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Abstract

The use of remote sensing methods in the monitoring of an environment is increasing. The best results are
obtained when various types of exploration methods are available. This paper presents the use of airborne gamma ray
methods, which can be included in a wide scope of works related to environmental problems. It may concern uranium
mining areas, areas surrounding various nuclear facilities or areas of Chernobyl fallout. Gamma ray spectrometry data
can be combined with airborne magnetic, surface gravity and satellite imagery data to obtain maximum information
in data output. Airborne geophysics is able to detect and delineate radioactive contamination and to find important
geological trends defining the geological structure of the monitored area. Our company PICODAS Prague Ltd.
introduces new sophisticated airborne instrumentation as well as up-to-date data processing and data presentation
techniques. In the Czech Cretaceous, a long term project, "The Structurally-tectonic Survey of the South-West
Foreland of the Strai Deposit" has been undertaken, concerning the ecological load on the environment, especially
the pollution of the underground water level horizons due to uranium mining in that area. The major interest is the
complicated tectonic structure which interferes heavily with the hydrogeoiogical situation of the region. The paper
presents the results of airborne surveys and the interpretation of other geophysical data from the surroundings of Straz
pod Ralskem and from Karlovy Vary.

1. INTRODUCTION

The paper refers to airborne gamma ray spectrometry as a useful tool that can be included
in the scope of remote sensing methods while monitoring an environment. In the past this method was
developed for the purpose of geological survey, today it finds numerous applications in monitoring
of radioactive pollution associated with uranium mining, radioactive waste disposal sites, nuclear
processing plants, nuclear power plants and heavy industry. Collected data are used as a special layer
for GIS applications.

For the data acquisition we use new sophisticated instrumentation ENMOS (Environmental
Monitoring System). This system was manufactured by PICODAS Group Inc. and was specially
developed with the intention to speed up survey mobilisation. In the case of emergency the response
is available in the aircraft with the use of real time processing and smart data output. The in house
developed software that controls data acquisition system utilizes GPS navigation and GIS or satellite
image data as a geographical data base for collected data.

The data presented at this conference was processed by PICODAS Prague and World
Geoscience Corporation in Perth. For graphic representation of results we use the software Geosoft
and ER-Mapper. In the next text we will present some part of the data that was collected in Czech
Republic in the years 1992-1996 by Picodas Prague.

2. SURROUNDING AREA OF THE SPA KARLOVY VARY (W BOHEMIA)

This year we performed measurements in the surroundings of the spa Karlovy Vary and we
found that the sediments of the river Rolava are polluted (exposure rate is higher then 15 mR/h) with
radioactive nuclei. This can also be seen in Fig. 1 (illustrating the distribution of 238U). This pollution
must be caused by man made activities.
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FIG. 1. Ternary map. Surrounding area of the spa Karlovy Vary.



Very interesting is also the distribution of U, Th and K (ternary map) of this area (Fig. 2).
This indicates the geology and can help us to understand the relatively complicated tectonic structure
of this area. These structures are typical not only for uranium mineralisation but also for wells of
mineral water.

3. THE AREA OF URANIUM MINE STRAZ (N BOHEMIA)

The results of airborne magnetic and radiometrics in combination with airborne thermometry
and surface gravity prospecting allowed the construction of the structural and tectonic scheme of the
area. The second result was the map of risk zones (Fig. 3). We interpreted three kinds of zones [1]:

type indicates surface pollution of soils caused by uranium mining activity,
type indicates areas of possible communication of polluted water along the tectonic structures,
type is interpreted in the area of relatively deep structures that can involve the communication
of underground polluted water.

The artificial pollution (river Plouenice, mine Hamr, setting pit) is very clear in the BS U
distribution map and in the map of exposure rate (Fig. 4). The thorium anomalies are natural and are
caused by neovolcanic bodies. Combination of residual gravity anomalies together with the first
vertical derivatives of the magnetic field show the third dimension of geological structures.

4. CONCLUSIONS

The above mentioned examples show the capability of ENMOS system for monitoring the
environment. The methodology for the calculation of exposure rate, developed by Picodas and the
Technical university in Prague [2], helps to present the data in the units useful for hygienic review.
The combination of magnetics and radiometrics measurements with additional geophysical methods
allows us to determine both: the risk assessment of the area and to complete the knowledge of the
geological structures.
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FIG. 2. Distribution map of mU. The anomaly around the river Rolava was caused by uranium
industry.
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Map of risk zones (surface soil pollution and pollution of undergrqud
water caused by uranium mining activity). Backround: LANDSAT-TV

FIG. 3. Map of risk zones: 1 (red) — surface pollution; 2 (magenta) —possible communication of
polluted water along the tectonic structures; 3 (blue) — the area of relatively deep structures can
involve the communication of underground polluted water.
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FIG. 4. Distribution map of U. Strdipod Ralskem ~ area of uranium mine; Czech Republic.

TABLE I. COMPARISON OF AREAS (EXAMPLE OF THE MONITORING OF RADIOACTIVE
POLLUTION IN THE CZECH REPUBLIC)

Area

project objectives

key methods
associated methods

deposits

resources
geology

industrial noise

results

pollution caused by

Karlovy Vary

tectonic mapping
magnetics

radiometrics
gravity
BRAWN coal
kaolin

mineral water
sedimentary basins
crystalline complex
high

tectonic scheme
mining activity,
industry

Strai

environmental monitoring
radiometrics

magnetics
gravity
uranium
building stone

water

sedimentary basin
neovolcanic bodies
low

interpretation of risk zones
uranium mining activity
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TABLE n. AIRBORNE SURVEY DETAILS

Area Karlovy Vary Straz

Line spacing 100 M 250 m

Tie lines 500 M 1000 M

Line direction N-S N-S

Ground speed 30 m/s

Sampling interval radiometrics (30 M), MAG (3 M)

Data acquisition system ENMOS 2001

Radiometric sensor Na I (Tl) crystal box, volume 20 1

Magnetometer Caesium sensor, Scintrex CS-2

Sensor height 80-100 M 80-100 M

Navigation differential GPS

When flow 1996 1992, 1993

Aircraft MI - 8 MI - 17, Shirke Commander

Data processing Picodas Prague
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