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Electrical Explorations in and around
the Nanjido Waste Landfill

WA H71E @A 2 FH Al e] ATeA
Kichwa Lee(]7]3})* - Jong — Ryeol Yoon(-53 y*

Abstract : Electrical soundings were conducted in and around the Nanjido waste landfill in August, 1994 and
February, 1995. Schlumberger array was adopted and 37 and 22 soundings were performed around and in the
Nanjido landfill, respectively. Besides, self potentials were measured at 50 points, in front of the right Nanjido
landfill. Interpretations of the sounding data show low resistivity zones of about 10 Q-m at depth ranging
from 10 to 80 m from the surface in front of the landfill and of about 6 Q-m at depth ranging from
37 m to 130 m in the landfill. It appears that these low resistivity zones are contaminated by or saturated with
leachate, and their depths are deeper than those of boring data by 20~30 m. These results indicate the
possibility of contamination of weathered zone and the upper part of the bed rock in these areas. But sounding
data obtained at the back of the landfill reveal more resistive and thinner low resistivity zones than those in
and in front of the landfill. Thus it is concluded that the degree of contamination by leachate in and in front
of the landfill is greater than that at the back of the landfill.
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INTRODUCTION

From 1978 to 1992, industrial and domestic wastes of Seoul
had been dumped in the Nanjido landfill which is located at Sang-
am-dong, Mapo-gu, Seoul. The maximum height of the landfill
reaches about 80 m now. As the result of no proper management
of wastes during and after waste reclamation, the leachate from
the Nanjido landfill have contaminated groundwater around the
landfill and flowed directly into the Han river located in the
southwestern part of the Nanjido landfill.

In addition to such groundwater contamination, the problem of
insufficient city life space caused by overpopulation and ac-
celerating industrial development necessitates the stabilization
and utilization of the landfill.
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The purpose of this study is providing the basic information
on leachate distribution in and around the Nanjido landfill which
is needed to prevent further groundwater contamination and build
the effective plan of stabilization of the landfill.

Until 1980s, few hydrogeological and geophysical studies of
the Nanjido landfill had been made. Recently, increasing concern
of environmental contamination brought about quite a few hy-
drogeological and geophysical studies of the Nanjido landfill
(Daewoo, 1992; Jang and Lee, 1994; Samsung, 1992; Segil,
1992). Generally, geophysical methods provide economic and
convenient means to investigate contaminant plumes from land-
fills. Among the various geophysical methods, the electrical
method is most commonly adopted in geophysical surveys of
landfills (Cahyna, 1990; Carpenter et al., 1990; Ross et al., 1990).

In this study, 22 and 37 Schlumberger soundings were con-
ducted in and around the Nanjido landfill, respectively, to elucidate
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- landfill structurc and the leachate level. Self potential (SP) meas-
ements were also made in the area in front of the Nanjido landfill.

OVERVIEW OF THE GEOLOGY

Detailed geology of the whole area of the Nanjido landfill is not
known accurately because of the poorly developed outcrops in this
arca. Therefore, the information on geology mainly depends on
some boring data in this area.

Precambrian banded biotite and granitic gneisses are distributed
in the northeastern part of the landfill, Sangam-dong. In the
southwestern part of tributary river which runs arfound the Nanjido
landfill, alluvium is distributed along the side in the direction of
the Han river. The gneiss shows coarse grained granoblastic tex-
ture and massive shape. Iis essential minerals are quartz, biotite,
and plagioclase and accessory minerals are garnet, muscovite, ser-
icite, epidote, sillimanite, chlorite, and opaque (Hong ef al., 1982),

Basically, geological layers of the study area are composed of
top soil, alluvinm, weatherd zone, and bed rock. The bed rock is
mainly Precambrian biotite gneiss and its depth from the surface
is about 30~40 m arcund the landfill (Daewoo, 1992). In the
Nanjido landfill, considering that the height of waste reclamation
is about 75~80 m, the depth of the bed rock from the surface is
estimated about 110~ 120 m. Joints and fractured zones are well
developed in the bed rock and they play an important role in the
migration of leachate. The degree of bed rock weathering is quite
intense in the whole area of this study.

