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Modeling Surface and Ground Water Hyporheic Zone Using MODFLOW, MT3D and RT3D Models
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ABSTRACT

Hyporheic zone is an active area that groundwater and surface water are mixed together in that zone. Any
existing contamination in the surface water can be transferred to groundwater through this zone. In this research,
the hyporheic zone beneath Zarjoob River and above Foomanat Aquifer was investigated by modeling to
understand the impact of river on groundwater quality. For this purpose, three stations and three nearby
groundwater wells were selected and water samples were collected in Year 2006-2007. The hyporheic zone
was modeled for TDS as conservative parameter and NOs as non-conservative parameter. MODFLOW and
MT3D were used to simulate TDS in the hyporheic zone in two seasons; the agricultural season and non-
agricultural season. The results showed that the hyporheic zone in non-agricultural season is 20 m far from the
river, while in the agricultural season it was significantly less than 20 m. The results also showed that the
reduction rate of TDS in agricultural season was more than that in non-agricultural season. This could be due
to more groundwater use and increase in groundwater flow velocity. In the next step, NO3 was simulated using
MODFLOW and RT3D. The simulation was carried out for two scenarios; with and without biodegradation.
The results showed that without considering biodegradation, the hyporheic zone would extend to 25 m far from
the river while with biodegradation it would be reduced to 20 m.
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1. Modular Three-Dimensional Transport
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1. Reactive Transport in 3 Dimensions
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4. Chemical Reaction
5. Advection-Dispersion-Reaction

1. Advection
2. Dispersion
3. Diffusion



SLE1))
MODFLOW jl sslitul b (sunj iy ol by Jow angs sy
abaie cwlid iy aids 5l oolaiul b adlaie cogpin Jow ol
eyl polie (giluJae gl adllas 5y50 o0dgdote
oyl dohg (pl 5 (Sedgyuen Colam) (Si3slssss aee
(lsel s 5l 4dss (i 5 )l looly) (Db
s Slee i lal 4 nl 5 Vb phe SISy s
A Gens plesul (295 9 (69959 B g eeip
Slr Oz Os e el Joe (al 55 eaiigluanct laj e
b ataly ol leie o Jae oy s G0 sley e
7957 5.699,5 Sl Sl (555 50 Ll ) (Slg e
ey Sandy & 429 b oontde Je antd 3l ey O e
-aigy AL ¢ eej ) ol Sen Sleadd (T (ol
4 b slo b slasil dalllas 550 dalain Gy g Gfl sl
s e YV g ,lan YO Jold o Vev e
Jolss cogpro Jow o omd)ﬂé&? Sl caalol o ol
g Jodzs o o ‘)‘Ag—l LY Cwlrs) SG58 sle el polie
bl g (Sdgyaee Colae (o p0) (Swlusgane g (o
5 Ol 5l (oBU 358) 4035 polie fizmen 5 Glysel (Jlas!
(olz 5hoy) szl 5l acdss 5 (B)las 5| (56 225, O
3L 9,90 (sboools dar 39,9 51 s .0 MODFLOW o o4

30 yhe Voo olal

S0 2l Jl Gl iy 2 Ol Joe sl s Jas
oo g Al polae ( Sdgjae colae gl el )l YAF
ol sl el Glye 4 b S 5 leailhog) jiws colas
@ 2l polie jle oogame yo lagyl ki b aS wiol Sl
SOV PPN ¥ S OU PYRVESCH KV-SC O [ PSRV TS
L gy 2 e VP B O/ oogasme ;o o] lade a5 coils Jow
BV SI N BEVWIRW FOWRP TS TSRIICON & SO0 3 PSRV
» \Yan-47 (5»] JL.u 6&00‘& Lg‘)‘f o;\.\f:‘s?d.w‘j J..Lo Covo
2358 2bl 9yge (Sgaee b li)] polie ol
al>og) (Segyiee bliyl (giluwand (gl a3 cl 53 LS
(@log) 5l cets 53 b (gej iy ol 4385 &5 aile) szl
i cpl 5 o oolizel MODFLOW ailssy, dis
Colaa 1 oslanl b ylgsul 5 ailbog, o ol ceze> @Yols
s 2l g 55 4 az g b g ol 8B 5 Aoy, s
Dgb oo dumle ail3og, y0 Ol mhaw 515 4
Joe as sl egweing <l Oz Joe 4 ) om
(5995 Sledlbl b esliiu] MT3D oS 51 TDS s
b yon JUELI (Bg) Geend adsl 5 530 Lulpd Jelts o
20lie Sblgi 5 (Job (Sowdsy oo g lastl o po polis

