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DETECTION OF LANDFILL'S LEAKAGES USING AIRBORNE GEOPHYSICS

Jaana LOHVA!, Tarmo JOKINEN!, Jouko VIRONMAKI!

Abstract. Since 1972 the Geological Survey of Finland (GTK) has carried out low altitude geophysical surveys and today
systematic survey data cover the majority of Finland. The survey was conducted using geophysically instrumented aircraft
with GTK’s Three-In-One airborne system (i.e. simultaneous measurements of the earth’s magnetic field, radioactivity and
electrical conductivity). The survey started as a geological mapping for mineral exploration, but in recent years airborne data
have been used successfully especially in environmental applications related to landfill, groundwater and soil contamination.
The paper presents two studies where GTK s airborne data have been successfully applied for environmental purposes. The
first example is from Ammassuo, south Finland, where GTK has carried out landfill monitoring using airborne geophysics.
The airborne measurements conducted four times over the Ammissuo municipal landfill. The second example is from
Maintyvaara landfill, north Finland. An increased electrical conductivity outside the landfill was discovered during routine
mapping flights.

GTK’s three-in-one airborne system is efficient and fast method to locate possibly leakages at landfills. It helps to focus the
more detailed investigations (i.e. ground geophysics, sampling and chemical analyses) to the most suitable locations. Inter-
pretation of bedrock linear features using airborne total magnetic field maps is useful tool for detecting possible path of leak-
ages. The electromagnetic out-of-phase component is the most sensitive parameter to observe slight changes in conductivity,
but also other measured parameters can utilized.
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Abstrakt. Od 1972 roku Stuzba Geologiczna Finlandii podejmuje badania geofizyczne na niskich wysokosciach i obecnie
systematyczne dane obejmuja wigkszo$¢ obszaru Finlandii. Prace badawcze prowadzone byly z uzyciem samolotu wyposa-
zonego w instrumenty geofizyczne z systemem GTK Trzy-w-jednym (tzn. jednoczesne pomiary pola magnetycznego Ziemi,
radioaktywnosci i przewodnosci elektrycznej). Badania rozpoczete zostaty jako kartowanie geologiczne w celu poszukiwa-
nia zt6z, przy czym obecnie dane lotnicze uzywane sa z powodzeniem w zastosowaniach srodowiskowych w odniesieniu do
sktadowisk, wod podziemnych i kontaminacji gleb.

Praca prezentuje dwa przyktady pozytywnego zastosowania danych lotniczych GTK do celow srodowiskowych. Pierwszy
przyktad pochodzi z Ammissuo, na potudniu Finlandii, gdzie GTK przeprowadzato monitoring sktadowiska przy uzyciu po-
wietrznej geofizyki. Pomiary przeprowadzano czterokrotnie nad miejskim sktadowiskiem Amméssuo. Drugi przyklad po-
chodzi ze skladowiska Mintyvaara, na polnocy Finlandii.W trakcie rutynowych lotéw kartograficznych wykryto
podwyzszong przewodno$¢ elektryczna na zewnatrz sktadowiska.

System GTK jest wydajna i szybka metoda lokalizowania mozliwych przeciekow na sktadowiskach. Pozwala ukierunkowac
szczegotowe badania w najbardziej istotnych miejscach (tzn. geofizyka gruntu, oprobowanie i analizy chemiczne). Interpre-
tacja struktur liniowych podloza przy uzyciu powietrznych map calkowitego pola magnetycznego jest uzytecznym na-
rzedziem $ledzenia potencjalnych $ciezek wyciekéw. Elektromagnetyczna sktadowa pozafazowa jest najczulszym
parametrem obserwacji niewielkich zmian przewodnosci, ale moga by¢ uzyte rowniez i inne parametry.

Stowa kluczowe: powietrzny, geofizyka, elektromagnetyczny, srodowisko, sktadowisko, wyciek.

! Geological Survey of Finland, P.O.Box 96, FIN-02151 Espoo, Finland; e-mails: jaana.lohva@gtk.fi, tarmo.jokinen@gtk.fi, jouko.vironmaki@gtk.fi



106 Jaana Lohva et al.

INTRODUCTION

Finland is one of few countries in the world to have under-
taken a modern nation-wide airborne geophysical survey of its
territory. Since 1972 the Geological Survey of Finland (GTK)
has carried out low altitude geophysical surveys. Today system-
atic survey data cover the majority of Finland and the project will
be finished in 2008. The survey started as the geological map-
ping for mineral exploration, but recent years the airborne sys-
tems has been used more for environmental applications.

GTK has conducted many aerogeophysical studies of land-
fill areas in Finland. The Three-In-One airborne system (i.e. si-

multaneous measurements of earth’s magnetic field, radioac-
tivity and electrical conductivity) gives a detailed information
of large areas. The unit cost are low and it helps to focus more
detailed investigations (ground geophysics, sampling and
chemical analyses) to the most suitable locations.

In the present paper two examples are presented. The first
example is Ammissuo, a large modern municipal landfill of
Helsinki region, where the arrangements are up to date. The
second example is Méntyvaara landfill in Rovaniemi, north
Finland. It is an example of the old hazardous landfill.

MEASUREMENTS

GTK has been operated with two aircrafts, Twin Otter and
Cessna Caravan. The airborne geophysics survey with fixed
wing aircraft Twin Otter are jointly carried out by GTK and the
British Geological Survey (BGS). This Joint Airborne-
geoscience Capability (JAC) provides data for national strate-
gic science programmes and surveys for third parties. The pres-
ent geophysical equipment installation consists of four fre-
quency electromagnetics, magnetic gradiometer and 256 chan-
nel radiometrics (Fig. 1) The fixed wing survey aircraft Cessna
caravan has been used in the Finnish national mapping pro-

flight altitude is usually 30-40 metres and the line spacing is
200 metres, but in specific measurements even spacing of 50
metres can be used. More about GTK 's three-in-one system is
in presented by Airo ( 2005).