ELECTRICAL EXPLORATIONS AND
DATA INTERPRETATIONS

Schiumberger soundings were made with ABEM Terrameter
SAS 300B. Maximum distances between measuring point and
current pole are 146 m and 215 m around and inside the landfill,
respectively. The interval of sach SP measuring point is 10m
and measurements were made at 50 points.

Sounding data were interpreted using interactive forward
modeling method (Kim and Lee, 1993). Interactive method is su-
perior to inversion method in that existing known geological in-
formation can be included in interpreting process, The number of
boring data which penetrate the weathered zone and bed rock is
10, but most of the boring holes are quite distant from the sound-
ing point and limited to circumference of the landfill. So, these bor-
ing data were considered but not directly included in interpretation
of sounding data.

Circumference of the Nanjido Landfill

The front area of the Nanjido landfill (Towards the Han
river)

A totel of 37 Schlumberger soundings and one line of SP survey
were made along the circumference of the landfill (Figure 1). In
the front area of the right and left Nanjido landfills toward the
Han river, 14 Schlumberger soundings were carried out at regular
intervals, respectively. The socunding points are arranged to lie
closely along the Kangbyon-ro to delineate two dimensional resis-
tivity structure of the area. The intervals of sounding points are
46m in VI~V22 and 100m in V23~V28. At some distance
from V26 in the left Nanjido landfill, one sounding V37 was car-
ried out for reference. Tentatively, SP values were also measured
in the front area of the landfill.

Figure 2 and 3 show some typical interpretations among V1~
V28 soundings taken in a straight line. Among 28 soundings, 17
soundings were interpreted as 4-layer structure. But most of the
other soundings can alse be interpreted assuming 4-layer structure
neglecting thin layers within the shallow depth of about 2~4 m.
The resistivities and thicknesses of the layers interpreted as 4 lay-
ers are shown in Table 1.

Judging from the boring data in the area, interpreted 4 layers
can be regarded as top soil, alluvium, weathered zone and bed
rock, respectively, From the interpreted results of sounding data,
it is indicated that top soil having resistivities of about 50~500
0-m exists to the depth of about 1.7~4.5 m from the surface.
Because the boring holes of this area are very close to the land-
fill, top soil in boring data contains large quantities of landfill ma-
terials. So, an exact correlation between top soils of sounding
data and boring data is impossible.

The resistivities of the second layers considered as alluvium

_range from 76 £-m to 216 O-m and the mean is about 116 Q-m.
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The mean thickness of this layer ranging from 4.7 to 186 m is
10.5 m. This agrees relatively well with the mean thickness, 20 m,
of the boring data, considering that altitude difference between the
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Figure 1. The location map of the electrical sureve



Electrical Explorations in and around the Nanjido Waste Landfill

10 ‘; v2
R B B
g t E
3 C 3
2 2 2
H 2 E
- - ~

10

i

1 T v 1 + T r e —
1 10 100 1 10 160 1 1o 100
distance {m) distance {(m) distance (m)
10'3 Vo 1073 Vit 10y Vi3d
3
‘ ] —
~ 3 -~ -
o : ; i
104 £ £10'4 I
< 3 < <
S b S S
i : § |
> % > > :
< t . b = . )
2 | » ; = 2 . |
%0t % s . ‘
%10 {———5"//[——\ 5 %10 i ) |
& 3 ; N 4 ¥ ) t
o : RN :
] ! i N
J’ — 1 | \}f\/
10 4 10 4
el :
3
}
1+ T T 1t T H AR me—
17 160 ! 100 1 100

10 10 10
distance (m)} distance (m) distance (m)

Figure 2. Flectrical soundings and their interpretations in front of the right Nanjido landfill. Observed data and theoretically computed
values are marked by dots and solid lines. Jagged lines represent imterpreted resistivity structure.
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Figure 3. Electrical soundings and their interpretations in front of the left Nanjido landfill. Observed data and theoretically computed
values are marked by dots and solid lines. Jagged lines represent interpreted resistivity structure.
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Table 1. Resistivities and thicknesses from interpretations of sounding data as 4 layers.