1¥A] oo 315 5o o) 0Lt B 098 ooyl S g T linins 1105

m izl S sl n=1.2,m «¥oles ol o a5
ek T 56 el (G oS s 5B L T 56 S sl
Dy IMM ] e 5 ol 6l dal> 51 cdale () {ML73] ¢ 5>
Ol Sy @ LT (Salnyag e (Sotisy jouils
lyzel e axly yo Ol (o (L5 g5 LT (imj e ]
alsulagin cdale G5 T adss 5 4d% aie Ojp0 &
L sniscdis slaaist laie a5 el [2Sly &5« T [ML73]
2 STy Fy de (ML T oS o ciogs | sabsaslsl
&5 dq 5 ML T Qi £ (MM TIT™1] wals 56
Om od e (gl stz Dl a5 (5ol L) odzls
o 5o IMLT3 T WS e oy | sl 5 ] slayls
4 Sdgyue slob gl )l polis 5l Jlsl ce s 508 alolas
D¢ oo dwle MODFLOW 0S5l suel s

S 5l oolitul b Co s o gamslipnST calllae (ol s
aolre 058 o0 (65Lwacs RT3D jo ail¥ g0 wige Juw Jol 4 o
@ ol bas g Co s Ggmwlans] anld RT3D ;o ADR
S oo Jo (B) abasly Djg0 4 1) O

(O akayly)
aCIVO3 _ a a aCN03
o Bnos = _a_xi(viCN03) + a_xi(Dij ox, +
q
ES CSNO3 + Ynos 7
NOy

Sl o5 (b Qi codil s 4wl ol o
e 518 ol el o s o b i ais]
oS el 53 hls ol oad 488 a0 S bl Ryvo,
Soye 4 Sl 4 of had 5 S GeelaeST a8
.(Reddy and Patrick, 1975) el ous «l,)| (7) ala
r:NO3 +>0,(aq) > NO3 & all)

el (V) alaly & g0 a0 358 dolee St dloleo

e

kp+X1 |Kno,+CNo, | | Ko, C0,

(Y akly)

plxl sl 580,90 Slymges Grae g5 0 adal) (nl o

&5 2SI dlmax (MLTT™Y) Sy i gelagnsT 25T
Slo Sk cble X (T 2Ty lonil (gl | g 8 e
S iSL oas ol ol kyy «(ML73) 23STy 40 sasSeS o
el da slaculs Ko, 3 Kyo, ML) &g i oS oS
oSt g o yis slacdile Lo, 3 Cno, 9 (ML) Sy
() dolee ;o Yrosr &l il oo (iSly o (ML73)

NO»
YN0z a5 Sl RT3D o g ayjms (iaSTly Sciw

NO;,



NOY o) 23 9 b O LS 4ol (53l 1ol )50 g (Sln 585 by

WAL s il Al e o o
ol arin g0 DM Azl 0wl 53 a5 jeblen
@ args b oadlas ol o a5 )l d9zg (e 9 xbw
Lautz and 4 Cardenas et al. 2004 Woessner 2000 < lUas
& 90 LMWl &5 g LMl amb (s (6l Siegel 2006
o3gucme &y dzgi b o )l Cile Sy (e 9 (e o
sro cdile g og2 )5 a0y, ;5 NOs 5 TDS (sla fal Ly clale
2 iy 2l el cnl clile ol 2 )8 e
SRSt oo gl e S il sl ol a8 5 ks
335 e o 5o Ye Jola o3lail b (s o8 (sl ok & oo
Ol (7 JSC0) o (g0aSs 0)bg e VYIS Gas b 4
Syt sz s, Jsb e Fre o bl sl s
mojlil 4 4z g3 b .23 S )15 (w2 3,90 NOs s TDS sl 99
LYW ab bl sl casdllae ol 4o sndalnl slas o5
w55y, oaismseiie iy sl el ol cdale TDS sl b
2 ke ply Geeipy Pl clile g e S e 000 il
MT3D ool riwly Joo 4 axgi b caslol jo .ol 418 )5 las
Jobe e and (s 21 50 TDS sl )y (giloaneds (sl a8
oaisled lgie 4y olo )3 g (60 olo 93 sl (e 2l (S
wlig) (i o)so kg 59, V0 Dae ay (£3589 (5,5 slaole
Sl dse 5l ladshe (oS Joae slzl 5l e s 12
00 Jolee) ailsog, b > cdalé so o Ve Bl oS i )
g ais S s o 35,0+ 5 e s (G 5 5 e
(Lautz and Siegel, 2006) wuis ascine bzl axl olge

