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Abstract
Treatment capability of a constructed wetland is heavily dependent on the uniformity

of flow moving inside the wetland. This modeling study was performed to evaluate the
effect of flow distribution on internal hydraulic behavior of horizontal subsurface flow
constructed wetland. To accomplish this objective of the study, three different inlet flow
configurations including (1) midpoint, (2) corner and (3) uniform while keeping a fixed
midpoint outlet flow for all configurations. The model used in this study was based on
COMSOL Multiphysics platform for subsurface flow differential equation in porous
mediums (Darcy law). Hydraulic head zoning indicated uniform flow distribution in
form of parallel streamlines from inlet to outlet in configuration 3  while substantial
number of shortcuts and a noticiable difference between high and low pressure areas
were observed in configuration 1 and 2. Results obtained from the simulated streamlines
and pressure contours throughout the wetland confirmed the field observation results.
Hydraulic head range at each configuration is 14.35, 15.25 and 13.05 cm, respectively.
Results indicated an appropriate hydraulic performance of the uniform inflow
configuration to use the whole capacity of constructed wetland for treatment process.
Meanwhile, midpoint inlet configuration had a proper performance by considering some
criteria to reduce dead volume and shortcuts.
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Fig. 2. Inlet and outlet configurations of
the wetland system
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Table 1. Flow conditions of constructed wetland under different inflow configurations

Configuration Q(m’/d) A (m") n H(m) L@m) HLR(cm/d) V=Ki V _...=V/n
1 6.58 4x09 3325 0.15 26 6.33 1.83 5.5
2 6.52 4x09 3325 0.15 26 6.27 1.81 5.44
3 6.4 4x09 3325 0.15 26 6.15 1.78 5.35

Sgode Ll olae -Y-Y
Gl (Asls (Sdysae jlab, o e opl Lol Bas
B JPPS E DURCHN  WPP I PP W PRSP R RO
Sl 350mme Ol b ' S sd (e I gedlS Sl 558l 5
SYU s gl (Sdgsams Slvsas b 5 g5lud s
535 el $ls ooz 81 a5 oo 52
(s 1035 S 5d (Ism 03 Ol o0 1 bslsle 5l 4 Cos
sdls o 5s ol cgan i gl 5l I8l 5 4 5L
«Cad Solid Works w5l ¢5L 6\“)‘)5‘@5 L dlast el
(Wang, et al., 2011) 5 53 ;] s2c Matlab 4 Catia

25 0Lz Jte 5 smelSeslinal b g5l due
5 o158 bl 158l 5 ol 5l dsae o s s sl
ol dsis 35S0 3o 5botnd 0 b e sl el
il s olan 8 1S slizad sl 0505 51 a5
d 25 3 sl e Sl ) dslae S50 4 0T o
530S o molial (ol 5l Jise) (3l 0L (sl Il
Colie o aSos g (sl 0z S ol u ) slas
(1) Jle Snls 2 ) () (S
S8 Ol Qu s Jbms g2 5ase 02 5 LS P 5D (ies
Cel (22) 0k~

K
V- (pw) = Qm u=--Vp ()
CYB wwsin v 55 153 5 s i s 50 G 58 iy 5 Sl ey
Colue) b glmesls (5,515 L (65,0 Lol i o, Sis
Lo bl 3 g5lapasidn etaren 5 (J5d55 5 (S gsae
oLz 295 555955 6518 0 s ol el )l cannin
Lo e g5y sl gLavosls 4 a5 Ly s e il e
e sy Ll s sl 5L ol sieas o s (o5 3 O ke

