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in Buda Hills applying combined cluster and discminant analysis

T , UOUI & 3 & Bdwd Document Scientific Work? Preseing Memories for the Semantic
Web
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Satistical evaluation, Multi-correlation)
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excavations with a uniform, real 3D background
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Statistical process <CcoO:
geostatistical S m

*01 16 " AECAO
University of Szeged, Institute of Geography and Geology, Department of Geology and Paleontology,

matska@aqeo.tszeged.hu

This paper deals with a question: how many stochastic realizations of sequential Gaussian and
indicator simulations should be generated to get fairly stable description of the studied spatial
process. The grids of Eype estimations and conditional variances were calculated from pooled

sets of 100 realizations (the cardinality of the subsets increases by one in the consecutive
steps). At each pooling step, a grid average was derived from the correspondingyige grid,

and the variance (calculated for all the simulated values of the pooling set) was decomposed

into a within and a between group variances. The former one used as a measurement of
numerical-uncertainty at grid points, while the between group variance was regded as a tool

to characterize the geological heterogeneity between grid nodes. By plotting these three values

(grid average, within and between group variances) against the number of pooling steps, three
time-series could be defined.

The ergodic fluctuati T O T &£# OEA OOT AEAOOEA OAAI EUAOQOETT O |
OAOEAO8 &0iTi A DPAOOEAOI AO 1 Ach AAUITTA xEEAE O
as being fully controlled by a background statistical process. The number of poolezhlizations

belonging to this step/lag can be regarded as the sufficient number of realization to be
generated. In this paper ARIMA processes were used to describe the statistical process control,

since these models strongly rely on the autocorrelationsgrial correlation). The paper also

study how the sufficient number of realizations depends on grid resolutions.

The method is illustrated on a CT slice of a sandstone core sample.
Key words: statistical process control, arima chart, sequential gaussisimulation, sequential

indicator simulation

1. INTRODUCTION
From in the early 906s considerable amount of

issues of uncertainty. Nevertheless, the issue of the number of realizations

L e s
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required to explore the space of uncertainty and the convergence of the
sequence of growing numbers of realizations have received much less attention.
Goovaerts (1999) proposed an idea of creating subsets of increasing cardinality

through the random sampling of an initial set of 100 respo nse values. For each
subset, descriptive statistics were used to study the impact of the number of
realizations. He found that the extent of the space of uncertainty increased with

the number of realizations, but at different rates depending on the respons e
variable and simulation algorithm.

Geiger et al. (2010) generated 100 subsets with increasing sizes from 100
realizations. For each set, they calculated grid averages of the E -type
estimations along with the between and within groups variances. They stud ied
the limits of the sequences of these statistical properties within the frame of the

stochastic convergence.

Pyrcz & Deutsch (2014) used two parameters in their analysis: (1) the deviation

from the reported quantile and (2) the fraction of times, the tr ue value falls
within N of the reported statistic. With the.
the uncertainty of their results due to a small number of realizations.

The common problems of these approaches are that the limited number of

available realizati ons and the ergodic fluctuations make difficult any
generalization.

Recently Sancho et al. (2016) has demonstrated a new approach, the statistical

process control (SPC), in geostatistical analysis by which the "assignable"
("special) sources of variation can be differentiated from "common" sources in

a time series. Following the view of Sancho et al (2016), this paper is addressed

to the application of ARIMA  -based statistical process control in the definition of

the critical number of stochastic realizatio ns.

2. METHODS

When performing any stochastic simulation, several equally probable realizations
(stochastic images) are generated which reflect the specific targeted
multivariate distribution. As in a former work (Geiger et al., 2010), 100 sets

were created from 100 real izations with increasing cardinality. The first set

L e eesemmn
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contained the first, the second comprised the first two, while the 100 th contained
all the 100 realizations. At each pooling step, the grid average was calculated

from the correspondingE  -typegrid. Thea verage conditional variance (calculated

for all the simulated values of the pooling set) was decomposed into a within

and a between group variances. The within group variance served as a
measurement of numerical  -uncertainty at grid points, while the betwee n group
variance was regarded as a tool to characterize the geological heterogeneity
between grid nodes (Geiger at al., 2010). Plotting these three values (grid

average, within and between group variances) against the number of pooling

steps, three finite  point -sequences could be defined, which could be processed

as time series ( Figure 1 ). In the followings, these time series are analyzed by

using ARIMA -type statistical process control.

2.1 Statistical Process Control (SPC)

Statistical process control (SPC) is a method of quality control of time series
using statistical methods. SPC is applied to monitor and control a process. It can

be applied to any process where the "conforming product” (product meeting
specifications) output can be measured. The objectiv e is to analy se data and

detect anomalous values of the variable analy sed.

E-TYPE ESTIMATION -- 5GS

Grid Average of E-type estimations

Figure 1:  Time series representations of grid averages of pooled realizations

According to a certain tolerance margin and an objective value, control limits are
defined. If the measurements are within the upper and lower control limits, there

is not a non -random pattern in the distribution, and the process is under

L e s
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statistical contr ol. However, if there are points (measurements) outside the

limits, there are external causes influencing the process.

2.2 ARIMA model and ARIMA chart

In this paper ARIMA chart was used in SPC. ARIMA model is a generalization of

an autoregressive moving av = erage (ARMA) model. In the most general form,
ARIMA( 7)) models consist of three characteristic terms: (1) a set of
autoregressive terms (1), (2) a set of moving average terms or non -seasonal
differences ( Q) and a set of lagged forecast errors in th e prediction equation ( n).

The model takes the following form:

= =

w J» E S N\ Q oM E 0 Q)
where * is a constant, B is the autoregressive coefficient at lag Q g s the
moving average coefficient at lag Qand Q is the forecast error that was made

atperiod 0o Q.

The ARIMA Chart is a control chart for a single numeric variable where the data

have been collected either individually or in subgroups. This model describes the

serial correlation  between observations close together in time. Out -of - control
signals are based on the deviations of the process from this dynamic time series

model ( Figure 2 ). In this chart, the data are drawn around a centerline located

at * with control limits at

~

I 0 0} 2)
where "Qis the multiple (in this paper "Q p). The mean and standard deviation

depend on the specification of the ARIMA model.

26324

2632

= 2631.76=UCL
ot |

2631.6 | T

2631.41=LCL
The process is _

controled by
2630.8 - ARIMA ,3,0,0)_ -

Average of the E-grid
]
(=]
2
N
1
—
I<:":.

2630.4 | e applied ARIMA(3,0,0) model:

Y, =134+4098-Y;_, —042-Y, ., +027-Y, s e

2630

0 20 40 60 80 100
Pooled realizations

Figure 2. ARIMA(3,0,0) chart. The sufficient number of realization is 65. Legend:

UCL=upper control limit, LCL=lower control limit
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In Figure 2, the black dots indicate those members of the series, where severe

deviations can be detected from the used ARIMA(3,0,0) model. When the

process does not trigger any deviation from t
chart, it is saidhie® paepéstabéebag) nftom whic
evident, is regarded as the sufficient number of realization to be generated.

The significance of the selected ARIMA model was checked by partly statistical

tests, and partly the residual autocorrelations o f the ARIMA model.

3. THE WORK -FLOW
The suggested work -flow ( Figure 3 ) is demonstrated by using a CT -slice

oriented perpendicular to the vertical core axis of a sandstone core sample.

100 SGS/SIS REALIZATIONS I

L

SUBSET OF THE FIRST L I
REALIZATIONS
L=L+1 VARIANCE DECOMPOSITION I
BETWEEN GROUPS I
GRID AVERAGES I WITHIN GROUPS VARIANCES I e
SERIE OF I SERIE OF WITHIN GROUPS SERIE OF BETWEEN GROUPS
GRID AVERAGES VARIANCES VARIANCES

BOX-COX TRANSFORMATION !’*

ARIMA CONTROL CHART I ARIMA CONTROL CHART
OF GRID AVERAGES OF WGV

HIiIMlIM Nliiipn OF | ii : ii i:ii ii“ii :i : H H HIIM Nnii;n ii I

Figure 3:  The work -flow

ARIMA CONTROL CHART I
OF BGV

The image and the corresponding data set consis ted of 16000 Hounsfield Unit
values measured on a 125 x 128 regular grid. From this (exhausting) data set

100 data locations and the corresponding measurements were randomly chosen

as the input data. With this sample data set a sequential Gaussian and a
sequential indicator simulations were generated with 100 realizations in both

approaches.
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The reason of this choice was that Gaussian simulations are quite weeks to honor

any lace -like geometry, while they are good in honoring small -scale
heterogeneity. In ¢  ontrast, indicator simulations are strong in honoring and
revealing lace -like geometry, but they are quite week in describing small -scale
heterogeneity. These simulations were calculated on five grid resolutions

obtained by the methods suggested by Hengl ( 2006). The resolutions were the
followings: (1) 0.5x0.5; (2) 1x1; (3) 1.5x1.5; (4) 2.0x.20; (5) 2.5x2.5.

The next step was the generation of pooled sets of realizations for the five grid
resolutions ( Figure 3 ). For each sets and grid resolutions, the grid averages of
E-type estimations and the within group and between group variances were
calculated. In this way, five time -series could be defined for each grid resolutions

and simulation algorithms (an example is shown in Figure 1 ).

SEQUENTIAL GAUSSIAN SIMULATION SEQUENTIAL INDICATOR SIMULATION

Figure 4:  ARIMA Charts for the series of grid averages with different grid resolutions
and simulation algorithms (For both simulations the grid resolutions from the top left
to the right are (0.5x0.5), (1x1), (1.5x1.5), (2x2) and (2.5x2.5)

In the ARIMA modeling ap proaches, Box -Cox transformations ensured the
requirement of normality. Figure 4 gives an example of these models for the
grid averages.

The final step was the identifications of those lags from which the series became

to be fully controlled by the corresp onding ARIMA models.

