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Abstract

To improve the water quality of agricultural reservoirs, constructed wetlands are applied in many places. These are technologies
that establish ecosystems and important design factors include water depth distribution, inflow and outflow, water flow
distribution, hydraulic residence time, water quality treatment efficiency, aspect ratio, and the distribution of open water
and covered water surfaces. For high efficiency during the operation of a constructed wetland, the design needs to be
optimized and this requires consideration of the different types and length of the intake dam as well as the type and
connection of wetland cells. Therefore, this study was conducted to investigate and suggest factors that needs to be
considered during the design and for efficient operation measures through field surveys of 23 constructed wetlands that
have been established and operated in agricultural reservoirs. Results of the field investigation shows that several sites
were being operated improperly due to the malfunctioning or failure of the water level sensors, sedimentation in the
intake dam, and clogging of the mechanical sluice frames. In addition, it was found that as the length of the inlet channel
increases, the ecological disconnection between the intake dam upstream and the wetland outlet downstream also increases
and was identified as a problem. Most of the wetlands are composed of 2 to 5 cells which can result to poor hydraulic
efficiency and difficulty in management if they are too large. Moreover, it was found that the flow through a small
wetland can be inadequate when there are too many cells due to excessive amounts of headloss.
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sithal AAIsHL 910, Kasak(2018) = ‘5@ A| ol A A=
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ofAlol Bl Dol A FHGFE A 2sh] flste] 24H HA
ol A= 130~ 155kgPha/yr7t A|AE= Ao & BiEy Qlck
(Vymazal, 2016; Land et al., 2016). J155A= $A/NA &
gt ofuzl, AEAAA A, e o S, AA8EHA =
A 59 7158 533 (Masi et al., 2018; Kang, 2019). ¢l
TEAE A 3 S T AT AHe] 74 9
ZAAAE k5ol A& niedchs 5 F7HR1 717 2 A
o]thKo et al.,, 2010; MOE, 2017).

ATEAE AHAE 759t 7z SHEE, FUT 3

¢}

&Y, 255 X ARAR 2 ARas, F288, Y
/Ml g8 Fol Fagt AAIAIHH(Choi et al,

2014). T} EEA AN TR 2w ek
9 525b4 47} ohd ERAARIAGR Qstel aAeh 2
we e So] A4

BARG B, TG RS WA, Sole] n)E,

’o’] o 1 s

279 FAdALE B g nE 2 A aent
AR 2 FF= 7I-0. wEtA, 2 A9 A=l 2
Zole U8 Ao fANAE s AAE AeEA19
FFRAE SOt 2 Aol 724 ZAHE 243t
L FA A 9 RFA AEstolop & ARre At
oY= Ak

2.1 HEZA A H3

—

= i SA= 200390 = AR ARG A
(Aepdz TRt ARAIY L] dgto = QFFA7E 24
olF AT a7t A F7FIS & AtelAs A4A]
o B, A9 2 9 AxE FA 9 iy, A 94
452 Aefste] 117 ARdx|rell /0% 2370 Qls5Alell st
o] AEZALS Y51tk (Fig. 1). Q18=5412] A|gd Bx 7
7129 47), 524219 1071, TEAY 570, FEAS 471ae]ch
e JFEAE= 200395E 2016\ A F5H AldolH
AFTEA, A3, 18& F4 59 FH=E 4=l ot
(Table 1). A9 F9HA2 481~3,025ha, U552 HA
0.51~4.37Tha® YePgon, fAHA oy 294 HlE&
(Surface area/Catchment area, SA/CA)L 0.11~0.43%2] H<Y]
2 BT 0.28%2 ettt

ATEAE tFe AR A 75, & o433 s, =
<, AR, 237s 52 7H AAr|veld
(Natural Based Solution, NBS)o]7]ef| AAHARE &=
AARIALZ} vt =]ojof girt. AAo] HHAg W dA| o7t T
A EAREY =52 AT FAIEEAIE A2 Bl



