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Aerial survey is being used in Poland as a technique 
for locating and identifying archaeological sites. By 
mapping evidence from aerial photographs taken 
from diff erent altitudes over a wide area, impres-
sions of past landscapes (Fig. 1) and single 
archaeological features (Fig. 2) can be formulated.

Field walking combined with magnetic measure-
ments (Fig. 3), (Fig. 4) is the next stage of survey, 
allowing features detected by air reconnaissance 
to be precisely located and adding archaeological 
material useful for dating recorded sites.

Geo-electric methods with the use of mobile 
measurement systems (Fig. 5) and precise radio-

MULTI-METHODOLOGICAL APPROACH TO LOCATING 

ARCHAEOLOGICAL SITES BY NON-INVASIVE METHODS

controlled equipment (Fig. 6) allows remains that are 
non-visible on magnetic maps (Fig. 7) to be traced. 

By managing records of diff erent kinds of 
archaeological data, we are striving to develop a GIS 
(Fig. 8) system incorporating mapping of aerial and 
ground surveys conducted mainly by non-invasive 
methods.

Fig. 1.

Fig. 2. Fig. 4.

Fig. 3.
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Negative trends in the atmospheric ozone content 
in the mid- and high latitude regions over both 
hemispheres and the anticipated increase in surface 
UV radiance there have triggered numerous studies on 
the variability of total ozone over diff erent time scales.

The Atmospheric Physics Department at the 
Institute of Geophysics has developed a statistical 
model for reconstructing the total ozone fi eld over 
Europe since 1 January 1950. Daily total ozone data 
are required for studies of ozone content variability, 
as an input to radiative transfer models and surface 
UV reconstruction. The model was trained on satellite 
data (the assimilated total column ozone database 
of the National Institute of Water and Atmosphere 
Research, NIWA) over the period 1979-2004. The 
model explains ~80% of variance in satellite total 
ozone. The standard deviation of the relative 
diff erences, observed minus model daily data as a 
percentage of observed data, is ~4% and ~6% in the 
May-September and October to subsequent April 
seasons, respectively. The total ozone values were 
reconstructed backward in time using the regression 
constants derived as a result of the training, time 
series of various atmospheric indices of the 
atmospheric circulation, and the meteorological 
variables. The proxies for the ozone variations were 
taken from the National Centers for Environmental 
Prediction (NCEP)/National Center for Atmosphere 
Research (NCAR) reanalysis database. Optimal 
combination of the proxies is selected using the 
MARS technique. The quality of the database is 
assured by a comparison of the reconstructed total 
ozone with the ground-based data from several 
Dobson stations functioning in the early 1950s 
and 1960s. The long-term tendency, comprising an 
anthropogenic trend and superposed “natural” long-
term fl uctuations, appears almost trendless in the 
period 1950-1980 with a clear ozone decline after 
1980.

The results of the reconstructed fi eld of total 
ozone were used to determine the variability of the 

total ozone trend over Europe for the period 1950-
2004. The trend pattern, which comprises both an 
anthropogenic and a “natural” component, was not 
assumed a priori but derived from a smooth curve 
fi t to the zonal monthly means and monthly grid 
values. The long-term ozone changes are calculated 
separately for cold (October to subsequent April) 
and warm (May-September) seasons. The confi dence 
intervals for the estimated ozone changes are derived 
by block bootstrapping. Statistically signifi cant 
negative trends are found over almost the whole of 
Europe only in the period 1985-1994. Negative trends 
up to −3% per decade appeared over small areas in 
earlier periods, when the anthropogenic forcing on 
the ozone layer was weak. Statistically positive trends 
are found only during the 1995-2004 warm seasons 
over the Svalbard Archipelago. The present ozone 
level is still depleted over many popular resorts in 
southern Europe and northern Africa. For high latitude 
regions an overturning trend could be inferred in the 
last decade (1995-2004), as ozone depleted areas are 
not found there in 2004 in spite of substantial ozone 
depletion in the period 1985-1994.

The results that can be obtained from the model 
are also of paramount importance for the recon-
struction of UV radiation reaching the ground.

