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4- Constructed Wetland
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1- Hydraulic Loading Rate (HLR)



Vo¥Y Ll ) oegian OV (Sdgyued U3 (Sulejl 5 gous axllhe

(o) (a2 VU mlT™ aigF

- Y

81 o 1§ S gman YU ailolw dlayl - JSUS
Figure 1- Schematic of horizontal sub-surface flow constructed wetland (HSSF CWs)

I s39s9 &g Sl wlobw cpl oty 353 Sk & ol @9
zor> sl ksl cwnd ppve dg) S g mdaw jd pVC uin
S35 dgd 4 (295 A (bl 5> Canlond w5l )3 Cluy
S ymasges 9 Ol o osaliie Bad 4 yiued] 4 b dadie L
Gl 005 Juog

2 ok @9 Sileand & Glagh ol (el Bua lgie 4
Al dw sl 039y (1Sl (SJgyden Ll yloj dnwles g ailolu
Cd)S )8 hlejl 2)50 ol )3 (b (63959 (65,158 liee
3909 (7 5 (B) 4=395 15 (03939 (¥ (A) Lawy (5399 () Jalib &5
(83929 YL plos )3 b 0 laii (C) o ye plod 3 c8lpsy
2l S gy G Sl (Y JS) g1 bawsg 5l ailoles (295
N Ojgo doy ylagiy 338 TV 5 3 (ogae VU Jodsite Lo
Oiles Bua b W yiog e i oolizwl ¥ S5 b sillae oY iy,
2 ol il g Jaoe (rily wblo 3 Ol eS8 e (Sigse
i85 )13 o3kl 3)90 by yrae

03115 48 5 odlitl 1y 5 ) 55 Skt Lawoma Sl gl
W=V aioy 1 g LSy ailobs slol g Tl (gy20 Gy ilyd
BV lso Ceond 3 b oyl el & o 53 sl o o
398 (0) barse J5I5S (piznen 28l oo (dso=Tmm) yie oo
(Phragmites Australis) — go jl &lobo (pl j3 39 doyd YY
5 s 45 el 005 o3lial o+ 0%+ w515 b lads] loxa
3 ot Sl anlss 55 550 ¥ (2> 4 gl Jsb JolS 0,
gy il g pasdie lej 3 ye5 e oSt bazxe Sl 5
Gl lase 3 o kS L 2YhelS 5 ol sl il
D9 oo 0333 008 9 (659l I el (g (slvoslil

DI 9 599,89 Ll
8l 5l b g3 5 (999)5 65658 e oS LT 5l

s Lol sl 5 (ol i o8 a5 15 ngla

<=

Wlolwr (2955 9 (399 S]] -Y S
Figure 2- Inlet and outlet configurations of the system
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2- Comsol Multiphysics
3- Subsurface Flow Module
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1- Hydraulic Retention Time
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Figure 3- Depicting boundary conditions in software and field environment
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Figure 4- Retention time distribution (RTD) curves for three different inlet configurations
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Tablel- Summary of hydraulic parameters results

N[ Q HLR ty tm e,
Layout (m’/d) (cm/d) (d) (d)

A 6.58 6.33 5.176 4.532 0.875

B 6.52 6.27 5.224 3.242 0.621

C 6.4 6.15 5.322 4.657 0.875
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Table 2- Results of verified numerical model

Viea=V/® (m/d) V=Ki (m/d) K (m/d) Q (m*/d) Case
5.5 1.83 316.81 6.58 A
Pressure head (m) in 9 triple rows throughout the wetland-_Yb Job ;> ol aw s, 4 5 (g lis b
9 8 7 6 5 4 3 2 1
0.656 0.678 0.712 0.725 0.742 0.76 0.763 0.777 0.79 1
0.657 0.677 0.708 0.728 0.752 0.764 0.765 0.78 0.8 2
0.659 0.682 0.711 0.733 0.751 0.765 0.765 0.778 0.79 3
Viea=V/® (m/d) V=Ki (m/d) K (m/d) Q (m’/d) Case
5.44 1.81 313.88 6.52 B
Pressure head (m) in 9 triple rows throughout the wetland-Yb Job ;> ol 4w i3, 3 > (¢ lis b
9 8 7 6 5 4 3 2 1
0.627 0.653 0.674 0.694 0.708 0.71 0.71 0.722 0.713 1
0.632 0.654 0.676 0.697 0.716 0.726 0.735 0.758 0.768 2
0.632 0.657 0.677 0.702 0.717 0.73 0.741 0.771 0.78 3
Viea=V/® (m/d) V=Ki (m/d) K (m/d) Q (m*/d) Case
5.35 1.78 308.15 6.4 C
Pressure head (m) in 9 triple rows throughout the wetland-Yb Job ;> ol 4w i3, 3 > (¢ lis b
9 8 7 6 5 4 3 2 1
0.634 0.654 0.676 0.697 0.713 0.727 0.739 0.751 0.763 1
0.633 0.656 0.677 0.698 0.714 0.729 0.74 0.752 0.764 2
0.634 0.655 0.677 0.697 0.713 0.727 0.738 0.751 0.763 3
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Table 3- Pressure distribution rangefor different inlet flow configurations