4. RESULTS
In Figure 4a , the number of realizations (lag) can be seen by simulation types

and grid resolutions for all the three statistical properties. The highlighted two
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columns contain the minimum of the row -vise numbers by simulati  on types.
These results show that (1) SGS with (2.5x2.5) of grid resolution needs the

smallest number of realizations. Itis 22. The largest number of realizations, 89,

belongs to the SGS with (0.5x0.5) of grid resolution. The part B of  Figure 4
shows the rank -number of realizations calculated row -vise for SIS and SGS. E.g.
for the 0.5x0.5 grid resolution and sequential indicator simulation, the
computation variance (WGV) needs the smallest number of realizations (rank 1

in part B which is 29 according to part A of Figure 4 ), then comes the
geological variability (BGV, with rank 2 in partB ,whichis35in part A of Figure
4) and finally the grid average needs the largest number of realizations (E -type,
with rank 3 in  part B , which is 42 in  part A of Figure 4) to serve stable

description about the process.

E NUMBER OF REALIZATIONS RANK NUMBER OF REALIZATIONS
COMPUTATION GEOLOGY OMP ATIO OLO
GRID E-TYPE (WGV) (BGV) FINAL RID p :
SIZE
SIS SGS Sis SGS | SIS [SGS| SIS | SGS SIS SGS SIS SGS | SIS | SGS

0.5x0.5 42 89 29 10 35 20 | 42 0.5x0.5 3 3 i 1 2 2
1.0x1.0 45 54 24 19 4 8 45 54 1.0x1.0 3 3 2 2 1 1
1.5x1.5 20 39 43 8 21 12 43 39 1.5x1.5 1 3 3 1 2 2
2.0x2.0 36 32 23 8 34 (46| 36 46 2.0x2.0 3 2 1 1 2 3
2.5x2.5 65 22 1 8 22 20 [ 22 2.5x2.5 3 3 1 1 2 2

SIMULATION

& CON;;lIJ;C;HON GEOLOGY (BGV)

GRID SIZE

SIS: 0.5x0.5

SGS: 0.5x0.5

S$GS: 1.5x1.5

511545 1 2 3 IDEAL ORDER

SIS: 2.5x2.5

S$GS:2.5x2.5

SIS: 1.0x1.0

SGS: 1.0x1.0 2 1 3

SIS: 1.5x1.5 3 2 1

SGS: 2.0x2.0 1 3 2

Figure 4:  Summarization of the most important results

Ideally, the stabilization sequence should take the following order: firstly, the

computation variability should be stabilized which should alleviate the geological
variability (BGV) and this information should
ORDERpgayt C of Figure 4 ). This expectation comes true (1) for both the

indicator and Gaussian simulations of (0.5x0.5) and (2.5x2.5) grid resolutions;

(2) for (1.5x1.5) resolution with SGS; (3) for (2.0x2.0) resolution with SIS. That

is why they can be suggested to use equally well in the description of lateral
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variability of the CT slice. All the other studied portfolios are far from this ideal

order ( part C of Figure 4 ).

5. DISCUSSION

SPC can be used to any simulation properties. The method suggested does not

need any extrapolation, it works well with the available number of realizations.

To apply this approach, there is no need to know the analytical form of the

normal distribution in the limit. The critical number of realizations (from which

the SPC is complete) t akes strongly the ergodic fluctuations into consideration.

However, the method suggested needs enough number of realization to get

stable informationabou t t he shape of tdereratédtby threepoote@d r i e s
realizations. The critical number of realizati ons strongly depends on the
specification of the ARIMA model. It is also worth note that the critical number

of realization does not give any information about the change of the spatial

structure (e.g. connectivity) with the increasing number of realizatio ns.
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Climate adaptation in Hungary:
from the climate model outputs to the eneusers

" AAOEAI ItA 3Ui bOUE&

IHungarian Meteorological Serviceszepszo.g@met.hu

High-quality, detailed and quantitative information on climate change is crucial to have
targeted and sustainable adaptation strategies. Climate models provide objective tool to
describe climate change with a given anthropogenic forcingit the Hungarian Meteorological
Service (OMSZ) two regional climate models (RCMs) are applied to estimate the future climate
characteristics over the Carpathian Basin. RCM simulations are carried out on-3%0 km
horizontal resolution using different (SRESRCP) anthropogenic scenarios for the 21st century.
Climate projections contain uncertainties originating from modelling the physical processes
and the human activity. Therefore, instead of analysing results of a single model experiment,
ensemble approachs used: available sets of regional and global climate model simulations (e.g.,
CMIP5, EURECORDEX) are examined to quantify the uncertainties and to estimate the role of
different sources varying with the projection lead time, the target area and the givevariable.
RCM outputs serve as input data to investigate the climate change effects on different area. In
Hungary, a National Adaptation Geinformation System (NAGIS) is established to support
strategic planning and decision making related to the adaptin. NAGIS ensures the framework
for the data provision, the impact and vulnerability assessments in different sectors, e.g., in
hydrology, agriculture, forestry, biodiversity, tourism, critical infrastructures. Besides
supplying RCM data for the impacttsdies, OMSZ is providing trainings and support for the
users and endusers to properly utilize climate information.

The presentation is going to give an overview about the developments on adaptation to climate
change impacts in last years in Hungary, witdfocus on the activity of the Hungarian

Meteorological Service.

Key words: regional climate models, projection uncertainties, impacts, adaptation
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Detecting breakpoints in annualli*®O ice core records from
North Greenland

$01 EAT2h4 ) ®OIOUT  '"vdJRAT O (AOIOA+ £O1
HEOOEO , 1T OUT A 51 EOAOOEOU hp psphyxp A'O3DN ARH AGO G hve 0- LAUTJ AU TAT 1 ¢
bInstitute for Geological and Geochemical Research, Research Centre for Astronomy and Earth
SciencesHungarian Academy of Sciencesplpp ¢ " OAADPAOOh " OAAEOOE |
*hatvaniig@gmail.com

Interest in gaining a better understanding of past global changes is increasing, so additional and
complementary information about past climates is neededA generally employed approach is
the use of proxy archives to extend the time span coverdxy instrumental temperature records.
Water iceffirn stable isotopes have long been one of the most important and reliable proxies
for temperature reconstructions. In the present study centennial 180 records from 9 ice cores
of the North Greenland TraverséNGT) ice coring campaign were examined to find common
breakpoints (trend, shift, change in variance) in their time series. Two bregioint detection
methods with different algorithms were used to achieve this research aim. By studying the
detected breakpoints in) 180 data originating from different ice cores in the NGT, conclusions
can be drawn concerning spatial impact of past climatehanges in the least studied area of
Greenland. In line with the dating uncertainty of the studied ice cores, a 4@ar tolerance was
allowed within the detected BPs are practically coincident. Results show a promising degree of
coincidence between breakpoits detected by the applied methods, despite their differing
computational backgrounds. This calls for involving further ice cores in the research from the

area.

Key words: breakpoint detection, cross entropy method, cpm method, greenland, paleoclimate,

time series analysis
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1. INTRODUCTION

The Arctic has been experiencing major warming over the past few decades at

a rate exceeding other parts of the Northern Hemisphere (Cohen et al., 2014).

To understand the nature of such changes in the context of natural climate
variability, it is essential to analyse long -term climate time series representative

for the area (Steffensen et al., 2008). Since the available instrumental
temperature records for the Arctic cover only a relatively short time -period
(Cappelen et al., 2011), using proxy data i e.g. fir/ice U0 records which
approximate ambient temperatures (Dansgaard, 1964) T isinevitable to extend
the time span covered.

Motived by a recent study on the North Greenland Traverse (NGT) ice coring
campaign (Weissb ach et al., 2016), the present research aims to find common
breakpoints(BP,so -cal |l ed 6ébreak point hori#®nedds i n

spanning the last half millennium using two breakpoint detection methods.

2. MATERIALS AND METHODS

2.1. Ice core data B21
.826
The iceffin  G®¥0 (&) records JBarzs B0 |
. B29
NGT ice cores were chosen for the g 218
. . . * B17
following reasons: (i) North Greenland is 81;

the least studied area of the island, (ii)
the NGT ice ¢ ores are proved to be more
sensitive in recording late Holocene
climate variations than cores originating
from other parts of Greenland (Fischer

et al., 1998) and (iii) the dating of the 0 250 500 Kiometers |

. B !
cores has recently been recalibrated \

(Weissbach et al., 2016) taking them all

Figure 1 : Map of Greenland with the NGT
together, thereby ensuring a better (B16 -30) ice cores

comparability and easier handling of the
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iceffirn GO records. Time -period 1471 -1988 AD. was chosen in all the assessed

records due to comparability reasons ( Figure 1) .

2.2.  Breakpoint detection methods

Two different kinds of BP detection techniques were applied individually to 9

annualized ice/firn UG8 0 records to find presumed BP horizons: a modified cross -
entropy (CE) met hod (Priyadarshana & Sofrono:
Model 6 (CPM) f troaluoed wop H&wkins @t al. (2003) and further

developed by Ross (2015). While the former is an iterative optimization

procedure, using a modified Bayesian Information Criterion (Zhang & Siegmund,

2007) for detecting both the number and location of change p oints, the latter
(CPM) consists of various parametric and non - parametric statistical tests. The
methods are implemented in R (R Core Team, 2008) as breakpoint  and cpm
packages.

