M., Shabanlou, S., & Ekhlasmand, R. (2023). A Hybrid Machine Learning
Model for Modeling Nitrate Concentration in Water Sources. Water, Air, & Soil Pollution, 234(11), 1-
22. http://dx.doi.org/10.1007/s11270-023-06745-3

Mazraeh, A., Bagherifar, M., Shabanlou, S., & Ekhlasmand, R. (2024). A novel committee-based
framework for modeling groundwater level fluctuations: A combination of mathematical and machine
learning models using the weighted multi-model ensemble mean algorithm. Groundwater for
Sustainable Development, 24, 101062. https://doi.org/10.1016/j.gsd.2023.101062

Moghadam, R.G., Izadbakhsh, M.A., Yosefvand, F., & Shabanlou, S. (2019). Optimization of ANFIS
network using firefly algorithm for simulating discharge coefficient of side orifices. Appl Water Sci,
9, 84. https://doi.org/10.1007/s13201-019-0950-8

Mirbagheri, S.A., Mahmoudi, S., & Khazri, S.M. (2019). Modeling of Nitrogen and Phosphorus Changes
along Chalus River Using QUALZ2K Software. Journal of Civil and Environmental Engineering, 40(3),
49-60. https://www.magiran.com/paper/950002 [In Persian]



QUAL2KW Juo 5l sdlil b 55 a5, (539l g catsS 35, (gjlor dns

Mohammed, K.S., Shabanlou, S., Rajabi, A., Yosefvand, F., & lzadbakhsh, M.A. (2023). Prediction of
groundwater level fluctuations using artificial intelligence-based models and GMS. Applied Water
Science, 13, 54. https://doi.org/10.1007/s13201-022-01861-7

Mummidivarapu, S. K., Rehana, S., & Satyaji Rao, Y. R. (2023). Mapping and assessment of river water
quality under varying hydro-climatic and pollution scenarios by integrating QUAL2K, GEFC, and
GIS. Environmental Research, 239 (1), 117250. https://doi.org/10.1016/j.envres.2023.117250

Najafi, H., & Mahmoudpour, T. (2012). Qualitative modeling of Qarasu river using QUAL2K model.
National Conference on Water Flow and Pollution, University of Tehran, Tehran, Iran.
https://civilica.com/doc/148298/ [In Persian]

Rafiee, M., Akhond Ali, A.M., Moazed, H., Jaafarzadeh, N., & Zahraie, B. (2013). A Case Study of
Water Quality Modeling of the Gargar River, Iran. Journal Of Hydraulic Structures, 1(2), 10-22.
https://doi.org/10.22055/jhs.2014.10533

Rajabi, A., & Shabanlou, S. (2012). Climate index changes in future by using SDSM in Kermanshah,
Iran.  Journal of  Environmental Research  and Development, 7(1),  37-44.
https://www.cabidigitallibrary.org/doi/full/10.5555/20123377231

Pelletier, G., & Chapra, S. (2008). QUAL2Kw theory and documentation A modeling framework for
simulating river and stream water quality. Environmental Assessment Program Olympia. Washington,
98504-7710. http://dx.doi.org/10.1016/j.envsoft.2005.07.002

Sener, S., Sener, E., & Davraz, A. (2017). Evaluation of water quality using water quality index method
and GIS in Aksu River (Turkey). Journal of Water Management, 584, 131-14.
http://dx.doi.org/10.1016/j.scitotenv.2017.01.102

Shabanlou, S. (2018). Improvement of extreme learning machine using self-adaptive evolutionary
algorithm for estimating discharge capacity of sharp-crested weirs located on the end of circular
channels. Flow Measurement and Instrumentation, 59, 63-71.
https://doi.org/10.1016/j.flowmeasinst.2017.11.003

Varekar, V., Yadav, V., & Karmakar, S. (2021). Rationalization of water quality monitoring locations
under spatiotemporal heterogeneity of diffuse pollution using seasonal export coefficient. Journal of
Environmental Management, 277, 111342. http://dx.doi.org/10.1016/j.jenvman.2020.111342

Zhang, R., Qian, X,, Yuan, X., Ye, R., Xia, B., & Wang, Y. (2012). Simulation of Water Environmental
Capacity and Pollution Load Reduction Using QUAL2K for Water Environmental Management.
International Journal of Environmental Research and Public Health, 9(12), 4504-4521.
http://dx.doi.org/10.3390/ijerph9124504


https://civilica.com/doc/148298/

