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Abstract

The MARNA Project is developed within the framework of an agreement established between the Spanish
Nuclear Safety Council (CSN) and ENUSA. It consists of two phases, of which the first one has already been
concluded successfully in December 1995. The final objective of the first phase of the project was the elaboration of
the Natural Gamma Radiation Map of Spain on a scale of 1:1 000 000. For the preparation of this map radiometric
data were generated during the thirty years the old National Uranium Exploration and Investigation Plan (PNEIU),
mainly through airborne, car-borne and by foot surveys and those generated within the MARNA Project. Previously,
four pilot maps on the scale of 1:50 000 had been prepared for four radiometric zones of special interest. The total
surface of these four zones add up to about 2500 km2 and 10 000 radiometric data which were used in the elaboration
of the maps. Further were prepared on the scale of 1:200 000: the radiometric Atlas of the Autonomous Communities
of Extremadura and Castilla-Leon which covers an area of 130 000 km2. The radiometric data extracted plus the
generated applicable to such a surface add up to 120 000. This large data base has permitted to verify important
quality controls in the technologies of data extraction and the elaboration of maps on various scales. The goal of the
second phase, initiated in January 1996, is to complete the National Radiometric Atlas on the scale of 1:200 000 of
a similar quality as the one obtained in Extremadura and Castilla-Leon and also to improve the Map 1:1 000 000.
In this paper, the characteristics and more relevant results of the MARNA Project at the end of its first phase are
presented.

1. INTRODUCTION

This report follows on from the one drawn up by the same authors in November 1993 and
which was titled "The Use of Uranium Airborne Survey Data in the Preparation of a Radiometric
Map of Spain", published by IAEA-TECDOC-827, pages 109-125 [13].

In December 1991 the Nuclear Safety Council of Spain (CSN) and the URANIUM
NATIONAL ENTERPRISE S.A. (ENUSA), signed an agreement for carrying out the MARNA
Project with the target of produce the following maps:

A natural radiation pilot map and a dosimetric map, on a 1:50 000 scale, of four particularly
interesting areas of Spain.

A natural radiation pilot map and a pilot dosimetric map on a 1:200 000 scale of two Spanish
regions in which sufficient data are available prior to carrying out the Project.

A natural radiation map and a dosimetric map of Spain on a 1:1 000 000 scale.

The first stage of the MARNA Project was ended in December 1995.

The mesh radiometric cover of one kilometre of Spanish territory, generated by the former
PNEIU, is approximately as shown in Fig. 1.

The Project in general was carried out in accordance with the forecast chronogram, and the
pre-established objectives were achieved [13].
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FIG. 1. Map of Spain with air-borne survey (PNEIU)

A notable feature of the first stage of the Project was the extent of university collaboration
since, in addition to staff from ENUSA and CSN, eleven lecturers and several scholarship holders
from various universities and departments, mainly Geology, Physics, Computer Science and
Surveying, took part. Ongoing validation work on techniques and methodology has been carried out,
and this is expected to be continued throughout the second stage of the MARNA Project.

2. BASIC PROBLEMS REGARDING THE MARNA PROJECT

Bearing in mind the size of the Spanish airborne radiometric cover (around 275 000 km2), as
well as the varying nature of the apparatus used, the first problem was how to solve the relationship
between airborne radiometry (cps) and ground radiometry (juR/h). Once this problem had been
satisfactorily solved the feasibility of the project was ensured.

The ways to solve this problem were as shown in the outline below:

Airborne radiometry -* eU, eTh and eK -» Coefficients -> /*R/h
Airborne radiometry, total counts (cps) -» Coefficients -» /xR/h
Airborne radiometry, total counts (cps) -» point-to-point empirical correlation -* fiR/h
Airborne radiometry, total counts (cps) -» radiometric plateaus-to-air empirical correlation -*
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After various studies had been performed the empirical procedure was chosen with very good
results being achieved both as regards point-to-point correlations and by way of the study of
radiometric plateaus.

Finally, the latter procedure was chosen for operational reasons, among others.

Complementary to this technology, the following were also developed [13]:

Correlations in the air between different kinds of flights:
Hunting Flights — Geodata Flights
Hunting Flights — JEN Flights
JEN Flights — Geodata Flights
Measurements systems:
• Gauging control
• Statistical fluctuation correction
• Correlation between apparatus
Data-extraction systems in the different airborne surveys:
• Statistical control
• Graphic control of data extraction
• Data-processing control
Computing systems
• Map production systems
• Base grid

3. ORGANIZATION OF THE EXISTING DATA BANK

The organization of the existing data bank is summarized in Fig. 2. In accordance with data-
extraction technologies, and with what is laid down in the CSN-ENUSA agreement, data extraction
in the Extremadura and Castilla-Le6n regions reached about 525 per 1:50 000 sheet, the equivalent
of one piece of data per square kilometre. (A 1:50 000 surveying sheet is understood as being a
surface area determined by 20' by 10' meridians and parallels). This meant extracting around 40 000
pieces of data for the Extremadura region Fig. 4 and around 80 000 pieces of data for the Castilla-
Leon region Fig. 1. File organization was carried out in DB3P on the basis of one file per 1:50 000
sheet.

