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A Study on the Design Criteria of Wastewater Treatment
by Contructed Wetland
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ABSTRACT

Recently, significant attention is given to the wastewater treatment using Constructed wetland.
This is because the wetland system is a kind of natural taeatment system, simple to maintain
and it has relatively fewer technical difficulty. Thus, it would be a practical method to employ
especially in rural area in Korea. In this paper, the authors dscuss the design criteria of
construted wetland developed in USA as an initial feasibility study to adopt it in Korea. We

discuss about especially types of vegetation, natural succession and management, planting
techniques, seeding teckniques and management after censtruction.

Key words :

Constructed wetlands, Natural treatment system, Natural succession, Planting techni-
ques, Seeding techniques, Management after construction
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Table 1. Selected plant species planted in created and restored wetlands.

63

Scientific name

Common name

Freshwater Marsh—-Emergent
Acornus Calamus
Cladium jamaicense
Carex spp.
Eleocharis spp.
Glyceria spp.
Hibiscus spp.

Iris pesudacorus

Iris versicolor
Juncus effusus
Leersia oryzoides
Panicum virgatum
Peltandra virginica
Phalaris arundinacea
Phragmites australisa
Polygonum spp.
Pontederia cordata
Sagittaria rigida
Sagittaria latifolia
Saururus cernuus
Scirpus acutus
Scirpus americanus
Scirpus cyperinusa
Scirpus fluviatilis
Scirpus validusa
Sparganium eurycarpum
Spartina pectinata
Typha angustifoliaa
Typh latifoliaa

Typha latifoliaa
Zizania aquatica

Freshwater Marsh ~Submersed
Ceratophyllum demersum
Elodea nuttallii

Mpyriophyllum aquaticum
Potamogeton pectinatus
Vallisneria spp.

Freshwater Marsh -Floating
Aczolla caroliniana
Eichhornia crassipes
Hydrocotyle umbellata
Lemna spp.

Nymphaea odorata

Nuphar luteum

Pistia stratiotes

Salvinia rotundifolia
Wolffia sp.

sweet flag

sawgrass

sedges

spike rush

manna grass

rose mallow

yellow iris

blue iris

soft rush

rice cutgrass

swit chgrass

arrow arum

reed canary grass
giant reed
smartweed
pickerelweed

duck potato

duck potato;arrowhead
Lizard's tail
hard-stem bulrush
three-square bulrush
woolgrass

river bulrush
soft—stem bulrush
glant burreed

prairie cordgrass
narrow - leaved cattail
wide-leaved cattail
wild rice

coontail

waterweed

milfoil

Sago pondweed

wild celery, tape grass

water fern

water hyacinth

water pennywort
duckweed

fragrant white water lily
spatterdock

water lettuce

floating moss

water meal
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Table 1. Continued.

Scientific name Common name
Bottomlands/Forested Wetland red maple
Acer rubrum Florida maple
Acer floridanum silver maple
Acer saccharinum alder
Alnus spp. pecan
Carya illinoensis hackberry
Celtis occidentalis buttonbush
Cephalanthus occidenialis red-osier dogwood
Cornus stolonifera water ash
Fraxinus caroliniana green ash
Fraxinus pennsylyanica loblolly bay
Gordonia lasianthus sweet gum
Liquidambar styracifula sycamore
Platanus occidentalis cottonwood
Populus deltoides cherrybark oak
Quercus falcata var. pagodaefolia water oak
Quercus nigra Nuttal oak
Quercus nuttallii willow oak
Quercus phellos willow
Salix spp. American elm
Ulmus americana

swamp tupelo
Deepwa}er S'wamp blac kl; " ”f
Nyssa aquatica
Nyssa sylvatica var.biflora bald cypress
Taxodium distichum pond cypress
Taxodium distichum var.nutans .
spike grass
Salt Marsh saltwort
Distichlis spicata cordgrass(eastem United States)

Salicornia sp.
Spartina alterniflora
Spartina anglica
Spartina foliosa
Spartina patens
Spartina townsendii

Mangrove

Rhizophora mangle
Avicennia germinans
Laguncularia racemosa

cordgrass(Europe; China)
cordgrass(westem United States)
salt meadow grass ’
cordgras(Europe)