! Comsol Multiphysics

Journal of Water and Wastewater

Ui 2o 5o it oozl Y US4 gilas U ¥ i, & &y

iy s sl Job s Of S > S55%s sls Gus b
..,\.:.?é)f)\}mlj:.a\))y().m

oy s eSo Il —Y-¥

548l JUml 63555 aps 5> O @ g 5 5l 3ok 5l Sl
20 sl a5y ) s gty a8 5> o) s (0 B2 Sl ey
Ol o s ad e (ol 5 o sme OB Sl sl
ilwdas ssbtedy ol r—ﬁ\:we S5, 20 Ol s
YU 2555 5 @005 T 0l Olee g~ ol 2
25 omlasT ol oo sssss 0la Er sl g5 —2
PIOY F/0N s 5a 319 5 ad 58 oy 35,5 sl
tn 2l b ((6055) ol Wb 0les s 505 5 S 7)Y
Ole 65k, L ol > o) Sl S o i S
lime s 0los ol Tge Sty 3955 0l o3 2 (Uil
2 Sl bl 5l 23156 D50 0l H5es 61 3V Ol
5wl piladl g bl s 5Kl b oy S s
PP, JUD Y G- P W1 P UY X W] V) S S P9Y
oles 3l el sep (S5l u5ke (3l .(Thackston et al., 1987)
o Ll st 2l 580 55 5y 2eS (o) Loyl 8) ol il
03 0 o2 il 8 g wlole Jgb s 0l 2 (Sucdsy SralSdze
anl 3 onie olals Lol LialS & Lo S s sl g5 T s
Qljj\r.:_g.é:}_gumjj_; o= d\u\wj_?r_@oj\ sl 4 Lud
ol 25 03351 0l 0o S L3 0z (63505 ol
ONA s 50 Cs e 5 i 8 dauy 53955 s 2lyl s
V dsa 5o 5 5Sie sla el il s 55 o e OFY 50,TY
Ol phate mhw A g2555 0L 2 (23 Q S whad ol plis
b Lol o255 5 3909 glis)) ONsIH  Jslssn
oo Vieal 3 osls oo oo V(S g 5000 5L & SHRT bl
ol Jilsze bma 3 0l (835

Vol. 29, No. 4, 2018

VWAY Jlo F o,led Y 5,5 =



dx.doi.org/10.22093/wwj.2017.69843.2305

Ol 5 55,5 drus s

g0 SYL Globe Ko Ca 51 0L 2 (53505 Seand s L2
3L o3 am il 23505 gl Cillin a3 1 (L85 ol
ol ) S T ol (2o + /YA B +/8YY0) Sssum
31 g 95 ol 9,5 5 (8333 53 &yt sl \O/ YO SLts
e 5 ol (Sdasae oLl S5 e ol wlels bls
S gmoin 0z 63355 Sl oY S e taen Lol
sAYL LS GLls ol o 509 bl .ol Jus 53 158
oo o (639,53 31 L0 03155 105 bli o s
CAb ol s adenalin JlS 5 b o > (205
28 oS (2l sy 555 S 4 0L 2 Shiy
355 Blas 0 50 0be (5l s o s 5 Glile gbads S
YY) 0Lz oS 5 50009 53 SLid sl el sa
934 S 45 ol e s VY0 Ly i (e o /VEF

ol o yeen 208 L3 s
i |

Fig. 3. View of hydraulic head distribution along HSSF
CWs (a) Midpoint, (b) Corner, and (c) Uniform
$39u3(a) sbls Jsb 45 (Sgsus S 32l sl =Y IS
5155, (€) 5 355 b) s

Lo 53 S il dslae Jo bl 0l 2 b has
53 s il el it o et ¥ S8 s b
Lybs oSl ol Shloa-F S8 s baus 3955 il
S L e ymae OYU oy b Sl i 5l e 0l 2
S8 53 45 Jlo 53 353 it Gl sl 4 558
=5 YU Gl 558 5l it ;5 b 0L > b-F
bty o e o b Gl s 552y Jdsin (b 5
5 =9 A S 4 0z bshs 5l s Cslin s (25 5
o 0L (595,55 4k 5l Glalv 55 0l (6ls e sl

Journal of Water and Wastewater

gl 03 st s ol (il dolas o Bt
pas shols sl el 5 dae (il s LSl o o5 5
ool s e Jacs s ame i L o ol 3 | Caad
30l sl anion 55 5 Sl 181 3 Janall s
Lol on i s &) 5ot iy Oliions 4 25 izned
el sl wolil o game (o6 U258 6l ool g e
Jao ol sLoas ¥ 5 Loaila eoad 5 om0 Jio 3l 1 oy
e i e 3 )L e by ks 5 0L 2 byks 5 [
Sl e B 0 e e o (Sssue L gunag
il bl a5 8 ymn YU ol s (K

.&:A..d‘ ﬁ-’v::