Location No. of First Layer Second Layer Third Layer Fouth Layer

of VES  VES  thickness (m) resistivity (Q-m) thickness (m) resistivity (Q-m) thickness (m) resistivity (-m) resistivity (€-m)
L1 6.3 60.6 291 202 88.4 7.1 1515
L2 113 126.7 342 21.0 929 8.1 3627
L3 10.0 72.4 31.3 19.8 102.7 6.8 138.6
L5 9.1 60.6 299 13.8 1049 53 105.9
L6 134 354 268 18.1 103.8 95 3622
{:ﬁﬁﬁgﬁ L7 9.1 99.1 339 15.8 53.4 5.8 169.5
Logen L8 87 37.0 217 10.8 104.2 6.2 56.6
L9 10.7 265 30.6 8.6 102.7 46 242
L10 115 757 265 21.0 106.0 8.6 1895
L11 11.0 77.5 345 15.1 87.3 5.7 10379
L13 8.0 1195 265 221 484 6.5 338
L14 9.7 8148.2 25.2 289 109.0 7.9 158 5
Mean 99 78.3 292 17.9 92.0 6.8 205.4
Rl 10.7 207.3 257 37.9 90.9 11.6 742.0
The R2 113 75.7 288 15.8 116.7 48 7429
Right R3 13.8 662 28.7 16.1 101.5 5.1 3793
Nanjido 97 1482 327 27.7 65.3 8.1 33.1
Langay RS 103 55.4 322 155 1015 48 54.1
R7 11.3 1185 305 18.1 100.5 54 7429
R8 10.3 1185 27.2 21.0 106.5 6.6 379.3
Mean 11.1 112.8 294 217 97.6 6.6 439.1
V2 3.6 538.7 13.0 180.7 45.0 54.6 3162.3
V3 23 4608 134 139.3 54.1 42 91734
Front V4 17 3202 135 113.1 69.3 149 6714.1
Area of V5 1.6 2225 18.6 113.1 454 5.4 6210.1
the V6 1.7 180.7 18.6 128.8 479 39 3990.9
Right V8 15 51.8 25 119.2 13.0 455 17.8
Lanjido V11 3.6 146.7 9.7 216.8 775 93 6541.7
Landfill V12 26 128.8 17.6 82.8 60.1 55 8267.0
V13 19 167.1 183 74.6 454 6.8 3162.2
V14 45 101.9 14.1 128.8 479 6.1 3162.3
Mean 25 2319 139 129.7 50.6 15.6 5040.2
V15 19 74.6 11.0 125.5 78.0 5.8 3691.4
Front V16 17 122.3 10.6 154.6 69.1 44 3162.3
Area of V19 2.7 72.7 115 110.2 61.1 21 7646.5
the Left V21 19 154.6 13.1 99.3 57.6 37 5744.0
Nanjido V23 16 597.7 5.8 116.1 194 2338 7.6
Landfill V24 2.7 80.7 47 18.8 20.4 3.6 8267.0
V26 17 532 5.8 895 259 41 3158.0
Mean 2.0 165.1 8.9 102.0 474 6.8 45253

sites of Schlumberger soundings and boring holes is about 10 m.
However, there exists no good correlation between the boring
and sounding data in the case of the third layer. The resistivities of
the third layers which correspond to weathered zone range from 2
Q-m to 55 Q-m and the mean value is about 12 Q-m. These values
are extremely low compared with those of ordinary weathered zone.
Besides, the interpreted mean depth of the bed rock from the sur-
face is about 62m and this value is very large in comparison with
30 m of boring data. This seems to result from contamination of

the upper part of bedrock by leachate, considering the bedrock in
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this area is very permeable (Daewoo, 1992). The evidence of
bedrock contamination is also clearly shown in the interpretations
of soundings V8, V9, V17, V23, and V27 (Figure 2 and 3). In
these interpretations, layers of very low resistivity values of about 3-
20£2-m extend down to depths exceeding 100 m.