lgie 4 o CBIE L slag e el cilis glagyle; 50 TDS
odgazme )3 TDS jpolie adsl mjes 5 Joo i aulpd
Onire ol a5 15 )0 Joe adgl bl (lie 4 (g5l Jas
Jussl dolas J> sl MT3D ;0 39250 slagis, 4 4255 L
oo polie .0 eoliiw! (MOC) ' Olasiin by, 3l & o
syl ploe & 5 (b (Surisy cupe g Ll
s Gl dalol joal e susly Al e o Jaw  ouily
b oalitnd RT3D oS 1 ol el 2Ty Jls! Jow
Ll pd (st e STy £9 Jols oS (nl (639,9 Sl
b 4y (Jsb (Suwisy 5 el ol wdsl 5 55
b sl cilizeo (glagylo) ;o 2o e polie Joo niwls
@ Suyis hos oSly JEslaalhae ol ) sl 4 4z
plovl S plitl 4ol glopocdlSly Sae j5i> 4o &l
WS (oo Sam Wge Joe Sl bl )l e 0l 9 055 o
Joe RT3D oS50 09290 (25 lg (sladins & 4295 b (nlple
sl ol Gsledas ln (25Tl £ plgie 4 alSge W
5 Seelasgyied oyl 5 adsl s 65,0 bld ol Gl
ailaie ;5 S92g0 slaosls 4 azxgi b L1iSTy St lacol
9 e g0 Lulyds Glsie @y yho CAle b by ol (e
Ll ps plsie 4y (g3ladoe oagasme ;o SIS polie adsl a e
3 d9zge oy, 4 azgi Lol a8 S o Jus oy
Slakin by, 5| céen Jix! dolee J> sl RT3D

oo il co po polie 0l sslaiwl (MMOC) Yooz Mol
dp dmax) GSly Sidis oyl )y 5 (Jsb (Soisy
ly slayall plge 4 5 d 5 Y Yoy Ko, 5 Kno,

[N
[HEN

bYW 4ol owjpm lp albog, 5l glojb -Y Js<b

silen 5 a5 48,5 S5 5 oS ke Vol sy,
2 eS8 e yio (unpy ol yo el )b cpl cdale L3 al> e
aS RT3D ous zriwly Jow 5l (i cpl ol o8 ]

a5 b NOs ol )l YS! axl s (ly ol jo
Gl>og, ;0 NO3 clalé ouls (6,u503l0l slaosls odguze 4

5l eadatin Gidu 5o sel)b opl Sl cdale wog s

Y Modified Method Of Characteristics

\ Method Of Characteristic



sabossli 5 (s3lohmd T 31 slas (sloialyly - Jpur

Silwands slas 5o

s (m) ME
V/IYAQ RMSE (m)
VIEAD ASE (m)
Ry MSE (m)
Y NRMSE (%)

TDS Jti! gl MT3D Jow guls
5 555 2 &y V)0 el il e (mily 5l g
s el cao as e Ve b ply Job (Soanidy oo laie
duolis (ol oals ools Lis (0) JSK& ;o MT3D Juw (zeiwly
a3 oo i DS sloaalic clale g oo gilwans clale
a glas el wilSop Sy a4 Sy b3 4 Loyl bl oS
WJga opl 0 azg b el oo a5l (V) Jga 0 odel cawd
5 5aS NRMSE (gl 5 jio 4y K355 MSE (gllas e
Az lg oo ol e 4y gLl Ay dz g3 Ll e 2oy Ve
05,5 Jos 3ign i TDS pyolie g3l 5 Jow 45 235

|

900

800

@ -
S =]
] S]

(mg/l) Glaalin jlaio

w
=)
S]

300

300 400 500 600 700 800 900

(mMg/1) s3t anmis lato
soly Slualiv g Juw lawg sud g jlwand TDS ldasl -& o

&)l yrdigod

9 &ilwands Jolowo Glol U5 cile slhs slo yiolyl -Y Jgur

osuodlive

Glwdand gllas ol

YAY (m) ME
YV/AY RMSE (m)
Ya/NA ASE (m)
[+\VD MSE (m)

oY NRMSE (%)

1¥A] oo 318 5o o 0Ly (B 098 ooyl S g T liizns 118

Ol Slp dd 4 deny ol 0 NOs (g5luanss (ol
B> 5 b o]y SU cou oS Ol 1 LSl asl
5B tales (6l nlpls 3g)e0n S @ 00,0 oo 8 (09K
DS 4l 50 (09,500 425 a3 5 Sl s 0g,Kee Bi>
O3 5 2955 Sl d b 052y o g3 50 RT3D Jue
Wlgy A5 0)90 b g 59, V0 ol 0 29,5n anl b 53l 052
obey Do 2l jlas a5 ol Jolw ccud i cpl a4 al 12
S obe) wlbsg; bz cdals sy Ve JBlas ) )
LYl axl lgie 4y wing 00,5 il o 1) (o o p,S e