[1] Krzyścin J.W. (2008). Statistical reconstruction of daily total 

ozone over Europe since 1950 to 2004. J. Geophys. Res., 113, 

D07112, doi:10.1029/2007JD008881.

[2] Krzyścin J.W., Borkowski J. L. (2008). Variability of the total 

ozone trend over Europe for the period 1950-2004 derived from 

reconstructed data. Atmos. Chem. Phys., 8, 2847-2857.

RECONSTRUCTION OF DAILY TOTAL OZONE OVER EUROPE 

SINCE 1950 AND VARIABILITY OF THE TOTAL OZONE TREND
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Starting in 1997, Central Europe, between the 
Baltic Sea and Adriatic Sea, has been covered by 
an unprecedented series of seismic experiments 
to investigate the Earth’s complex lithospheric 
structure, down to a depth of about 100 km. These 
experiments – POLONAISE’97, CELEBRATION 2000, 

ALP 2002, SUDETES 2003 – have only been possible 
due to a massive international cooperative eff ort. 
This International Consortium consisted of more 
than 30 institutions from 16 countries in Europe and 
North America, i.e. Austria, Belarus, Canada, Croatia, 
the Czech Republic, Denmark, Finland, Germany, 
Hungary, Lithuania, Poland, Russia, Slovakia, Slovenia, 
Turkey, and the United States. The majority of the 

seismic recording instruments were provided by the 
IRIS/PASSCAL Instrument Center in Washington and 
the University of Texas at El Paso (USA). As a result 
of these experiments, a network of seismic profi les 
(Fig. 1A) now extends from the East European Craton 
(east of the Baltic Sea), along and across the Trans-
European Suture Zone (TESZ) in Poland and the 
Bohemian Massif, through the Carpathians, Sudetes, 
and Eastern Alps, to the Pannonian Basin, the 
Dinarides, and the Adriatic Sea (Fig. 1B). Total length 
of seismic profi les in all experiments is about 20 000 
km (Fig. 1).

As refl ected in structures within the Trans-European 
Suture Zone (TESZ), the Alps and Carpathians, the 

HUGE CONTRASTS IN THE LITHOSPHERIC STRUCTURE OF 

CENTRAL EUROPE

Fig. 1A. Location of seismic profi les recorded in Central Europe during POLONAISE’97, CELEBRATION 2000, ALP 2002, and SUDETES 2003 international experiments.

White circles – locations of 295 big shots for generation of seismic waves. Total length of all profi les is about 20 000 km with ca 7000 seismic receiver positions (small black dots). 

Basic seismic profi les for geodynamics of the Central Europe P4 and CEL05.

1B. Simplifi ed tectonic map of the Central Europe. TESZ – Trans-European Suture Zone; HCM – Holy Cross Mountains; MM – Małopolska Massif; USB – Upper Silesian Block



2008Selected Research Findings from the Institutes of the Polish Academy of Sciences

67

EARTH SCIENCES

Bohemian Massif, and the Pannonian Basin (Fig. 1B), 
Central Europe has experienced a complex tectonic 
history that includes three geologically recent 
periods of mountain building due to accretion 
of terranes during the Caledonian and Variscan 
orogenies and the collisional events of the Alpine 
orogeny. When viewed from a larger perspective, 
the Palaeozoic tectonic evolution of Europe involved 
a series of orogenic pulses resulting from the 
collision and suturing of Baltica, Laurentia (the North 
American palaeo-continent), Gondwana (Africa, 
South America), intervening terranes like Avalonia 
and the Bohemian Massif, and transported crustal 
blocks from the supercontinent Pangea.

The TESZ region is a broad zone of deformation 
that extends across Europe from the British Isles 
to the Black Sea region that formed as Europe was 
assembled from a complex collage of terranes 
during the late Palaeozoic. These terranes were 
accreted along the margin of Baltica (East European 

Craton), that was formed during the break-up of 
Rodinia. The tectonic evolution of this region is of 
global importance for studies of terrane tectonics 
and continental evolution.