In Figure 4, a pseudo section of two dimensional resistivity
structure of the area in front of the right Nanjido landfill is
shown. The pseudo section is constructed based on the sounding
data interpreted in terms of 4 layers. This section does not
represent the real subsurface structure but can be used for und-
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Figure 5. Sclf potential values measured in front of the right Nan-
jido tandfil.

erstanding the general resistivity structure of the area. Low resis-
tivity zone which corresponds to the third layer in the pseudo sec-
tion appears thick, especially in the central portion of survey line
in front of the left Nanjido landfill and at the right edge of sur-
vey line in front of the right landfill. Summing up, it appears that
the weathered zone is contaminated by leachate from the landfill
and contamination of the upper part of bedrock is considerable.

Sounding V37 were made to be used for reference data. In Fig-
ure 3, interpreted result of sounding V37 is shown. No evidence
of groundwater contamination by leachate is indicated in this
data. But it is difficult to confirm that groundwater is not con-
taminated in the distant area from the the landfill because of scar-
city of sounding data.

The result of SP survey is shown in Figure 5. Measured val-
ues fluctuate remarkably. It seems that this fluctuation is caused
by rainfall having continued during two days before the day of
SP survey. Generally SP data is apt to be easily corrupted by ext-
ernal noise, such as rainfall, humidity, topography, chemical fer-
tilizer etc (Telford et al., 1990). Furthermore, SP data is difficult
to interpret quantitatively. Therefore, it appears unreasonable to
put great importance to the SP data.

The back area of the Nanjido landfill (Sangam-dong)
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Figure 6. Electrical soundings and their interpretations at the
back of the right Nanjido landfill. Observed data and
theoretically computed values are marked by dots and
solid lines. Jagged lines represent interpreted resistivity
structure.

Soundings V29~V32 and V33~V36 were made in the back
areas of the right and left Nanjido landfill, respectively. Because
of poor field condition, many Schlumberger soundings were not
made. The interpretations of sounding data at the back of the right
Nanjido landfill is shown in Figure 6. All the data are interpreted
as 3-layer structure. Below the top layer lie low resistivity zones
of about 13~29 Q-m at the depth of 8~24 m with mean thick-
ness of 10.3 m. The resistivity structures of this area are quite dif-
ferent from those in the areas in front of the landfill which have
more conductive and thicker low resistivity zones. Relatively resis-
tive and thin low resistivity zones of this area appear to be related
to the fact that the survey points in this area are somewhat far
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from the landfill and hydrogeologically this area belongs to up-gra-
dient area. Actually, following sounding data near the back of the
left Nanjido landfill show more conductive and thick low resis-
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Figure 7. Electrical soundings and their interpretations at the
back of the left Nanjido landfill. Observed data and
theoretically computed values are marked by dots and

solid lines. Jagged lines represent interpreted resistivity

tivity zones than those of this area.

Adjacent to the back edge of the left Nanjido landfill, sound-
ings V33~V36 were carried out. These data also shows low
resistivity zones of about 3.8~19 Q-m with mean thickness of
25.6 m (Figure 7). Especially, V35 shows very conductive top
soil having resistivity of 7.7 Q-m. It appears that this result from
leachate drained on the surface through outlet existing near the
measuring point.

On the whole, the sounding data in the area in front of the
landfill show more conductive and thicker low resistivity layers
than those at the back of the landfill. Moreover, the sounding data
around the left Nanjido landfill show a little more conductive
low resistivity zones than those around the right Nanjido landfill.

Inside of the Nanjido Landifll

Because maximum waste reclamation reaches about 80 m, the
depth of bed rock is 110~120 m from the surface in the landfill.
For this reason, the maximum distance between measuring point
and current pole is controlled to be 215 m in this area. The direc-
tions of soundings are parallel to the long axis of the landfill.

The left Nanjido landfill
A total of 14 Schlumberger soundings were conducted. Most
of these data can be interpreted in terms of 4 layer structure hav-
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Figure 9. Electrical soundings and their interpretations in the
right Nanjido landfill. Observed data and theoretically
computed values are marked by dots and solid lines.
Jagged lines represent interpreted resistivity structure.

shown in Figure 8. Most of the soundings in the right Nanjido
landfill can also be modeled as 4-layer structure. Thus, these
soundings are interpreted assuming 4-layer structure.

