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OVERVIEW:

The scope of scientific work of the Department is best characterized as Physics of the Earth. Our studies
comprise the physics of the atmosphere, problems of groundwater systems, of outflows of gases (radon and
thoron) from tectonic faults and caverns. We are studying the heterogeneity of rock formations and also
working on problems of the nuclear geophysics. In the greater part of this research methods of nuclear
physics are employed - neutrons as probing particles or radioactive and stable isotopes in tracer
technologies.

Concentrations of F-l l , F-113 and CHC13, CHCCI3, CC14, F-12 and SF6 in Krak6w atmosphere were
measured by gas chromatography (GS). The five-point interpolation-procedure for calculations of week
weight-averaged concentrations of the above-mentioned gases was developed. At the Kasprowy Wierch
Station (Tatra Mts.) the measurement of greenhouse effect gases (CH4, CO2 and SF6) has been continued.

A method for measuring the SF6 concentration in water as a hydrologic tracer was developed for
determining the ages of young groundwater systems. Similar enrichment is being developed for such
potential tracers as freon F-ll and F12. Studies were continued on models for the interpretation of tracer data
and transit time calculations in groundwater systems. Environmental tracer study of the Oligocene aquifer
in the Mazovian basin has been completed. It has appeared that in the Late Glacial the recharge of
groundwater systems in the Mazovian basin was, to a high degree, from paleolakes. Moderate concentrations
of 4He excess showed that the glacial waters cannot be older than those recharged at the end stages of the
Last Glacial.

The heterogeneity of a rock medium as: variable density, occurrence of concretions of high neutron
absorbers etc. have been studied. The influence of the granulation change on the neutron absorption has been
examined. A study of effective neutron parameters of an heterogeneous material containing highly absorbing
centres has been pursued. The influence of the components of new drilling fluids on the interpretation of
neutron logs has been tested. The problem of a proper description of the thermal neutron diffusion
parameters dependent on the energy flux distribution in finite hydrogenous media has been studied.
Granada's synthetic model for slow-neutron scattering has been used. As the valuable result of the research,
the thermal neutron diffusion cooling coefficient in polyethylene has been calculated, using individual
characteristics of the scattering kernel for this substance. The experimental set-up at the pulsed neutron
generator has been equipped with a new-built thermostatic chamber.

Artificial neural network (ANN) applications in petrophysics have been studied:
ANN analysis was applied with success to assess Xa values for the data from Miocene formations near

Tarnogr6d. And also the artificial intelligence methods have been used for appreciation of two different
methods of measurement of thermal neutron absorption cross section Sa. A part of the samples was measured
by first method and the other one by the second method. Using ANN it was possible to detect a systematic
difference of results from both methods on the level of the standard deviation. A later large experiment
consisting of the measurement of all samples by both methods has validated the ANN results.

The semi-empirical calibration method of neutron borehole tools was further developed. The three-layer
case solution, based on diffusion approximation solution of neutron transport equation, does not give correct
results when compared with experimental values. This discrepancy was due to the fact that in the case of
highly absorbing media like iron or boron the diffusion approximation should not be applied for such media.
The calculations of the migration length in the simple three cylindrical layer case with the use of Monte
Carlo codes are studied.

The work focused on the improvement of radon measurement methods in soil (Rn-220, Rn-222) and in
buildings has been continued. The research of the influence of some geological structures (fractures and
faults zones) on radon migration through the ground has been undertaken. New results were obtained
concerning the determination of the average radon concentration from few-day measurements in buildings.

The work on Fast Neutron Gamma Transmission technique for the error reduction in humidity
measurement was pursued.
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Using high energy Monte Carlo code FLUKA the energy spectra and angular distributions of particles
in the collisions of electrons with thick Al, Cu, Nb targets were performed for energies 1, 3, 10, 30, 100 and
250 GeV. Their attenuation in concrete shield was also calculated. The aim of this work is to provide the
shielding designer with simple attenuation formula for quick calculations of the dose.
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Mathematical Methods for the Improvement of Precision in Measurements
Based on Reference Standard

I. Sliwka and J. Lasa

During continuous GC measurements, the amount of the analysed compound in the air sample is
determined by the comparison of its peak area (P) to the peak area F(W) of the standard of amount w which
is achieved by a chosen interpolation method and the injection strategy of the standard-air samples:

P
C = r r X W . (1)

F (W)

The simplest method of the calculation of function F(W) is to take the average value of standard peak
areas for given working time, e.g. for 24, 12 or 6 hours (methods 1, 2 and 3). Another simple method is the
one-point test in which the value of the function F(W) is directly equal the area of the peak of the standard
placed near the peak area of the sample (method 4). In the two-point Newton interpolation method
(method 5) [1], the average value of two standard peak areas adjacent to the air peak area of the analysed
sample is used. In other two methods, the calculations of the functions F (W) are performed according the

three-point and five-point Lagrange method (methods 6 and 7) [1].
A single measurement of the concentration (c) using presented methods has its individual error Ac. That

error can be calculated from the relation:

r -1+ rx
^ w

(2)

where expression Aw/w specifies a relative error of the standard, AP/P2«+2 specifies relative error of peak
areas measurements, a(R)/R presents relative error connected with stability of detection sensitivity of the
measured system. The parameter r takes values:

V24/24, Vl2/12, 46/6, 1, V2/2,
V i = l K 1=1

respectively to methods from 1 to 7.