red mangrove
black mangrove
white mangrove
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AaHeg2 Mol AFA o od
Agole Aolde &Y & HAE AA
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o] Aol QoM e A& Hele Aol 4
Aol
(3) AA79 A AA-d F& A& (stard) S
FAAE 5 Aok, 2t F A-] Ay
7] Aele AYY M3t dojuA] gde
. ATHLE HES AAY FAe 4d
ol A1 53 78 F e AER
=
A §49 543 ZHL QA2 FEY &
Yol RE AEd, deiddye 994 25
Zo] A g AEHe AYHA FFold. o]
3t £Zox Nattall AT (Quercus mutta-
), RAGAIIF (Q. falcata var. pago-
caefolia), WEFHIHTF (Q. phellos), EFZHF
(Q. mnigia), $XE2 (Populus deltoides).
Zayetd & (Platanus occidentalis), SMEF
QI T (Fraxinus pensylvanica), ZFEF
(Liquidambar styracifula), °1ZEZFUE (Ca-
rya illinoensis), EFFUF (Nyssa aquat-
ica) $°] Utk (Clewell and Lea, 1990). &
2geM e e F79 4 FUF, AT,
IFYE, EFHUYRE 2 AUF Fol €AY &4
9] E4gd) ojg¥t (Edwin 5, 1984, M. T.
Brown %, 1992).

2.2 UE EE UMK 2o ASE
SR AETS M EY 7Y

o} vjgHQl HelX £ of uigdstAY uiE
g F Qo Z2UE (Phragmites

X|(wetland)E O|S2t mTx2/o] MA7|F0f &5t AF 65

australis)2 FHANA Fx2He FANM 2AF 4
A=} (Cooper and Hobson, 1989) u3-ojA
T HAZ o]&HA Feoh. of" JEL FA A
g EA] 2 222 AZ4HI Jded o o
o] TAH ZAAAC)7] HEoltt, v FH
Me FANEY B8 (Eichhormia crassi-
pes) T A Z (Alternanthera pHiloxeroides)
of, mlFHHe AgM e FFAEYN AF 7AAF
9 (Lythrum salicaria)©ol 2o vl £
T AER JAHLT Joth. Y R P &3
FFEZY ERHAES oy HriEH Ao (e
Mitsch, 1997; Ma and Yan, 1989). noj=#
AE B o od AltE BE (Typha spp)ol H
At 7= S ofF AMEE olF FAE|E
o et oA g A FAEAT of
AAEZAM Y M 7] gEeltt (W.E. Od-
um, 1987).

3 XA Fo|gt ma|

FAAAY F83 I A A}
Az #F AANMTH AdFez dgdte
AE 388 AU7L olE vt HES dd
Aoz dds vz A7 e Aot 54
o2 fA#HY7L AA =v $XE HAdsied A
A HojHHol NP sjof & Fast 9
. olRE FF E7C uAAYRA] X Fol
Adste 7170 AFE uidch. 2yt 2hofo)
AAG w2ty 2ol RAHA olyT AU
AIFHA Aol E Roltt. M F& ARL FHF
3 ARl odsiN 7t @ B AdH FAHS
EYBEEA AEF ZHY FAol Az A
MHEEE st Aotk (H.T. Odum, 1989;
Dunn, 1989). ojs{@ Ae#44E& §71 Astd,
d& £9, Z7de 493 Z2RAAZ 9%
FE At 28y IFHeRE AP = Y
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(Kobriger 5, 1983; Allen 5, 1989). M
T. Brown (1987)& 3stAzlse AAE 9
af ’\}%%1 Ezetie] FRo disjA E7HA] Az
3 2t Ie 52 A4 JdskE
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@ 2000~50007H¢] 2] & (800~200074¢] &/
oo]#A)& 2u)g Zojt}, M.T. Brown (1987)
3} Willard 5 (1989)-& utete] He& ohgAd 9l
Al st Zol A4 dddS FVMEE EAst
At
A AR tigt A HQ A & WEH
ZoM Z4YE A% FAHAAY AA Ath-
aras (1987)¢} Livingston (1989)9¢] A|Al3t4
o AE ol daiME FA AL AL s A
ot e oM e Aoz 2709 FAAY FA
Z20A F)& A 3709 23 & 13 fER T
Be £2 AQ. TypHa sppt pHragnites
aeestralis (=communis)v FA37HQ fEo|x| vt
MM EZAMY ZHA = HE gty A", o
g3t ol fFZ U3l olF FEE uiEHT Fof Fd
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g FAA 2259 dolA T (o] olutx ¥4
Hylo] AAY FoHThe Fxbo wold] 7] of
Y Zolth). oA ERZAMY 7t e At
Ao i AL o3 2
(1) 122 && A9l 30%= HooF 3t 1
m7t32o s A of g},
(2) o8 HEL 4719 FHo2 Yo
sHEX Al ofof g}
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Table 2. Recommended Wetland Plant Species for Storm-
water management in Maryland.

