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Three-dimensional resistivity surveys for investigating the extent and

depth of the Mulyeongarioreum wetland in Jeju Island, Korea

Woo-Sung Cha

Department of Environmental Exploration Engineering, The Graduate School

Pukyong National University

Abstract

Recently, wetlands are of growing concern because about half of them have
disappeared in the whole world and the loss rate has been gradually speeded up
since 1950's. Preservation .of  wetlands is quite “tmportant in a viewpoint of
environmental conservation because wetlands have abilities of water storage,
storm protection,” flood mitigation, shoreline stabilization;. erosion control,
groundwater recharge - and _maintenanece, —and water purification. The
Mulyeongarioreum wetland #/in Jeju Island, Korea was registered in Ramsar
Convention Wetland because of its environmental and geological importance: it
is emergent to support a variety of living things in its ecological value, and it
is a scoria cone which 1s formed by | the geologically important strombolian
eruption.

In this study,. we investigate the extent and depth of the Mulyeongarioreum
wetland to colleet basic. ~data available for -~ wetland ~management and
conservation. We carried out dipole—dipole (resistivity surveys along four latticed
lines in the wetland and performed three—dimensional interpretation of measured
apparent resistivities using a finite—element method. In the inversion, a Jacobian
matrix was calculated efficiently with reciprocity principle. The inverted
resistivity images show that the Mulyeoungarioreum wetland occupies an elliptic
area of 80 m x 60 m and reaches to depths of about 5 - 25 m in dry season,

and is deeper in the northwest region.
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Fig. 1.1. The southern side-view of the Mulyeongarioreum wetland.

Fig. 1.2. The inner side-view of the southern ridge of the Mulyeongarioreum wetland.

Fig. 1.3. The foreground of the Mulyeongarioreum wetland.
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Fig. 2.4. Strombolian eruption (Stromboli Volcano, Pheto glossary of volcano

terms, USGS).

Fig. 2.5. Cinder cone deposit (Jeju Island, photograph by S. Yoon in august, 1986).
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FA9 FEETAAS A 524 g HAEH S 54 H7kl tid

7% AREE AA A-83F Hydrogeomorphic (HGM) System 5°] I
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9 ol we BYolel 0.5 £ 8 Bk the v 2rHTable 31).

Table 3.1 Wetland classifications of the Mulyeongarioreum wetland (modified from

Ministry of Environment Republic of Korea, 2001).

Super system System Sub-system Class Subclass
2=z 3
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1 EA =
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Inland Palustrine Permanent Depression el %)
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Table 3.2 Definition of HGM Wetland Classes(U.S Department of Agriculture, NRCS)

HGM class

Definition

RIVERINE

RIVERINE wetlands occur in flood plains and riparian corridors in association with
stream channels.

Dominant water sources are often overbank flow from the channel or subsurface
hydraulic connections between the stream channel and wetlands. However, sources
may be interflow and return flow from adjacent uplands, occasional overland flow
from adjacent uplands, tributary inflow, and precipitation. At their head water,
RIVERINE wetlands often are replaced by SLOPE or DEPRESSIONAL wetlands
where the channel morphology may disappear, They may intergrade with poorly
drained flats or uplands. Perennial flow in the channel is not a requirement

DEPRESSIO-
NAL

DEPRESSIONAL wetlands occur in topographic depressions. Dominant water
sources are precipitation, ground water discharge, and both interflow and overland
flow from adjacent uplands, The direction of flow is normally from the surrounding
uplands toward the center of the depression. Elevation contours are closed, thus
allowing the accumulation of surface water. DEPRESSIONAL wetlands may have
any combination -of inlets and outlets or-.lack them completely. Dominant
hydrodynamies are vertical fluctuations, primarily.._ seasonal DEPRESSIONAL
wetlands may lose water through intermttent or perennial. drainage from an outlet,
by evapotranspiration and, if they are not receiving ground:water discharge, may
slowly contribute to ground water.-Peat deposits may develop ‘in DEPRESSIONAL
wetlands. Prairie potholes are a common example of DEPRESSIONAL wetlands.