Examples of results. CELEBRATION 2000 profi le 
CEL05 and POLONAISE’97 profi le P4 are most 
representative for characterizing seismic wave fi elds 
in Central Europe because of their length. The 1420 
km long CEL05 profi le is the longest recorded in the 
CELEBRATION 2000 experiment (Fig. 1A, B). It begins 
in Hungary, crosses the Slovak Republic, Poland, 
and Belarus, and ends in northwestern Russia. The 
southwestern part of the profi le lies in the Pannonian 
Basin. The profi le crosses a tectonically complex zone 
that includes the Carpathians and their foredeep, 
and the TESZ. The northeastern part of the profi le 
crosses the EEC (Fig. 1B). The 800 km long profi le 
P4 is the longest recorded in the POLONAISE’97 
experiment (Fig. 1A, B). The profi le P4 runs across the 
Trans-European Suture Zone almost perpendicularly 

Fig. 2. Seismic structure of the Earth’s crust (upper Fig.) and lower lithosphere (bottom Fig.) along POLONAISE’97 profi le P4 (location shown in the Fig. 1). The profi le P4 runs across 

the Trans-European Suture Zone almost perpendicularly to the edge of the East European Craton. The thick solid lines – layer boundaries; Thin lines – isovelocity contours (in km/s); 

Moho is crust-mantle boundary; Black triangles – shot points along profi le; Thick black and white lines – seismic refl ectors from lower lithosphere (bottom Fig.). Note thin Palaeozoic 

platform crust (ca 30 km), thick crust of the EEC (ca 45-50 km), and thick sedimentary Polish Basin in the TTZ with P wave velocities lower than 6 km/s down to ca 20 km depth.

Vertical exaggeration for the model is ca 5.2.
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to the edge of the East European Craton. Models 
of the Earth’s crust and lithospheric mantle along 
profi les P4 and CEL05 are shown in Figs. 2 and 3. 
Geotectonic interpretation of the CEL05 and P4 
lithospheric models is shown in Fig. 4.

Conclusion: The POLONAISE’97, CELEBRATION 
2000, ALP 2002, and SUDETES 2003 seismic 
experiments provide signifi cant new data about 
the structure and tectonic evolution of Central 
Europe. As is always the case, it takes an integrated 

geological and geophysical analysis to interpret the 
velocity models that result from such experiments. 

In the case of the P4 profi le region, we cannot 
claim to resolve the debate about how far the 
thinned crust of the rifted margin of Baltica extends 
under Germany. However, profi le P4 reaches the 
north-west margin of the Bohemian Massif (Fig. 2), 
and the velocity models do not require that the 
remnants of Baltica extend far beyond the Polish 
Basin. In the case of profi le CEL05, the north-dipping 
elements of the model in the vicinity of the margin 
of Baltica indicate a rather sharp termination of the 
lithosphere of Baltica. We suggest that this geometry 
is due mostly to Variscan and/or Mesozoic collision 
along an abrupt margin that formed during the 
breakup of Rodinia. To the south, it is hard to argue 
against Moho geometry being primarily due to late 
Cenozoic extension in the Pannonian Basin region. 

When all the individual results are completed 
and integrated, these experiments will provide an 
unprecedented 3-D image of the evolution and 
assembly of a continent.

Fig. 3. Two-dimensional P wave velocity model of the Earth’s crust for CELEBRATION 

2000 profi le CEL05 (location in Fig. 1) derived by tomographic inversion of P wave fi rst 

arrival travel times (upper Fig.) and by ray-tracing modeling (bottom Fig.). Thick solid 

lines – layer boundaries; Thin lines – isovelocity contours in km/s; Moho is crust-

mantle boundary; Black triangles – shot points. Topography along the profi le is shown 

at the top of the model. Note the very thin Pannonian crust (ca 25 km), thick crust 

of the EEC (ca 45-50 km ), and the thickest crust in the investigated area in the TESZ 

(ca 52 km depth at a distance of 620 km). Carpathians and TESZ sedimentary basins 

with P wave velocities lower than 6 km/s down to 10-20 depth were found. Vertical 

exaggeration for the model is ca 6.8.
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Fig. 4. Tectonic interpretation of the Transition from East 

European Craton to Trans-European Suture Zone (TESZ) and 

Variscides along profi le P4 (A) and from East European Craton to 

Carpathians and Pannonian Basin along profi le CEL05 (B).

