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Abstract

Protection and water quality management of rivers, as one of
the valuable natural resources, is of high importance,
especially where water scarcity is as well an issue. In the
present study, in addition to identifying the contamination
resources, different scenarios were surveyed for controlling the
major pollutants in Zarrineh-rud River in order to meet the
water quality standards for a healthy aquatic life. To achieve
these objectives water quality sampling and monitoring of the
contamination resources and plant coverage were conducted
along the river during three seasons in 2016. By using these
data in QUAL2Kw, water quality and hydraulic modeling was
conducted, calibrated and confirmed. Evaluation of the
hydraulic behavior and the river water quality indicated that
during dry seasons both reaction Kinetics and advection
process affect the variations in water quality parameters,
whereas during the wet periods advection dominants.
Subsequently, analysis of the river water quality pollutants
revealed that the distributed sources like pile of trashes and
animal wastes at river banks have the largest share in
contamination (Nutrients) of the Zarrineh-rud River. Among
the point sources of pollution and agricultural pollutants, the
point source had the larger share in contamination during
summer and fall and agricultural pollutants had the main
contribution during the spring. Evaluation of water quality
management scenarios during the fall season in the present
condition showed that restricting Sugar Factory Sewage BOD5
by 210 mg/l resulted in keeping the amount of BOD within
standard values for the aquatic life.

Keywords: Water Quality, QUAL2Kw Model, Point and
Distributed Source, Source Control of Pollutants, Aquatic Life.

Received: November 16, 2017
Accepted: June 27, 2018

P

2559, b &l ag, O CudS Cu yide 5 (g5lwde
Sl ot ol poliiads lase y3 (a9l J 8
(5958525 153 y90 anllbae) (L 3

*,,g;tw 8yt S*E*ch‘d)liﬁ [WJRVE D

oSy

e e | Se glyes aiing, o S copte s bl
Coonl Pl i 3l G o @le (o8 ol s lulyd 0 el
J5S dasie (gbagy s 0l Y] milio oluwlid youd ((3u855 (] 53 .l
Ol cunS ooy luibuol 4 olawd lp dgydny; alsg, sla 54l
Glanl 4 oliwd yolaieds ol 48,5 1,8 b5yl 3590 bl Sl (gl
oYl wlio Lol el catnS (el yial )l (61545905 0,95 dus ¢ uiisss
Wlagy cilisee bl jian (LS Ghdg Cumdy il g b,
sodly 5l oslazwl b .y )S plos! VWA o calisee Jguad jd 35,40 )5
b 3 alog, of cads 5 Sdgum Jio eud 5bS
byl )T wcows g (Sriwly L g (sjlwodle] QUAL2KW
e (slags w31 ke 39)a0 )5 29y OT i g Sgyan 1,
0 Jl 5y 51y S8 S b o 3 45 3 e ol
2 &S I aizan I35 51 Ol cuaS ooyl )y cdale @l s o9
o1 ¥ glio Julos diblaze ol S 31 9 I Jlanl syl 5 e
ol 3 005 arilil &Y gsb g loally ko 03,28 golie imd e L
e o 3l g 0 (530 dge) Ol (53901 3 1y ot iy s,
2y S i paw (slaais @lie (gjysliS (clmosu VT g (clabais
Jag Jead 3 1) i oo (65308 slooa ¥Vl g 5l g (lisls Juad
b Jad o alagy cuS Copde it Slagy )l (guyp )
YV ke 4 a8 Gl Mol BODS (305 dgdone ind oo (Ll
(2l 3] CBIE B 02,5 o0 oo o598 Ly )3 51 2 p)S e
Silay bl Gl gl olailiol a0 wlgy olosdbse

5 bt claoau YT QualZkw Jue o] oS 1 guels colals”
bl Ole win¥T plie JyuS @S

ASINIYD :allio <y gu b
AV/¥[E allio ()5 pdy )

1- M.Sc. Graduate in Water Resources Engineering and Management, School of
Civil & Environmental Engineering, University of Tarbiat Modares, Tehran,
Iran.

2- Assistant Professor, School of Civil & Environmental Engineering, University
of Tarbiat Modares Tehran, Iran. Email: s.sima@modares.ac.ir

3- Assistant Professor, School of Civil Engineering, Iran University of Science
and Technology, Tehran, Iran.