SLOPE

SLOPE wetlands ‘mormally are found where there is a discharge fo groud water to
the land surface. They normally occur on sloping land; elevation gradients may
range from steep hillsides to slight slopes. SLOPE wetlands are usually incapable of
depressional storage because they lack the necessary closed contours. Principal
water sources are usually ground water return flow and interflow from surrounding
uplands, as well ‘as . precipitation. Hydrodynamics are dominated by downslope
unidirectional - water flow:. SLOPE wetlands can occur in nearly flat landscapes if
ground water @ discharge is a dominant source- tosnthe wetland surface. SLOPE
wetlands: lose water primarily by saturation subsurface and surface flows and by
evapotranspiration. SEOPE wetlandsi may develop channels, but the channels serve
only to convey water _away from-the SLOPE wetland. Fens are a common example
of SLOPE wetlands.

MINERAL
SOIL FLATS

MINERAL SOILS FLATS are most common on interfluves, extensive relic lake
bottoms, or large historic flood plain terraces where the main source of water is
precipitation. They receive no ground water discharge, which distinguishes them
from DEPRESSIONAL and SLOPE wetlands Dominant hydrodynamics are vertical
fluctuations.

MINERAL SOIL FLATS lose water by evapotranspiration, saturation overland flow,
and seepage to underlying ground water. They are distinguished from flat upland
areas by their poor vertical drainage, often due to spodic horizons and hardpans,
and low lateral drainage, usually due to low hydraulic gradients. MINERAL SOIL
FLATS that accumulate peat can eventually become the class ORGANIC SOIL
FLATS. Pine flatwoods with hydric soils are a common example of MINERAL
SOIL FLAT wetlands.

_15_



ORGANIC
SOIL FLATS

ORGANIC SOIL FLATS, or extensive peatlands, differ from MINERAL SOIL
FLATS, in part because their elevation and topography are controlled by vertical
accretion of organic matter. They occur commonly on flat interfluves, but may also
be located where depressions have become filled with peat to form a relatively
large flat surface. Water source is dominated by precipitation, while water loss is
by saturation overland flow and seepage to underlying ground water. Raied bogs
share many of these characteristics, but may be considered a separate class
because of their convex upward form and distinct edaphic conditions for plants.
Portions of the Everglades and northern Minnesota peatlands are common examples
of ORGANIC SOIL FLAT wetlands.

ESTUARINE
FRINGE

ESTUARINE FRINGE wetlands occur along coasts and estuaries and are under
the influence of sea level. They intergrade landward with RIVERINE wetlands
where tidal currents diminish and riverflow becomes the dominant water source.
Additional water sources may be ground water discharge and precipitation. The
interface between the ESTUARINE FRINGE and RIVERINE classes is where
bidirectional flows~from tides dominate over unidirectional ones controlled by flood
plain slope* of RIVERINE wetlands. Because ESTUARINE FRINGE wetlands
frequently flood and water table elevation are controlled mainly by sea surface
elevation, ESTUARINE FRINGE wetlands seldom dry for, significant periods.
ESTUARINE FRINGE wetlands lose water by tidal exchanges,' by saturated over
flow to tidal creek channels, and by evapotranspiration. Organic, matter normally
accumulates in higher elevation marsh areas where flooding is less frequent and
the wetlands are isolated from shoreline wave erosion by intervening areas of low
marsh. Spartina alterniflora salt marshes are common examples of ESTUARINE
FRINGE wetlands.

LACUSRINE
FRINGE

LACUSTRINE FRINGE wetlands are adjacent to lakes where the water elevation
of the lake maintains the water table in th wetland. In some cases, these wetlands
consist, of a floating mat attached to land. “Additional Sources of water are
precipitation < and ground - water — discharge, ‘the  latter dominating where
LACUSTRINE~FRINGE+ wetlands intergrade with-uplands or SLOPE wetlands.
Surface water flow is bidirectional, usually controlled by water—level fluctuations
such as seiches in the adjoining lake. LACUSTRINE FRINGE wetlands are
indistinguishable from DEPRESSIONAL wetlands where the size of the lake
becomes so small relative to fringe wetlands that the lake is incapable of
stabilizing water tables. LACUSTRINE FRINGE wetlands lose water by flow
returning to the lake after flooding, by saturation surface flow, and by
evapotranspiration. Organic matter normally accumulates in areas sufficiently
protected from shoreline wave erosion. Unimpounded marshes bordering the Great
Lakes are a common example of LACUSTRINE FRINGE wetlands
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Table 3.3 Ramsar classification system for wetland type