(A) Abrupt transtentional margin (gray bar) where the 

southwestern extent of Baltica lithosphere is minimal. POS – 

postorogenic sedimentary sequence, OS – orogenic sedimentary 

sequence; RPS (pull-apart) sedimentary sequence.

(B) Collisional model involving “old” northward subduction 

zone (white arrows) of the Pannonian lithosphere under East 

European Craton in the Jurassic – Early Cretaceous (Książkiewicz, 

1977) or by the end of Jurassic, ca 140 Ma (Golonka et al. 2003), 

and thinning of the Pannonian lithosphere due to extension 

and high heat fl ow (black up-directed arrows), and “young” 

southward subduction (black down-directed arrow) or rollback 

(white twisted arrow) in the Tertiary (Miocene) in the Pieniny 

Klippen Belt (PKB). MM – Małopolska Massif.  
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PORCUPINE UNDERWATER RADIOMETER SYSTEM

This instrument is capable of taking measure-
ments of underwater light distribution with high 
frequency and sensitivity. It was designed to address 
specifi c objectives in an international project, which 
include measuring and quantitatively characterizing 
the wave-induced variations in the underwater 
radiance fi eld under various sea-surface boundary 
conditions.

The instrument is based on the concept of 
multiple sensors mounted in a unique geometry to 
ensure measurements of radiance as a function of 
zenith angle Θ within a given azimuthal plane Φ. The 
basic setup includes 22 radiance sensors distributed 

within two azimuthal planes that are perpendicular 
to one another, and one irradiance sensor oriented 
vertically. 

The radiance sensors are based principally on 
a Gershun-tube design and have fast response 
enabling sampling of the underwater light fi eld 
with a frequency of up to 2 kHz. This is a unique 
feature because typical radiometers used today in 
oceanographic research do not satisfy requirements 
for such high-frequency measurements. Each sensor 
is equipped with collimating optics, an interference 
fi lter, a custom-built photodiode detector with 
appropriate parameters for our purposes (made 
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by the Institute of Electron Technology in Warsaw), 
and with the innovative amplifi ers. The modular 
construction of the whole instrument and as well 
each of the radiometers renders it easy to change 
the fi eld of view, optical fi lters, or to change from 
irradiance to radiance measurements by install-
ing a diff user (depending on actual demands). 
A logarithmic amplifi er applied in the radiometer 
allows a dynamic range of about 106 to be achieved. 
In addition, the underwater unit is equipped with a 
depth sensor and temperature sensor (for photodi-
ode dark current control and correction). There 
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are also tilt, roll, and azimuth sensors (electronic 
compass) plus a rotator, with a fi n attached, to 
control the spatial orientation of radiance sensors 
with respect to the azimuthal direction.

Weight: 50 kg
Dimensions: diameter 70 cm, height 60 cm
Depth range: 0-100 meters
Radiometers fi eld of view: 4-12 deg (depends on 
the applied aperture)
Maximum sampling rate: 2 kHz (for each sensor)
Dynamic range: ~ 106
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DESAMBEM is a methodology for using satellite 
data to determine characteristics of the Baltic 
ecosystem, such as distribution maps of surface 
temperature, irradiance, upwelling currents, phy-
toplankton blooms, photosynthetic pigment con-
centrations, and primary production. It harnesses 
the new opportunities off ered by remote sensing 
techniques and illustrates the considerable 
superiority of these techniques over traditional 
in situ monitoring methods.

Remote sensing of characteristics of the Baltic 
Sea ecosystem demands mathematical models 
quite diff erent from those applicable to oceans. 
DESAMBEM takes certain specifi c aspects of Baltic 
Sea water properties into consideration, principally 
the eff ect of allogenic substances on optical proper-
ties and the propagation of PAR irradiance in Baltic 
waters, vertical chlorophyll a distributions typical 
of the Baltic Sea, the absorption capacity of Baltic 
phytoplankton pigments and their characteristic 
packaging eff ect. The application of this model will 
considerably strengthen the diagnostic armory for 
monitoring the state and functioning of the Baltic 
Sea ecosystem.