In the case of the CE method, due to continuous data the CE.Normal.MeanVar
fun ction was used with the distribution set to truncated normal ( distyp =2), the
maximum number of breakpoints ( Nmax set to five, sample size ( M left as

default (200) and  rho =0.25, setting the number of elite samples to 129.
In the case of the CPM method, si nce almost all the ice/firn U0 time series
were of Gaussian distribution the Student -t (detects changes in the mean), the

Bartlett (detects changes in the variance), and the Generalized Likelihood Ratio

(detects changes in both mean and variance) CPM pac kages were used (for
further details see Top§8l et al ., 2015; 2016)
not normally distributed, the non -parametric Mann -Whitney test of the CPM

package was also applied. As for the parametrization, the Average Run Length

(ARLO) was set to 200, which corresponds to U=0.95, the startup sequence ( S)
was set to 33% of the total dataset length and the processStream  function was
used.
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2.3.  Coinciding BP horizons

A 10 -year tolerance interval was chosen to detect coinciding BPs as common
horizons based on both the dating uncertainty of the NGT cores (1 -5 years;
Weissbach et al., 2016) and the thorough tests on the uncertainty/efficiency of

the applied methodol ogies (Top8l et al., 2016

3. RESULTS AND DISCUSSION

The applied methods were suc  cessful in finding BP horizons in the ice/firn uto
records of the 9 ice cores. Moreover, these frequently coincided with historical

events proven to be reflected in climate records ( Figure 2 ). Due to space limits,
only the presence of a certain BP is disc ussed, rather than the distribution of the

BPs between the CE and CPM methods. Note, that only those BPs are discussed

out of the numerous BPs detected which represent the three chosen BP horizons.

3.1. 1795 -1825 cooling event

Having run all the aforementioned BP detection methods one of the most

characteristic BP horizons was 1795 T 1805 which is presentin 7 of the 9 ice cores
(B16: 1796, 1810; B17: 1801; B18: 1795/97, 1802; B20: 1797; B21: 1805;
B23: 1794, 1802/3; B29: 1796/98, 1805; Figure 2 ). Also, noteworthy that the

1805 BP was found by all the different methods in core B21. Keeping in mind

the introduced uncertainty interval, it is supposed that all BPs found within a 10 -
yr period can be considered to reflect the same envir onmental phenomenon.
Thus, it is suspected that all the BPs detected between 1795 1 1805 indicate the
beginning of a longer cooling period in climate (Fischer et al., 1998). The idea

that the 1815 eruption of Tambora could not have caused such a long cooling

period (Fisher et al., 1998) T starting from the end of the 18 th century (1795 i
1825) 1 concurs with the presented findings that the change had already begun

decades before. Thus, the eruption of the Tambora volcano in 1815 only further

amplified the previ  ously initiated cooling in climate. However, further research

T including periodic component analyses also breakpoint analyses of stacked ice
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cores (to improve the signal -to-noise ratio) 1 is needed (e.g. Weissbach et al.,
2016).

3.2.  Little Ice Age (LIA)?

An additional BP horizon was found (1621 -1633) indicated by common BPs in 4

ice cores (B16: 1622, B17: 1629, B18: 1633, B21: 1621). These might show

evidence of a start of a cooling period in the early 17 th century ( Figure 2 )
coinciding with the beginning of deepened cooling within the LIA (Fisher et al.,
1998). Nevertheless, further research is needed for a clearer view. Following

Fischer et al. (1998) who found evidence for the LIA in a stack of three NGT

cores, BP analysis was conducted on the NGT stack dat a from Weissbach et al.
(2016) consisting of 12 NGT ice cores. Thus, the CE method found two BPs in

1631 and 1700 which might also be related to the same deepened cooling within

the LIA.

3.3. Detected volcanic horizons

Volcanic marker horizons play a major rol e in ice core dating, since e.g. from
non-sea salt SO 42 concentration profiles, distinct volcanic horizons can be

identified which can be used as match points in synchronizing ice cores (Sigl et

al., 2015).

Several BPs were found in the 9 cores which may be connectedtoone -time short
cooling events throughout the late Holocene ( Figure 2 ). BPs were detected: (i)
between 1816 -24 in four ice cores simultaneously (B16, B27/28, B29, B30), (ii)

in B20 (BP=1916/19) and (iii) between 1692 -96in 3ice cores (B20: 1692, B21.:

1696, B30: 1693).

Interestingly, the volcanic horizons used to synchronize ice cores in Weissbach

et al. (2016) fall in line with some of the BP horizons discussed above: (i) BPs

between 1816 -24 may be related to the 1815 Tambora eruption; (ii) the
1916/19 might be linked to the 1912 Katmai eruption and (iii) the BP horizon of

1692 -96 may coincide with the 1694 Hekla eruption.
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4. CONCLUSIONS

In summary, variations of annual U0 values of 9 ice cores from North
Greenland were studied using breakpoint analyses. Some very distinct
breakpoint horizons were detected which either matched with previously known

climate events or proposed further studies. Our analysis showed that studyi ng
mutual changes in annual 0180 fluctuations originating from spatially distributed

ice cores may be an efficient way of detecting late Holocene climate variations

in the region.
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Examination of 110 year long Rainfall Datausing Spectral and
Wavelet Analysis
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The aim of our research wasto better understand the precipitation part of the hydrological

cycle, because through infiltration, this is the most important source of recharging the
groundwater. To better understand the periodicity of these rainfalls we used monthly and

annual rainfall  AAOA Al 0i 8 7A AGAT ETAA ppm UAAO 11 1¢C
different cities, across the Carpathiafbasin, obtained from the Hungarian Meteorological

Service. With Discrete Fouriettransformation (DFT) and Wavelet time series analysis, we

defined local and countrywide cycles in the datasets.

Using DFT we calculated the timgeriod distributions (spectra) of monthly and annual rainfall
AAOA8 3DAAOOA OET x1 cp AUAIAOG ET " OAADPAOOR po
from the annual rainfall data. The most dominant cycle was the 5 year long, with the most
dominant relative amplitude in all four stations, and there were 12 other present in all four
datasets. From the monthly datasets several other periodic components were calculatedally

and nationwide also.

Using Waveletanalysis the time dependence of the cycles was determined in the 110 year long
AAOAOGAO ET AAOA T &£ O6xi AEOEAOh $AAOAAAT AT A 0O
The paper will present the mathematical algorithm of the spectral and wavelet analigsbesides

the numerical results.

Key words: precipitation, spectral analysis, wavelet, cycles
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1. INTRODUCTION

On Earth approximately 400 000 km 2 volume of water is being transported

annually in the water cycle, which is affected by the changing climate and the
meteorological extremities present in recent years. In Hungary most of the

drinking water is produced from groundwater aquifers, therefore the effects of a

changing climate and even the slightest changes in the water cycle can have a

strong effect to these aquifers. These changes in the behaviour of precipitation

have an impact on the groundwater resources through the recharge, so we chose

to investigate the precipitation. Several mathematical methods, such as the

Lomb -Scargle periodogram (N ason et. al. 1999), the Wavelet Time Series
Analysis (Kovsg§cs et. al. 2010), and the -analy
transformation can be used to define periodicity. These were used before in

several studies to examine precipitation in California (Sangdan 2004), at the

Sanijiang Plain (Liu et al 2009) and in Gannan County, China (Zheng et al 2014),

the B¢g¢kk and M8tra Mountains of Hungary H Kovs
America (Hastenrath 1964).

2. THEORETICAL BACKGROUND

The long term hydromet  eorological datasets are considered to be time series,
containing several of perioic components therefore we chose to examine it with

spectral analysis, based on the Fourier -Transformation ( Mesk:- 198
with harmonic functions in the analytic Fouri er Transformation, a complex
Fourier -spectrum F(f) is obtained, which can be divided into a real and an
imaginary part or can also be defined in an exponential form, by introduction

two other real spectra.

The A(f) spectrum is called the amplitude, while the 0 ( fspectrum is called the
phase spectrum. The amplitude spectrum gives the weight in the formation of

the signal of the harmonic component falling into a frequency band unit around

any frequency. The phase spe  ctrum shows, what part of the period length the
maximum of this harmonic component shifts in relation to the maximum of base
function cos(2¢ft) (Il y®s et al, 2017).
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Basically these meteorological processes are stochastic, but in this paper we
searched for deterministic components in our datasets with the criteria, that the

time series has no significant trend and the sampling rate is equidistant.

3. SPECTRAL ANALYSIS

To determine the cyclic parameters we used the data from the OMSZ (Hungarian

Meteorologica | Service) online database (HMS 2015), which contains 110 years

of meteorological parameters for five cities.

I n this paper we present the results of Debre
presented very different results, according to our measurements. After defining

the cyclic parameters, the amplitude, the phase angle and the frequency, the

cycles with the relative amplitude spectrum over 50 % were defined as major

(dominant) cycles and cycles with relative amplitude spectrum between 20 %

(in some case s 10 %) and 50 % were defined as additional (minor) cycles.

3.1 Annual precipitation

In this case, the registration period is 1901 i 2010, thus the length of the

registration period,  treg=110 years, the sampling rate is 1 year, and the numbers

of samples are 110 from each <city. The Nyquist fr
1984). The Nyquist -frequency shows the minimal length of period of time that

can be calculated correctly with this examination method.

ﬁ A [
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< } HEl M : ket | ] 1 A
I iy | Lt
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Period of time [year] Period of time [year]
Figurel: Rel ative amplitude spectra of Debrecen () &

precipitation data
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In Debrecen 16 cycles were determined, 10 major cycles, and 6 additional

cycles. In this city the 3.6 year long cycle was the most dominant, with 100 %

relativ e amplitude, the other cycles amplitude spectra were between 27 T 77 %
(Figure 1 ).
I n P®cs 17 cycles were calculated, 16 of them

cycle, which means, the periodicity is much more dominant in the precipitation

timeseries i n P®cs, than i n Debrecen. We can descr
with few, but dominant cycles. The most dominant 4.5 year long cycle followed

by the 5 year long, with almost the same relative amplitude value, and the third

is the 3.6 year long with mo re than 90% relative amplitude.