C g gl

MODFLOW o gubs

5 oddnnlne polie o gnjny ol Olz Joe (ily 5l
ol azg bl ouls &1 (F) IS8 O yg0 4 Slovalie
Lz a4 slovalin polie g Joe Jawgy cuddmle polie ( JSo
ol cmizman il oo elaie op Lo i g W335 1)
2 Shelie g oadasbne O 515 o sdel cuns 4 slalls
slas lade a5 oo o i s .l ool 03,91 (V) Jgo
$pS NRMSE sllas g conl 009 yao 43 o3 MSE 4 ME
el Cawd 4 slallas polie 4 a>g5 b RV PPNV R
el 00,5 (o 3lwads

40

30

20 R?=0.9958

=
o

(M) Sloalie o1 315
E o

-20

-30
-30 -20 -10 0 10 20 30 40

(mouds 5w aneds T 515
b g Joe bwgi oudig jlwdanis (Solgjud 5 Gldail -F S
Glosalin gboly Slaalin Sdg o



NOR o) 9 b O LS 4ol (53l 1ol )50 g (Sln 585 by

(mg/l) slaaltice ,luia

(Mg/1) (53l ands sldio

Sloalin g Juo lawgi ool g jlwand Ol pos cdale Lkl -F JSCo

&l paiges glaoly

9 Silwdnd Joloo Sl S il glas slo yiel,b -F Jgur

oo line

Silwarcds glas ol

[+ 04 (m) ME
-[£00 RMSE (m)
STV ASE (m)
R MSE (m)
a/s NRMSE (%)
bMs 4l b5l

MT3D Juso slyz! 5l Jols mbo Ml axb objs)l 5o
V) Gl Ko & ygo s 0lo 5 9 (g0 0o g0 ;0 TDS el )by (6l 5
wlalewa balas (5q, p odbaiig olael .ol 00 03,51 (A) 4
Sy g (V) S5 @ azgi b ool gy 0 TDS ke
ole ;o ((ailsog, b, cdale gas,e Ve ux) LYl asl
Wil o ails0g, 5l (g0 Vo sg0 alold b LMS| sl 60
3 S 4z BB jeb a4 alold pl sl s olo yo a5 Jl> po
Glosb LIS axb gy Suled gl (1) YKo cl o Yo
el 00 035l cods sy addllae | o AT ailsog,
Olgzel Bos bl ;o (e ol Sl S5l rizen
6 ol ;o0 TDS Suisy oS awo o lid (Vo) U6 jo
IS 59, Ve CldS 5l o (60 oo jo g el Bl 2 ole iy
aS J> o w0g anlys alsog, clale J,.:L: Cos gl e
S 5 W a8 gl g oS ke O CIE S5 ole o
ol Jde 4 wloym o o (IS e a4 el gl
Cle e ST ES o VL Sy g plgel 5l gl 0
@ S (5 i GRS wilog, SLbl o (e 5 I TDS
2 adale i, Sais as el S5 0LL o jls g0 ol

NOs STy JUisl gl RT3D Joo gulis
S eyl polie fess 9 MODFLOW oS gly>l 51 e
95 50 aligd e Joo 4y bgpe (slaosls 999 L Sy unn
b,y Jowe iy jolaie b anlal jo ol >l 0 -l RT3D
zols ol colatwl dalaie )0 0uls g S ol slaosls 3l oadays

Al iy T el 1 (25,500 Cupraz ileds 5l Jol>
WlEgs Wge Jowo ;o @S bl 5l ol cavs 4 3.2 % 106(:1%J
chile &hgo a o o Jsle sl 2L goas jlade 4 s
0] S & (sl Blion i oS oo e (655
Kim, 2006; Kim et ) o )Kan 5 05 a5 oo po 5 jlade o)
s solil wis,S ) al., 2003
i (85 (S jludnd S oY (sloosls 39,9 51
olis st Jae oxiwly al> e 0 RT3D oS ¢l,>l
00ld i (glaigS 4 0,10 09z g oy o Coalad pac aS ol o
odddwbre g oaloanlice Ol clale polie a5 04 oo
sl axsly clhe S0 b Jod BB o> o g Loy
wlpe Wl meal 4 Sl Jae 0 & bl
5 Spad ol cups Jeld Glssel (Saludg,ae
pd o ily Gl b jladil g (Saisy colye
b Sty s e 5 59y p @y 1) 78 Lzl
uwly o coll culio polde el cavs ay o Ve Ll