Primary species
Sagittaria latifolia
Scirpus americanus
Scirpus validus

Secondary species

Acorus Calamus
Cephalanthus occidentalis
Hibiscus moscheutos
Hibiscus laevis

Leersia oryzoides

Nuphar luteum

Peltandra virginica
Pontederia cordata
Saururus cernuus

Undesirable species
Typha latifolia
Typha angustifolia
Phragmites australis

Source : Athanas, 1987 ; and Livingston, 1989

(4) 2z #dl AAME haF 12570 (507H/0]
ojFNE A=t Y F& X9 M
g 7HgA ha® 25747 (1F7H7]=
578 D& Aed, a8y 2477ty 7H4
< 7hs e QA g

5 mEIIY

gt FAU FAFFEF §X A4 o
SEoH 271 Fojatate] Hg st

FAEHF EGS FA ATAH 283 o
&4 Frt=lojof gtk (van der valk, 1981).

ghofo] 2L FA 9 FTE 7o v
i 2X9 FAZHEH 2L F2A FHESS A
He §A9 o] &3td A o)tk Weller (1981)
T EAERF EFY o]4 e Alx (Cerex spp.),
Sagettaria sp., Scirpus cutus, S. validas 2

Typha spps AAIstA 2| 7k2] Fol diaiA 4

J. of KOWREC, Vol. 4, No. 1. 1996



Table 3. Construction costs of wetlands for various uses in the United States.

Wetland State Use Area Cost Source
(ha) | $/hectare | $/acre
Ballona Wetland California | habitat, recreation 8741 $70,100{ $28,400 | Metz, 1987
Greenwood Urban Wetland | Florida stormwater runoff 11.0| $51,500{ $20,800 | Palmer and Hunt, 1989
Lake Jackson Restoration | Florida urban runoff 401 $199,500{ $80,700°{ Esry and Cairns, 1989
Santee Marsh California | wastewater treatment | 0.1 [$1,820,000| $737,000° | Gersberg et al., 1989
Iselin Marsh/Pond/Meadow | Pennsylvania| wastewater treatment | 0.2 {$2,080,000] $842,000° | Conway and Murtha, 1989
Pintail Lake Arizona wastewater treatment | 20.2 | $73,800] $30,000 | Wilhelm er al., 1989
Jacques Marsh Arizona wastewater treatment | 18.0| $75,300{ $30,500 | Wilhelm et al., 1989
- Kash Creek(Impoundment 3) | Alabama | acid mine drainage 0.4] $84,200| $34,000 | Brodie et al., 1989a
SIMCO Mine Ohio acid mine drainage 0.2 | $480,000]{ $194,000 | Kolbash and Murphy, unpub. data
Widows Creek Steam Plant | Alabama | ash pond seepage 05| $69,800( $28,200 | Brodie ez al., 1989°
Kingston Alabama | ash pond seepage 0.9} $142,100{ $57,500 | Brodie et al., 1989°
Bolivar Peninsula Taxas disposal site for dredge| 8.0 $34,100] $13,800 | Newling, 1982
Windmill Point Virginia disposal site for dredge| 8.0 | $25,300] $10,300 | Newling, 1982
Blue River Reclamation Project |Colorado | riparian restoration 120 $41,300; $16,700 | Roesser, 1988
Average $374,800{ $152,000
Median $74,500{ $30,200
* QAR g e3As} AT E WY XY
AT BT Atk FAUREFS AAT 9 $3¥o] 229 $A9 YPHA B B ¥
A 2o thg THE LB HojoF Frt oBA ARET.

FAd A7 FAE RAGY FAE #4559 Wieder 5 (1989)& 4129 +8¢ 4%o| 4
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F¥H7 FEeA HE A2 AL Hdz AAL 5 Ao
A

Y JYEA 2L HHEPL T ALYNH T B0
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Ae F2E 58 EHF U HYAE wE A
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Zu9] Pintailgdl e F2E FAAMe M
9 x27t A FhEdo 29Ade %
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5. 1989). EEZH dz]x0]9 Des Plaines
FA AHARIAMNE 2/ EFo] 433 57
Act.

4

O|&8t mTXz|e| HAZ[Zof 25t AT 69

olFA BAIEE 19859 (FAAA A)dA
1990 (£°] A2 FdEA 18 )74 34
FolAM 1570 o2, 283 HAFE 130t
617712]2 k. FR A ARdte MEY &
A2 87 FAM 17HFL2 Ao MM F
ZH71Fo2 EFT 2 N9 4 seg),
e ARNE FA9 244 F 2 XM 5
2= Aok (Hickman and Mosea, 1991).

6.3 27|19 M|

A EYolilA ZF2E AN F1EHY
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A EA)E HARAY 33 £ AEA Ao
(Martin and Eldridge, 1989)E& %3}« F7]
£ Alo] &Y} (Martin and Eldridge, 1989).
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Aosted oM FHo| FYdte JEo A
= & 28A UAA ok AdFS (A Bacillus
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