3.2 Monthly precipitation
The registration period is January 1901 i December 2010, the length of the
registration period, t eg=1320 months, the sampling rate is 1 month, and the

numbers of samples are 1320 from each city, t he Nyquist frequency is 2 months.
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Figure2: Rel ative amplitude spectra of Debrecen (1)

monthly precipitation data

Il n Decrecen 43 cycl es wer Eiguke) e dhesidilaritiasof P®c s
this two stations are the follo wing: The 1 year long cycles are the most dominant
with 100 % relaitve amplitude - normalized to maximum amplitude value of the

dataset - , and the second is the 0.5 year long with 57.64 % relative amplitude
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in Debrecen, and 66.53 % i aother®aasely dbmmnanDe br ec e
cycles are the 59, 14.7, 378 month long ones, most of the minor cycles have

the relative amplitude range under the 20 % value, but were considered as

i mportant ones in the precipitation dataset.

are the 5.5, 54, 12.2, 60 month long ones.

3.3 Forecasting

With the A(f) amplitude spectra and the 0 ( f phase spectra, the original
measured data can be recalculated, and with the major and minor cycles, and
their period of time, amplitude and phase spectra values, the deterministic

precipitation time series can be calculated (Eq. 1):

wo ® —B 0AT S0 pwnp Y (Eq 1)

If we use the t parameter, wit h a value of t>2010, we can forecast to the future.
In this paper we present the results of the 110 year long time series, calculated

from the periodic components of the station of Debrecen from 1901 to 2010,

and its correlation coefficient with the origin al measured data, with the forecast
up to the year of 2030.
_— r=0,6893 . r=0,7339
800 800 I
= =
£ 2
z 1 —
E— 2
S E -]
=E £E
§ g 400
z z
200
| ‘ > | o o
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030
Year Year

Figure 3:  Forecasting up to 2030 from the periodic components of the Debrecen

dataset.
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The annual precipitation of Debrecen values range between 400 and 600 mm,
with no year, when the 600 mm maximum would be exceeded ( Figure 3 ).
According to our calculations, large amount of precipitation within one year is
not expected. The correlation coefficient between the original measured data

and the calculated time series are 0.689 and 0.734 respective ly.

4. WAVELET ANALYSIS

Wavelet time series analysis is a well -known method to investigate the time -
dependence of a cycle within a time series. The periodic components from the

previous examinations were used for this analysis.

The wave packet used for th e calculation was a 1 year long period of time sine

wave. The filtering has been derived by a cross -correlation function normalized
to maximum value of the function. A discrete normalized cross -correlation
matrix (Rxy) can be calculated from the cross -corr elation functions of the

wavelets (x) and the precipitation time series (y).
All of the 18 cycles from Debrecen were used for the wavelet analysis, and the
results showed, that the cycles with period of time with a small value are less

dominantinthe 191 06 s , 306s and in the 70606s.

RX,y (4,3 év)
RX,y (4,5 év)

0 |
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
év év

Figure 4: Wavelet cross -correlation of the 4.3 year long cycle from Debrecen (1), and

the 4.5 year | ong from P®cs (r).

The wavelet of the 4.5 year long cycle shows 5 local maximum value (with more
than 0.8 correlation coefficient), in the year 1956, 1963, 1916, 1945 and 1938.
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The wavelet of the 4.3 cycle from Debrecen shows minimal similarities, with 4
maximum values,int he years: 1918, 1971, 1973 and 191¢
1960-197006s decades have the more dominant val ue

with much less dominance can be noticed after 2000 ( Figure 4 ).

5. CONCLUSIONS

In recent years several studies explored t he changes of the hydrological cycle.

In this paper we examined the precipitation, to better understand the variability

of it, with several mathematical methods based on DFT Fourier -transformation.

According to our research, there are several different cyc les in the rainfall

datasets all over Hungary. We calculated 13 cycles which were present in all of

the time seriesod6 and many ot her s wer e cal cu
forecasting method with the Debrecen precipitation records and it gave a strong

corr elation coefficient between the determined and the original measured data.

Also the time -dependence of the cyclic parameters were determined with

Wavel et anal ysi s i n case of t wo cities, De
researches, the aim could be to better understand the nature of these periods,

what are the main causes of it, and also to find a connection with the

groundwater levels of the same time period.
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Regional climate modelling with special focus on the

precipitation-related fine scale processes

4pi AA ¥PA1)IIUOE Bk DEGA EIAT COUAU
1%EOQOOEO , 1T OUT A 51 EOAOOE O Whimas.dtimda@Grhahdo® 1T £ - AOAI

20EOOEO , 1 OUT A 51 EOAOOEOUh &AAOI OU | &£ 3AE,

To understand the climate, climate processes and its changes, climate models can be used. The
higher resolution allows regional models to better account for topogaphic details, while also
improving the ability to simulate surface variables such as air temperature and precipitation.
In order to quantify the impact of the use of different dynamical cores and parameterization
schemes on regional climate model outputdjindcast experiments have been completed using
the Regional Climate Model version 4.5 (RegCM4.5) for a-§8ar-long period (198171990) for

the Carpathian region and its surroundings at 10 km horizontal resolution. This resolution was
chosen to allow bothhydrostatic and non-hydrostatic approaches in the simulations. Our
simulation matrix consists of hydrostatic and norhydrostatic runs together with the different
treatments of moisture, namely, (i) Subgrid Explicit Moisture Scheme (SUBEX) is used to handle
non-convective clouds and precipitation resolved by the model, (i) the new microphysics
scheme allows a proper treatment of mixegphase clouds and a physically more realistic
representation of cloud microphysics and precipitation. For validation purposeRegCM outputs
are compared to the homogenized, gridded CarpatClim data. The results show that the outputs
of the convection permitting simulation (using northydrostatic approach) overestimate the
precipitation in the mountainous areas, which is greater thn in the simulation using the

hydrostatic approach.

Key words: regional climate model, RegCM4.5, convection permitting model, Carpathian region
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1. INTRODUCTION

The climate models use physical equations to describe the influences of different

factors o n the Earth system and the observed climate. The higher resolution of
models result in a better representation of land surface heterogeneity and fine -
scale forcing, which are important for simulating local and regional climate
systems accurately. Climate m odels are based on the hydro  -thermodynamic
equations (forming a partial differential equation system) and employ numerical
approximation together with parameterization schemes. The hydrostatic
approach is often used to simplify the equations since it ignor es the vertical
components of acceleration and the Coriolis force in the equations of motion.

This approach is acceptable on global scale and also, on regional scale with some
restrictions. The non  -hydrostatic approach is necessary when the grid spacing is

10 km or less.

The climate system includes a variety of physical processes, such as cloud
forming, developing processes and radiative processes, which interact with each

other on many temporal and spatial scales. Many of these processes are not
resolved adequately by the model grid and must therefore be parameterized.
Therefore, we carry out a sensitivity analysis of the two cloud schemes (the

SUBEX and the new microphysics scheme). The Department of Meteorology at

the E°tv©°®s Lor 8nd Un ianexpesence ¢f usmgRegGMdseaed.d
Torma et al., 2008; 2011; Pieczka et al., 2016) for about a decade. The current

study focuses on the newest model version of RegCM (RegCM4.5), which was
adapted with two dynamical cores and a new microphysics scheme for the

Carpathian Region with 10 km horizontal resolution.

2. MODEL DESCRIPTION
The model used in this work was developed by the ICTP 1 (Elguindi et al., 2014).
RegCM4.5 is based on the dynamics of NCAR 2 mesoscale model version 5 (MM5;

Grell et al., 1994) . One of the main improvements in this version is that the

1 Abdul Salam International Centre for Theoretical Physics
2 National Center for Atmospheric Research , USA
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model can use a non -hydrostatic dynamical core, which allows for the small

horizontal resolutions of the order of a few kilometres. The hydrostatic and non

hydrostatic model dynamic equations and n umerical discretisation are described

in detail by Grell et al. (1994).

2.1. Subgrid Explicit Moisture Scheme (SUBEX)

In the earlier RegCM versions, the resolved -scale cloud physics are treated by

the SUBEX (Pal et al., 2000), which calculates fractional cloud cover as a function

of grid point average relative humidity and includes only one prognostic equation
for cloud water. Rain is calculated diagnostically and it forms when the in

liquid water exceeds a temperature -dependent threshold.

2.2. The new cloud microphysics scheme

-cloud

The new parameterization is based on a multi -phase one -moment cloud

microphysics scheme built upon the implicit numerical framework recently

developed and implemented in the ECMWF 3 operational forecasting model

(Forbes et al., 2011). The parameterization solves five prognostic equations for

water vapour, cloud liquid water, rain, cloud ice, and snow mixing ratios.

Compared to the pre -existing SUBEX scheme, it allows a proper treatment of

mixed -phase clouds and a more realistic physical representation of cloud

microphysics and precipitation (Nogherotto et al., 2016).

3. DESCRIPTION OF MO DEL EXPERIMENTS AND VALIDATION DATA

Simulations were carried out for the period 1981 11990 with ICBCs 4 from the

0.75A horizont al s-intersnodata (Berrcsford ¢ BIA 2011). Main

differences between the model experiments are summarized in Table 1

3 European Centre for Medium  -Range Weather Forecasts
slnitial and Lateral Boundary Condition
5 European Centre for Medium  -Range Weather Forecasts Reanalysis
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Table 1: Main properties of simulations

Experiment Dynamical core Microphysics
H_SUBEX hydrostatic SUBEX
H_NMIC hydrostatic new microphysics
NH_SUBEX non - hydrostatic SUBEX
NH_NMIC non - hydrostatic new microphysics

For the purpose of validation, we used the corresponding time period from the

CarpatClim, which is a high resolution homogeneous gridded database for the
Carpathian region with O0.1A horizontia@010 r esol
period, containing all the major surface meteorological variables

(Szalai etal., 2013; Spinoni et al., 2015). Daily temperature and precipitation

datasets were separated from th e downscaling portal, of which monthly,

seasonal, and annual means were calculated for the validation domain and

compared to the simulated values.