HUid Ol s dlels
Pressure alterations range(pa)

ol
configuration

SLideS bogie jlis

Low Pressure Medium Pressure High Pre;sure
lw S —law
6600-7200 7200-7400 7400-7800 i
Midpoint inlet-Midpoint outlet
s
6200-7000 7000-7200 7200-7600 2ot ~A3 Sy
Corner inlet-Midpoint outlet
Loy (29> —cly:
6400-7000 7000-7200 7200-7400 929 TS g

Uniform inlet-Midpoint outlet
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Introduction: Horizontal subsurface flow constructed wetlands have long been applied to improve water or
wastewater quality. Previous studies on wetland systems have focused on trying to comprehend the processes leading to
the removal of pollutants. Comparatively, there have been fewer studies dedicated to the assessment of flow distribution
on hydraulic behavior through the wetland. Researchers declared the aspect ratio (length to width ratio), inlet-outlet
configuration, the size of the porous media and the loading rate of constructed wetland could influence hydraulic
retention time (HRT). Su et al. (2009) have stated that in free water surface constructed wetlands, when the aspect ratio
is greater than 5, the hydraulic efficiency will reach 0.9, or even higher. If the project site or field area cannot meet the
theoretical standard, the recommended aspect ratio is higher than 1.88 to ensure some hydraulic efficiency greater than
0.7. The present study was an attempt to analyse, with the aid of 3D numerical simulation and tracer study, how flow
distribution affected hydraulic behavior by using 3 different input flow layouts.

Materials and Methods: The treatment system consisted of a horizontal subsurface flow in a constructed wetland
having an aspect ratio of 6.5 and the bed slope of one percent. In this system, with the geometry of 4 m wide x 26 m
long x 1 m deep, Phragmites australis was planted. Inlet configurations were selected as a variable parameter. Three
different inlet flow configurations including midpoint-midpoint (A), corner- midpoint (B) and uniform-midpoint (C),
with the same fixed outlet configurations, were studied. The average flow discharge in each configuration was 6.58,
6.52 and 6.4 m3/day, respectively. Dye tracer was used to draw retention time distribution curves in each configuration
for assessing the internal dispersion, short-circuiting and hydraulic parameters such as effective volume rate which is
derived by division of mean retention time per nominal retention time. The 3D model presented, which was built on the
Comsol Multiphysics platform, was implemented for fluid flow to show internal hydraulic patterns in the system.
Hence, the hydraulic model used the Darcy equation to simulate a stationary water flow through the bed. The
simulations were verified by using real data obtained from the existing constructed wetland. It was mostly used to show
pressure throughout the system for each configuration of the inlet and the outlet.

Results and Discussion: The mean retention time for each configuration was found to be 4.53, 3.24 and 4.65 days,
respectively. A marked reduction of the mean hydraulic retention time signified leaving tracer concentration from the
outlet rapidly, high short-circuiting and dead volume and finally defective treatment process influenced by changing the
inlet to the corner. According to tracer breakthrough curve, the effective volumes for configurations A and C were
87.5%, as compared to 62.1% for the configuration B. The two-day difference of tpeak between configurations 2 and 1,
and 3 was probably due to the establishment of preferential streamlines resulting in short-circuiting and areas of dead
volume in the system. The value of tpeak is related to dispersion, in the sense that a retention time distribution curve
with a small peak time generally contains low dispersion. Simulation results showed the pressure difference from the
inlet to the outlet ranged from 12-14, 14-15 and 10-13 cm H2O for A, B and C layouts, respectively. It was shown that
the maximum pressure gradient occurred at the outset of the influent wastewater at the inlet, and it was gradually
reduced to the lowest values at the outlet ports. Consequence of surface pressure demonstrated uniform pressure from
inlet toward outlet at configuration C. Simulated streamlines approved this result, while range of high and low pressure
area at configuration B was the most. There was a strong association between tracer experiments and simulation works.
One of the major findings of this study was the significant shorter hydraulic mean retention time of the corner inlet
setup. There are many reasons that may cause these effects, although short-circuiting may be the primary one. A large
low-pressure zone appeared at the opposite corner that was neither inlet nor outlet in this configuration.

Conclusions: This paper investigated the hydraulic performance and short-circuiting effects on water flow due to
three different inlet patterns (i.e. midpoint, corner, and uniform) in horizontal subsurface flow wetlands based on dye
tracer measurements and numerical modeling. The results showed that the uniform inlet could provide the highest
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hydraulic efficiency (i.e. longest hydraulic retention time, HRT), in comparison to other two setups. The performance of
the three different layouts was also investigated in terms of hydraulic parameters. Short-circuiting was influenced by
lower hydraulic retention time, leading to inadequate treatment. Uniform-midpoint and midpoint-midpoint yielded the
best effective volume as compared to the corner-midpoint. It was demonstrated that these two cases increased
dispersion and used the whole capacity of the constructed wetland for the treatment process. The most important result
of this paper was the evaluation of internal hydraulic pattern thorough the wetland, something not investigated in
previous research works. Based on the simulation results, the spatial pressure distribution in wetland cells was depicted.
Finally, it can be concluded that the best configuration of inlet-outlet layout based on both numerical simulations and
physical experiments is uniform-midpoint. Meanwhile, midpoint-midpoint is preferable to corner-corner by all
performance criteria.
Keywords: Hydraulic retention time, Inlet flow configurations, Pressure alteration, Short-circuiting, Simulations