S| 00 oo”—l ) de.?- Sygo 4 JJ.A

Fwly 3l oz STy ol ol o polie —F Jguor

Slade axlg ol sl
A 1/day Um
\ mg/lit ky,

VIO mg/lit Kno,
<IN mg/lit Ko

2

VYO - Yno,
NO,

- 10 - Y

oY - d

Gl pdigad srol> 0 sadonnlin polie (F) S,

Sy 090 Jsb yo gilwand Joo 5l Jol> polie g
s_i). s A Comnd blas (;..\.5‘).5 R P 00)5] (_g)‘é).v:\.sﬁ.o;
polae b gilwands 3l Jol> polie a5 ans oo ol SG 4

Oy oy p Slp o)l Slssan L_,).o., sddodnliv
] 00 dj‘)‘ (\c) Jj..\} o9 d.u..:l.?bo 6)1..»4..*..» LSLQUA}



129 olo 515 o B 6 los B 0590 (3l ! S g o Slidxs 119+

e e QL ) ey ol oS >

400

350
300+ '
250
200
150

100+

0 T T
0 50 100

T T T S 50 RN
200 250 300 350 400

T
150

(o] T T T T T T T
I I | (o] 50 100 150 200 250 300 350
10 50 100 200 300 400
55 oo 5 stie A . 10 50 100 200 300 400
31545 oo 4o olie —A S . . .
3> 0L )0 Sy &o olo 50 (g5 polio -V JSC&

T Tmen ST4m00 ST 33000 355000

4138000

4135000

ola (z1
° (z1)

4132000
4132000

412900
4120000

4126000

4120000
4123000

A1z0000

4117000

B vree my memisszans
o ssmpaimem

MT3D_Hyporhiec zone

E e E ®  Sampel point
T 45 238 0 4.5 Kilomaters N .

I — 5 river
P TR T TR T I TR 1T

690l 30 5ygd ylyl Gl (o)) 9 b O LIS 4ol Glales -4 JSi

(I
| | | | 1
-20- -
Depth -
~40-] -
T T T T T T T
50 100 150 200 250 300 350 400
Length
10 50 100 150 200 250 300 350 400
(@
1 | 1 1 L 1
- U -
Depth 7 I
B -40— -
T T I T I T
0 50 100 150 200 250 300 350 400

Length

10 50 100 150 200 250 300 350 400
(&) 3155 oo (&) (50 olo LMW am b Gos —Ve JSCis



WY o) 9 b O LS ana b (g3l 1ol )50 g (Sln 585 by

ax>bas (V) IS8 oS Jb o el e YO L..,).n., (S ) sl 6lp RT3D Joaw lyz! 5l ol gl caslsl jo

was o olis oVhces) b smg Syge yo | LS (V) 5 (V) laSi & jgm 4y ol 5 g (60 ole 90 40 &l s
Al cpl o ols (V) US4y s glabasde JB GOl as able b LW axb (V) S0 50 ol 00l 00 4]
oelS 5wl o Bl 6 5S> eS oogaze o LMW asl S kel e |y ailsag, Ol cdale awpo Ve B ylesl
3 erpS Aol o e ol jo Gl )l cdale LMl asb (V) S5 g canl 00,5 Cdl 0 (09,80 Conex
oalS s ol js aS ol ppas el 48 5 O a0 ails o, A jeblen e sl 59,500 Curex I Jlasl U,
Sl 00,5 oy as s oYL ail,d buwg ol s cdale 5 2 Yhun; Jl e Sl o LMW asl g 0 ovaliv

Ol 28 ez gl 0 Dl (G JUEl 510 s

1

350+

300+

250 ’ 2 L

200

150+

100+

50

(o] T T T T T T
[e] 50 100 150 200 250 300 350 400
0.5 1 2 3 4 5 6 7

L 513 ySa0 jgu> 39y sy )0 Ol iy olie — Y IS

400

350

300+

250

200+

150

100+

50

T T T 1 T T T -
o 50 100 150 200 250 300 350 400

I [ ] [
0.5 1 2 3 < ) 6 7

)15 S 590 53 i yyolin 1Y S

5 (NO3) STy glayolli el g0 Lo L3l ab & oS A
LU 4ol plolid Baa b 0gd (ow) » (TDS) iS00 o0 ooy T LDs sl (e gl anlllae ol o
Sl cwdS ol By Slaegd Glotel 5 ooz y5 6lBsg, Laisl asb asyl s 4 ol eolitul gle e s,
JEsl ilodae 5 e @ 55 @lode smoing ah e il bl g e (6l cmslin oKy 3 Wl oo



