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Constructed Wetland Design Method to Treat Agricultural
Drainage from Tidal Reclaimed Paddy Areas
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Abstract

The standard design methodology was suggested to construct wetland system for reducing
non-point source pollution from Saemangeum reclaimed paddy land. To set for the design flow
and concentrations, runoff and water quality survey were conducted during the irrigation period
in 2008 at Gyehwa reclaimed paddy land located at near Saemangeum lake. It is rational that
lha is the optimum constructed wetland size. To meet this size, the moderate drainage area of
reclaimed paddy field was 50ha under the conditions that rainfall is 30mm, average runoff
coefficient is 0.83, and runoff capture ratio is 0.6. At these condition, the runoff volume from
50ha was 10,520 n/d including base flow during irrigation period. To select the optimum
wetland system, several case studies were conducted by focusing on the tidal reclaimed land
areas having wetland systems in Seokmun. Pond-Wetland system was selected as the standard
model because of showing the highest reduction efficiency. Single variable regression equation
were delivered to estimate effluent water concentrations from the designed wetland by using
long-term monitoring data from the Seokmun experiment site. The effluent concentration from
the designed wetland using these equation were showed moderately range.
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(3) Establishment of
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System Arrangement

- Analysis of Water
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@ Computation of Wetland Scale and Prediction of Water Treatment Efficiency

- Application of Regression Equation Using Long Term Monitoring Data on
the Seokmun Study Area

Fig. 2. Flow Chart for Gonducting This Study
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Table 1. Parameters of the Wetlands and Ponds in Seokmun Study Area

Type Width (m) Length {m) Area (nf) Depth (m) :
" Wetland 64 126.0 0.6 16~20 200~ 300
Pond 64 126 2.0 6~8 200~300
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Table 2. The Characteristics of Agricultural Drainage Water Quality in Gyehwa Study Area

During the Surveyed Rainfall Events

~ Before Rain Mean Concentration
, (mg/L) (mg/L) ;
s || S s |18
D S N P D S N w‘P E N
"08. Jun |36.0| 20 | 5.9 [0.33 443|409 7.3 |0.32|64.0108.0| 9.7 | 0.52|39.2|41.8| 7.2 |0.27
A|08. Jul |28.0|140| 28 |047|267|41.3| 2.4 ]050|36.0| 9.5| 3.4 {0.90|250(31.2| 2.4 |0.48
'08. Aug| 8.0 | 8.5 | 3.5 {0.26 1181 |325| 2.0 | 0.40|32.0|78.5] 3.7 |0.60]|18.8(27.8| 1.9 |0.35
'08. Jun [32.0| 4.0 | 9.4 |0.23]30.4|28.3|10.1]0.27| 56 |63.0|12.8]|0.45|28.2|25.0] 7.8 [0.27
B 08 Jul {240} 47 {19 |0.24]296]| 7.1 1.4 (0.23152.0]11.3]| 3.2 |0.27|25.2|31.4] 2.4 [0.48
08. Aug|12.0| 75 | 1.3 10.22(195/305]| 2.1 |0.37|24.0(80.5| 2.9 {060]19.1[252| 2.1 |0.32
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Fig. 3. Hydrograph and Water Concentration Curve in Gyehwa Study Area
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Table 3. Designed Inflow Water Quality in Saemanguem Reclaimed Agricultural Land of

Contaminated Wetland

Factors CoD SS

Designed Concentration {mg/L) 25.9 30.4

Ordinary Water Quality {mg/L) 14.9 28.2
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Table 4. Water Flow and

Parameters at the Rainy Season in Gyehwa Study Site

Antecedent . Rainfall ficient
Region Date Dry Day R&rﬁli Duration no
(days) {rs) SR c)
S| '08. 6. 28 6 66.0 18 140,664 1.00
te A 08, 7. 25 1 23.0 4 32,294 0.73
(197.ha) A : , )
08. 8. 18 1 23.5 5 38,316 0.85
Site B ’08. 6. 28 6 66.0 18 103,119 0.79
08. 7. 25 1 23.0 4 28,154 0.62
(191.0ha) ;
08. 8. 18 1 235 5 45,765 0.99
Average 0.83
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Table 5. The Design Parameters at Deciding Design Flow for a Constructed Wetland

Design Rainfaﬂ Runoff Coefficient| Runoff Capture | Unit Baseflow Drainage Area Deéign Flow
(R) () Rate (C) (gd O) @
30mm/d 0.83 0.6 61ni/ha/d 50ha 10,5201 /d
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Table 6. Water Treatment Efficiencies According to the Wetland System Array in

Seokmun Study Area

Wetiand System Retention Time Water Treatment Efficiency (%)
(day) coD s8 TN TP
Pond (P) 1~8 -9 63 55 57
Vegetated Wetland (W) 5~27 -19 76 67 33
Vegetated Wetland + Pond{W-P) 15~20 -12 77 64 35
Pond + Vegetated Wetland(P-W) 15~20 16 93 74 54
Mean - -6 17 85 46
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Table 7. Pearson Correlation Coefficients Among the Various Factors

Year HR. Cover | Water Inf. Inf. Inf. Inf.
02~07  |(om/day) Index | Temp. | BODs T-P T-N TSS :
(%) | {C) |(mg/L) |(mg/L) | (mg/L) | (mg/L) | (mg/
H.R.
1.
{cm/day) 00
Cover .
Index( %) 0.1 1.00
Water
~0.04 1 .
Temp.(°C) 0.0 0.7 1.00
Inf. BODg .
0.06 0.0 -0.14 1.00
{mg/L) g
Inf. T-P
0.13* 0.04 -0.09 0.11 1.00
{mg/L)
Inf. T-N 0.20" | -0.43"* | -0.55™ | 0.28** | 0.25** 1.00
(mg/L)
inf. SS
-0.15"™ 1 0.21™ | 0.26" | -0.0 0.25 | -0. 1.00
(mg/L) 0.21 3 5 0.10
Eff BOD5 *k Aok *n *%k *x *
0.15 ~0.1 -0.31 0.64 -0. . -0.13 1.00
(mg/L) 0.15 01 1 0.23
Eft. 7-P 0.20" | 015" | -0.02 0.10 061 | 017 | 0.12° 0.03 1.00
{mg/L)
Eff. T-N 0.22™ | -0.60" [-0.66™ | 0.05 0.22* | 0.76 |-0.20™ | 0.19" | 0.22™ 1.00
{mg/L)
Eff. SS -0.16™ | -0.19"* | -0.20"* | 0.13" -0.10 0.01 0.20" | 0.29" | -0.05 0.04 1.00
(mg/L)

* Significant at 0.05 Level, ** Significant at 0.01 Level, Number of Sples: 304
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Table 8. Outflow Water Quality Prediction System in Contaminated Wetland

~ ltems
5SS 4.2690 SS°**q*"™ (R*=0.62)
i 0.2983 TN, g™ (R°=0.57)
TP 0.3857 TP **q**™ (R*=0. 49)
BODs 0.6249B0D5,""*q"™* (R?=0.53)

* Subscript i: Inflow Water Quality Concentration, q: Hydraulic Loading Rate(m/d)
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Table 9. Estimated Water Treatment Efficiencies and Concentrations by the Suggested

Regression Equations

Inflow Concentration (Ci) 30.4 3.10 0.28
Outflow Conc. {Co) 10.1 1.26 0.12
Treatment Efficiency (%) 66 59 57
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