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Abstract

During a period of over 40 years an enormous amount of U exploration data has been accumulated. If
specific requirements are met, this data can be reprocessed and used very efficiently for environmental purposes.
Many IAEA Member States, where U exploration was carried out, are interested in using the data they possess for
such purposes. The major difference is that the data is now intended for institutions that are engaged in environmental
studies and not in uranium exploration. Moreover, the general interest of the public cannot be neglected. Therefore
the data has to be presented with great care where different types of maps are probably one of the most significant
forms. An important segment of the whole process is certainly computer data processing. Many countries have already
carried out this process with the use of specialized software and modern hardware. Unfortunately many IAEA
Member States — government institutions engaged in uranium exploration - are not equipped with the adequate
(expensive) hardware and software and very often do not have the funds for this. The presented paper deals with some
practical aspects of computer data processing from the initial data input (database) phase to the production of maps
but with "general purpose" software that can be acquired with a minimum of expenses. It is worth mentioning that
the IAEA has supplied many Member States with software and hardware that can be used immediately for this
purpose. Preliminary processing and presentation of uranium exploration data for environmental purposes, with the
available hardware and software, would certainly be of great benefit to the corresponding institutions and the whole
country.

1. INTRODUCTION

Some activities of IAEA in the last few years have been focused on the application of the
existing uranium exploration data in environmental studies [1]. Papers published from the Technical
Committee Meeting held in Vienna [2] presented many cases of how uranium exploration data can
be successfully reprocessed and used for environmental purposes. Among other things, several papers
[3,4,5,6,7] include very sophisticated colour maps. All these maps were produced with the use of
specialized software. This paper deals with the possibilities of computer processing of data with
"general" purpose software which is less expensive. Emphasis is on the production of maps. The
main intention is to present different possibilities and not advertise commercial software/hardware.
Therefore no producers or brands are cited. The only exemptions are DOS and Windows, operating
systems and some software that can be obtained for the price of a diskette.

2. PHILOSOPHY

Many countries throughout the world where uranium exploration was carried out are
interested in reprocessing the data and using it for environmental purposes. Beside selection and
reprocessing of the data for environmental purposes, each country in the end will be faced with the
problem of computer processing. If it possesses the adequate hardware and software then this is a
relatively easy process. However, if it does not have these possibilities it will face a problem that can
be solved in several ways:

Purchase all the necessary hardware and software and train the staff to use it. Unfortunately
many countries or government organizations and institutions do not have the adequate funds
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for such purposes. This is, beside being expensive in the short run, a process that can last
several years.

Give the data to some other country or institution to process it for them. It should be pointed
out that many countries or institutions will be unwilling to give the data to some other party
to process. There are two basic reasons:

a) In some countries the data is still considered as confidential;

b) financial reasons.

Request assistance from the IAEA; which is not always successful.

Do nothing ! The worst solution.

Process the data with the available software and hardware and eventual minimal purchase of
both.

During the last decade IAEA has equipped many Member States with hardware (PC
computers, printers, plotters, digitizers, etc.) and software (database, mapping, digitizing, etc.) for
computer processing of uranium exploration data. What is more essential it has trained the local staff
to use it efficiently. The hardware, software and very valuable knowledge can be used for the (initial)
reprocessing of the uranium exploration data for environmental purposes. It can be presumed that
once these results are presented it would be much easier to obtain funds for further work in the field
of environmental protection.

In general, the necessary steps for the use of uranium exploration data for environmental
purposes can be divided into two phases:

1st phase: preparation of the data, which includes:

selection of the data suitable for further processing
standardization, back-calibration, e.g. carry out all the necessary
steps to make the radiometric data suitable for environmental
purposes

2nd phase: computer data processing:
database management
statistical data analysis
production of different "environmental" maps with or without a base
map.

3. DATABASE MANAGEMENT

The corner stone of any serious computer data processing is a well organized database. Beside
coordinates, radiometric and geochemical data, other relevant information (such as Rn in soil,
geology, soil type, etc.) should be included.

In general the following steps are required:

formation of a new database, or
upgrading of the existing database to meet the current demands
input of the data, very often accompanied with digitizing of the coordinates,
import of data from other sources (data files on diskettes, tapes, etc.)
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A large variety of database software for mini — mainframe and PC computers is available
on the market. The prices for the two former are many magnitudes higher than for the PCs. The
complexity of database software for large computers will not be elaborated here. Today's database
software for Windows is much more powerful then the DOS versions from just a few years ago. One
of the main advantages is the enormous difference in speed. This means that much larger sets (with
the adequate hard disk capacity) of data can be processed, such as airborne survey data. Beside being
faster, Windows software is much more flexible and "user-friendly", enabling relatively easy
formation of a complex database. One additional advantage is that the data can be transferred directly
to other software (spreadsheet, statistical, mapping, etc.) for further processing. This software can
also be used to perform all the necessary mathematical transformation to convert the radiometric data
(cps, ppm, etc.) into the adequate radiation units.