DESAMBEM was developed as part of a large 
national project “Development of a satellite method 
for Baltic ecosystem monitoring” funded by the 
Polish Ministry of Science and Higher Education, as a 
project which involved the Institute of Oceanology of 
the Polish Academy of Sciences in Sopot, the Institute 
of Oceanography of the University of Gdańsk, the 
Sea Fisheries Institute in Gdynia, and the Institute of 
Physics of the Pomeranian Academy in Słupsk. 

The algorithm consists of three sectors presented 
in a simplifi ed block scheme:

Input data – parameters describing the state of the 
air-sea system: Block D.1 – radiometric measurements 
performed by satellite sensors in the VIS, near-IR, and 
thermal-IR ranges; D.2 – further data on the state 

of the environment, e.g. atmospheric pressure, air 
humidity, wind speed, and wind direction.

Model formulae – mathematical models describing 
the links between: M.1 – directly measured satellite 
data and selected hydrological and meteorological 
parameters of the atmosphere-sea system; M.2 
– parameters of the state of the atmosphere, its 
transmittance, and other optical properties; M.3 
– various hydrometeorological parameters, and 
the state and optical properties of the sea surface; 
M.4 – spectral values of the refl ectance or albedo of 
the sea, and chlorophyll a and the other principal 
components of sea surface water; M.5 – the 
concentration of chlorophyll a at various depths, 
as well as diverse optical properties of sea; M.6 
– parameters of the underwater irradiance fi eld 

ALGORITHM FOR REMOTE SENSING OF THE BALTIC 

ECOSYSTEM (DESAMBEM)

Fig. 1. Block diagram of the DESAMBEM algorithm
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and coeffi  cients of light absorption by algae; M.7 
– underwater irradiance, temperature, and light 
absorption by algae, as well as biotic and abiotic 
factors, the quantum yield of photosynthesis and 
primary production in the sea. The most important of 
these models is a comprehensive bio-optical model 
that takes account of the relationships between the 
photosynthesis of marine algae and a whole range 
of biotic and abiotic factors in the sea.

Calculations – parameters of the atmosphere-sea 
system, determined from the Input data with the aid 
of the Model formulae.

“Satellite” monitoring is much more cost-eff ective 
than the traditional approach, permitting as it does 

Fig. 2. Example of the remotely sensed 

distribution of 4 selected parameters of the Baltic 

ecosystem:

a) Sea surface PAR irradiation

b) Sea surface temperature

c) Surface chlorophyll a concentration

d) Total primary production in the water column

a considerable increase in the number of points on 
the spatio-temporal grid at which the parameters of 
the state and functioning of marine ecosystems can 
be determined. 

The routine implementation of such satellite 
techniques in oceanological practice will enable the 
Baltic ecosystem to be monitored in time and space 
on a practically continuous basis.

Maps of parameters describing the state of the 
Baltic Sea ecosystem can be collected, archived, and 
transmitted to end users (local/state administration, 
self-government units, ecological services, scientifi c 
institutions). Sample maps are available at 
http://www.iopan.gda.pl/desambem.
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This original, novel multi-point hot-wire system for 
velocity and temperature fi eld measurements under 
laboratory and industry conditions has been recently 
developed by the Laboratory of Flow Metrology, 
Strata Mechanics Research Institute. 

Sensors and a complete measuring system 
based on them were developed for the purpose 
of experimental verifi cation of numerical airfl ow 
simulations in laboratories and industrial sites. 
The system is well adapted to adverse conditions: 
non-isothermal and non-stationary fl ows of highly 
contaminated and humid media. A hot-wire 
anemometric system for multi-point measurements 
of velocity and temperature fi elds utilizes sensors 
integrated with the signal processing circuit. An 
array of integrated sensors positioned within the site 
investigated supports a portable, computer-assisted 
data acquisition system, thus enabling simultaneous, 
multi-point measurements of fl ow velocity in the 
given cross-section. The sensors are equipped with 
an original measuring system utilizing a modifi ed 
CTA bridge with temperature compensation. 
Measurements of fl ows are taken with thin-fi lm 
platinum-ceramic sensors operating as anemometric 
and compensating sensors, which represents a 
novel solution. Such sensors off er excellent stability 
in time and temperature measurements and are 
mechanically resistant, which is of key importance 
in the case of hot-wire sensors intended for applica-
tions under industrial conditions. Fast-changing 
velocity fl uctuations are measured with sensors 
having a tungsten wire several micrometers in 
diameter as their sensitive element. The metrological 
properties of such sensitive elements were tested 
under laboratory conditions. Both sensor types can 
be applied in a double-sensor system for detecting 
the direction of fl ow velocity vectors. Such sensors 
and systems potentially have numerous applications 
in fl ow metrology.