4. RESULTS

4.1. Temperature

Seasonal temperature bias fields for 1981 11990 are shown in  Figure 1. The

spatially averaged mean temperature bias for summer for the entire CarpatClim

domain is around 3 AC in all t floentaihoosuarease x per i |
the signs of the annual and seasonal mean errors change within short distances,

especially when the error is close to zero. This can be connected to the fact that

the observation network is not so dense in these areas as our grid resolut ion is.

The main differences of the runs are in winter and spring: the H_NMIC

reproduces the average temperature better in Hungary (the bias is between |

0.5 AC and 0.5 AC), but it underestimates in
than in Hungary, betw een i1 AC B2 dAC). I n autumn and win
Balaton appears with a positive temperature bias in all the simulations. The

differences between the NH_SUBEX simulation and CarpatClim are between Tl

AC and +5 AC. The spati al idldsshowthabthetmininans of t h

values occur over the mountainous areas of the domain.
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Figure 1:The seasonal average temperature bias of 10 -km horizontal resolution
RegCM4.5 simulations, 1981 1 1990. (Validation data: CarpatClim)

4.2. Precipitation

Seasonal precipitation bias fields for 1981 711990 are shown in Figure 2.
Precipitation evidently depends on elevation, which is the most pronounced in

the warm months of the year, especially in summer: the largest biases compared

to the CarpatClim are found o ver the northern -northeastern part of the
Carpathian Mountains. In all seasons the precipitation is overestimated over the
Carpathian Mountains by as much as 50%. Compared to the CarpatClim data

the H_SUBEX has the lowest precipitation mean bias (in summer and autumn

only 5%) over the Great Hungarian Plain, except in spring when the largest bias
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reaches 30%. Moreover, seasonal mean precipitation bias values for Hungary

substantially decreased with the NH_NMIC simulation.
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Figure 2: The seasonal average precipitation bias of 10 -km horizontal resolution

RegCM simulations, 1981 1 1990. (Validation data: CarpatClim)

5. CONCLUSIONS

We analysed the high -resolution (10 -km grid spacing) simulation experiments
of the RegCM4.5 for the period 1981 11990 over the Carpathian basin. Our
simulation matrix consists of hydrostatic and non - hydrostatic runs together with
the different treatments of moisture (the SUBEX and the new microphysics). The

largest differences between simulated and observed temperatures occur in
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summer. Comparing the simulations, the H_NMIC seems to be the most
promising over Hungary; however, it underestimates temperature i n the
Carpathian Mountains. The largest positive precipitation biases are found over
the Carpathian Mountains in all seasons. Negative biases appear over the lower

elevated regions.
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Sources of uncertainties irclimate model results

0i OAO1 3UAA¢

1Hungarian Meteorological Serviceszabo.p@met.hu

Climate model results inevitably contain uncertainties, which must be quantified in any sound
assessments along with the resultd hese uncertainties are originating from the natural climate
variability as an unavoidable feature of the climate system; the approximate description of
physical processes in climate models; and the emission scenarios applied for describing
possible future paths of the anthropogenic activity. We quantified these uncertainties
separately for Northern and Southern Europe and the Carpathian Basin, as well. We analysed
mean temperature and precipitation projections following the methodology of Hawkins and
Sutton (2009) with some modifications.

Simulations from the newest coordinated global (CMIP5) dataset carried out with 15 global
climate models (GCMs) and two (RCP 4.5 and 8.5) anthropogenic scenarios until 2100 were
assessed. We seek for the answer whether thEMIP5 results are leading to different
conclusions over Central Europe than the previous outcomes obtained from CMIP3 dataset.
Furthermore, 24 regional climate model (RCM) experiments were investigated from the EURO
CORDEX database conducted with 12 RCMisd the same RCP scenarios on 0.44 and 0.11
degree horizontal resolution. We examined the added value of fimesolution RCMs regarding
model uncertainty against their coarser resolution counterparts and the role of internal
variability in regional projections.

The current investigation is concentrating on the following specific issues: 1) fraction of total
uncertainty on different lead times over the Carpathian Basin compared to projections for
Northern and Southern Europe and its wintersummer variation; 2) time horizons when
climate change signals exceed their total uncertainty (investigating signab-noise ratios) and

when future changes are larger than natural variability (calculating time of emergence).

Key words: climate models results, internal v&bility, model uncertainty, scenario uncertainty,

signalto-noise ratio
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Big data in geosciencé are we big enough to use and to
understand that properly?

"Al UUO B UT EAT U
1$ APAOOTI AT O 1T £ ' ATPEUOEAO AT A 3PAAA 3AEAT AAh %EC
balazs.szekely@ttk.elte.hu
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It is a commonplace to state that the amount of available geoscientific data exploding
unprecedentedly. As the observation platforms and sensors ateeing developed with rapid
pace and the sampling rate multiplies almost yearly, beside the amount, the quality of these
data is also improving: precision, data density are increasing, too. Besides terrestrial sources,
data of other celestial bodies becamavailable in resolutions never dreamt of.

Owing to this evolution the 2.5D/3D mapping of the various surfaces (canopy surface,
topography), including their hyperspectral characteristics is getting more accurate and
includes more details, better spectral esolution. More and more 3D data are being measured,
the 2.5D approach is vanning out, the microtopographic features are becoming detectable even
in outcrops or in large coverages.

This long-awaited positive development has a dark side: the amount of dat@eoscience is also
arrived in the BIG DATA era: It is not easy to handle this data mass, even if the hardware also is
also developing. The fourth GIS component, the trained human resource is often lacking. New
geoscientific models may include now big datebut the level of processing or the complexity of
the derivatives did not increase considerably in the last years in geoscience.

This is mostly due to the yet unsatisfying absorption capability of the user community. A
bimodality can be observed among geszientists: big data enthusiasts and colleagues doing
research in "conventional way". It seems to be difficult to abridge this gap. Partly this is an age
issue, but not completely.A toy too complex or too big for "the children™? Geoscientists should
be sersibilized for the available data, processing technology and data integration opportunities.
If this happens, the new geoscientist generation may revolutionize how we look at the

topography, the rock surfaces, the rock volumes, their properties and their aping processes.

Key words: big data, machine learning, human resource, data integration
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The Repository Information Model
(A Dream of the Future)

Zoltan Nagy

1 Geophysicist, geologistiagyzoltan@-online.hu

The Repository Information Modelling (RIM) is simply a mean by which everyone can
understand a radioactive waste repository through the use of a digital model. Modelling a
radioactive wasterepository in digital form enables those who interact with the repository to
optimize their actions, resulting in a greater whole life value for the repository.

RIM is a way of working, it is information modelling and information management in a team
environment, all team members should be working to the same standards as one another. If the
establishment and operation of a radioactive waste repository is a fully collaborative 3D RIM
(with all project and repository related information, documentation and dda being digital) -
RIM creates value from the combined efforts of people, process and technology.

The aim of the presentation is to begin a radioactive waste related industry journey to develop
and agree a RIM metadata information framework, so that RIMbgects can provide consistent
levels of information and allow for measurable outputbenefits to be realized from a completed
RIM model.

Key words: radioactive waste repository, information modelling, information management
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Determination of sedimentological processes of a coarse
grained deposits in Buda Hills applying combined cluster and
discriminant analysis
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1HEOQOOEO , 1 OUT A S5REOCAOZEOBNOEABAOCAT A | DI EAA " AT 11
H-1117 Budapest, Hungary, * eva.gyorfy @gmail.com
2 Budapest University of Technology and Economics, Department of Electronics Technology; Egry
* & UOA A1 8 Bugdapdst, Hungary
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The Triassic formations are directly overlain by an Upper Eocene succession in Buda Hills,
Hungary, usually starts with conglomerate beds. These contain predominantly dolomite clasts,
but in many places the volcanic, mostly andesite clasts are also abuntlafhe main aim of the
study is to demonstrate the applicability of a new grouping method Combined Cluster and
Discriminant Analysis (CCDA) in facilitating the interpretation of sedimentological processes of
this coarseqgrained clastic deposits. First commnly used methods for characterization of the
studied sections were applied: the size and the composition of the clasts; the roundness
i 7TAAAT 180 AT A 3UUAAAUEU +AOAT 008 1 AOET AOGQ AT/
and andesite gravels were detanined. For the obtained multivariate data, CCDA was applied
to determine homogenous groups of sampling locations based on the quantitative composition
of the conglomerate as well as the shape parameters (roundness and sphericity). CCDA
combines linear diseciminant analysis and cluster analysis and its aim is to find not only similar,
but even homogenous groups of sampling locations based on the multivariate samples. The
result is a spatial pattern, which shows the relationship of the sampling sites (homogeity or
difference and in particular the rate of the latter). According to our concept, those sampling
sites which belong to the same homogenous groups were likely formed under similar geological
circumstances and by similar geological processes. Variousdimentological environments has
been observed within the Buda Hills area based on the results: alluvial fan, intermittent stream

and marine.

Key words: CCIA, homogenous groups, roundness, sedimentological model, Buda Hills
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How to Document Scientific Work?
Preserving Memories for the Semantic Web

, Uoui & 3801 0O

IMFGI,sores.laszlo@mfgi.hu

Metadata are mostoften used to support searching for results. Results are usually well
documented in reports and publications, but details of the creating process and the background
work are often lost, or difficult to find. Such information are often kept only in the memy of

the authors. Unfortunately ET A AAx UAAOO8 OEI A OET OA 1 Ai T OE
and Measurements metadata standard provide sufficient tools to preserve this kind of
knowledge in a standard way.

A conceptual model based on generic patterns has been accepted by the Open Geospatial
Consortium as a core standard for documenting observations and measurements in 2005. Since
then it has become one of the foundation classes of INSPIRE, the Spatial Infdiom
Infrastructure for Europe.