In Table 1, resistivities and thicknesses of interpreted layers
are given. Because of inhomogeneous landfill materials, the first
layers having resistivities of 26~148 Q-m show a relatively
large deviation of resistivity values with mean thickness of about
10 m. Considering their resistivities, the first layers can be as-
sumed as unsaturated landfill layers with leachate. The resis-
tivities of second layers are lower than those of the first layers.
Also, the deviation of resistivities is much less than that of the
first layers. Such decrease of resistivity deviation, despite of in-
homogeneity of the landfill materials, indicates the saturation of
this layer with leachate. But mean resistivity of this layer is 18
Q-m and this is higher than that of leachate which generally has
values below 10 Q-m (Samsung, 1992). Thus the second layer
can be assumed as partially saturated zone with leachate.

The third layer shows the typical characteristics of fully sa-
turated zone with leachate. The resistivities of this layer range
from 4.6 Q-m to 9.5 Q-m with the mean value of 6.8 Q-m.
These relatively homogeneous and very low resistivities indicate
that this hayer is fully saturated with leachate. Thus the top of
the third layer can be regarded as leachate level. The mean
leachate level of this area is 39 m down from the surface. Espe-
cially, the mean leachate levels of 14, L5, L8, and L9 located
in the center of the left Nanjido landfill is 37 m from the sur-
face. This means that the leachate level is formed high in the
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central area.

The mean depth of bed rock is 131 m from the surface. Con-
sidering the height of waste reclamation is about 75~80 m, this
mean depth of bed rock is converted to 51~56 m from the sur-
face before reclamation. Exact depth of the bed rock is not
known because there is no boring hole which penetrates the bed
rock in the landfill. But, assuming that the depth of bed rock in
this area is similar to that of the circumference of the landfill, the
mean interpreted depth is deeper than that of boring data by a-
bout 20~25 m. This is suggestive of contamination of the upper
part of the bed rock in this area like around the landfill. The pos-
sibility of the bed rock contamination is supported by relatively
low mean resistivity of the bed rock, too. The mean resistivity of
the bed rock is 205 Q-m and this is very low compared with that
of gneiss forming bedrock in this area.

The right Nanjido landfill

Soundings R1~R8 were made in the right Nanjido landfill. In-
terpretations of these data show similar resistivity structures as
those of the left Nanjido landfill as expected. Some of these inter-
pretations are shown in Figure 9. The mean thicknesses of the
first and the second layer are 11m and 29 m, respectively, which
are close to those of the left Nanjido landfill. But the mean resis-
tivities of these layers are somewhat high in comparison with
those of the left Nanjido landfill. Besides, the mean leachate level
from the surface is lower than that of left landfill by about 2 m.
From these facts, it can be concluded that the right landfill is
somewhat less saturated by leachate than the left landfill. Such
discrepancy in the degree of leachate saturation between the left
and the right landfill seems to result from different geology and
hydrology of landfill areas. The mean depth of the bed rock is
130.4 m close to 131 m of the left landfill. However, the mean
resistivity of bedrock is about two times as much as that of left
landfill but still the value is much lower than that of gneiss. It ap-
pears that the upper part of the bed rock in the right landfill is
considerably contaminated, too.

CONCLUSIONS

1. The weathered zones of the areas in front of and back of
the Nanjido landfill are contaminated with leachate from the land-
fill. Considering the resistivities and thicknesses of interpreted
sounding data, the degree of contamination of the area in front of
the landfill is more severe than that at the back of the landfill.

2. The interpreted mean depth of the bed rock in front of the
landfill is about 62 m and this is larger than that of boring data
by about 20~30 m. This indicates the contamination of the upper
part of bedrock in this area, the same phenomenon occurring in
the landfill. Contamination of the bedrock will continue in these
areas without proper management such as installation of slurry
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wall, cap, drainage facilities, etc. But at the back of the landfill,
no evidence of bedrock contamination is indicated.

3. Depths of mean leachate levels from the surface are 39 m
and 41m in the left and right Nanjido landfills, respectively. Such
difference of leachate levels seems to result from the different
geology and hydrology of waste reclamation areas of the left and
right Nanjido landfills.
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