4. THE GENERATED DATA BANK

At the same time as the above operations were being performed a new data bank was being
generated through car-borne and foot surveys Fig. 3.

The car-borne surveys were performed by the University of Salamanca (Dpt. of Geology) and
the basic aims of these were to:

validate the data-capturing system in accordance with the available equipment
fill in the radiometric blanks in the Castilla-Leon region
carry out a radiometric control of certain geological formations.

Although continuous recording was carried out during the car-borne surveys (Mount Sopris
apparatus), the following precautions were taken among others:

They were performed along roads which had not been filled in by allochtonous materials.
In addition to the Mount Sopris a switched-on scintillometer was always carried in the car.
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FIG. 3. Inventory radiometric map of Spain (MARNA Project)



FIG. 4. Radiometric map of Extremadura.

Stops were made on a kilometre basis in order to check the radiometry of outcrops and/or
soils. Measurements were taken at these points, in accordance with the system established,
by means of two correlated items of apparatus and in /xR/h.

The accumulated experience will be described in another publication which is currently being
drawn up. The surveys carried out on foot had a threefold aim:

to extend the number of plateaus studied in Extremadura for the purpose of gauging, in other
provinces, the earth-air correlations established for Extremadura.
Radiometric data capturing in geologically pre-selected areas.
Filling-in of radiometric blanks in areas where few or no radiometric studies had been made.

This data bank meant performing a radiometric control of 150 additional plateaus, as well as
a geological control of 1700 outcrops and/or soils, and it provided radiometric extrapolation in some
areas where it had not yet been possible to perform the necessary radiometric filling-in.
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5. EXPERIMENTS IN DRAWING UP MAPS ON 1:50 000 AND 1:200 000 SCALES

1:50 000 Scale [13]:

The four pilot maps that were made affected the 1:50 000 sheets:

623. Malpartida de Plasencia (overlapping area of Geodata and Hunting flights).
525. Ciudad Rodrigo; 475. Lumbrales; 476. Villavieja de Yeltes.

The later three are located in Salamanca province where Spain's major uranium mines and
radioactive anomalies are to be found.

Approximately 2500 pieces of data were extracted from each sheet. The study of the data
from sheet 623 made it possible to establish the methodology and technology for the air-air
correlations between different types of flights, which was then successfully applied in other parts of
Spain. The study of the other three sheets made it possible to determine:

the data-extraction quality in the base grid [13],

an exceptional quality as regards the reconstruction of 1:50 000 maps with one piece of data
per 0.5 km2.
A good reconstruction of the 1:50 000 sheets for extracting one piece of data per km2

(graphic control). Colour tests were likewise performed for the reconstruction of vectorial
maps and bitmaps.

1:200 000 Scale:

On a 1:200 000 scale the data were extracted with a density of 1/1 km2 in the Extremadura
and Castilla-Leon regions Figs. 1 and 4. For the Extremadura region Fig. 4 we have chosen
1:200 000 Sheet no. H-51 (Caceres) in order to observe how maps drawn up on this scale had
evolved, on the basis of the various radiometric resolutions. In Fig. 5 the geological macroformations
of Sheet no. H-51 may be seen (a surface area equivalent to 4 x 4 1:50 000 sheets, in other words
about 8500 km2). Fig. 6 shows Sheet no. H-51 with resolutions of 1/1; 1/4; 1/9; 1/25 and 1/100 km2.
The images are sufficiently expressive.

On a 1/1 resolution all the macroformations represented radiometrically can be clearly
observed, and even the spread of the Alcantara reservoir may be seen over tens of kilometres. This
radiometric low (lineal anomaly) soon becomes blurred as the map's resolution diminishes where,
with a resolution of one piece of data per 100 km2, only the batholithic forms of Cabeza de Araya
may be seen while granitic stocks and other formations are lost. Likewise in this resolution an
accurate value over water (coloured blue) becomes an apparently uncertain large radioactive
depression. This series of figures shows us that, in order to achieve a good representation on a
1:200 000 scale, resolutions of between 1/1 and 1/9 pieces of data per km2 must be used, at least in
a geological context similar to the one we are involved in.