System advantages: 
multipoint velocity and temperature measure-
ment

■

velocity vector components and sense measure-
ment
small measurement area
non-intrusive method
probe design enabling dynamic measurements
probes easily adapted to industrial conditions
application of thin-fi lm platinum sensors
multi-wire specialized hot-wire probes
modifi ed constant-temperature mode of 
operation
individual temperature compensation for each 
probe
probe integrated with the signal processing unit
integration of the data acquisition and sensor 
supplying systems

Laboratory and semi-industrial scale of produc-
tion. The measurement system can be tailored 
to individual measurement tasks. Price depends on 
the confi guration of the system: EUR 2500 to 15 000.

■

■

■

■

■

■

■

■

■

■

■

INTEGRATED HOT-WIRE MEASURING SYSTEM
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The provision of the appropriate quantity of clean 
air is a precondition for the safe operation of mining 
crews in subsurface mines. The quantity and quality 
of air is determined by physiological factors and the 
necessity of ensuring work safety. For this reason, it is 
important to ensure the proper measurement of air 
fl ows in mine headings. 

The continuous measurement of the volumetric 
fl ow rate in airways is a complex issue, hitherto 
unsolved in any satisfactory manner. Stationary 
anemometers, located beneath the roof of a 
heading, measure the local velocity and estimate 
the velocity fi eld and volume stream on the basis 
of measurements performed at one point, which 
results in considerable uncertainty. Measurements 
performed using a manual anemometer, too, are 
performed by ventilation personnel applying 
the traverse method, and are characterized by 

considerable uncertainty because no corrections 
are applied to the measurement results and due 
to imprecise estimation of the surface area of 
the heading cross section. Another factor which 
infl uences the precision of air volumetric stream 
measurements is the variability of the velocity 
fi eld during the measurement time, which 
leads to measurement errors – particularly if the 
transverse method is applied. For these reasons, 
it is highly desirable to perform air volume fl ow 
rate measurements using a more precise method, 
so that these results can be used as a reference for 
everyday mine measurements.

The application of numerous simultaneously 
measuring vane anemometers (Fig. 1), located 
at various points of the heading section area, 
in connection with the wireless transmission of 
measurement data to a recording unit and real-time 

SYSTEM FOR ESTIMATING THE VOLUMETRIC FLOW RATE OF 

AIR THROUGH MULTIPOINT VELOCITY FIELD MEASUREMENT 

Fig. 1. Multipoint system of 

velocity fi eld measurement 

(J. Kruczkowski)
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This new system for air volume fl ow rate measure-
ment can be used as a reference measurement for 
verifying the measurements of anemometers in a 
mine ventilation monitoring system, and also for 
verifying the results of measurements performed by 
ventilation personnel using manual anemometers, 
which are characterized by considerable uncertainty.

Data from multipoint measurements of the 
velocity fi eld, which is variable over time, will be 
useful for providing boundary conditions and 
validation of 3D models of air fl ow developed with 
Computational Fluid Dynamics (CFD) software. 

Technical data of velocity sensor:

Type: vane anemometer 
Measuring range: ± 0.2 – 20 m/s
Reduced error of velocity measurement: 0.5%
Measuring head diameter: 100 mm
Frequency of velocity sampling: 1 Hz
Resolution of velocity measurement: 0.01 m/s
Radio frequency: 868 MHz
Maximum output power of radio-modem: 25 mW
E2PROM memory capacity: 1 Gb
Operation time without recharging: 12 h
Mass: 460 g

Technical data of the control and analysis system: 

Band of radio frequency: 868 MHz
Range of transmission in open air: up to 800 m
Range of transmission in mining excavations: at 
least 10 [m] (tested in galleries supported with 
metal arches of 12 m2 cross-section)
Maximum number of wireless sensors: 24
Extensible to other type of sensors: humidity, 
pressure, temperature

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

processing of this data (Fig. 2), makes it possible 
to arrive at a relatively accurate estimate of the 
instantaneous distribution of air velocities in the 
section, and also to calculate the instantaneous 
value of the volume stream. 