Sub-

system System |Sub-system Class Sub-class code sort
Shallow marine waters A
coastal wetlands
Subidal Aquatic bed Marine aquatic beds B including coastal
Marine Reef Coral reefs C lagoons, rocky
Rocky Rocky marine shores D shores and coral
Intertidal ; _ reefs
. Unconsolidated sand/shingle beaches E
Marine and
Coastal Subtidal Estuarine waters F including deltas
. Unconsolidated Intertidal mudflats G . ’
Estuarine . tidal marshes and
Intertidal Emergent Salt Marshes H
mangrove swamps
Forested Mangrove, tidal forest I
Lacustrine/ | Permanent/ Brackish/saline lagoons J
Palustrine Seasonal Coastal fresh lagoons K
Permanent river/stream L
Perennian Delta M wetlands along
Riverine Emergent .
Intermittent river/ stream | N | rivers and streams
Intermittent Emergent Floodplain wetlands O
Permanent Permanent freshwater lakes| P
L o Seasonal Seasonal freshwater lakes | Q | wetlands associated
acustrine .
Permanent/ Permanent/Seasonal saline R with lakes
Seasonal lakes and marshs
Permanent freshwater
Sp
Inland poods and marshs
Emergent
Open peat bogs, fens L]
Permanent Alpine/tundra wetlands Vv
Palust Shrubs dominated | Shrub-dominated swarnps | W | marshes, swarmps
alustrine
freshwater swamp forest | Xf and bogs
Forested
Peat swamp*forest Xp
Freshwater springs, oasest| Y
Seasonal Emergent Seasonal freshwater S
Ss
marshes
Geothermal Geothermal wetlands 7g
Aquacuture Fish, shrimp ponds 1
Farm ponds, small tanks 2
Agricult Irrigated land, rice fields 3 fish and shrimp
griculture f .
Seasonally-flooded arable .p(.mds arm.ponds,
M land 4 |irrigated agricultural
Man-—
a o land, salt pans,
made Salt .
Joitati Salt pans, salines 5 resevoirs, gravel
exploitation .
i pits, sewage farms
Reservoirs, barrages 7 .
Urban and - - and canals
. . Graver pits 8
industrial
Sewage farms 9
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Eolgl o FHA YL et sbAe] FHHEEA SEwgos ®auvt
SolA = A FHE Holw, A FE0] AbAdt EQotEl gl A A
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721 Fersk A ho]w(Figs. 3.1, 3.2 and 3.3), thArx] 9] B2 oJo}e](518m),
EXAZORE AL F(704m), ¥ o]0 F(784m), FAIFE SR H1oH(446m) A <]

°}(536m), FEEF o= §tU80m) ko A eh210m)e] f1xstar Arh(Fig. 3.4).
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ol A oF 39%km, MFIEA A 23km Aol =8kl e, FI AFAIE
Adete FRLEEQ AWUE 1118 (F=x=2)7F 798 WE FEestar ATt
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=dotl ea2 ek S AREA Y AL 380mel ¢ A ok A A

_]N
[40
40,
ofk

o AT 58, A8 o) st 508mE HIGLE 128melTth A2 1,526m
2 AWMHAE 717,013m o], S57-3 220mo] 3L, kA 7te 21570t =9

tHFig. 3.5).
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Fig. 3.3. 3-D Satellite image of the Mulyeongarioreum wetland (III).
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Fig. 3.5. Topography feature around the Mulyeongarioreum wetland.

_20_



J

A
~

M 2

B

322 AAE E BA

2 A=
< 10°W £l ¢

X
4

-a).

A (Fig. 3.7

5

S|
~

LN

)=

s Wel =o] arof

)=

LN

=

=

A A}
H Itk (Fig. 3.6-a).
10~20°o] o]t}

=

=

10~20°9]
A}

-
1

B
iz

godl
N

X
4

SW

= SE

o

=%

UHFig. 3.6-b).

2] 31

|38 AtH(Fig. 3.7-b).

slopes around the cinder cones.

cones and topographic slopes around the Mulyeongarioreum wetland.
_ 21 _

(a) Dip angles of the outer and inner| (b) Dip directions of the topographic
slopes of the cinder cones.