5 s Vgare 0,8 g0 )l it phnsST 50 45

s 9 Wl oo (2B (B35 05 50 ol pinsST oo Y]
azdy> b VB Jle plsie 4 05do0 90 plssST 35
& S5 so o8 by Sl B8 g ailseg, slel o a5 (egnae
—oan VT 5l ise 4 w8 Jee (215,05 195 SO lgie 4 Silgs
e 9 b el azoe> b YU s Wil oe il sla
Al 5o gl ol 0 addllas 0590 G j0 090 o o)
AlE3g) eS| 99 G (215,35 (395 G Glgre 4y LIS
o, glooar ¥l 5l isy 5 S oo e (Soin) 2l g
0525 2T Oy G g b Rl sl o il o
09 oo axdllas ol yo ol Casd 4y mligazg b Jb ogs
e lad 5 cordeis o] b 5h o LM Al e b
5SS sl Cuz 50 pe Glaghsy el (nl o 29,5
D903 381 ey ol 4 xaw O slooasYT 09,5 zals
cledls sl ol s Lals sbal b olgie oeimes
s pslie Gl 5l 5 Sl Sl ], s Se
4 azgi b ad walys Bo g ol 4 09,5 51 L8 can]
SrSeil b plgige ( Sl Sl 5l sz 5 ailsg, ol
i3 Pl s (ol Cong g Jlake il (Soll laie
Sleladl o] alS Cqs j0 g Sges s a0y, bl

REFERENCES

Ahlfeld, D. P. and Mulligan, A. E. (2000). Optimal
management of flow in groundwater systems: an
introduction to combining simulation models and
optimization methods. Academic Press

Alizadeh, M. R., Nikoo, M. R., and Rakhshandehroo, G.
R. (2017). Hydro-environmental management of
groundwater resources: a fuzzy-based multi-
objective compromise approach. Journal of
Hydrology, 551, 540-554

Appelo, C. A. J. and Rolle, M. (2010). PHT3D: A
reactive multicomponent transport model for
saturated porous media. Ground Water, 48(5),
627-632

Bailey, R. T., Gates, T. K. and Ahmadi, M. (2014).
Simulating reactive transport of selenium coupled
with nitrogen in a regional-scale irrigated
groundwater system. Journal of Hydrology, 515,
29-46

Bailey, R. T., Gates, T. K. and Romero, E. C. (2015).
Assessing the effectiveness of land and water
management practices on nonpoint source nitrate
levels in an alluvial stream-aquifer system.
Journal of Contaminant Hydrology, 179(3), 102—
115.

1¥A8 oo 315 po o 0,leds B 098 ool 1l S g 0T Wlidns  NSY

el ol giledse ly 28,5 &30 NO3 5 TDS el
byl giledoe @l s MODFLOW. Jows 5l (e
s 00lizul RT3D g MT3D (glaaS 5l i i 4 NO3 4 TDS

A s LW 4l o 25 g oS sla Jow xiwly 5l
TDS oiaSlypé ol )l 5l as ol LY 4l s o
Jad jo a5 ol HLis MT3D Jus 31 Jols zls ol solaul
50 Sl @lBog, 3l gy Vo alold b YS! axl o558
Sy 5 seois 2l 5ol Gl Jds 4 &5 Jb
stz hB sk 4 ely Jad o peminy o 25 YL
Ot 50 a8 ol dslal jocanl e Ve 5l e alols
Jol> gl ol oolaiwl ol g o2aSTy el )l 5l LYl asls

392 g0 (GBS g ;S jaua ;0 aS als LS RT3D Juwe )
Ll &l30g, 5l (650 Ve alold b asl pl Mzl axb o

REIPEHPUL S T STEL 5 P SDRS L JPL ISP
a5 aed oo sl Oluglas oy oo yie YO og0> 4 alold
Sl &y e g Sen 51 Jlasl o s Sl Sl pals
Sl arg b adbioe w3 VA plp (295Se ST o
Slooolaiel bl e ayms oanlg aalas oyl
I sy 350 BWS! 4l )0 09250 Slapansllg Se
e S SL BLP L ol oS J ps el ad S
oo slacodlad g el olaby, 5l eslil L L o

“Cim) Eole jo (S ek a4l Olis 4y 8l g
S o Jos (258 95 SO Glgre 4 LW asl o Jae

Bailey, R. T., Morway, E. D., Niswonger, R. G. and
Gates, T. K. (2013). Modeling variably saturated
multispecies reactive groundwater solute transport
with MODFLOW-UZF and RT3D. Groundwater,
51(5), 752-761