*- Corresponding Author

Olyes (oo 00l ;y" 2l Co e g (oulige Al ol 093 wyiwla -\
e Gy oD Wy ; lagxo o

Cany o8y W) b g olyes wdige 01Kl (Ol wtige 09,5 Lokl =Y
. o)

Lo 5 ple oD ¢l pes cwiige 00K any j Lare g Ol 09,5 bkl —Y
Jstuns odiuny =

ol 3l WA oy LL b dlie (ol 3590 5> (Discussion) o )bl 5 cou

"'lll



bl 5l L3 (Boston’s Muddy RiVer) ;gug 39l 5 454,
5 4l Ol cwaS ilwans 0,8 el |y S5 wldllas ‘C)]
3 oslizal b awlsagy 4 e 5l oan VT wlie JuiS™ go)liw b))
e B39, 4y (6399 04 YT wlie a5 ol Lis QUAL2K Juas
O3S ialS Lol Jole g azilis alsdg, Sogll 5 any JB
W5y O b e g Y Lo g Cusl 8log; 4 2l

Sl s Cgllas bylyd o1,

Gilwdud Aoy 485 Cyao (J3 daxie Gllles e
Wged lgear) ol sanVl aolie 5 alsyg, o e S
Jafarzadeh- Haghighi et al, 2005; Pour karimi, 2008;

Hashemi, 2009; Mirbageri et al, 2010;
Noushadi and Hatamizadeh, 2010; Hosseini and

sl Bl oy Ollllas I (e300 dlaws > (Hosseini, 2017
ol 45,5 15 dg y90 a3y, O CuisS dg (lag L
Nazari, 2005; Shariyari, 2010; Malakipour, :aises s
oYl lo phaw Cpnd 4 Cpaiisee (lallles oyl 5l Sy 55 (2010
Hashemi et al. Je lp slasby o 0,50 Syl ,»
S el dus 350 4y a2 51 (63909 (S9I1 )l e (2010)
ol 5l Jeols bt w3 S e QUALZK Jas 5l eslazl L )
ol o )50 4 (39)9 (S9I1 )l e 48 2 LS s
6559 sadlas o cul By, Jol adls jl gig ()8
(9)lS Wy, ol cusS (gilwans s Shariyari (2010)
4 (83959 MBS woes 1 o yd YA 5l i oS cudly bl
WB3gy 4 (6598 Sy CusS I (8L 55 9 (19,5 Ak,
G 5 S sy iy g5 ( ST 5§ e bl
goasliyy 3,Skos ()l g sl sy (b cales 9 (53]
aldgy Ol cusS il ¢l QUALZKW Jse jl ¢983e

[(Lar Consulting Engineers, 2009) . o3lizl

b 3 cpiie bwy caliee Blial b (souxio Olllles ax 31
QUALZE, QUAL2K, ) QUAL o3lgls cla o 3 oslizl
bl ply s olyl clawlssg, 5 (QUAL2KW, etc,
0 pae labai pe a1V plie (il oadl ox (ola wlS
pie (S p Slbp il g gl glcaby (B85
5 ol CaiS ol sloodls 4 Glojen o oS
5 o Sl 4 g pie ol (Sdgre Claogas

doddo —)

sl S5 & (b plie 5l (o plgsar el
ey oz ok )b g ol sy s slacl
Hemond & Fechner, ) 1l o (So59gm 9 (2lbows slo 5341
g Loley ) 3290 (S 9 I dlge a1 399 (2014
ST 5l G Bpae 4y i ol (sladiny (195 4 oM
o JS 3350 o inlS 5 s 5l ol 1 > Jloxs
(335 gli) ol iluley 5 ol (@olon dae 5l oxiyY]
Ol CadsS JymS g dge s )Saly dles ot g () dpias
(Kannel et al., 2007; Zhang et al., 2012) uib o alss,,

done slylSaly 555 9 olo (Giloamd b Ol cuiS slaJra
ol S Copte wlp 0 3 plgiea Wls e Ol cuds
b 4 ol cuaS e ol gl s edlatul
Jse .(Zhang et al., 2012) wlas 3 1,8 eolawl 3y50 (glod s
O cunS KoM Jao S lgicas (Streeter-Phelps) S-P
5 b 0l Ay Jolee ienST cldale pess gl &S ol
3 Uiy g Jsl slaanlp 205 0 o8 sam SO sla e
CodsS (Swaltd glado jl (B imd o0 5 by (ol ca
4 Cuws CE-QUAL-W2 WQRRS WASP ales 5l
ol (sl Jio (COX, 2003) situd otz (sda S sl Jde
0 yinS Jiojls g Bg o (gjlwodlel ]y 4 (chm A g (gdm ¢
Sl oasie ulps g gl pdos 5 Sle slrodly Iz
bylyd o bl e caliee glads o iiSly — sl <Yolee
Sy sl Jte il (sl 5L 590 (slaodly el Cudguse
Kloas adpdy (lodpnS job 4 o CotS 5 SJgpun s
gt g piyilan] cls 4 byl oy j S0 QUAL2K
ool Ol e i gilwand clym Sl o> g ool diul
Silwdand Ao 50 (gdasie Olllle S (Ye et al., 2013)
b balisg, of cudS sy slag s S1 oo 5 Of coieS
oo Kannel et al. (2007) .ol o0 ps! Jae opl 5l ool
B3y, O CuiS Jao cile g ol paiges (Sogl olulis
JyiS) by, ol cuisS seup ,aly aw ¢lpl 5l Bagmati
il ) (xdge 23lgn (b silola, Jue 5 0an VT mbie
SBaly (e (moge (3lgn oS b Gl L] ls o8
2dlsn cpl  oode sl 6B3g) ol O CusS Sp (sl
S S5 Sl Tam 1 oY lie S5 5 e
(6,500 adllas o .l Wy, Ol cudS dams lp eyl
Ol cunS e S0 g ol Gus L Mathew et al. (2011)