4. DIGITIZING SOFTWARE

One of the crucial steps in the formation of a database is the measurement and input of
coordinate data. Digitizing of the coordinates is important in cases of random sampling —
measurements, like regional gamma-ray spectrometry, etc. Software that can be used for digitizing
the coordinates is numerous and in most cases inexpensive. Prices range from the price of a diskette1

to several hundred dollars for commercial software. Several techniques of digitizing — data input can
be used. This will depend on whether the data is to be transferred to a database or used directly for
further processing. If the resulting ASCII data file is well organized the data can be converted —
(imported) into a database file and linked with the main database that contains the rest of the
(analytical, geological, etc.) data.

5. STATISTICAL DATA PROCESSING

This phase represents an important segment of the whole process. Software for statistical data
analysis is numerous and ranges from share-ware to commercial software costing up to approximately
US $1000. However, one very important fact has to be emphasized. Some of the very "sophisticated"
commercial software can process only a limited amount of data (approximately in the range of several
thousand rows). If matrix operations are needed (for correlation matrices, etc.) the situation is even
worse. This automatically excludes processing larger data sets such as car-borne and airborne. As a
substitute, database software can be used to determine the basic statistical parameters such as the
mean, standard deviation, etc.

6. PRODUCTION OF MAPS

Maps containing information on the radioactivity levels, content-distribution of (toxic)
elements, etc. in certain regions are probably the ultimate goal in this whole procedure. Uranium
exploration geologists have been engaged in studying the behavior, distribution and migration of
uranium, thorium and other elements in nature and representing these phenomena in the form of
maps. It is not to pretentious to claim that geologists are the most qualified in this field. Physicist,
chemists and other scientists generally engaged in laboratory work (or better to say constricted to a
laboratory environment) simply lack the experience for this.

It should be made clear that now these maps and data in general are not intended (only) for
geologists. The major difference is that the data will also be used by institutions that are engaged in
environmental studies and not uranium (geological) exploration. Also, these maps are now of general
public interest and if not prepared and interpreted adequately they can cause considerable

The USGS program GSDXY [8] can be obtained very easily for the price of a diskette and is quite
sufficient for this purpose.
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misunderstandings or even problems. The impact (social, economical, etc.) of these maps has to be
taken into account. This is not directly the problem of the geologist, it is more an obligation that the
maps are correct in all aspects and understandable even to the layman..

Most of the software for drawing maps uses a gridding technique. Gridding produces a
regularly spaced array of Z values from (in most cases) irregularly spaced XYZ data. Contour map
plots require the regular distribution of data points in grid files. The term "irregularly spaced"
implies that the points are randomly distributed over the extent of the map area meaning that the
distance between data points is not consistent over the map. When the XYZ data is randomly spaced
over the map area, there are many "holes" in the distribution of data points. Gridding fills in the
holes by extrapolating or interpolating Z values in those locations where no data exists. Large areas
without data can be excluded with the use of blanking files. These files can be prepared with a
digitizer.

The filling of holes can create considerable problems. Special care has to be taken for large
scale maps covering areas where the geology, contents of U, Th, K and other elements vary
considerably. A hypothetical case is presented on figures 1 and 2. The area is represented with two
different rock units that have a considerable difference in the U, Th and K content, resulting in a
significant difference in the total radioactivity. This fact is well known to all geologist, but is this
clear to other scientists and to the public? A map created without the intervention of a geologist is
shown in Fig. 1.

Because of the random and insufficient sampling density the high level contours "protrude"
into the area with low radioactivity. This phenomenon of poor "resolution" of the computer
techniques is something normal to the geologists. Rarely did he bother to carry out further surveying
in the (contour) zones over a rock unit for which he knows that is not uranium bearing. However in
the case of environmental maps this problem is important. The map in Fig. 2 is based on the same
data but with the intervention of a geologist. The data was processes two times: once for the high
radioactivity rock and the second time for the low one. The maps were then joined and printed or
plotted as one. Clearly the map in Fig. 2 is a much more realistic presentation of the radioactivity of
the region.

Figure 1. Map created without the Figure 2. Map created with the intervention
intervention of a geologist. Units arbitrary of a geologist. Units arbitrary
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A very important detail of all "ecological" maps is a base map with different geographical
details such as roads, rivers, buildings, etc. A base map can be prepared with a digitizer and CAD
software. The price of commercial software ranges form several hundred to several thousand dollars.
The less expensive ones are quite sufficient. A base map can also be prepared with the use of a
scanner. In general this will be limited to size A4 because of the high price of larger scanners.

Once the contour and base map have been prepared they can be exported and combined
together with graphical processing software. The price of this software is in the range of several
hundred dollars. In this phase different details can be added, such as text, symbols, etc. Depending
on the mode of output (printer or plotter) the whole preparation procedure will be somewhat different.