Boano, F., Harvey, J. W., Marion, A., Packman, A. |,
Revelli, R., Ridolfi, L. and Wérman, A. (2014).
Hyporheic flow and transport processes:
Mechanisms, models, and biogeochemical
implications. Reviews of Geophysics, 52(4), 603—
679

Buss, S., Cai, Z., Cardenas, B., Fleckenstein, J., Hannah,
D., Heppell, K. and Krause, S. (2009). The
hyporheic handbook: a handbook on the
groundwater-surfacewater interface and hyporheic
zone for environmental managers. Environment
Agency

Cardenas, M. B. (2015). Hyporheic zone hydrologic
science: A historical account of its emergence and
a prospectus. Water Resources Research, 51(5),
3601-3616

Cardenas, M. B., Wilson, J. L. and Zlotnik, V.A. (2004).
Impact of heterogeneity, bed forms, and stream
curvature on subchannel hyporheic exchange.



NEY o) 9 b O LS 4ol (g3l 1ol )50 g (Sln 555 by

Water Resources Research, 40, 1-13.

Clement, T. P., Sun, Y., Hooker, B. S. and Petersen, J.
N. (1998). Modeling multispecies reactive
transport in ground water. Groundwater
Monitoring & Remediation, 18(2), 79-92

Costa, D., Burlando, P., Priadi, C. and Shie-Yui, L.
(2016). The nitrogen cycle in highly urbanized
tropical regions and the effect of river—aquifer
interactions: The case of Jakarta and the Ciliwung
River. Journal of Contaminant Hydrology, 192,
87-100

Costa, D., Burlando, P., Priadi, C. and Shie-Yui, L.
(2016). The nitrogen cycle in highly urbanized
tropical regions and the effect of river—aquifer
interactions: The case of Jakarta and the Ciliwung
River. Journal of contaminant hydrology, 192,
87-100

Ghodrati, A. R., Sobh Zahedi, S. and Dadashi, M. A.
(2007). Investigation on Industrial Pollution of
Zarjub River- Rasht City- Guilan Province.
Journal of the Iranian Natural Resources, 60(1),
213-224.

Harbaugh, A.W. (2005). MODFLOW-2005, the U.S.
Geological Survey Modular Ground-Water
Model:The  Ground-Water  Flow  Process,
Techniques and Methods 6-A16. United States
Geological Survey, Reston, Virginia, USA.

Harvey, J. W. and Fuller, C. C. (1998). Effect of
enhanced manganese oxidation in the hyporheic
zone on basin-scale geochemical mass balance.
Water Resources Research, 34(4), 623-636

Hester, E. T., Hammond, B. and Scott, D. T. (2016).
Effects of inset floodplains and hyporheic
exchange induced by in-stream structures on
nitrate removal in a headwater stream. Ecological
Engineering, 97, 452-464.

Huang, J., Christ, J. A. and Goltz, M. N. (2008). An
assembly model for simulation of large-scale
ground water flow and transport. Groundwater,
46(6), 882-892

Kasahara, T. and Wondzell, S. M. (2003). Geomorphic
controls on hyporheic exchange flow in mountain
streams. Water Resources Research, 39(1), SBH-
3

Kim, H., Lee, K. and Lee, J. (2014). Numerical
verification of hyporheic zone depth estimation
using streambed temperature. Journal of
Hydrology, 511, 861-869.

Kim, S. (2006). Numerical analysis of bacterial
transport in saturated porous media. Hydrological
Processes: An International Journal, 20(5), 1177—
1186

Kim, S., Park, C., Kim, D. and Jury, W. A. (2003).
Kinetics of benzene biodegradation by
Pseudomonas aeruginosa: parameter estimation.
Environmental Toxicology and Chemistry, 22(5),
1038-1045

Lautz, L. K., & Siegel, D. I. (2006). Modeling surface
and ground water mixing in the hyporheic zone
using MODFLOW and MT3D. Advances in Water
Resources, 29(11), 1618-1633.