IFAY e ) 0 ylows a3,k JUo ¢yl ol o golie oliyliss
Volume 14, No. 5, Winter 2019 (IR-WRR)

AT



polie )d Cunlad pae > 4y gl o puedtd w2y, ol curs
slazel )3 03y 01 YT wlio lime) Jde 5L5 3590 (slaodly S p
Je 3 39p9 sbodh 88 auiS 5l {ag,an); by,

23,5 edlazwl QUALZ2KW

g Sgyud owlidlen  glasaly Gl —)-Y-Y

Sie e
o] 55 oid cud leMbl 5l owliilen slaodls ol (lp
Sdgpid (gl jolatods b odlitnl Olgile K
cloaiis co) j wlsdg, Job cilize ablie cledbl @il
O b S Ppaid (yeren 5 5988 6yl padd lojl
deogyl axld ases LOYU ¢ bbby, (Jaoweun) wlis
Jos ay gbliie ol g 5 2]yl (WERI (a), 2016)
&yl c pum 3 5 ik o gl izeie o Jaie HEC-RAS
Olyeds abdgy Cop =23 g il —(od laoie 08
Sy QUALZKW ol codsS 9 Sgpien Jie 4 (6399
Lo asl Sy, a8, ol coyps Jlaie a5a S
TVEPEIES ad, §
owcen o (Faraspandab Consulting Engineers, 2009)
Vbl ey @ ol g Of o Jgab (lp She slasil
Jad Slawe slansdil olwl p ad 48,5 a5 > o ¥ g
s Gygo Jab ol )3 09,k Ay, 5l o cuiby Gl
plosl alingy slael )5 Of cudlyy (bl g 5l Jgud 53 Ll
py> i dolee wlol p Jgad cpl o by Ol polie 55 o
$ilolyy) Slllas o3ga0e glil > (b (23 S5 olul
e (LIPS (5520900 oiunl) ] slagil g (35,95 42 51 0
asloee gl o1,V e (3 5 4S9, 4 (285 sl
Jobo 2 gl cudly bawgio 0 plosl Sluslxe (ol 10035
YIS 5 MY L sl ciy gl 5 )l sl Slllle o3
A Cw] R RCI VR PRI TN WS SVRRCI W] PRSPl V3 JY

JEl u)yo Olles L — 4_'>9_3‘

Cp3y9,0 olo 93 45 amd> o L5 (1981-2013) sblpllss (¢ yag )dus
bl 53033 5l g A 451839, (5 Juad) Ol 095 cuiid,l
5 Ol Blg) & (gygody 9o anlS’ Gl s 5l T Jlo
(WERI (b), 2016) 3ga5 slaols (i Juab )55 on |y sl bl

9 e Sllas tailiag, of CubsS cedls el —Y-Y-Y

S l3 preiged
slole 13 39,d0 55 439 5l (lise 233k 9 (5 )b piged Slilas
CusBoo 4y dgi b i pbol VWAS Lo [0 g jo 0 i)

el cgw g Jal n (Sudsy g cé)l sl
ot adllas ol 3 ol g B s ol 5155 Ol oS
s s Sdgn bl e 5 Gy Sl ik
sla st (6y913,5 55 g adlllas 3,90 ddbaie 0an Y] wle  slolis
oo ilisee gblie 3 39,40 )5 Alddg; Copum 23 9 b 03
5 Sdoyd Jdo plg xiwcous 5 a8 =Y w@wilBog,
sl gldais 2 oY oo (gilwJae =Y wl cuas
S (LS gy b (g3lohe Y (g pgliS o315l 1S
(ol Sds 1l 8 50 Joe o el ol (gjlo e —F sy,
4 ply Oyg0 6 Slom auld 5 ol Sgyne gl Jre -0
Sllllas )3 &l Gidow ol wlygly 5 a2 LB (sla Sy 5l g
Sl opiorod ol oad adly a8 d)lge cpl 4 A3 ol Sings
5 Juml glasnld p (Sojsloyen g uliilsn ilisee (glag )l
S glacwluw (g ol 485518 Sb5)] 3590 Slge b
Sl clp albag, Of cuiS Codo ol jolaiods sa YT molie
O 55 9 0aS S s Cgllao Ll el g b3
).i{.) )] D94 y) 43[5.)9) gj MJS » aliseo oJJ.i\” é)L\A e