Syl -Y
iy e 0l 53 gmalS s 5 SVslee J (LSl Sl ey
s bl e e ol b s (S gsa 0L
o5k sl oLl u\)—é\p—; 53 ead g5l L ol
Lyl s ol slebas ol 55 oo 5 ail o0 552 50 Slalis 51 b
Sl s 65T sas wsls 518 mtacoms 5 ialasl 5,50 S0
3 5 a0 gainn 5LES L Olon (ST g5 L S aalllas 5550
Jds s aelss Olss olid L L S (g 5L gunay
53 50 )il a5 o 50 S35, i ol
cred 4 Sl sl Cule 50 e il y 5 sbteds 55> 50 Slales

il oo QLS b a5 o (e sbas 0585 0L b
ol ania Lauy 53955 Sialyl pra-¥ IS8 s &S bl
5250 Ole s o0 s 0L Sttty Joe slole gl s
b Jole O Suisy s ol i e 4 ol sl
.(Persson and Wittgren, Ceull o0l > 79,5 Cam 4
2004)

POFO) Gl nl 5 JS (Sdssa slsssame ¢ a2 5 L
AL 0l 25 5 G305 50 Dk S (2o AL
ol a5l VE YO
ol 088 55 0L 2 (3555 4 3 bV s aa syl
b ol s s 4 Led ol 5o 5l Ll 0L Jlax]
G iyl el Gl bLas s Lsd gunazg wool 4, YU

S 5525 4 Sl 0 Sanl D50 4 0Lz (505,55 b o 53

MGG 5 O dlos O

Vol. 29, No. 4, 2018

VWAY Jlo o 55led Y4 5,5

10



181 dx.doi.org/10.22093/wwj.2017.69843.2305

i 99,9 Ol &LisT E8 S5l S

| | | |
e Y
4~ ——4 k \‘
M~ [ —— k‘
| S i o e
1 ANS 4
(s
I| I I| | I |
(NS Y. v L YTy
SIS RN RN RN NN
LK N NS N U N N N S SR bor d
B N R N N T T O A
LSRR SRR R R S O N A O O
MR SR AR R N SRR AR N N S - O L O N
T I '
| | | | | |
S
T — 4 4 ‘:E\\ 4 4
c :_’_ B b, 44
I : ‘:1,,-'1/— 3;1; L
4 "

| I
Fig. 4. View of streamlines and its direction for three different inflow configurations
(a) Midpoint, (b) Corner, and (c) Uniform

62909 0k Gl Gl an s ol o g 5 ks LY ISE

JSa 5 Ly el 8l 28lS 0l 23155, 2ol 5
Qud;P@angb\@hﬁngaqul:ouu
hals mesdle 5 o SV Ly S 53303 ui*-i\j ol
6>3J3;§Jl_&.odj§)mr5u‘9wuwr_hbj_bL‘)Jﬁ
i os e oo Ol g olinal LB 8 D) s0a 0l 2
w@’lﬁl—.ﬂ))k:«-;‘jasiul_lfd)j)jﬁdgl—’)é)j—&n@
O b s sLaden bshs i ol (2alS 5 05l 5 (2315
o) 0
4 ‘ajubgé,cj‘_;l,hch&y)wolmﬁuu_wd\j
oﬁ&;#deubw‘JbépcﬁiAijéﬁckb
e UK s 3 esls 55 acalone 5550 o 5 dlaiis s Lid
gs_éﬁckl_a.o.(,:ofo?)culajLobJ,L,ué,:‘Y,X
jY‘/aA?/()AV/OA/ON‘O‘\“‘\ J_.é‘)é)b&:a_::;
c_“\r:»\ﬁ@gg,zcgmd.@u.wwlpéﬂw/a
b pblis 53 sl (g5luand (Sysun )b Sl i (P JS2)
el s ol glas Y UK s oy 63555 Uil sl slals
maloe Lo 251 OVslae b i (Ssoue L ol
Oy L 5 s smad e s (6 (S Sl Sl o
el S 4 5 0352 0L 5 el (glanl 55 HLad sl e (b5)
S5 oty s i g sy g Sl il alS o