Observations and measurements can be used in a lot broader sense that it is trivial at first sight.
Any kind of act when trying to estimate values of properties can be considered an Observation
and described by using the sndard. No matter if it is a simple field observation by a human,
data acquisition by some instrument, a mathematical calculation to create a simulation or a
spatial model, the same pattern applies to all. Geoscience deals with endless types of features,
geological, geophysical, geochemical methods and data types. All this can be hosted in one
OAl AGEGAT U OEi bl A AAOAAAOGA8 (1T xAOGAOh OEA Al
intelligent dictionaries that are available as hierarchical semantic content othe web. The
common concept and common dictionaries make it possible to connect logically and physically
separates resources and to reach a higher level of data integration.

After a short introduction to the Observations and Measurements standard severapplications

from different disciplines are going to be presented.

Key words: observation and measurement, sampling, inspire, semantic web
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Statistic evaluation of digitized geophysical well logs data.
(Digitized logs, Statistical evaluation, Multicorrelation)

Laszlo G. Somos

More than 300 coal exploration holes were drilled during the last 60 years in the Eastern
Mecsek Coal Basin. The correlation of different coal seams presented the main challenge in the
interpretation of the geological structure of the basin. The existenaa the digitized geophysical
well logs gave us a slight outlook to find concrete statistical parameters about different rocks.
Archived geophysical curved were digitized by the author. The conversion of the obtained digits
with rocks formed the main problem in our work. The main task consists on obtaining
generalized approach of the morphologic structure of Mecsek coal basin. The main aspects of
the geological structure of the region, the comparison of the statistic results (main, extreme
data, standard devation) of the coal bed rocks, sediments, and volcanic intrusions, getting
functional relations between log types and the list of the calculated results and the probability
level of the possible correlations were all considered. As part of our methodologye have
OA1 AAOGAA CAT PEUOEAAI 11¢c OUPAO j OAAOI OOACA
resistivity curves (potential and/or gradient), gamma radiations, gamma gamma (density)
curves.

Results showed that (i) there are different methodgo specify the existence of coaly layers in
drilled core material, (ii) the numbering and identification of the different coal seams gave us
dubious results. (Non characteristic averages, high standard deviation values), (iii) excellent
and characteristicresults were obtained for the identification of drilled geological formations
and (iv) denoting the probability of the existence of graphite traces in contact metamorphic
zones.

According to the results and the numbered characteristics of the different oks (formations)

we have received potentially generalized methods for better exploitation of digitized

geophysical well logs data.

Key words: coal mining, geophysics, Mecsek Basin
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Use of Sequential Gaussian Simulation for modelling
groundwater pathlines and travel times near an underground
radioactive waste repository

*Ulbl Ar- Aue
171 AAO 1 001 AEA OA OGMezod@ué&.dmOOUUCq : 008h

Underground repositories intended for long term storage of radioactive waste are comprised
of engineered and geological barriers to isolateadioactive materials from the biosphere. The
geological barrier relies on the ability of the host rock to limit the underground transport of
radionuclides. The performance assessment a potential or operating repository must provide
estimates of advectivetransport velocity based on permeability and porosity of the host rock.

! 0O OEA " UOAADPUOE OEOA xA EAOA 101 AOi 6O AAOA
hydraulic tests performed during both the site characterisation and the repository construabn
phases. The hydraulic test were performed in individual sections of boreholes isolated from the
other sections by single or double packers. The typical length of each test section is aboutri.0
The total number of permeability data is more than 1500however, for the present study we
selected 827 data based on reliability and geographical position. The spatial distribution of the
permeability data is rather uneven with respect to the area of the site scale groundwater model,
which was constructed usingthe FEFLOW modelling software to forecast the post closure
behaviour of the groundwater flow field. In order to populate the groundwater model with
permeability data we performed 50 realisations of Sequential Gaussian Simulation of IKg
using the open surce geostatistical code SGeMS. The resulting grids consist of0@® cells,
AAAE AAT 1T EAOET ¢ OB E daia of AagtOntlividdal feafisation wecemgeg 1
as an input of the site scale groundwater model in order to calculate hydraulicehd
distribution, velocity field and travel times of water particles from the repository to the

biosphere.

Key words: sequential gaussian simulation, groundwater flow, particle tracking, finite element

modelling
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1. INTRODUCTION

The safe management and disposal of low and intermediate level radioactive
waste produced by nuclear power plants relies on the concept of multiple acting
barriers. The Engineered Barrier System (EBS) is constructed in a carefully
selected host rock (Geological Barrier) which can isolate the waste from the
biosphere and guarantees significant retardation and dilution of dissolved
radionuclides along their pathways from the repository to potential receptors.

The National Radioactive Waste Repository (NRWR) was put into operation in
2008 near the wvillage of BS8taaps8ti, [
Hungary ( Figure 3). The geological environment is composed mainly of igneou

sequences of the M-r8gy Granite For mat.i

S

/ Bataapati

Legend

surface streams
NRWR underground disposal facility
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planned chamber
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[:] boundary of the near field model
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Figure 3:Location of the B8taap§8ti

For groundwater flow modelling through fractured rock formations two different
modelling approaches are typically employed (e.g. Benedek et al., 2010): (1)
the equivalent continuum (EC) and, (2) discrete fracture network (DFN). The

application of the DFNa pproach to the BS8taap§8ti
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el sewhere (e.g. Benedek & Dank: , 20009; Bened
Mol n8r, 2013), here we only focus on the model
conditions based on the EC approach.

The EC model ling approach was used to calculate travel times and pathline

lengths from the repository to the boundary of the geosphere and the biosphere

on near field scale and also on far field scale ( Figure 3).

2 .HYDROGEOLOGICAL CONDITIONS
The studied rock formation is subdivided into individual compartments between

which the hydraulic connection is very limited (Benedek et al., 2009).

Figure 4: The spatial distribution of log K data and the box region of the Gaussian
simulation. The simulation g¢gr9%00cellsinX,iyandgZ of 801 4

direction, respectively, each cell having spatial extent of 20 ml 2 OmI 1 Om.

The bounda ries of the compartments are aligned with sheared fault zones with

intense mineral alteration and formation of clay minerals (Maros et al., 2010).
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Within each compartment the spatial distribution of the hydraulic head is almost

uniform, composing a patchwo rk -like distribution of the heads at larger scale.

The relatively uniform head distribution in individual compartments are

attributed to the presence of large, well -connected fracture zones having high
transmissivity (Benedek & Mol nc8nductivitg ofltre) . The
sound granitic rock is known from the interpretation of hydraulic tests conducted

in individual boreholes. In each borehole hydraulic tests have been carried out

in approximately 10 m long sections isolated by inflatable packers. Since 1996,

the beginning of the site investigation more than 1500 values of hydraulic

conductivity has been collected. For the present study we selected 827 data

having good quality and relevant from geographical point of view ( Figure 4).

3.GEOSTATISTICAL DATA MODELLING
The hydraulic conductivity ( K) spans over several orders of magnitude. The

minimum is ardumdce 4inld0 t he ma x i Pm/sy Figare 350).1 0
The spatial distribution of log -conductivity data is uneven with respect to the

area of the near field flow model as the data are mainly concentrated near the

underground tunnels and chambers ( Figure 4).To feed the near field flow model

with hydraulic conductivities we selected the sequential Gaussian simulation
method in order to preserve the high variance of the observed values.

For the simulation we used the open -source Stanford Geostatistical Modeling
Software (SGeMS), for detaled description of the software see Remy et al.

(2011).

Variogram modelling ( Figure 6) was also done using SGeMS. We found that the
combination of a 0.5 valued nugget effect and a spherical variogram having

partial si Il of 1.5 is suitable. The spherical variogram has the range of 200 m in
the vertical direction, 120 m in the 45A dimec¢mnhi ohead85@A0di r
The variogram model presented was used for conditioning the simulated values

to observed data.
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Figure 5: The histogram of the log K data
plot 1: variogram - azth=0, dip=0 plot 2: variogram - azth=45, dip=0 plot 3: variogram - azth=90, dip=0
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Figure 6: Directional experimental and model variograms of the log K data
We computed fifty realisations. As one may expect, the log K values of the individual
realisations show greater spatial variability ( Figure 7) that that of the mean of log K

(Figure 8).
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Figure 7: Spatial distribution of the simulated log K values in realisation #20

Figure 8: Spatial distribution of the mean of the simul ated log K values
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In order to preserve the spatial variability of the original data we decided to use
the hydraulic conductivities of each individual realisation and calculate the flow

field separately, instead of using the mean or other aggregate values.

4 .MODELLING THE SUBSURFACE FLOW FIELD
All log K values calculated for each cell were transferred to the near field flow

model constructed using FEFLOW E. This way 50 individual near field flow
calculations were performed. The boundary conditions as well as the
recharge/discharge conditions were derived from the deterministic far field flow

model which also was created using the FEFLOW E code. The structure and
results of the far field model were published by Benedek et al (2010).

The spatial distribution of the hydraulic head, the Darcy -fluxes and the advective
velocity field were calculated for each of the 50 realisations. We also computed

the pathlines of water particles starting from the disposal chambers to the model

boundary as well as the travel time of each particle ( Figure 8 ).

One can only maintain the spatial variability of the observed hydraulic
conductivities when using individual realisations of the log -conductivity field for
flow modelling. The high variability of the simulated log K values near the
disposal chambers result s in high variability of the mean flow direction as well.

There is significant uncertainty related to our ability to forecast the path and fate

of radionuclides potentially released from the repository. In order to reduce this
uncertainty integrated, mult idisciplinary assessment of data available from
different sources (e.g. geology, geophysics, geomechanics, hydrogeology) is

advisable.
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Figure 9:Computed pathlines of water particles starting from the disposal chambers

in 6 selected realisations
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Application of 3D geological modelling and grade tonnage
calculations on Recsk ore complex

4ATUO - BEIT OEAU

1University of Miskolc,tamas.miklovicz@Ilapalmacentre.eu

2l.a Palma Research Centre SL, Garafia, La Palma, Spain

Recsk polymetallic mineralization has a long exploration history including deep/undground
drilling/sampling program with laboratory investigation, shaft sinking, geophysical
measurements, number of academic/industry papers/reports, etc. These actions resulted a
mass amount of data and knowledge on the deposit, however commercial exphdibn has not
started yet.