29 - 234 - Uo| 191
Table 1. Characteristics of the stream water quality improvement project sites investigated in this study
Location Initial of Constructed Name of Characteristics of wetland
(Province/City, County) location year wetland Watershed areatha) | Wetland areatha) | No. of cell
HD-1 1.96 4
Hwasung HD 2014 628
. . HD-2 0.76 4
unggi
yHnes Uu-1 1.26 4
Uiwang Uuu 2015 1,555
uu-2 0.94 3
HHD-1 3.30 4
Hongsung HHD 2009 HHD-2 1,345 1.33 3
HHD-3 0.68 2
SSA-H - -
Seosan SSA 2012 SSA-1 1,936 3.04 4
Chungnam
SSA-2 2.82 5
AD-1 0.88 3
AD 2013 2,097
AD-2 4.37 4
Asan
AS-1 1.97 5
AS 2014 481
AS-2 0.51 5
CG-1 4.33 5
Jeonbuk Gochang GG 2011 3,025
CG-2 3.08 5
MG-1 2.79 5
Muan MG 2003 1,001
Jeonnam MG-2 1.09 5
Hampyung HW 2009 HW-1 1,308 2.38 4
UG-1 3.07 5
Uisung uG 2009 1,295
uG-2 0.59 3
Gyungbuk
CH-1 1.14 5
Chilgok CH 2016 956
CH-2 1.52 4

SSA-H, SSA-1, SSA-2 =
i

Fig. 1. Location of constructed wetlands for this study.
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+ Sufficient differential * Sediment dredging * Wetland area « Setting of target
head * Channel cleanliness » Water depth distribution pollutants and
+ Normal operation of » Condition of channel * Distribution of open and reduction
intake dam connections closed waterways + Configuration of each
+ Water flow condition * Inlet/outlet cleanliness * Wetland geometry process element
¢+ Embankment loss and + Embankment erosion + Type of channel * Availability of plant
collapse management connection storage
+ Condition of channel + Condition of emergency + Type of revetment + Computation of
connections channels + Installation of flow meter wetland area
+ Occurrence of leakage « Operation is performed + Slope of embankment + Determination of
+ Occurrence of » Weeding operation « Type of intake and internal production
inflow/outflow condition entrance device factors and production
+ Channel flow condition + Plant coverage « Waterproofing of the separation measures
+ Operation of the flow + Plant growth wetland floor « Wetland geometry and
distribution channel » Pump operation shape
+ Condition of « Sluice gate operation - Reflection of ecological
maintenance road » Condition of expansion factors
+ Flow management — maintenance road » Length and shape of
sluice gate (water level revetment
control device) « Water balance
. AN v \. / g

( Design improvementw

l

+ Engineered design > Natural design

+ Layout form according to the location of inlet and

outlet
+ Wetland arrangement (water depth-short circuit
prevention)

+ Slope of embankment (flooding/drainage recurrence)

+  Wetland division

+  Length to width ratio (minimizes
energy loss and prevents channeling)

+ Installation of flow
distribution/dissipator device

+ Alternate arrangement (Series/Parallel)

Fig. 3. Brief contents conducted in the field investigation.
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Table 2. Details of the applied intake dams

No. Name of Wetland Type Water intake control Discharge
MG-1 Concrete O O
! MG-2 Concrete O O
2 HW-1 Mechanical(Rotary) O O
GG-1 Rubber O O
’ GG-2 Rubber O O
CH-1 Concrete O O
! CH-2 Mechanical oil pressure type O O
5 UG-1 Mechanical oil pressure type O O