Journal of Water and Wastewater

5038 0Lz g5 Ao L85 s )Lad S lenl S
392y |y aiaianl b s elel LB 2 5 e gl
s by s35,5 <l 50T lsle o> Ol S5l 0
G5l MalS 0l o bshas =¥ U 5o bl szl 5L
iy sl Jsb 55 0L 5358 e sanlia luzl ples )
oo 31 g oa s Pl 4 Sl pl s 0be (Gl s 355 00
225 el 355 g wslizal it s hite 4 Sl o
OLLSen 5 s ol Gl b () (a5 0L 2 (g5leda
Sl ails oYU golhey oxbew glaoWU 5 Yo e JL s
63935 imlsl 55 som 3 0> by ks . (Su et al., 2009)
Mol oo Sl 5 samte ol Gl s KLl 28
o3 S0 G Sy paen el alS o oS il 3 Sl
b Gl plse 50 0L 2 bhs Sy ol il
Sl ¢S J a8 Jis a5 0L 2 bshas o | s
2333 Sim T 53 0l bakes Cogr 4 gy 4 (Y JS2)
ips Sogr et 5 (SidT S b5 03l Sl e
ol s 0l sz bybs Cogr i oS Js a5 e
O3l Gl Jsb 53 b 58 (635,55 (o 2t 5 Ly (53505
3,55 a5 Olir a5 5 52309 bl 5 U Co g ass
el

55 slita ad g3 SIS Glols 33 o3 Lt oyt
ol (Sial g sd g0 cnl Js sl 0z (255 5 5300
Ol e (O JS8) Sl (25,5 5 (639,54 s s

Vol. 29, No. 4, 2018

u)LaU;uTad;u O
VAY UL o les YA 555



dx.doi.org/10.22093/wwj.2017.69843.2305 lSon 5 (55,5 dptes dpus

VoY

ol s L 5 o ¥ 5 50 bl o St et oealoacd it s ps U adaie 515080 i G s 0l
b Sdold e phio sS50 jlag e ablis ) s emes ablis s (Ssaie Ll e ta ¥ ISE 5 S shiles
5 eblin (alos 5o Ly Bl alS (Sasus sbiossd ol il on (S shia 4 i 51 S 5 sbe o0
) Sl g b L 5l by b (Sdosae 0Ll oy (Vo) akis) (63955 Sos ablio s JLutd Ol i 4 g
S0 0l S8y Gl 552 Sl Slop b 48 ol L anidls gum sblie o S (5 iy sl

&1 -1 -7 § & @
IR
L - ! | | |L

- |« | - ‘|

b ) '; ‘ o | - tl
i | | I 4

1 l

_ . . 3

¢ b [ . . o
3 - 2 - y

Fig. 5. Pressure contours for three different inlet flow configurations:
(a) Midpoint, (b Corner), and (c) Uniform

(c31655¢) 5448 55b) (dawsa) i35, ol cilinn 2T 4w s sLeden bolas -0 IS8

outlet i inlet
< <o
Fig. 6. Longitudinal and cross sections along the HSSF CWs
Sl Jsb s (o5 5 Jsb cblia—F JS

0.78 0.78 0.78

y=-0.003x +0.773 y=-0.003x + 0.774 y=-0.003x + 0.774

0.76 R?=0.980 0.76 R2=0.978 0.76 R?=0.979
3) 2) @
0.74 0.74 0.74
0.72 0.72 0.72
0.7 0.7 0.7
® P ® L]
0.68 0.68 0.68
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
—&—Section 5 —&—Section 6 —&—Section 7
—>=Section 8 —%—Section 9 fon 1 fon 2 on 3 on 4
075 - 0.775
074 € " " ¢ —* 0.77
Eun |  @—8———g 5 = £ -
E 072 o . . . ) f: 0.765 / \.
= A& S 4 L A s
g 0.71 -‘i 0.76 A/___‘_f—‘\_‘\A
S 07 ’— o —X =
= W 0.755
0.69 m
0.68 0.75
0 0.5 1 15 2 2.5 3 35 4 0 0.5 1 1.5 2 25 3 35 4
Distance (m) Distance (m)

Fig. 7. Longitudinal and lateral alterations of hydraulic head in different sections for midpoint inlet configuration
Ly (53505 ol ilise sblis 55 (Sysum Jb oS50 5 Jsb Sl ks -V JSS