Fig. 3.6. Dip angles and directions of the outer and inner slopes of the cinder
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4. 324 A7 AF ol 2

FASWA WE el AF7 ZED Y AS, A7 A i A
BgAe A7) A= Eol g AF "E Jol #e 2o HAoR el
e

714 o= A7|HEE (electrical conductivity)olth. A7 && HEo] M,

NS ~7be A2 FASHE tha Zok
E=-Vu (4-2)
o714 ue W7 ELDAF (electrical potential)®] i, % 7| TelrFol WIS A

st HnEwgdae o ol ZokEFEH A (Poisson’s equation) &2 %

-V-oVu=V-J, (4-3)

71 o AVAEE(S/m), Ji& 229 AFLE(A/m)olt (4-3) o=

= [[o(Vuy —2uv -3, Jav (4-4)
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(4-4) 2 9] 3= A E xS A (stational) &2 W= = 2 Fo] Xl
Ldsleof 3 3xY F9S oo ASHALAE Yt o3-S A
oAl e AAEA AR UE 5 Jov(Fig. 4.1), APEA 845 o] &3

Aol AFHAeLE olgsts A Hu Aite] wEva sh3ivh(Zhou and

ol

Greenhalgh, 2001).

TFotaal s AR Zh7be] @ Al yo] AAE AMEsle]l AHolH=
Ayohea o2 R2E AR tHRucker et al.(2006)2 A5 AAHO] ofd &
2 Ui Fell A wol= AEudArg uxudAe]l ¥ f&sttha 6%l

o
Pt 2ol Aol vsl AR

. (@-4) Aol AETEAL ) 4yl A
A ool BE QAHES Ferh AR AHE = o5 QKR Fo|t) A
2 oxol Azt AW 9 sl xo AL 09% Feomd RS 4
AoH, A thg e oL PH o] fFEETH

= (4-5)

o714 K& w2y ditR A AT 82, us B8 A9 29
F o ® FE WEela s A2 HEo|Th

Addd Ke Amdgad de S50 e azo] 47 [dA7jde
o g4z YJehgw, AA "dAol b Mol MxMe HHS shAu 2
At o2 (banded), W (symmetric) 2 3] A (sparse) s Eoltt. o] st A4

Ao e Folshed dndon AYUs wEWoR PRE 4

H

i

Ao 3749 Agols AHUoR Folsty|d= HFE &Fo] THjstol
Zo]3}7]7} ol¥ RS o] &t Eolg At

Addbx o 2 (4-5) 4 ICCG (imcomplete Cholesky conjugate gradient)
Mog gEAoR X 4 9 AAR Sasaki (1999)¢} Zhou and Greenhalgh
(2001)& 3z AlLA] oA o2 Sfi7F aHstr] YA = ICCGH o] 4 4st

_25_



SRER S

3 oskeleh ek H Wo (003)0] elshv ke Whel A9 1CCG
oluf @de] tjztesolw HEAE Fi modified ICCGMICCG)

4 = 9

Hol gAY ofe] HEkA] b= AF7E o, W ke TFEA

T shifted ICCG(SICCG)W o] Fastth= Aol WA & =&olAs

il

A Bl Fihas WS Eolshy] #fste] ICCG WHEHE ARS

o,

w

ol
-/
22

a) HEXAHEDRAL ELEWENT b)) TETRAHEDRAL ELEMENT
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(5-1)

JAm

Ad

’

§ Aol Aolw TR HE

| M

o714 AdE=

Ak 1]

nA W, J=

?;5_]__

Z7] 5 mooll

KN
T

Am

g 9

=)ol), wd o] | 7]’ <=3} (parameterization)

12

jul

Bl

A et 255

fe °l&3te

;OL
)
N

o

nj] 17.2] - (smoothness) €]

| (roughness,

=7

A
(Tikhonov and Arsenin, 1997).

BB

ML

)

=

atel A ApY el o

(5-2)

U <IW,(JAm - Ad)’ O+A[0W, (m, + Am) [P +£ 0 Am 7 |

.| 2= FEEE Ly v(norm), Weet W, 72+t

o714
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W

fren

(5-2)219ll A A1 3Hregularization)

o} (Tikhonov and Arsenin,

wd A7
1977; Parker, 1994). A

a

(misfit) 2}

2]

il

—
fite)

(ill-condition) # &2k AARE Aot 7479 A Al ¥l the.g., Parker, 1980).
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fite)
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il
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1989;

=
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et al., 2000). z&}ar HE 7}F3E W2 A
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CTEE

)

