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Assessment of Free Water Surface Constructed Wetland Design Parameters for the Reduction

of Agricultural Nonpoint Source Pollution
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Astract

The objective of this study is to evaluate design parameters of free water surface constructed
wetland for the reduction of agricultural nonpoint source pollution. From literature review, the
key design parameters were selected as influent concentration, influent water volume,
hydraulic retention time and wetland system arrangement. The design value for each
parameter was established after pilot study. Full-scale constructed wetland on the basis of the
designed values was constructed to evaluate those reasonableness. The results of this study
showed that the designed values for free water surface constructed wetland were appropriate
for the reduction of agricultural nonpoint source pollution.
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A9 2% (nonpoint source pollution, NPSP)9] 7| =7} F7Fslal Q= FAlolth. & NPSPe| A
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S §%F D 54 Astel B H8e] wrhe A A FAAE

T 71 71AA Aeye] 7hd FAIEY digte® AA I T E 5, 2000; Kadlec and
Knight, 1996; Reed et al., 1995).
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=3k A4 o|t}(Bingham, 1994).
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Table 1 Description of the study areas

Objectives Study area Location Study period
o Study on  the runofff © Wan reservoir © Jeonbuk Iksan city © 1999.5~1999.10
charateristics of agricutural (WGS1, WGS2) o 3 rainfall events at each

NPSP © Manun reservoir o Kyeongbuk Andong city area
(MUS1, MUS2)

© Study on pollutants removal| © Seokmun estuary freshwater| © Chungnam
effects with differnt wetland reservoir(SMW1, SMW?2, Dangjin gun

0]

construction: 2000~2001
monitoring: 2002.10~2003.12

(o]

system arrangements SMW3, SMW4)
© Study on pollutants removal| © Masan reservoir 0 Chungnam © construction: 1997~1999
effects with varied HRTs (MSW) Asan city © monitoring: 2003.4~2003.11
o Afpplication and evaluation| © Gamdon reservoir © Jeonnam © construction: 2001~2003
o constructed wetland| (GDW) Muan gun © monitoring: 2004.~2004.9

design parameters

1. Select key design

parameterss <—| Literature reviews |
(Influent water quality, Flow,

System arrangement and HRT?)

2, Field pilot experiments I

| Agriculturgl NPSP? |
(4 agricultyral watersheds)

Pollutant removal effect by
system arrangements
(4 arrangements)

Pollutant removal effect
by varied HRTs
(6h,12h, 24 h)

l 3. Discussion on the results I

]

4. Establishment of design
values

- design concentration
« design flow
- design arrangement
- design HRT . .
5 Aoptons | : Fig. 2 The study sites; @) study for
. cation
= the agricultural NPS pollution
<—| Construction of full-scale CSW3 . .
runoff characteristics, W) study
| 8- Bvaluation | ! hydraulic retention time for the wetland SyStem
5 contiructed stormaater wetland arrangements, A4) study for
. the wetland hydraulic
Fig. 1. The study procedure . . ydran
retention times, € evaluation
2. Az @ Hhy for the designed wetland
parameters

2 A9 A= Figo 13 #Zo] WA

S Tote] s MR ARE AT AFFEE JATEA Fo AAIRE FEE, A
AS Tote]l FEH AAAAS] vt A4 Bte s AAT F AAR g 4 8shd
T ERAS WUbshe AR ol FolA Stk Ad B dFAE A9 A= Fig 29 21 AT
B4} A57]132 Table 17 2t}

Tdazs Tt FoAARIARA FYTd, AeiaE, A Alz'uid 2 FA9 AFAZE
o] At AATA B AARE A4 AMAE 8 Y Aol A FEA-FF =
ARl ] AT AEE o] &3Gith AT HFA AILFMES gxTet AT (EY, N7FE),
Mg AT wdeA], dx-FAME dste] edEA ARads HFriste] 249l
o AAARAIGLE AAS A A LfFolde HEded FEEAES sty Huls
7o) 5~14 B} A 2 6h, 12h, 24hZ T AAYE o] &35l A A} vH 279S
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Table 2 Summary of pollutants removal characteristics in the pond-wetland system arrangement