Within the scope of a master thesis, the author collected and synthesized many of those results
into 3D geological models using Paradigm GOCAD software. Creating 3D visualization of the
accumulated knowledge is a new approach andims to trigger new discussions on the long
investigated Recsk deposit.

The work started with collecting of all available information and importing them to a GOCAD
project after data cleaning and sorting. The three major study lines were the 3D visualizat

of the geological structures until 1.2 km; grade tonnage calculations of the deposit; extension
the intrusive body until the depth of 2.5 km. The key input for the geological model are the
available geological cross sections, geophysical (local/regiohgravity, resistivity, magnetic)
maps, interpreted seismic sections, surface geology map and Shuttle Radar Tomography
Mission data. The key input for the grade tonnage calculations are the geochemical
measurements of the 125 Recsk deep drillings. The pritive modelling of the intrusive body

is based on the geophysical maps.

As a result, the Eocene and Triassic layers, fault system, intrusive body and its depth extension
has been visualized and grade tonnage models for Cu, Au, Zn metals has lcatulated. All the
results have been exported to commonly used file formats, such .dwg/AutoCAD files, so further
work on this dataset can resume anytime. One of the suggested research directions is to
investigate the Combined Heat Power and Metal (CHPMWjteaction technology potential of the

deposit.

Key words: 3D modelling, Recskgeological model, grade tonnage model
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ADa-Maneo software: Compl ex
documentation of excavations with a uniform, real 3D
background

, UOUI & th+ I<@U Adh 2 O BAAR, Anre3GatuiE 1

4+ &1 7 0&j 21 AE3OOAUQ koned®@KkomedahA Oh ( 01 CAOUN
231 AOOAT AA |, OA8 0i AOGh (61 CAOUA
.. AAOAET OA #18h 01 AOh (O1T CAOU

0
0

Detailed knowledge of geologicatectonical, hydrogeological and geotechnical features of host

rock is essentially required for the desigrand safety/performance assessment of a radioactive

x AOOA OADPIT OGEOT OuUs . AOGETT Al 2AAET AAOGEOA 7AO00A
tectonised granitic formation. Since shotcrete layers are regularly used for supporting, the
chance for subgquent data acquisition is limited. Accordingly the irsitu documentation
became an indispensable element of each advance of tunnelling. During the earlier research
and construction phases works have been performed by two separated expert teams based on
different technologies. Geometrical basis of geologictdctonical and hydrogeological
documentation provided by a photorobot produces a strongly deformed, not real 3D dafeeld.
Geotechnical characterisation of advances has been performed with stereoscopic
JointMetriX3D/ShapeMetriX3D system (JMX/SMX, produced by Austrian 3GSM GmBH), which
able to generate real, georeferred 3Bnages (combining visual and spatial information) of rock
surfaces but does not support acceptably other fields of surveying. Moreavethe 3GSM's
system cannot create directly usablelatabase for GIS applications. For solving the limitations

A TAx ATiI Pl AgG OUOHDAAG BOER OBAOA-ABDADLIT PAG 8
HTML5/Javascriptbased, optimized dataprocessing and analyzing softwag, which applies
MySQL. The multuser, userfriendly software works under browsers, so it is accessible from
anywhere. The safety of data is guaranteed by passwords, different competency levels and
systematic backup. IMX/SMX data files are converted anskd as input. The experts can record

all the general and fieldspecific data (together with their GlSattributes) on the surface of the
software.This development created the conditions for the complex earth scientific
documentations and for accomplishing a&ombined, multi-purpose geoinformatical database.
4EA AT 1 OOOOAOQGETT 1T &£ OEA 1 AOO Ox1 AEODPI OAl AEA
new system. The new software can be suited for any other projects and geological
environments.

Key words: radwaste repository, granitic host rock, complex documentation, geoinformatics
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Geomathematical aspects of reservoir and exploration geology

- AOET #OAOET OEg

1University of Zagreb, Faculty of Mining, Geology and Petroleum Engineerintarko.cvetkovic@rgn.hr

A better understanding of the key elements in the subsurface has been an important factor in
determining the successfulness exploration and exploitation of hydrocarbons. Employment of
geamathematics in this kind of tasks has grown over time relating to the advancements in tools
used for direct and indirect exploration of the subsurface (geophysics) along with computer
science. Role of geomathematics today is twofold regarding reservoir mekding and
exploration geology. Firstly, the numerous data now acquired with modern geophysical
methods can be properly handled only by using geomathematics. Old data from mature fields
can now be reinterpreted by using geomathematics either to find new serves or to increase
production. The same principle can be translated into the concept of exploration geology when
mature basins are revaluated the use of geomathematics is invaluable as acquiring new data in
the initial phase of exploration is not possite (pre-tender evaluation) or not cost effective. A
general outline of the employment of deterministic and stochastic methods has been presented
in both type of subsurface explorations (local and regional). Positive and negative aspects of
the use of gematematics has been addressed along with case studies from the Pannonian

Basin.

Key words: geomathematics, reservoir geology, hydrocarbons, exploration
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From Russia with lovei On production since 1947

) 006U . AT AO

1 MOL Groupjsnemes@mol.hu

According to the global oil marketA EAT CAO T T A T £/ OEA -/, ' 01 6P8O
ownership of its assets by reviewing them ondoy-one in-house to crosscheck historical values

and possible third-party numbers. In line with the strategy one of the greatest challenges was

to set p a comprehensive iRET OOA AAOAAAOGA 11 1T1TA 1T£&£ -1,6860
Baitugan field. Historically the modelling, dynamic simulation and forecasting, field
development optimization was planned by local, authenticated institutes and service
compAT EAO j ET Al OOAOPT 1T AAT AA O OEA 2000EAT &AA
and decisionmaking. The changes provided the opportunity and challenge to start an-lrouse
subsurface project aiming to gain a welestablished, upto-date knowledge o the asset and

become a more integrated party, as MOL HQ in the daily life of the field.

The interdisciplinary team faced/is facing several unexpected challenges, problems and pitfalls

while building the database, qualitychecking and interpreting the daa with a starting vintage

I £ pwtx8 41 1T OAOCAT T A OEAOGA DPOTAITAI O TAx ADPDOI
while maintain the overall goal to arrive to a reliable output set of volumes and forecasts on

time. The presentation would like to highlight sone of the focal points during the workflow

from the start until the finalization of reference case static model from a practical point of view,

rather introducing the big frame than getting lost in the details, but highlighting the most

interesting parts.

Key words: mature field, database, reservoir geology, reservoir modelling

1. INTRODUCTION

The Baitugan field geographically is located in South -Russia, approximately 1200

km far from Moscow, 200 km from Samara. Geologically, it belongs to the Volga -
Ural basin.

The field was discovered and put on production in 1947, 70 years ago. Due to

its relatively smaller size compared to neighbouring and other Russian

hydrocarbon deposits, appraisal and development activities showed a modest
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progress unt i | Farm NhOin 2074, gdintng 100% equity in the
Baituganskoye production block. In 2014, as a result of strategical partnership

with Turkish Petroleum (TP), 49% share was sold to this company.

In2014 -2015, the crude prices underwent a significant drop, having a significant
negative impact on the global oil industry ( Figure 1). It was compelling for oil

companies6 upstream sector tothezldlengimgmatkdtei r st

environment.
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Figure 1:  Brent oil prices since 2009 (Source: https://www.dailyfx.com/crude -ail,
22.04.2017)
At MOL Group, the integrated step of the new strategy was a detailed revision

of the existing portfolio to minimize risks and maximize value creation.

This company startegy vivified the urgent need of a thorough re -evaluation of

Bai tugan fiel dos hydrocar bon and further
historically a different a  pproach was normally followed, namely supervision of
subsurface evaluations and planning, conducted by local institutes (i.e. service

companies), the task was huge and highly challenging.

In order to be able to re  -estimate the field potential, a standardiz ed, quality -
checked and comprehensive subsurface database had to be built and the dataset

had to be interpreted with the goal of achieving a well -established understanding

of the field.
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The key disciplines involved in this multidisciplinary task were geoph ysics,
petrophysics, fluid and core laboratories, sedimentology, geology, reservoir
geology and reservoir engineering (including well -testing also).

The optimal solution to meet the goals and deliverables of the work plan was to
build a geological model, a  nd based on that, a dynamic model. By appropriate
history -matching, which can serve as an effective tool for development planning
and estimation of remaining potential.

First, a low -complexity, one -realisation, deterministic geological model was
built, and simultaneously preparations were made for a second, detailed and
multi -realisation modelling aiming to reflect the actual behaviour of the field and
incorporating data and understanding not available at the time of the first model.

This paper aims to fram e the work conducted during the first modelling job.

2. APPLIED METHODS
The Baitugan field has four productive formations, three carbonate and one
clastic intervals. All four were part of the 3D geological model, Figure 2 shows
a schematic section of those, also indicating their depth in meters subsea.

1 A4 1 Bashkirian Formation (carbonate)

1 Ci1s i Serpukhovian Formation (carbonate)
1 Bb i Bobrikovian Formation  (clastic)
1

V1 i Tournasian Formation (carbonate)

A4 and Cls formations are separated from the Bb and V1 formations by

approximately 300 meters of non -permeable layers. But the hydrodynamic

communication of the stacked pairs is highly probable even though t here is a

shaly layer partly separating them (Flowbarrier, Malinov Shale) ( Figure 2).