The performance of measurement tasks 
is facilitated by the application of innovative 
solutions, such as the suspension of sensors 
(Fig. 3), autonomous power supply from large-
capacity batteries, housings ensuring protection of 
the apparatus during transport, and – in particular 
– a novel wireless connection between the sensors 
and the data acquisition station. The velocity sensors 
are capable of detecting a reversal of the direction 
of fl ow. To improve the protection of measure-
ment data, each of the sensors has been fi tted 
with its own large-capacity memory system, which 
is independent of the operating mode of the re-
maining system elements. It is also possible to attach 
sensors of other mine atmosphere monitoring 
systems, e.g. for temperature, humidity and pressure, 
to the system.

Due to their appropriate construction, the 
anemometers may be used to perform data 
registration in explosion hazard zones; only their 
programing and reading must be conducted under 
hazard-free conditions. 

While measurement is underway, the framework 
may pose an obstruction to local traffi  c and the 
passage of personnel. That is why the framework 
supporting the sensors can be assembled and 
disassembled in a short time. The cross-section area 
and shape is determined by a photogrammetric 
method. 

Fig. 2. Registration of time-variable 

velocity phenomena (J. Kruczkowski)
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Modes of controller operation:
- sequential reading from each sensor in 160 
ms and recording on the controller’s 40 GB hard 
disk,
- synchronous mode with simultaneous 
storage to internal memory of sensors with 
1 Hz frequency
Operation time with internal battery supply: 6 h
Programable timers for 3 diff erent time se-
quences of autonomous recording of data by 
sensors
Measurement data available in real time for all or 
selected sensors
Real time visualization of data on a computer 
screen as graphs and digits
Input of sensor coordinates in measuring plane
Verifi cation of correctness of system operation

Range of supporting framework:
Extensible to 5 [m], covers about 20 m2 (may be 
adjusted)

Due to its unique properties and fl exibility, the 
current version of system was designed for produc-
tion of single units customized to meet user needs. 
The main application is research on time-variable 
fl ow phenomena and fi elds of velocity in diffi  cult 
environmental conditions (such as underground 
mines and tunnels) and precise verifi cation of time-
variable volume fl ow measurements. 

The price of the set of 16 velocity sensors, suppor-
ting frame for 20 m2, and control and analysis system 
is EUR 65 000. The system is copyright protected. 

■

■

■

■

■

■

■

■
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VentGraph is an integrated package of software 
providing ventilation engineers and experts with 
tools for solving complex ventilation problems. 
VentGraph is used to digitally visualize all of a mine’s 
excavation areas, producing a virtual model of the 
mine. This model can be used to simulate ventilation 
processes under both normal conditions and during 
a state of emergency. 

Though VentGraph employs great computational 
power, its development has prioritized ease of use 
and easy interpretation of its output. The software 
builds a database including information about the 
spatial layout of the mine’s ventilation network 
and the parameters characterizing the fl ow of gas 
mixtures. Such data serves as the basis for calculating 
air and gas fl ows under both normal and emergency 
conditions. VentGraph’s “virtual mine” is therefore 
ready to react to any and all situations. The VentGraph 
system has already been implemented at most 
Polish mines and at many foreign ones, including in 
Australia, the UK, the Czech Republic, and the US. 