UG-2 Concrete X Of(temporary)
UU-1 Directly connected X X
6 UU-2 Mechanical wire type O O
; HD-1 Mechanical oil pressure type O O
HD-2 Mechanical oil pressure type O O
SSA-H Directly connected X X
8 SSA-1 Mechanical wire type O O
SSA-2 Mechanical wire type O ©)
HHD-1 Gate type O O
9 HHD-2 Gate type O O
HHD-3 Concrete O O
0 AD-1 Rubber O O
AD-2 Rubber O O
m AS-1 Mechanical oil pressure type O ©)
AS-2 Mechanical oil pressure type O O
AD-2= 1% 7FEHE PH=E A8HL low, Fa £Ho| oA 24 art e Ao E 44 7FsE 9 3
7Fset Zog BRIt GG-1, GG-2 ¥ AD-2¢] 284 A4 7tsE7E A-shd, S2AA} gt
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2 ol A2l oFo] olFolAv], SBAET} ol ol
OEIAOIN S ARst BIHE DL 4 QI Ao ek
FHZA A3 10m olste] QISR E T2 HeHe} &
2|7} dZx]o] Q= e 2 et eH, 10m oA FS 4
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Table 3. Characteristics of inflow channel type and channel length

No. Name of wetland Channel type Inflow channel length Channel shape
MG-1 Culvert 10m Box
! MG-2 Culvert 60m Circular*
2 HW-1 Culvert 220m Circular
GG-1 Culvert 15m -
’ GG-2 Culvert 10m -
CH-1 Culvert 15m Circular
! CH-2 Culvert 50m Circular
UG-1 Culvert 30m Circular
’ UG-2 Culvert 10m Circular
UU-1 - Directly connected Circular
° UuU-2 Culvert 10m Circular
HD-1 Culvert S5m Circular
7 HD-2 Culvert 50m Circular
SSA-H Open 120m U type open
8 SSA-1 Open 130m U type open
SSA-2 Culvert 150m U type open
HHD-1 Culvert 310m U type open
9 HHD-2 Culvert 230m U type open
HHD-3 Culvert 10m U type open
0 AD-1 Culvert 90m U type open
AD-2 Culvert 15m U type open
1 AS-1 Culvert 45m U type open
AS-2 Culvert 10m U type open

% In all projects except MG project, which is a pilot project, the shape of the water intake port is constructed in a circular shape.

300m ©|gt 570(22.7%), 300m oV 17H(4.5%) A= XA
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Table 4. Characteristics of inflow channel type and applications

Characteristic

Name of wetland

Inflow channel type

Applied cases

Inlet dam and wetland
connection:
culvert through road

GG-1

v Stream

g

Over 300m length of
inflow flow channel

HHD-1

Y

road

Inlet dam and wetland
connection:
U-shaped open channel

SSA-1

open channel

Inlet dam and wetland
connection:
culvert + open channel

MG-3

culvert

Inlet dam and wetland
connection:
culvert + inspection hole
installation

AD-1

3.3 AtgAIte] & A

33.1 &A1 HE 2o HEYY

__Xloﬂ/\—] kﬂ_L]. }\-ﬂo ﬂ
o, e @gaae

[}

Gur7I(B) SEAE 2 4K, 51
JEe A9 W FHA), AR Ze

ZAY
4
LA, GRS 5

ol

A5 7V B

ot 5719 HE
=

o] BYE F 571

d 5|

710

B4

Y ri:i rr

A
apo] A4

GG-2 %5

3 oz
Hog
A

Aoz LehgtHTable 5).

H) 5205 Ad Az A

olg]st A Ad.e
A S50 AMSEE e TXHALE
2 ubgo) ckaAe, A%t (dead zone)oll E K 2z
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Table 5. Characteristics of the wetland cell-connection and corresponding applications

Types Method Descriptions

Cases of wetland Applied cases

Installation of a curtain| horizontal flow

« simple type connecting cells to cells for

1 | wall for tubular reactor | « widely using on water treatment system | HW, GG-2
(horizontal) flow to minimize short circuits by excluding
mixed flows (Metcalf and Eddy, 1991)
e same structure as the tubular reactor
Installation of a curtain | (horizontal) flow with a curtain wall 3 %
2 wall for water flow | however, install the connection channels AS-1
(transform) (structures) on a curtain wall that can oo
separate or independent cells
Longitudinal * same type with installation of a curtain
Installation of deep | wall for water flow (transform)
3 wetland/shallow * however, improved hydraulic flow by GG-1
wetlands in longitudinally placing deep wetlands inside

independent cells the cell

Placement of overflow
wall and deep

« structure to move water flow through the
entire upper surface of the wall separating