Gl 81800 (pl D do gl 3)50 Clegudge

o ysg, 9 3190 =¥

axlllae 3,90 allazo )Y

sipl asp caalag, (sl o oriete 3 S 294
d"l P Lol 04 6319 4\>L)) Cg> ) PLY J\Aﬂb‘f c\».oﬁ)‘ 4>l;).)
F3909 (Sl a Jold s 09,4055 4829 (2l JiSu (o0
oM 1 Gl adlllas jolatoas SLlpllas (g ytag)om oSl b
oS ol oy a3 Lo ol oad Sis Ml Lol Jls o oS
9 lel g () JSKB) 29500 oo 39545 4 03gae (pl >
(;u.ﬁl.)).g o U,LJUm 0dgdxe D 431&.35) J>|9w LS’T u&l))
asg S Oygo Slallhs .l sad lBg) | O jlxe e
W ase 0 aBS Ohso o)ll pre baugio o Smd g0 oLt
G yno ] caxSinyto (yorleo T30 48 sl Sl 5 arSoste (gl
ol 335 sl asg & some o w39y 225 O e 5 (o8l
LI w9 05 0 S (a5 (uej Sl 4 CutS
Cong il (35 g0t 4l 4 (IS0 (b g ol
(Toluei, 2013)

3Wi 3,90 01> Oz“i‘“ -y-y

coolidlan laosly IS yisy duw & dalllas il 5L 3550 (slodls
o coleg 3 g 39, (Siderin 5 (g slaodls

IFAY e ) 0 ylows a3,k JUo ¢yl ol o golie oliyliss
Volume 14, No. 5, Winter 2019 (IR-WRR)

INg



Sz gsto Sy 0Vl 03208 ke ol &Sm0 (L 0 005
SV g cudlsl o) b oo opl 5l jges 5l o oty O coiS
Clay CaieS imen o Jlgj (863g) 40l 5 dlj 5 Slge>
21T wlie S0 3l 55 wldag) &y (65)9liS” (bl I 228
Y US55 lolis 6By, of cuas 158 5l 6> s

ol o 03> s By, (clabads (cod VT wolie Cuxbge

01 YT wlio 5l (63959 slab s cdale 38> polie , plool s 4
8935 slaodld 5305 CublB | 2gydn 5 wliog, dluel 03w
35 odliiwl QUALZKW Juo bawgs

c@uuaﬁ O)L{ OJ).:Mf J}‘o ‘d.)‘..>.)$) ).) .)9?90 OA.:.:\‘YT é{t.A
ol s glajiahly sl paised ¢ loj g o sacadgize
site 0d)lax () JSKB) €85 Cjgo wldagy Jobo y> dall gy
g e ARkl 5 by Oygon oy cpl > Ol cuas
Jb p &S s asuie Slue sladil o a5 (6,50l
iS5l (Sanles 4 blhas sliwg, OB 5 a5 2535 0 3y
F S Oopomen (L85 Ojgo )l pdige (oliwg) SMSB
9 Slp> CY9ad 4o 4, il loling) (g ¥) bl ol
Sl ysie S Ol woyy iled oo w2y, anils > dll;
5 Cugmd] sloole 53 (posgel o (5T o) 00 (5503l

46°10'0"E 46°20'0"E

45°50'0"E 46°0'0"E
&
e
=<l
(s
&
Lag}
S
6)‘\
Z £ \ﬂe‘\
N \,&\“ »
=% WV
-
&
[ag]
Nezamabad hydrometeric station
4
e
£
2
Lag}
miandoab meteorogical station
Z
o
Flo 3 6 12 18 24
| ™, |l omcters

Legend
O Rural location
@ Meteological station
\/ Hydrometeric Station
® Sampling points
/'"'”’”* Diversion dam
A Source of pollution
— FlowDirection
— River
| Wetland

Lilan Chay

t?[-i
0() 6 .
ARy Ve

Nurozlu diversion dam/ \

Fig. 1 - Study area, sampling points and location of the active pollution point sources along the Zarrineh-rud
River