Numerical simulation of such dangerous phe-
nomena as fi res in subsurface structures, or the 
infl ux of thousands of cubic meters of methane 
and its subsequent migration along the mine’s 
ventilation routes, can aid air quality control and – 
more importantly – ensure that measures are taken 
to minimize the danger before any accident occurs. 
The task of predicting changes in gas concentrations 
under emergency or catastrophic situations is 
diffi  cult, due to the highly dynamic phenomena 
involved. However, it can be resolved through 
numerical simulation describing the functioning 
of the entire mine ventilation system, consisting 
of the excavation areas, junctions, and ventilation 
devices. Such a simulation requires a mathematical 

model to be created, taking account of the physical 
phenomena infl uencing airfl ows in a real mine. The 
initial conditions describe the state of ventilation 
network fl ows just before an event occurs, while the 
boundary conditions specify how the ventilation 
system is impacted by specifi c factors – a rock shift, 
outbreak of fi re, methane infl ux, or fi re-extinguishing 
eff orts. Numerous cases have shown that the Vent-
Graph software, fi rmly grounded in research, is an 
eff ective tool in fi ghting the dangers present in coal 
mines around the world.

A real-life situation: 
On 22 November 2005, a sudden coal outburst 

from seam 409/4 took place in transport gallery 
D-6 of the Zofi ówka mine, with an infl ux of 
15 000 m3 of methane into the excavation. That 
sudden and unpredicted event brought about a 
dangerous situation – an explosive mixture of air 
and methane fl owing along the ventilation routes. 
Precise information about such phenomena is 
crucial for ventilation engineers, especially about
the order and timing in which the mine’s excavation 
areas become fi lled with gas, the methods for 
degassing them, and the stability of the ventilation 
system after the outburst. 

To envisage how the dangerous situation would 
develop, a simulation of the methane outburst’s 
impact on the ventilation system was performed. 
Such a study was possible because the mine 
possessed an up-to-date, VentGraph-standard 
database. The outcome took the form of a map 
of the mine excavation structure and ventilation 
routes, showing where the methane was headed, 
causing a serious threat of explosion. Fortunately, 
the effi  ciently functioning monitoring system turned 
off  the power supply, thus minimizing the risk. 

VENTGRAPH: PROFESSIONAL SOFTWARE FOR ANALYZING 

MINE VENTILATION NETWORKS IN NORMAL AND 

EMERGENCY STATES, INCLUDING SIMULATION OF METHANE 

AND FIRE GAS PROPAGATION
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Modern measurement and computer techniques 
plus inventive ideas for how to use them are bringing 
ever-greater safety to the mining profession, which 
for many centuries has involved an inherent deadly 
risk. Yet the mine accidents which do still occur 
– such as the recent explosion at Halemba, costing 
the lives of 23 miners – demonstrate how much work 
remains to be done. Methane outbursts will still 
occur, especially in coal mines, but simulating such 
events in a virtual mine can minimize the risk of a 
dangerous accident aff ecting real miners.

The VentGraph is a tool for mine ventilation 
experts and engineers. One of its unique features is 
the application of animated computer graphics for 
displaying the development of underground fi res 
and the propagation of hazardous gases. Specialized 
modules assist in the development of a ventilation 
system database and rendering a schematic diagram 
of the network, the basis for the display of results. 
Quality of modeling is verifi ed through on-site 
survey. Multivariant analysis of existing and planned 
systems constitutes the basic scope of VentGraph 
use. Another unique feature of the VentGraph 
software is its module for simulating scenarios of the 

development and suppression of hazards caused 
by fi res and the emission of toxic and explosive 
gases. This module is based on optimal selection of 
mathematical and numerical models concerning the 
phenomena of gas fl ows, the exchange of heat with 
adjacent strata, natural ventilation, fi re dynamics, 
and the operation of inertization devices. Optionally 
VentGraph may operate in a real time connection 
with a mine monitoring system and assist in the 
planning of routes for evacuation. A special version 
considers the interaction of fl ows in galleries and the 
fi ltration of gases in adjacent goaf – voids fi lled with 
rocks crushed due to extraction of minerals. Other 
variants concern the methane drainage network, 
ventilation systems of tunnels, and natural ventilation 
in buildings. VentGraph is also used for teaching and 
training of rescuers. In general, the software has vast 
potential for further development. 

VentGraph is supplied on a CD-ROM disk with a 
printed manual. The manufacturer recommends 
a training session (also in English) to facilitate use 
and provide extended benefi t from the application. 
Depending on chosen options, the price may vary 
from EUR 9500 to 12 000.

VentGraph, Mine Ventilation Simulation Software
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