Mao, X., Prommer, H., Barry, D. A,, Langevin, C. D.,

Panteleit, B. and Li, L. (2006). Three-dimensional
model for multi-component reactive transport with
variable density groundwater flow. Environmental
Modelling & Software, 21(5), 615-628

Marie, P., Géraldine, P.-C., Dominique, T., Alexandre,
B., Marina, A., Jérome, P. and Wolfram, K.
(2014). Water quality evolution during managed
aquifer recharge (MAR) in Indian crystalline
basement aquifers: reactive transport modeling in
the critical zone. Procedia Earth and Planetary
Science, 10, 82-87

Martin, C., Molenat, J., Gascuel-Odoux, C.,
Vouillamoz, J.-M., Robain, H., Ruiz, L. and
Aquilina, L. (2006). Modelling the effect of
physical and chemical characteristics of shallow
aquifers on water and nitrate transport in small
agricultural catchments. Journal of Hydrology,
326(1-4), 25-42

Meghdadi, A. and Javar, N. (2018). Evaluation of nitrate
sources and the percent contribution of bacterial
denitri fi cation in hyporheic zone using isotope
fractionation technique and multi-linear regression
analysis. Journal of Environmental Management,
222(May), 54-65.

Mostaza-Colado, D., Carrefio-Conde, F., Rasines-
Ladero, R. and lepure, S. (2018).
Hydrogeochemical characterization of a shallow
alluvial aquifer: 1 baseline for groundwater quality
assessment and resource management. Science of
The Total Environment, 639, 1110-1125

Ondeck, N. T., Bohl, D. D., Bovonratwet, P., McLynn,
R. P, Cui, J. J.,, Shultz, B. N. and Grauer, J. N.
(2018). Discriminative ability of commonly used
indices to predict adverse outcomes after poster
lumbar fusion: a comparison of demographics,
ASA, the modified Charlson Comorbidity Index,
and the modified Frailty Index. The Spine Journal,

18(1), 44-52.

Prommer, H., Barry, D. A. and Zheng, C. (2003).
MODFLOW/MT3DMS-based reactive
multicomponent transport modeling.

Groundwater, 41(2), 247-257.

Rahmawati, N., Vuillaume, J. F. and Purnama, I. L. S.
(2013). Salt intrusion in Coastal and Lowland
areas of Semarang City. Journal of Hydrology,
494, 146-159.

Reddy, K. R. and Patrick Jr, W. H. (1975). Effect of
alternate aerobic and anaerobic conditions on
redox potential, organic matter decomposition and
nitrogen loss in a flooded soil. Soil Biology and
Biochemistry, 7(2), 87-94.

Saba, N., Umar, R. and Ahmed, S. (2016). Assessment
of groundwater quality of major industrial city of
Central Ganga plain, Western Uttar Pradesh, India
through mass transport modeling using chloride as
contaminant. Groundwater for Sustainable
Development, 2, 154-168.

Spanoudaki, K., Stamou, A. . and Nanou-Giannarou, A.
(2009). Development and verification of a 3-D
integrated surface water-groundwater model.
Journal of Hydrology, 375(3-4), 410-427.

Storey, R. G., Howard, K. W. F. and Williams, D. D.



(2003). Factors controlling riffle-scale hyporheic
exchange flows and their seasonal changes in a
gaining stream: A three-dimensional groundwater
flow model. Water Resources Research, 39(2), 1-
8.

Tian, Y., Zheng, Y., Wu, B., Wu, X, Liu, J. and Zheng,
C. (2015). Modeling surface water-groundwater
interaction in arid and semi-arid regions with
intensive agriculture. Environmental Modelling
and Software, 63, 170-184.

Triana, E., Labadie, J. W., Gates, T. K. and Anderson,
C. W. (2010). Neural network approach to stream-
aquifer modeling for improved river basin
management. Journal of Hydrology, 391(3-4),
235-247

Winter, T. C. (1998). Ground water and surface water:
a single resource (Vol. 1139). DIANE Publishing
Inc.

Woessner, W. W. (2017). Hyporheic Zones. Methods in

1¥A8 oo 315 po o 0,leds B 098 ool 1l S g 0T Wlidns  11SF

Stream Ecology. Elsevier Inc.

Woessner, W.W. (2000). Stream and fluvial plain
ground water interactions: rescaling
hydrogeologic thought. Ground Water, 38(3),
423-429.

Zhang, J., Song, J., Long, Y., Kong, F., Wang, L.,
Zhang, Y. and Hui, Y. (2017). Seasonal variability
of hyporheic water exchange of the Weihe River
in  Shaanxi Province, China. Ecological
Indicators, 92, 278-287.

Zheng, C., Hill, M. C. and Hsieh, P. A. (2001).
MODFLOW-2000, the US Geological Survey
modular ground-water model: User guide to the
LMT6 package, the linkage with MT3DMS for
multi-species mass transport modeling.

Zheng, C., Hill, M. C., Cao, G. and Ma, R. (2012).
MT3DMS: Model use, calibration, and validation.
Transactions of the ASABE, 55(4), 1549-15509.