59,4 55 Jlad oW1 aulie Curdge 9 (6,15 waiges b ¢ Jlalllae o3guxe — ) S

IFAY e ) 0 ylows a3,k JUo ¢yl ol o golie oliyliss
Volume 14, No. 5, Winter 2019 (IR-WRR)

oy



G Olus,d —)-Y-Y

Sl 033 (3 5 00 (53lurdend (31> Ll 55 oo o S
DS o Oygo ol whml sl e clacuby sl &S
U5 3 Bl @ygoh ol o 5l (93955 (5505l slaesY]
Colbus Sliios )5 ol )3l odd a8 S Jlai )3 ol ] Jgbo
FoBlo Ve b ply G 4 opw)y Sladily J5BS 5 gy 4Y
Kannel et al., 2007; Camargo et al., 2010; ) as 5,8 /¥ 4
O sse 51 SleMbl adllae ol ,> .(Rafiee et al., 2014
239290 (B ece 9 LIS ined 9 (SOD) Clgus, (>
5 Cwlbs yicmed o hyporheic asl &S cuxsy 5 Slgw,
JoL5 51 5 SOD (gjloaenss 11 395 oyisd )3 b o0l ol
Col S5 oY 35 ik o aldsg; Ol g anl cal o ol
Slodges Jaid o Bl oyl il Olidss @S 50 50 cpiisee plo oS
pie 4 4>g L (Kannel et al., 2007; Rafiee et al., 2014)
2l ol yead €5 29,45 -39y 53 (S5lan o bl yd £93
Plgn &5 (s (Sl 05 gl el Lallg) a3 45 a3 5 s |
Llgy e & (Kaa) S g (ko) 5 Jad (sl 95805 4l
el ydlS laadlge 51 30 CYolee oyl Olesl 48" sl o ¥ 9 ¥
sy by oo U cailyy ol 5 ol O gl cuS Jse

ol yio sy b > Ges hg agl y yie

0.98

k, 4 = f(u ,h) =5.06 [I5T (v)
u0.52

ka—w = f(u ,h) = 594@ (\a)

Joe (g 5lwoslel -F-Y

oL WV & g0 gblie & dogi b wlhag; (g teghS YA Jsbo S

Slpeas o35S oanYl wle cdale wWhs 5 JSls cleMb
ool cdale 5805 jelateas QUALZKW Juo jls )50 (slaosls
CoieS gl Shg pogas 3 01 &)l gl 2155 5l i YT e
S gl (9IS GiSas W a5 o alie

(Pour-karimi, 2008; Hashemi, 2009; Shariyari, 2010)

i Il -Y-Y

&Sl Jao ool ol cutsS (giluans gl coslio S
.(Chapra, 2008) w3 axily JLai 3,60 dllus ;5 1y 3,87 o it
o as giloand @l) sloadde o ) ol men ol
Gilodte yshieds QUALZKW Jao 8 ) does i,
QUALZKW .1 Clsasl 39)ah )5 4539, Ol cadeS 9 Sgpan
Ol b &gy Ol cudS 5 Sgphen (ilodund sanSs Juo
Sygods |y (e V4) Of i @l i Canl 8 45 039y (03l
oles leand cols Sl xS Sloj o8 Ll
4o ¢ly QUALZKW o )5 .(Pelletier and Chapra, 2005)
oldl 2 gl IS e dijlge S S Sy 2 b el
GBS a2 gh) dede w85 i ) )y g0
:(hyporheic sediment zone

Qu,i . Ei

Qil i -1

=i - -2 o= (G-

dt v Ty Ty Ty, (€ ")
E; W;

Ci)+7i (Ci+1'Ci)+7i+Si

ol il ol <ty Qg (L/day)iojl ;> (03 Q; bl ) 5
1ol 0 2B S0 W, (L) i ojl a> V; (L/day) i
prr JEl b el pSe Sl p ol b acie S; (mg/day)
9 Eit (L/day) laojl; o (o> 15y 05 B (m/LIday)
(Liday)i+ 141 i1 41 slaojl oo (idy o ps B

) Lo (day) gloj td ol ol i el chle G
o1Vl lie Camdgo g alhag) slaosl Y UKD 0005 (sAlypid (Pelletier and Chapra, 2005)
A2 0 UL,...» I) slalads
1 2 3 4 5 6 7 19 1o 11 p2
28 3 3 : : 55 Amnns
oo z £ 2 ¥ gETEE
Fig. 2- System segmentation with location of pollution sources along Zarrineh-rud River

O 0¥ il CurBge 9 29 yais 5 ol —F S

IFAY o s 0 )lowd o3 ylea JUo ¢yl o o golio oliylings
Volume 14, No. 5, Winter 2019 (IR-WRR)