6. THE NATURAL RADIATION MAP ON A 1:1.000.000 SCALE (Fig. 8)

This map is governed by the following conditions:

Previously acquired experience
The terms of the CSN-ENUSA agreement
The base grid pre-established by the CSN
The isocurves
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On a 1:1 000 000 scale for a pixels representation it is advisable to have as great a resolution
as possible. Such a density is inoperative as far as representing the isocurves map of Spain is
concerned, since there would be so many isocurves for the required intervals of 1 /*R/h that to
actually represent it would be an impossible task.

As regards representations with isocurves (interval of 4 to 20 fiRJh), we saw in the 1:200 000
maps that good representations were obtained even with 1 piece of data per 9 km2. A resolution on
a 1:1 000 000 scale homothetic to the above would in principle have 1 piece of data per 45 km2.
When using a resolution of 1 piece of data/35 km2, Fig. 8, we must be within a good range of
representation on a 1:1 000 000 scale.

Fig. 7 shows a geological scheme of Spain. The main features of which are easily seen in the
National Natural Radiation Map with a resolution of 1/35, Fig. 8. These features rapidly become
blurred with smaller resolutions.

Fig. 9 and Table I show the radiometric histogram of Spain. For this histogram, the most
relevant parameters are the following: Sample size, average, median and standard deviation.

TABLE I. RADIOMETRIC HISTOGRAM OF SPAIN

Sample size 16 744

Average 8.702 828

Median 7.755 145

Standard deviation 3.968 093

7. THE GEOGRAPHIC PROBLEM

Reducing all the units to UTMs was done by means of two programs, one of which was
produced by ENUSA in order to turn cms into UTMs. The other program is the same as that used
by the Technological and Geomining Institute of Spain and the Polytechnic University of Extremadura
for converting geographic units into UTMs and for changing time zones. This unit conversion has
made it possible to homologate the MARNA Project coordinates with those of other bodies for the
purpose of superposing information layers.

8. QUALITY OF THE 1:1 000 000 MAP

Areas with a resolution of 1 piece of data per km2:
These correspond to Extremadura (40 000 km2) and Castilla-Leon, Figs. 1 and 4
(90 000 km2). For these two regions 900 radiometric maps of different types have been
interpreted and/or computerized.

The data corresponding to the base grid (7 per 5 km2) of the 1:1 000 000 map Fig. 8, as well
as for other tests, have been extracted from this data bank.

Areas with a basic resolution close to 1 piece of data per 35 km2:
These correspond to the 145 000 km2 taken up by the areas outside the Extremadura and
Castilla-Leon regions and which have airborne radiometric cover, Fig. 1. The degree of
computerization expected to be achieved by 1996 is equivalent to 1 piece of data per km2.
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FIG. 6. H. 51 Caceres. Radiometn'c map with different resolutions
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FIG. 7. Peninsular geological scheme.
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Rest of peninsular Spain Fig. 1:
The degree of resolution is variable, being around 1 piece of data per 20 km2 in the central
areas, 1 piece of data per 500/1000 km2 in Galicia and the Basque Country and Andalucia and
geological cover in the rest of the northern fringe.

FUTURE ACTIVITIES

From a technical standpoint, all the initial uncertainties displayed by the MARNA Project
have been satisfactorily solved within confidence limits quantified and laid down by the CSN. These
technologies have likewise been validated by various universities.

Abundant additional documentation regarding car-borne surveys has been located in relation
to Galicia. The experience gathered during the 1993 and 1994 surveys, Fig. 3, will be applied to this
documentation.
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The technology devised for the earth-air correlations will be used to interpret former
radiometric flights carried out by private firms in the Ebro valley. The checking and, if pertinent,
modification of earth-air correlations, both as regards the type of flight and geology, and even
topography, may be regarded as being an ongoing activity.

Predictive experiments regarding the radiometric map of Galicia will be performed using the
experience gained in geology/radiometry correspondences and this, furthermore, will soon be the
subject of a new publication.

10. THE MARNA PROJECT-2

In view of the good results achieved during the first stage of the MARNA Project, the CSN
and ENUSA have signed a new agreement to extend the Natural Radiation Atlas for the Extremadura
and Castilla-Leon Regions on the scale 1:200 000 to the rest of Spain. Initially, this project will cover
95 000 km2 and will subsequently be extended to the whole of Spain.

11. CONCLUSIONS

The quality of the technology and methodology used in the MARNA Project have allowed
it to be successfully completed according to what was foreseen in the CSN-ENUSA agreement. The
creation of a specific file and the volume of data will, in the immediate future, make it possible to
generate a large number of multidisciplinary publications, chiefly through universities and bodies
interested in the subject.
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