Journal of Water and Wastewater Ml ;ﬂ e O
Vol. 29, No. 4, 2018 AFAY Ul oF 5,5l YA 6,0



dx.doi.org/10.22093/ww;j.2017.69843.2305
\&F - -

i 99,9 Ol &LisT E8 S5l S

0.75

0.74 0.75
0.73 y =-0.002x + 0.733 0.74 y =-0.003x + 0.739 0.74 y =-0.003x + 0.741
R>=0.981 0.73 R>=0.977 0.73 R>=0.976
0.72 3 ’ @ o m
071 0.72 :
0.71 0.71
0.7
0.7 0.7
0.69 0.69 0.69
0.68 0.68 0.68
0.67 e 0.67 . 4 0.67
0.66 0.66 0.66 o
0.65 0.65 0.65
0 5 10 15 20 25 30 0 5 15 20 25 30 0 5 10 15 20 25 30
—&o—Section 1 —=Section 2 =—&—Section3 =>¢=Section4
—&—Section 5 ——Section 6 ~—&—Section 7 0.745 -
0.72 1 =—Section 8 =¥=—Section 9
0.74
0.71 4 ,’——0—0\0_‘
0735 A
TV . - - g
§ = 073
x*
Z 0.69 - &
= — N . A S 0.725
3 0.68 A - - e 2
s £ 072 -
2067 { e e—% s X/X\x\x_——x
w = oms -
0.66
0.65 0.71 " " . \
o 1 3 3 B 0 1 2 3 4

Distance (m)

Distance (m)

Fig. 8. Longitudinal and lateral alterations of hydraulic head in different sections for corner inlet configuration
S 5555 ol bt ablis 55 (Sssae 5L (20 5 Jsb Dl eis A S

S )i e /oo g /oY /N /Y
0L a5 a S5 blie S 4y sblie ) s (lasels
Dl pdS 358 o0 e Ol ks 0515 5005 W5 4 55 S
b by (53555 20T s sk gblie 5o (Ssan b
Ol ghaio a2 b3 2 (3 JS2) wiil o S5 SaS
oy eams o LS Sl 31 31580 Ll 5 es
Ll lacso 31 o 0l b5 o 0935 0Ly o5de o
S 3 53U ST el o3lsme s w555l LSy 55
o il 5 5 e Bl 5 oLt s 0L 5355 )
e 5l sty 555 S ol s 0L 2 (St ol
2 5ldd a5 ad el s oslinal eial Slles (6l o) o2
5ol (Al o Sl 50 SIS O son bl b
L lie plseay o g oy b o JLaS L (o5 5 5La3 (S
s ¥ s ) alols Lt 5o sl o L s
sy N0 0L ol e Jsl b
ol ol S 55 s IS sty i ) il 2o e e o)

Lals 3 amy pblia 53wl 2t 0l sz (53505 53 0 s

Journal of Water and Wastewater

oA 4S5 ablis ol (Bl (xha 5 (o0 sae OV
S a3l e 58 (S gsa 5b ol slals by blis b >
s ol 5 ol (s ST s el ralS of Jdds
o olin o (sloas S s Lt
w355 6050 Sl A S Jsb Pl eyl
AoaSs o Gl ol ¥ 5 ) blis oS S ol 5 0
S e Jlis |y Sa55 (Jsb Dl i 5 attes 4 Sl
s ¥ b achie Ll ool L s ot i s
53l 5315 331l pud T (sl 53 588 (S rlis gy
Qﬁ)@)ﬁwaﬁrsjltﬂﬁ\@‘ﬁjwck&a\
s 0k @905 pblie 55 (Sdysue 5L Dsli .l 58]
Ol S Ol 30 51 295 S 4 50351 e Ul phaile ez
S5B3OS pialol ml 5o Cenl Bl dai s 58 0 wulS
il 5l slls el X yn 51 (520 e sl U gl
22 olides bilas 2l (53505 0L Allse £255)
Ogme 3l (O JSC) amil ol o) Blaas 55 2T o)
L =l o Fan ol e sl 55 605 ) dlols jLas

Vol. 29, No. 4, 2018

Q

VAY Jlo oF o,leis Y4 5,50



dx.doi.org/10.22093/wwj.2017.69843.2305

Ol 5 55,5 dnus s

0.75
0.74

0.75

y =-0.003x + 0.744

0.75
0.74
0.73
0.72
0.71

0.7
0.69
0.68
® 0.67
0.66

y =-0.003x + 0.743
R?=10.979
(O]