OA



100 |¥n,

|Olg)bs_oisim|

= A
MAPE =— o (®)
¥, (09-05™)x100
PBIAS = j S5 o (%)
i=1 1

S5 81 g, o S s ) 5

CudS (sl pite clale wlboag) O CuS coodlor (bl jglateds
ey 3l ond zlmanl) bl (slp 0sd duogi polie b 4lsdg,
dogi 3ylailiwl 03gaome N Jada 105 dunlds (jpuine ole calise
5 saios ol &S byl Gle clp O cunS sl i on
23 o i |y ol o oalaiwl byl

Table 1- Standard range of water quality variables
for aquatic life

Ole 6l O CodsS (o puiio 5, luiliw! 83gue Y Jgu>

obyl
: Standard
Variable range Reference
(USEPA, 1989; WERI(c),
DO(mg/l) >6 2016)
(EEC, 1978; Bhatnagar et
BOD(mg/I) <6 al., 2004; Bhatnagar &
Devi, 2013)
WERI(c), 2016; Stone &
EC(um/cm) <5000 Thomforde, 2004;
Bhatnagar & Devi, 2013)
PH 6-9 (EEC, 1978)
TEMP(°C) <30 (WERI(c), 2016)
NO3(mgN/I) <10.161 (ANZECC, 2000)
NH4(mgN/T) <0.77 (EPA, 2003)
NH3(mgN/I) <0.024 (ANZECC, 2000)
TN(mgN/I) <5 (EPA, 2003)
TP(mgP/l) <05 (EPA, 2003)
ALK(mgcaco (USEPA, 1986; ; Santhosh
3/l) 50-300 & Singh, 2007; Bhatnagar
& Devi, 2013)
& LS 9 wu -y

S5 3 55 b 53 sl oo el sty ¥ e
53 0del Cawd & pdlio g5 o oamlie 45 b ylan dmd o LS
Oglite Sl g 5 Juad )3 pasudie gl S ly (gl
Wlsg) (Olie 5 £9) B Jhdyy Camdg Coli5 b (23

Ohgy b ax8 )5 jlay 15 addd O/FYO L plp Yolee o Jloj p8
3 o sl eYoles o (sl i 0 el 330 5 Myl J>
Oidg g 4 a2y b cd)S I8 ooliul 3)50 PH (gludsd
iloand oloj Bl (Juo ) ol s g e 0 (alS
Wb g gloj plp V3l G b il <l 4y ) sl
2B 350 b yee ol (Pelletier and Chapra, 2005)
dle adlllas 3)90 0 yrwe Jobo g by Cluogad ol
Sl JI5 pl o Jae gl loj e bl Cpen g 003

Wb B yS s 53 55y O L il

CusS 9 ‘S.g)j)..\ﬁh Joe W ESWO g dw‘mﬂs—\—f—r
ol

olo slaoaly jl s iy 5 g Sis Juad o ygmol S joliioa
syl sl L05,8 eolatwl VRO Jlo Caiiged)l 5 e 0
JEl Jalo)y Y BY\ L.A.\J)) LY )J 9 s J9m.9 le)’ 0l O)AIJK
OS] (ilwand Coonl 4 g b «Sf w8l Ban 26
&S slayste plo ly g Jslne (38T (el 01 (g (Jolxe
sl )0 Juus alaad g adol Cumon ol b 48 )8 a5 DY e
Yoo g Ve b plp cudy 4 osaie lacuwlus U1 L K55
PSS gl uw jbre edgame LW bl
u»l.w] P (TRwlous 09 LMD w)f)h. 0 J.Lo ua)ﬁuw
Ol o codS slojially 5 (Soidorin ¢ solidlon cloodly
3,5 byl g coslwoslel VYRD LT s oads (gy9ls,S

s cds Jbj, -0-Y

5 o (gilwdnnds g u.’l..\.hl.w.n swosly o sled s jskaiedy
ool PBIASY 9 MAPE" . RMSE" sl s ls alos 5l s
e Shalie Hlaie 0925 (laosly JS sl Laily, ol 55 23 oo
Gilwdand 5> Jdo B> bl oS b yadls cpl jolie 4> ja
i)l a3t ) S B 255 o iy (Bl bl
ol o dl) i Oldlbe O cuaS clare cds

Kannel et al, 2007, Moriasi et al, 2007;)
:(Rafiee et al., 2014

b im’ 2
RusE = |2 (07-0) (¥)

n

IFAY o s 0 )lowd o3 ylea JUo ¢yl o o golio oliylings
Volume 14, No. 5, Winter 2019 (IR-WRR)

AR



dsgaze (53108 LS ¥ Ui o ead Ll slbs polis
3 Jolore 5eST Jols o5 4 S sloodld I glos s
039758 soigel (i (S pSIl clia ((Soielse (smlsS 5]
5 PH iud ggae It o I aud (3ot ggeme ol
Ogelyd 35 9 39)8i0)5 Aleg) Jgbo 5> (iul dail ey )3 L3
b wlbdg) Cundg b))l 5 (S lojiall cpl (Priwcens