Using the three-in-one airborne system to locate possible
leakages from landfills can be seen in different aspects from all
three components. The electromagnetics indicates an increased
electrical conductivity. The electromagnetic measurements us-
ing multi frequencies are most suitable for a classification of
environmental effects. The electromagnetic out-of-phase com-

Fig. 1. Twin Otter aircraft with three-in-one aerogeophysical system

gram and for numerous surveys for clients in Finland and
abroad. The standard assembly is dual frequency electro-
magnetics, magnetometer on tail stinger and 256 channel
radiometrics. In systematic nation-wide airborne surveys the

ponent is particularly sensitive to detect small changes in con-
ductivity (Lohva et al., 1999). Magnetic data indicate metallic
waste and constructions. Using radiometric data, the changes
in moisture and the soil thicknesses can estimated.

THE AMMASSUO LANDFILL

Ammiissuo is a large municipal solid waste landfill of the
Helsinki region in southern Finland. An operation of the land-
fill began in 1987. The landfill is built on the bedrock compris-
ing a highly resistive Fenno-Scandinavian granitic shield. The
bedrock has been isolated by plastic covers. Ground and sur-

face waters are monitored regularly. An aerial view of the
Ammiissuo landfill is shown in Figure 2.

The Ammissuo region has been mapped four times by
GTK. The first airborne survey in the Amméssuo area was con-
ducted as a part of the systematic mapping program in 1984,
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Fig. 2. Aerial view of the Ammassuo municipal
solid waste landfill

before the beginning of the landfill operation. Then the flights
were repeated in 1993, 1997 and 2003. The 1984 measure-
ments were made using 200 m line spacing, while later flights
were carried out in 100 m line spacing.

Regional airborne total magnetic field maps have been used
to interpret linear features of the bedrock. The lineaments sup-
port a detection of possible path of leakages. The airborne total
field magnetic maps (Fig. 3) from the Ammissuo area cover
the history of the landfill activity. In 1984 this area was in a nat-

ural condition. The measurements conducted in the period
from 1993 to 2003, i.e. after the operation began, show how the
magnetic data indicate an amount of metallic wastes as well as
human constructions.

The airborne electromagnetic out-of-phase component is the
most sensitive parameter to observe slight changes in conductiv-
ity. The airborne electromagnetic out-of-phase component maps
from the Amméssuo landfill are shown in Figure 4. The 1984 re-
sults illustrate the natural state of the site before the landfill was
established. It outlines the wet marshlands from generally resis-
tive environment. Roads and a border of the landfill are marked
to the map as they are nowadays. The 1993 airborne data have
been used for selecting locations for further ground surveys and
monitoring wells. The ground geophysical measurements have
been carried out to verify the airborne anomalies, as well as to
study the accuracy of the geophysical methods detecting landfill
contamination (Lohva ef al., 2001; Vanhala ef al., 2000). In all
three airborne measurements, after the landfill’s operation be-
gan, the heap of the domestic waste appears as a high conductive
anomaly. The landfill anomaly follows quite precisely the
boundaries of the filling area. The airborne electromagnetic
anomalies outside the landfill illustrate the wet marshlands and
relatively small clay deposits. The conductivity anomaly north
of the landfill is a separate soil dump site of the city of Espoo.
The conductivity changes that might reflect the landfill impacts
located southwest of the landfill. The groundwater is monitored
by sampling and laboratory analysis and so far there is no indica-
tion of a groundwater contamination.

1993

L

Fig. 3. The airborne total magnetic field maps from the Ammaéssuo landfill
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1997

Fig. 4. The airborne electromagnetic out-of-phase component maps from the Ammaéssuo landfill

Purple colour indicates a strong electrical conductivity
THE MANTYVAARA LANDFILL

The Méntyvaara landfill (the city of Rovaniemi, innorthern ~ Méntyvaara municipal landfill was the first case in Finland,
Finland) was established in 1965 for municipal wastes, but ~ where the airborne electromagnetic data were used for map-
hazardous wastes were dumped there without control until  ping of contaminated areas (Sutinen et al., 1994). An increased
1984, when the landfill was closed (Hannula, Lanne, 1995).  electrical conductivity south-east of the landfill was discovered
The landfill was established on a bog. The study over the during routine mapping flights in 1992 (Fig. 5). The salts,

Fig. 5. The airborne electromagnetic out-of-phase component map from the Mantyvaara landfill
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which were dissolved from the waste, are the reason for electri-
cal anomaly (Jokinen and Lanne, 1996). Geophysical and geo-
chemical ground measurements were carried out confirming

the airborne anomaly and showed the increased conductivity
and concentrations of inorganic and organic contaminants.

CONCLUSIONS

The GTK’s three-in-one airborne system is an efficient and
fast method to locate possible leakages at landfills. It helps to
focus more detailed investigations (i.e. ground geophysics,
sampling and chemical analyses) to the most suitable locations.

An interpretation of bedrock linear features using airborne
total magnetic field maps is a useful tool for detecting possible
paths of leakages. The electromagnetic out-of-phase compo-

nent is the most sensitive parameter to observe slight changes
in conductivity, but also other measured parameters can uti-
lized. The environmental impacts can be studied more accu-
rately if repeated measurements are carried out. Then the
changes in the environment can be distinguished more reliably
from the natural conditions.
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