R?=10.978
2)

0.74 y =-0.003x + 0.743 073
0.73 R>=0.979 '
0.72 A3) 0.72
0.71 0.71
0.7 0.7
0.69 0.69
0.68 0.68
0.67
0.67 ®
0.66 0.66
0.65 0.65
0 5 10 15 20 25 30 0 5 10
—&—Section 5 —&—Section 6 —&—Section 7
—>¢—Section 8§ —¥—Section 9
0.72 1
071 { ¢ ¢+ —
£ 07 ® - L - u
=1
g 0.69
= A— e A A —aA
£ 0.68 -
£ H— e X
> 0.67
0.66 -
0.65 T T T ]
0 1 2 3 4

Distance (m)

0.65
20 25 30 0 5 10 15 20 25 30

=4—Section 1 == Section 2 ==#=Section3 ==H=Section 4

0.745 -
0.74
)
g 0735 | ./.———.—-\-
==}
2
2 0.73 A A/‘———‘_‘\
i)
<
&
0.725
— —X—
0.72 T T T ]
0 1 2 3 4

Distance (m)

Fig. 9. Longitudinal and lateral alterations of hydraulic head in different sections for uniform inlet configuration

S8 53959 T Cilie sblia s (Sgsas b 20 5 Job i -4 S

bybs o (Sgou 5L guany 5l sl o 5ian OVB Lol
sl oad solinl ol gl e 5 5Lid e bshs ol >
=235 1S sansglas obee Gl e Ol 53 (208
8l 5 o yan DV SLLs Jalite e 55 0l 2
Ol 53 a5l plas I8 L e ssb s 5s g eud
i a8 e Lol 1S 31 0T (S sams oleuss],
Cdlad gl Y Ol GelS o ol gle e
R - Vk I PRRCH [ PRRC A FYSW LS PR e
5 b 53 oSels s s S s et 8 o
3w ol sl Sssums lb, Ss gl cble 5
oy 53955 gL inlyl s (Sdasims b Ol aels s
a5l VW00 5\ 0/Y0 NE/YO s i sl 5 i 58
s Sl Bl 5 sl Sl slael ool
2 Gl Al el ol s sl a1 5 4555 (5000 Sl
53905 31 DLad Lo o5l S35 (63505 uf'i‘j 2 A5

Ol 28 5 0l > Col e (Sacisy s sl (29,5 S

Journal of Water and Wastewater

ufa)"ﬁrl.".d\)_u.)ﬂb“‘)‘@_g)w_wjabﬁrsjwb‘xfiﬁ
53 g 6beba slakeis ;o 55 (Sgsue 5L 0l 4mle SVslae

))M)A.” Q)HM M‘)—S{jujfhhj 823959 6“&\)‘{

Loy S¥slee ol sl ol jasie 5T SY¥olee
S s e ahais Job ol i X 5 20 e  (Sgsue

Sl 0L (63959

y = —0.003x + 0.774
y = —0.003x + 0.739

y = —0.003x + 0.743

S Samts ¥
5 5 ) o gras VB laalob 3hs Ll 5 525
sxbie gl 4l (Guas pad 50 s L g (g3 508 5 B
s Ll 8 o les (gl ael LIS g1l ol e (g5l oo

Vol. 29, No. 4, 2018

VWAY Jlu o 55led Y4 5,5

\of

Q



dx.doi.org/10.22093/wwj.2017.69843.2305

104

i 99,9 Ol &LisT E8 S5l S

s,Sbas 5 ucs aml s 2 0l @505 sl el o

))d)j—k()l—ﬂ.)y M‘P;M Q\jﬁi_{d)j)j &\)T

LB e sles ) 55 cus S wsle wias s slaslele

2 5 Sdgssen sl e eizman o 0T 53 10ks 6o s
e LBt 350 m O slas 51, il T e s 5 adais
Jioo S50 s s G az g b S5 sba 5 a0l 5
YL bl (S0 5, Sles 4S5 505 Gl:x—“‘o‘)‘“gr‘
3 edbanl Cs 16 63555 Limlol s @bl odaw 5 2 gian
Lol Gind 4858 (63955 il 53 5 o oy (3555

References
Deblina, G.H. & Gopal, B. 2010. Effect of hydraulic retention time on the treatment of secondary effluent in a

subsurface flow constructed wetland. Ecological Engineering, 3, 1044-1051.