Constituents SMRR (kg/ha/d) Eff.'(%)
COD 30.92+41.21 89
SS 53.32+60.16 94
T-N 27.71+30.53 96
T-P 1.79+¢1.73 97

note) ' ROL efficiency(Matine, 1988)

3.24 AFA3t
B AP = FHFH9e nAYed AYE $8iA HRTE v AdFHFA A= A%
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HEES HRTZE S7FstHA AF-aEe] dRAFA FolA= AoRE Uewgoy RE 2 E,
BE & F7IEAE TS, 2003). 2L, o]t A2 E Ao A] HRTE 9%
oz A o] stEol AL BET 4 Ak B AdGolA HRTE 6h, 12h, 24he] =7H=
A% A%, 5= HRTZF 7185 fastes dFojdoy 448 5, wWAdsE o8tz

Eatel S
AEE AASE 5, A A G A A Z(specific mass removal rate, SMRR)
ZA

€ HRTIA § #e &9 ed=4dS A%

g Qloe 9 Boes AAREE L9525 B Zlo] #H44
TR A= FEsiT S 5, 2000; 2001; FAE 5 2005 FEE 5, 2004). 1HEE FHTY
NPSP A 7+S 93t CSWe] HRTE= 6 heE HAASE e gls Aoz Algdr),

Table 3 Summary of pollutant removal characteristics with HRT 6h, 12 and 24h

Content HRT 6 h HRT 12h HRT 24 h
Eff.(%) SMRR(kg/ha/d) Eff. (%) SMRR(ke/ ha/d) Eff.(%) SMRR(ke/ ha/d)
3 74.4 273 771 140 80.1 72
COoD 202 32 18.1 14 28.0 10
T-N 223 0.584 31.2 0.420 404 0.268
T-P 29.7 0.083 36.7 0.049 422 0.028
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Table 4 Comparison of the designed and observed concentrations for CSW

Cons. (mg/L) COD ) T-N T-P
Designed 14 67 4.3 0.8
Observed 11 54 5.0 0.5
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Table 5 Runoff volumes of the study area during rainfall event

Contents 1st 2nd 3rd
Rainfall 49.0 mm 32.5 mm 47.7 mn
Rainfall duration 240 h 9.8 h 95 h
mean discharge (ha-m/h) 1.5 0.9 0.3
peak discharge (ha'm/h) 3.9 1.2 04
total volume (ha-m) 414 8.3 2.6

3.3.3 AAu<E

Table 6 AAN2}F F7HAH(GDW) ok AA AT A FHESMW)oll A Ax-54 wlde] ed=4 Al
AZHE A3 Aol SMWE HRTE F#EFxAdo=m of 497 UdAs Y} GDWE AAAEH=
5o 5Sh~ FAURE W37} qlo] AAwdY AAAd gk 2 5n] = 0134% T Atk HW
A, F AFAA Fdge e oA zolrt oy FEFY she FHE Zolv) glu
gk WA v 2skglnh oledt ¢S Ss7F v FEEith. SMRRS CODSF T-P+= XH‘LA
A37F B3 o7 AMREH I, T-N¢| SMRRS GDW7ZF SMWoll H|3le] wted o= T-N¢
AR aI= AFAZ dejE AAZE Q7] dio®2 AFRET SS9 SMRR2 GDW7F SMWoll
Hlslo] 108014 b o] GDWollA 7F5-A] SS9 Aasrt vjg- E5S HojFr S9E2

Table 6 Summary of pollutant removal characteristics by pond-wetland arrangement in GDW

. Concentration(mg/L Mass(kg/ha/d Eff.
Site Const. influent efﬂu(ent : 1 SMLR ( )SMRR (%)
COD 7.3+8.5 7.0£3.2 4.0 63.80+£143.21 26.58+127.67 77

Gamdon SS 57.5+174.5 8.1+5.2 3.0 830.69+2,699.51 757.28+2,638.46 97
PV T-N 5.24+0.96 2.13+1.81 0.6 38.03+47.82 14.26£16.45 34
T-P 0.27+0.49 0.09+0.09 0.03 3.11£7.84 2.39+£7.49 92

COD 10.4+10.0 6.9+2.1 4.0 39.58+41.75 31.49+41.24 89

Seokmun SS 16.1£14.7 9.1+7.2 1.3 40.85+60.78 49.76158.66 89
P-V T-N 6.8614.90 2.36+1.33 0.6 29.93+30.62 27.26+30.74 9%
T-P 0.49+0.44 0.13£0.08 0.02 1.10£1.86 1.74+1.86 97