SR

Fraa

o

Hedlin and Constable, 1990).
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w,J W,Ad
\/Zwm (Am) = _\/Zwm mO
Al 0 (5-4)

714 Ii= &5 (identity) B Eolth. (5-4) Ao ZRE FaA= = (5-3)
Ao A dojx= Rt Attt gl A Urheg., Lines and Treitel,
1984). B2 WH Am-> 27| WE meel dsixieh o2t A 4R
ndly Az Afele] Aol Ad7F REEAHE FEoR A" w7kA| REEH

tf 1 Ao JFo R FE o|fY:E Hi AE

T
- Ad Ad
N (5-5)

1
2L
)
]
rr
v
dlo
i)
m
v

A7 N& [Zpee) A4 plr

o213t Gauss-NewtonHel A= AW (R S5he] melH o] thal A
S 283 sttt ojd EE9 AU[H[A Gl #a A (4-5)A e FES T
ot ofef o At

Ku'=-K'u (5-6)
A7IA ‘= HliEs UERTE Sabel A Be Bd W] gk dHnEe A=
O 22Xl dojxof 3ttt (5-6) 219 QEZ 3o & (4-5) 4
o AWy st Bd W g w2k olg A we AEA Jee
HulE ALES of @A gk ey A (reciprocity) 98l & A -85t 7]
T2 dEas A EX FaAdE 8402 dojd F AHRodi, 1976;
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Tripp et al, 1984; Sasaki, 1989). L 7Id €] A2 F217] A
(7] G A~ RE EEEE ARG 12 Ao o3
= Zolth. S AAl Ay FLfA A e T el #d e A

A
o] o] AME, oleld Zalde] mawse] W AMPow

i~

HetstA oF Arke] wbE A A H A gfawA|
1987)el 2J&f A|ete Occam® S 4439t Occam™y
o] FEHZ EAL Wy AZF 2 dbEa A oA k] Aoje} Peksl W
2ZX sAle AFEH = AoltH(deGroot-Hedlin and Constable, 1990; Parker,
4) 2 S AFUWAA(5-3) S dHo AFHA A
groll dial = F, 2z Aol sl (5-5) el oA~ = v A4 (H
< ZBEhHe 33 AR A4 (4-3) AS EWFeldT Occam A2
oS ¥H5S Jiesd=a Al Aol T T = Al AlE W ES AYE

o a2 Haxste bdek 1293 F % (one-dimensional’ search)ell o]
ol

ol
=
X
(@)
o
=)
wn
&
=X
@
[
=+
£

—
O
o)
=
r <
e
ol
ol
)
g

N
[40

HA Ag  ZAAs7] 93k tE HHoe=E:= ABIC(Akaike's Bayesian
information criterion)#(e.g, Uchida, 1993), GCV(generalized cross—validation)™
(e.g., Haber and Oldenburg, 2000), L-curve(e.g,; Gunther-et al., 2006) &%=
ATE A ol F (1999 F-Yi et al.(2000)2 @ A7} ol FHH o=
Watet= NS Backus-Gillbert ANl d2lE RO R  {FRdhe

ACB(active constraint balancing)®-< A ¢ta} i th.
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6. A71H AT HA

6.1 EAF

AFA GAFET FAS 3
stetst] fle) Botel 0B o) HgAelE BAAES 4e] FAEA

S Az dHz2 dAsted SAREE 53 tH(Figs. 6.1 and 6.2).
=
At 2 'EALE AASEA T FX] Y TR A BE wEor AU

n=9= ®AekeI Y S A7ete] AR A=A IR (Fig. 63) 2=

HAbE A AekieH(Table 6.1).

Table 6.1 Survey constants used“in the dipole—dipole resistivity surveys conducted

in the study area

Line Dipgle Line No. lof Position

spacing length—{-electrodes From To
REOL | 5mo | 190m | % Ygens | Yogemy
wo | en e | e JEES Y HES
RE03 | 5mo | 1m0 g | Yowpos
reor | smo s w0 | IR T
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/

Fig. 6.1. Four resistivity surveys lines arranged-in the study area.

Fig. 6.2. Surface topography around the Mulyeongarioreum wetland.
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Compute theoretical resistivities
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Fig. 6.4. Flow chart ‘_-for T ivity inversio
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Fig. 6.5. Resistivity section reconstructed from dipole—dipole data measured along
line RE-01.
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