Galvao, A.F., Matos, J.S., Ferreira, F.S. & Correia, F.N. 2010. Simulating flows in horizontal subsurface flow
constructed wetlands operating in Portugal. Ecological Engineering, 36, 596-600.

Giraldi, D., Vitturi, M.D.M. & Iannelli, R. 2010. FITOVERT: A dynamic numerical model of subsurface
vertical flow constructed wetlands. Environmental Modeling and Software, 25, 633-640.

Jafet Rodriguez, D., Giacoman Vallejos, G. & Champagne P. 2012. Assessment of the plug flow and dead
volume ratios in a sub-surface horizontal-flow packed-bed reactor as a representative model of a sub-surface
horizontal constructed wetland. Ecological Engineering, 40, 18-26.

Kadlec, R.H., Pries, J. & Lee, K. 2012. The Brighton treatment wetlands. Ecological Engineering, 47, 56-70.

Kargar Bideh, R., Doosti, M.R. & Sayyadi, M. 2013. The use of horizontal subsurface flow constructed wetland
for nitrogen components removal in cold and dry climate: A case Study of Birjand, Iran. Journal of Water
and Wastewater, 25(3), 38-47. (In Persian)

Liolios, K.A., Moutsopoulos, K.N. & Tsihrintzis, V.A. 2012. Modeling of flow and BOD fate in horizontal
subsurface flow constructed wetlands. Chemical Engineering Journal, 200, 681-693.

Mehlum, T. & Jenssen, P.D. 2003. Design and performance of integrated subsurface flow wetlands in a cold
climate. WIT Press, Southampton, UK.

Okhravi, S.S., Eslamian, S.S. & Mohammadzade Miyab, N. 2015. Investigation and comparison between
applications of different type of constructed wetland for wastewater treatment. Water Engineering
Conference and Exhibition, Tehran, Iran. (In Persian)

Persson, J. & Wittgren, H.B. 2004. How hydrological and hydraulic conditions affect performance of ponds.
Ecological Engineering, 21, 259-269.

Samso, R. & Garcia, J. 2013. Bacteria distribution and dynamics in constructed wetlands based on modelling
results. Science of the Total Environment, 461, 430-440.

Samso, R. & Garcia, J. 2014. The Cartridge Theory: A description of the functioning of horizontal subsurface
flow constructed wetlands for wastewater treatment, based on modelling results. Science of the Total
Environment, 473, 653-658.

Su, T.M., Yang, Sh., Shih, S. & Lee, H. 2009. Optimal design for hydraulic efficiency performance of free-

water-surface constructed wetlands. Ecological Engineering, 35, 1200-1207.

Journal of Water and Wastewater

Vol. 29, No. 4, 2018

VWAY Jlo F o,led Y8 o,



dx.doi.org/10.22093/wwj.2017.69843.2305 s 9 (59,5 dras daw

V0%

Suliman, F., French, H., Haugen, L.E., Klove, B. & Jenssen, P. 2005. The effect of the scale of horizontal
subsurface flow constructed wetlands on flow and transport parameters. Water Science and Technology,
51(9), 259-266.

Thackston, E.L.F., Shields, Jr. & Schroeder, P.R. 1987. Residence time distributions of shallow basins. Journal
of Environmental Engineering, 113, 1319-1332.

Vorkas, C. & Lloyd, B. 2000. The application of a diagnostic methodology for the identification of hydraulic
design deficiencies affecting pathogen removal. Water Science and Technology, 42(10), 99-109.

Vymazal, J. 2009. The use constructed wetlands with horizontal sub-surface flow for various types of
wastewater. Ecological Engineering, 35, 1-17.

Wang, X., Yue, H., Liu, G. & Zhao, Z. 2011. The application of COMSOL multiphysics in direct current method
forward modeling. Procedia Earth and Planetary Science, 3,266-272.

Journal of Water and Wastewater ML 5 of dlone O
Vol. 29, No. 4, 2018 VWAY Jlo oF ol Y 6,50