Lol QUALZKW s 53 dixie ol s g bayioljly ulais

Jo (Swwiome gl -Y-Y
55 Jsad) Sl g OleS slaeygd sl Jao gl S5l g
Jls ooy 3 Slise clasudih g (o)l pdiges @l j (Sis
Sizd Juad (glp 639, O cutS s  iwcous gl 10
u;l..\!ab.m slodly s las sl sl polde oWy D o3las]
o] (sl g (F Jgaz) cilies (glopito gl 005 (gjloend g
sl Jde coro @isdS cldllas (o oad 5)liS Jaud bl dgus L
SN Calin pliasdnn ol o3eS] Jabre e
bl PH 5 bl (JS 0395 SS9 JI yhud pgsgal ol

Sssien sloJso smldlS I Jools ol o 40 ¥ 5 ¥ USG5
S lyds (g 2 A oo L5 ) 29,0055 g O S
P ol caas oS e e lis Jad 9 > b jusie
otlS 03,18 5 (gl oALY] wlie 39y (galawlya, Wl
slaling)) aldg) Jolo )3 dllj g Slge Y928 3929 b
5 Cosl b 93 53 U (Sogl ol Jolge 51 (1635, (sl
2 (0355 9 sad glgl) gdio dlgo clale (nl3l o] 31 o ey
sodly py slas sl 23ls lade ¥ Jods bl e alog,
olis Sid g 5 Jad sl |y Jae 0ud (giloand 5 (Slanlie
458 Oldllas jd oS Uas Joud LB yolie b golt duslde .m0
Kannel et al., 2007; Moriasi et al., 2007; ) oad 5l
ol adlu slv Joo el a8 s o L (Rafiee et al., 2014
b 53 o el s clomsls el )5 a5 BOD Juo poay
Slp lh Jod JB s amse ol ) o3b s polie

15 gl pud S Al 1o > A9, Ol i (g jlurdund

olo &y Cud Culigmdyl olo 3 Vb gl Bes 5 G pu polde
9 e b s slaolo )3 gy YU (03 51 o o e
ool sy CandVl sacsby b e ol o ol ials

ol dilaio 3 (8 pao slajls

Table 2- Calibrated parameters for the Zarrineh-rud River water quality modeling in 2016
IVAD Jlw yd 9,45 aild g, Of CudsS (3lw e (15 ol 0,8 sl ol )b =Y Jgus

- o - AUTOCAL  AUTOCAL Min Max
Parameter Value (WS*) Value(DS**) Units (WS) (DS) value value
Slow CBOD Hydrolysis rate 3.415 2.846 /d Yes Yes 0 5
Slow CBOD Oxidation rate 0.219 0.221 /d Yes Yes 0 0.5
Fast CBOD Oxidation rate 0.302 3.574 /d Yes Yes 0 5
Organic N Hydrolysis 0.004 0.508 /d Yes Yes 0 5
Organic N Settling velocity 0.018 0.282 m/d Yes Yes 0 2
Ammonium Nitrification 0.904 1.020 /d Yes Yes 0 10
Organic P Hydrolysis - 1.010 /d No Yes 0 5
Organic P Settling velocity - 0.077 m/d No Yes 0 2
Inorganic P Settling velocity - 1.153 m/d No Yes 0 2
Sed P oxygen attenuation half ) 1.014 mgO,/L No Yes 0 2
sat constant
Detritus Dissolution rate 3.153 4.162 /d Yes Yes 0 5
Detritus Settling velocity 3.188 2.746 m/d Yes Yes 0 5
Max Growth rate 48.857 9.662 gD/m?/d or /d Yes Yes 0 100
Basal respiration rate 0.005 0.027 /d Yes Yes 0 0.3
Excretion rate 0.006 0.058 /d Yes Yes 0 0.5
Death rate 0.028 0.066 /d Yes Yes 0 0.5
Light constant 24.242 22.836 langleys/d Yes Yes 1 100
Ammonia preference 12.683 76.486 ugN/L Yes Yes 1 100
*WET SEASON
**DRY SEASON
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Table 3- The amount of error indicators for predicted vs. measured water quality parameters (Calibration)
(O9awl pd5) 0000 (5 3523131 5 B Sl iy 230 oyt S (Gla B L jlade —Y Jgu

. Wet season Dry season
Water quality parameters

RMSE MAPE PBIAS RMSE MAPE PBIAS

DO(mg/l) 0.23 0.67 -0.92 0.51 1.24 -3.21
BODu (mg/1) 1.87 11.01 4.69 1.21 11.92 -4.84
EC (um/cm) 12.6 0.75 -2.6 21.69 0.86 -3.45
NO3(mg N/1) 0.24 3.99 -12.61 0.38 2.69 15.20