4 the cell from the cell UG-2
wetland/shallow
. e arrange shallow wetlands and deep
wetland in a row L.
wetlands to the flow direction
s Cell division through |« connect individual cells and cells in the CH-2
overflow wall form of full-width or wide-width wear

A 2771 245100 29A051R 9518 A 2R A AESE 57219 SUe A Rl 2L &A%} TL 47
2 S0 S ORI} DO Ak WO el o M A el 9 A chaneling &
ohe Fa Aol 47 AAX Soipe Hee olgke sfol alebd wES PN A EAN FEE
oz per) GG-1019] Zes7ot Fesrle sgst Azos v

FRAE AU A8 TR WA AR ol A ojo] wiAgtens 4uiskd BaS PN 4AE §o
8 Spe] A2 S} A5e PROE AS1 4Ah o 580 wE Eae @B A S} ol 9 4
gt 28y SRFE AHo “Z](tﬂ"“) A2 A4 A 5 22 =948 AA7E 59 MErt 3= A
SRS Aol Ariote] TPRSI(5%) TERE 4 o7 Prixglon, 72*471 FA] FF FEA A WE A4
o] Hz|et FUg BAZE EAYHt of=gt —?7\% SR AEA ] A 7152 3L 5 e Ao Ueyith 1
o] 22 7|A] FAHFE o] LEEAY 97t A A= Ut GREa 72 Hx]ot &2 5|9 TR = %1—1“]17“4
AV ZRHA0] 4l Aow ﬁﬂﬂﬂ k. ok, {9 of o2 ety a8 7Idsh] oy, $RSeS
HEZo] A1 9187t 7Heet ol o] 7hsdt xR H29 FIHE JSAA s ARAE GEAT=
Tt Ao g PriEQnt. sh7] 42 FAF A5 WA He
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Table 7. Connection channels between wetlands cells

No. Wetlands Sedimentation tank—wetland Cell-Cell Cell-Pond
. MG-1 Full-crest weir type Orifice type Orrifice type
MG-2 Full-crest weir type Orifice type Orifice type
2 HW-1 Infiltration and overflow type II Infiltration and overflow type I Infiltration and overflow type II
3 GG-1 Infiltration and overflow type I Infiltration and overflow type I Infiltration and overflow type I
GG-2 Infiltration and overflow type I Infiltration and overflow type I Infiltration and overflow type I
. CH-1 Culvert type Gravel bed overflow type Gravel bed overflow type
CH-2 Culvert type Gravel bed overflow type Gravel bed overflow type
s UG-1 Orifice type Orifice type Gate type with level control
UG-2 Orifice type Orifice type Gate type with level control
6 UU-1 Full-crest weir type Full—crest weir type Full-crest weir type
uu-2 Infiltration and overflow type I Infiltration and overflow type I Infiltration and overflow type I
. HD-1 Perforated well type Perforated well type Culvert type
HD-2 Perforated well type Perforated well type Perforated well type
SSA-H - - -
8 SSA-1 Full-crest weir type Culvert type Culvert type
SSA-2 Full-crest weir type Culvert type Culvert type
HHD-1 Full-crest weir type Culvert type Culvert type
9 HHD-2 Full-crest weir type - Culvert type
HHD-3 - - -
10 AD-1 Gravel bed overflow type - Gate type with level control
AD-2 Infiltration and overflow type I Gate type with level control Infiltration and overflow type I
1 AS-1 Concrete overflow type Concrete overflow type Concrete overflow type
AS-2 Concrete overflow type Concrete overflow type Concrete overflow type
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Fig. 4. Number of cells per unit area with respect to the wetland area. Fig. 5. Relationship of wetland areas and flow distances.
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