! background concentration
2 GDWZ} COD 77%, SS 97%, T-N 34%, T-P 92% %4 SMW<$} Hlwslo] T-N& A <] gt

AA &
FEe F 2kel7t glvh. GDWE] T-N9| REZF 34%2 tha S deksted], o= Add nhst 2
o] #& HRTZ <la TN Aaarl WA vebd Aol d9low Az
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3.3.4 AFAITH

Table 79 B7H F(GDW) A ATMSW)l A A FAIE 6hsh w58 21o14 29183
AAZIE e oItk GDWE MSWS Zol 7]ol oldt AAd fazzle] ohyd 94
242N 2L §%F 35O 337 mek w%d HRT 2ANAE ol 7t QAT B
Mo W3ks w, SMRRE MSW Wil EE 50| &8 o 4 itk o= GDWE 294
AL 22 A E50] MSWSh wlaste] §9FAo] AR e Aol FFL AL AOE Am
ot GDWe| 3t REx= COD -8%, SS 39 %, T-N 42 %, T-P 42 %°|™, MSWe] i+ RE+
COD 20%, SS 74%, T-N 22%, T-P 30%=A] GDW$¢ COD<} SS&= MSW Rt} vil T-N¥ T-P&

O F2 FEOER UER

Table 7 Pollutants removal efficiency with varied HRTs in GDW

COD Ss T-N TP HRT
Site No. SMRR' Eff? SMRR Eff SMRR Eff SMRR Eff h

(kg/ha/d) (%) | (sg/ha/d) (%) | (kg/ha/d) (%) | (kg/ha/d) (%) (hour)

1 42 41 147 34 43 28 0.9 23 5

2 37 -65 23 14 36 38 0.9 40 7

GDW| 3 449 85 9,537 97 37 61 27.3 9% 7
4 13 23 70 39 32 39 0.2 11 7

avg. 72 8 2,433 39 30 42 5.9 42 7

MSW | designed 32 20 273 74 6 22 0.8 30 6

note) ' specific mass removal rate, > (1- SMRR/SMLR)x100

2 AFolA EA e AR Ak 2ol A e AS5AEE AElstH Table 8% Zth. o
+ Table 6°] 3 AE=2A FF F57] A:olth ojwe] Fd+4S> COD 344mg/L, SS 638.0
mg/L, T-N 3.95mg/L, T-P 1.88 mg/L2A AAF4 B} 4 & 522 f49dey, 5442
< COD 52mg/L, SS 17.5mg/L, T-N 1.54mg/L, T-P 0.10 mg/L&E A9 F=42 A=z 34 o
of A A& & & Ut G AT FUFSIF(SMLR)E HA H]ste] FA A bR o)
Aot SMRRE Hl#3dle] Folxd 0AEZ AXRAZEL BF 60% oS Yelhfo] %7 7394

i}
AeEANN LPTAS BAAOE APAIE AL X 5 Utk B AFEA} 74 U 73
o] FAFsE 2 ggdol wre As & vk whebA AAHRT 6holl A= 454 25
= osgfel NPS 29 RAe Ao R A AlE fow wuHt,
Table 8 Summary of observed value like as the designed value in GDW
Constituents COD SS T-N T-P Remark
. influent designed 10.0+8.0 51.5+£69.7 3.3£2.6 0.6£0.5
Confnfg“/tif;t“’“ observed 34.4 638.0 3.95 1.88 HRT: 7 hr
effluent 52 17.5 1.54 0.10 Pond
Mass SMLR 529 9,806 61 29 —wetland
(kg/ha/s) SMRR 449 9,537 37 27 system
Efficiency (%) 85 97 61 95
v.a g
B AT FUFY NA9ed APL A% ARFUY ABHA AAARE A
a0 AR BAEAT. BREe Bahel AAAE ARen ARATl ek 7 AR
Bhe AR ¥ A 484 WS A, B ATel Aup) dow wael vHded Az
2 A% AFEA A L Aol KUF ARE AFY F AL Ao AmEth B AT
AesA 24 27|dAe] ARz doz FA] EYHYES S8 H7t dasty
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