NH4(mg N/I) 0.01 3.70 5.22 0.02 0.97 8.76
Organic N (mg N/I) 1.67 5.90 -20.73 0.16 2.79 23.47
TN(mg N/I) 1.70 5.42 -19.06 0.50 2.48 16.96
Organic P (mg P/l) - - - 0.11 381 15.62
Inorganic P (mg P/1) - - - 0.01 1.11 10.18
TP(mg P/I) - - - 0.14 4.17 10.23

pH 0.26 0.74 297 0.48 1.15 4.50
ALK(mg caco3/l) - - - 14.83 1.27 -5.08
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Table 4- The amount of error indicators for predicted vs. measured water quality parameters
(LPmw Comuo) i (6350511 5 B oty g3l (g Lad g yad L jlade -F Jouo

water quality parameters

Organi

Error EC NH4 Organic TN Inorganic ALK
indicators D?I BOD/IU (um/c N?\‘S” (mg N (mg cP P (mg TF;’/I pH (mg
(mgy g/ Ty MIND gy gy ) (PTI? PIl) (mg P/ caco3/l)
RMSE 0.74 1.59 52.66 0.34 0.07 4.66 5.01 0.66 0.55 1.27 0.35 16.66
MAPE 1.95 11.61 9.85 343 5.87 17.48 13.44 8.49 21.21 8.22 0.82 2.72
PBIAS 5.86 12.62 -7.16 -10.27 0.03 -52.44 -4031 -3.72 -63.64 -24.67 -3.27 6.20
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Table 5- Sensitivity analysis for the data on Zarrineh-rud River in 2016

Dry season Wet season
Slope of the model's Slope of the model's
Parameter P Parameter L
sensitivity curve sensitivity curve
Depth coefficient -5.38 Headwater flow 0.94
Depth exponent -3.93 Velocity exponent 0.56
Headwater flow 3.64 Flow in contact with Animal Waste -0.47
Reaeration rate 2.23 Depth exponent -0.43
Point sources flow -1.83 Velocity coefficient 0.38
Flow in contact with Animal -1.82 CBOD oxidation rate -0.37
Bottom plant growth rate 1.72 Return flow -0.28
Bottom plant coverage 1.31 Depth coefficient -0.27
Nitrification rate -1.10 Headwater CBOD -0.12
CBOD oxidation rate -1.02 Reaeration rate 0.08
Return flow -0.74 Headwater NH4* -0.06
Velocity coefficient 0.67 Nitrification rate -0.05
Velocity exponent 0.57 Point sources flow 0.02
Headwater CBOD -0.32 Bottom plant coverage 0.02
Headwater NH4* -0.02 Bottom plant growth rate 0.00
Table 6- The contribution of pollution sources to river pollution
Ay, 53901 55 0¥ aslio pew —F Jou
Water The contribution of . .
Month . . - Major source of river
(season) qua}llty Pollution sources ppllutlon sources to pollution
Variable river pollution (%)
Aoril PS 2.7
. '?irr: ™ Pile of Tr&AW 92.0 Pile of Tr&AW
(spring) Dis Agr Act 5.3
PS 1.4
NHa Pile of Tr&AW 90.3 Pile of Tr&AW
Dis Agr Act 8.3
August PS 59.4
(Sungmer) ™ Pile of Tr&AW 33.9 Pile of Tr&AW+ WWTP
Dis Agr Act 6.7
PS 47.0
TP Pile of Tr&AW 49.8 Pile of Tr& AW+ WWTP
Dis Agr Act 3.2
PS 99.9
BOD Pile of Tr&AW 0.1 Sugar Factory Sewage
Dis Agr Act 0
D b PS 16.9
e?;’arn) TN Pile of Tr&AW 83.1 Pile of Tr&AW
Dis Agr Act 0
PS 91.7
TP Pile of Tr&AW 8.3 WWTP
Dis Agr Act 0

Pile of Tr&AW: Pile of trashes and animal waste;
WWTP: Wastewater treatment plant

PS: Point source;
Dis Agr Act: Discharges from agricultural activities;
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Table 7- Scenarios for river water quality improvement
i3y, Of CudsS 39 Wloludl -V Joua

Scenarios ~ Month (season) Description
A April (spring) avoiding the contact of flows with the pile of trash & animal waste
B August controlling point sources (Sugar Factory Sewage and WWTP ) and avoiding the
(summer) contact of flows with the pile of trash & animal waste
C December (fall) controlling point sources (Sugar Factory Sewage)
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Fig. 7- Assessing the effect of implementation of scenario (A)
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Fig. 8- Assessing the effect of implementation of scenario (B)
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