The final process — a hard copy of the map — can be produced in two ways: printing (with
a B/W or colour printer) or plotting (single to multi pen plotter). When using a B/W printer the
contour zones can be "coloured" in different shades of gray. Tests have shown that gray shading with
a dot matrix printer is not very applicable because of the small number of shades (zones) that can be
distinguished by the human eye. Additionally, a large part of the base map details can be lost
(overprinted). Also this type of map is not very pleasing to the observer. The use of a B/W ink-jet,
bubble-jet or laser printers somewhat increases the quality of the map and the possible number of gray
tones. Best results are achieved with a (fairly inexpensive) colour ink-jet printer. The contours can
be coloured without a loss of the base map information. When using a printer the maximum size that
can be printed is A3. If larger maps are needed it is possible to print the map in segments and join
them together.

Beside printing the maps can be plotted. In case of multi pen plotters the contour lines can
be in different colours. Filling of the contours is possible but an enormous amount of plotting time
and pens is needed. The size of the plotted maps will depend on the size (and price) of the plotter
which varies from A4 to AO. If the (combined) map is prepared for plotting then the base map of the
area can be included by plotting in two phases: first the contour map and then, without removing the
paper, the base map (or vice versa). The shift of the plotter is so small (generally less then 0.5 mm)
that it is not noticeable.

8. PRACTICAL EXAMPLE

A volcanic massif in Serbia was covered with a regional gamma ray spectrometric and
geochemical survey. The surveyed area was approximately 200 km2. A total of 110 gamma-ray
spectrometric measurements were made. For the geochemical survey 390 stream sediment samples
and 380 heavy mineral samples were collected and spectrochemically analyzed for 30 elements. All
the data was already available in ASCII format but without coordinates. This data was chosen as
suitable for further processing.

The procedures for all three maps were practically the same:

Database software was used to prepare the database which consisted of tables for the
coordinate data, gamma-ray spectrometry measurements, analytical data for the stream
sediments and a table for the heavy mineral analyses. All the analytical data was imported
into the database files. The eU, eTh and K content were converted into exposure rate [1].

The coordinates of the sampling points were digitized. The resulting ASCII file was imported
into the database file for coordinates and linked with the adequate table(s) in the database. The
sample number was used as the key field for linking.

The base map (major streams and roads) was digitized with the use of a CAD program. The
USGS program GSDRAW [9] could also have been used for this purpose.
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The borders of the area were digitized with GSDXY [8] and prepared as a "blanking file".

The selected data (with a query) was transferred from the database to an ASCII file.

With mapping software three different versions (files) were prepared:

a. contour (B/W) map for a dot matrix printer
b. colour contour map for plotting
c. filled contour map for a colour ink-jet printer.

Statistical data analysis was carried out and a distribution histogram was prepared.

All three maps and the histogram file were exported into a graphical program and combined
with the base map.

Adjustments of the colour scale were carried out on the colour contour map and histogram.
The maps were printed — plotted.

Three versions of the resulting maps are presented in Figs 3, 4 and 5. All maps were
produced with the same PC computer and software, only the hard copy device was changed.

Geoinstitut
Beograd
Yugoslavia

Contours:

Exposure rates in pR/h

FIG. 3. Map printed with a nine pin dot matrix printer.
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Exposure rates In £RAi

11-13
13-15
15-17
17-19
> 19

FIG. 4. Map plotted with a multi pen plotter.
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Geoinstitut
Beograd
Yugosiavia

or

FIG. 5. Map printed with an ink jet colour printer.
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For the map in Fig. 3 a nine pin dot matrix printer was used to produce a contour map. It
is obvious that the map is of poor quality. For the geologist this is often more than sufficient, but
certainly not for public presentation.

The map in Fig. 4 was plotted with a multi pen plotter. It is obvious that the quality of the
map is much better for public and other purposes.

Finally, the map in Fig. 5 was produced with a colour ink-jet printer. Evidently this map is,
considering the quality, esthetics impact and clearness, very close to the maps produced with much
more expensive software and hardware2.

9. CONCLUSIONS

As demonstrated, it is possible to process uranium exploration data for environmental
purposes with software and hardware that is relatively inexpensive and easy to use. What is more
important many IAEA Member States already posses most of the necessary hardware and software.
The speed of processing will depend on the hardware, the complexity of data processing and map
drawing on the software, but the final quality of the maps will depend on the type (price) of the
printer or plotter. It should be pointed out that in most cases the only additional investment for
producing colour maps is a relatively inexpensive ink-jet colour printer.

This is why the IAEA should encourage Member States — government organizations — who
are not sufficiently equipped with "modern" computer data processing to start this process with the
available hardware and software. Preliminary processing and presentation of uranium exploration data
for environmental purposes would certainly be of great benefit for the corresponding institutions and
the whole country.
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