The method used was a repeatable, iterative modelling workflow ou tlined in
Roxard6s RMS 2013.1 software from data | oading
The workflow followed a common suit of procedures starting from fault and

horizon modelling, structural modelling, building a 3D grid, populating the 3D

grid with facies and petrophysical properties and calculating hydrocarbon in -

place volumes.
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A N-S section showing the productive formations and their relative position

Figure 2:

The number of wells penetrating at least one of four formations are shown in

Table 1. Although it has to be noted, that the drilling of wells and related data

acquisition span a period of over 70 years resulting in a highly vary ing quality
level.
Table 1: Wellstock on 01.11.2016
Status of well Number of wells
Producer 377
Injector 56
Disposal 2
Abandoned 52
Total 487

2.1.  Structural modelling
The main input parameters for the structural model were the interpreted seismic
horizons (stratigraphic tops and bottoms) and faultsticks. Well picks were filtered
and used for adjusting the seismic interpretation to the well data, which were

handled as ha rd data. The structural modelling was conducted in depth domain
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since no time seismic was available; the interpretation was also completed in a

depth seismic cube.

Well pick filtering was necessary due to the reliability of input data: in some

cases the we | | trajectory, the wel/ | ogobs depth
guestionable.

The mapping increment was 20x20 meters due to the high density of wells
(average well spacing is approximately 500 meters).

The oil -water contacts were identified based on formatio n testing data, but in
several cases contradictions were revealed due to differing reasons like
measurement quality, cement bond quality, log quality and/or influence of
injection or production in the vicinity.

The structural modelling followed three main successive steps: fault modelling,
and a nested two step horizon modelling resulting in a structural model as the

main input for 3D gridding ( 10 . Figure 3).

Ziscale 4,18

{2800
X

10 . Figure:  The structural model combining seismic and well data

According to the identified heterogenity of individual formations, the vertical
resolution of the 3D grid was set to 1 meter in the carbonate formations, while
0.4 meter in the clastic one. The horizontal resolution was set to 50 meters in
the geological g rid, and later, it was upscaled for flow modelling. Gridding was

set up taking into consideration the unconformity at the top of Tournasian and
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Serpukhovian formations, while stair -stepped fault handling was applied for

dynamic modelling.

2.2. Property modellin g
In order to synchronize the resolution of the 3D grid and the well data, the
necessary well logs were needed to be blocked (upscaled) to the vertical steps
of the 3D grid.
The well data used during property modelling included rocktype, interconnected
por osity, absolute permeability and water saturation. Latter three were biased
to rocktype.
The simplified rocktype model included only two discrete values 0 and 1, namely
non -reservoir and reservoir. Cut  -off values (interconnected porosity, shale
content, wa ter saturation) identified during petrophysical interpretation set the
limits between the two types as per formation.
In the first step of property modelling, the 3D grid was populated with rocktypes
using vertical proportion curves, variograms in indicato r facies simulator ( Figure
4).

Figure 4:  Vertical proportion curve of the Bobrikovian Formation, showing two
subunits of the formation (green i reservoir,red T non-reservoir)

Interconnected porosity was modelled ¢ onditioned to the two rocktypes, while
handling well information as hard data. In order to drive the spatial distribution,
variograms were applied that were calculated based on upscaled, transformed

data ( Figure 5).
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Permeability was directly derived based on the interconnected porosity using
regression equations identified from core data. The petrophysical model followed

a single -porosity approach due to the unavailability of any measurements
targeting the quantification of (highly) possible fracture system.

Water saturation model was based on well logs, but taking into consideration

the original deviation of saturation profile above and below the OWC.

Figure 5:  Interconnected porosity model of the Tournasian Formation

3. RESULTS AND DISCUSSI ON

The results and further use of the model and the associated database are varied.

The main result of the geological model was that the in -place volumes identified
earlier by third party companies could be verified ( Figure 6). The in -place
volumes showed an increase compared to the last evaluation, additionally,

satellite structures were identified. The workflow applied during the simplified

modelling, revealed several data gaps, contradictions that can be now addressed

in data acquisition orre  -interpretation campaigns.
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Figure 6: Stock tank oil initially -in - place distribution among the four
formations
The model and the underlying database have been used the a ccomplishment for
optimizing drilling target coordinates (in -fill well placement), well work -overs,

well treatments (e.g. hydraulic fracturing), as well as a data acquisition program

were lunched to fill  -in data gaps (seismic, petrophysical, pressure, well -test). It
helped to identify possible new drilling targets and highlighted a possibility of
unconventional appraisal target in the area.

The history -matching was also finished that showed valuable hints on the most
uncertain elements of the understanding of the subsurface, as well as spatial

uncertainties.

4. CONCLUSIONS

The main conclusion is that this work proved that even a mature field having

been on production for 70 years, can have upside potential(s) and re -
development opportunities that can yield addi tional value.

It is also a strong proof that without a well -established, strictly quality -checked
database, no useful work and prediction can be made while saving a dollar today

can cause a loss of ten dollars tomorrow.
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Handling a mature clastic HC reservoir without seismid
trends, facies proportions and depositional zones

Szabolcs Borka
University of Szeged, Institute of Geography and Geology, Department of Geology and Paleontology

borka.szabolcs@gmail.com

One can use neto-gross, lithological or depositional facies to build a staticeservoir model.
Considering the latter, it is hard to reveal and put them back to our 3D model in the absence of
seismic data because of their existing trends and geometries. Thus, we should rely on the well
data to define and visualize depositional face This article provides a useful method to handle
OEA APDPAOAT O 1 AOGAOAT OAITET AT AOGOGG S8

4EA AOAA 1T &£ OEA AAOA OOOAU EO 11T AAOGAA ET OEA
field, Hungary). The formation is a submarine fan system. The reservoir isWexplored by 132
wells.

Well-logs (GR, RES, SP, Sarahd shalecontent, porosity etc.) were used to determine a
simplified channellobe-background (depositional facies) system. Core samples from 7 wells
were also available. In each well the facies praptions were calculated and encoded (€1)
corresponding to the dominant facies in the wells. After applying a simple local-&line
interpolation algorithm on these codes, the facies trends were unfolded as a property map.
The truncated Gaussian simulatiorwas a suitable method to make this information spatially
robust regarding facies trends (channel/proximal part or lobe/distal part) and to obtain facies
zones. These facies zones were incorporated as trends into a sequential indicator simulation
algorithm, thereby establishing a consequent 3D reservoir model. In two parts of the reservoir,

channeldominated zones can be recognized with the surrounding terminal lobes.

Key words: depositional facies, facies proportion, trend, truncated gaussian simulation,

sequential indicator simulation, submarine fan

1. INTRODUCTION
A static clastic -reservoir facies model can be built in three different ways using
net -to - gross, lithological or depositional facies units. Due to its good lateral

information richness, seismi ¢ data may aid all the three methods. In the case of
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the latter it is perhaps the most important soft data because it can show

geometries associated with depositional facies. Therefore, in the absence of

seismic, we may feel lost regarding any kind of tren d, especially if there are

huge amount of well data waiting to be processed. A pure interpolated average

porosity map can often help to obtain trends, but there are other ways to reveal

them. For example, visualization of facies proportions in each well ca n show a

clear picture about the distributions of facies which can be used as trends or

guides for facies modelling. The aim of this study is to provide a workflow for

depositional facies modelling based on facies proportions.

The case study is located in the southern part of the Great H
HC field, Hungary). It is a submarine fan system penetrated by 132 wells with

all wells possessing the main well -logs (SP, GR, RES, DEN, CN, CAL, Sand - and

Shale -content, porosity, permeability). Core s amples from 7 wells were also

available to obtain the depositional facies.

The whole workflow was executed in Roxards |

license).

2. METHODS

2.1. Defining the depositional facies in the wells

The very first step was to identify t he sedimentary facies in a simplified channel
(fining -upward sections) -lobe (coarsening -upward sections) -background (fine -
grained sections) system in the 132 wells by using mainly the GR, SP, V sand ,
Vshale, porosity and permeability logs. Considering the c¢ ore samples, the
channels (FU sequences) consist of thick (max: 10 m, mean: 4.5 metres (from

defined channel facies in the wells) massive, structureless sandstones and they

are always followed by thin parallel -, cross -bedded and/or lenticular bedded fine -
grained parts. In the case of submarine fans, this kind of sequence refers to a

channel -levee system. On the other hand, lobe sections (CU sequences) can be
described by also massive sandstones, but they are followed by the sudden
appearance of separating s  hales (mudstones, argillaceous marlstone) with an
average thickness of 4 metres (max: 14 m). The background facies is massive

or parallel -bedded mudstones or argillaceous marlstones.
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Based on these information, the conceptual geological model is a mud -rich
submarine fan system with meandering channel -levee systems (mid -fan) and
terminal lobes or sand sheets (lower -fan) according to Richards

model (1998).

It was quite obvious that in the northern part of the reservoir, both channel -
levee systems and terminal lobes were present in a general sequence: the part

of lobes are followed by the channel -levee systems. Southwards the latter

gradually decreases in thickness, in the southernmost part of the reservoir it is

completely missing (pinches out), w hile the lobes are present in the whole area
of the reservoir. This suggests a prograding system towards south ( Figure 1 ).
Well A o Well B w2 Well C &
MD_RKB 1/300 | | MD_RKB 1/300 | | MD_RKB 1/300
CAL VLIM £ CAL VLIM £ CAL VLIM
4 21|10 70 ® 4 21]0 P = 4 21]0 I(
E SP_| V_SND b Fdcieszo g £ SP_| V_SND e FdciesZo z E SP_| V_SND P Fcieszo
TvD_ GR |0 10'6_ = b TvD_i GR |0 108- & e TVD—ﬁ GR |0 100 -
[m] 16 0L VSH |1 31 3| @ [m] 6 oLV.VSH |1 3[1 3| [m] 16 oLV VSH |1 3[1 3

- 2430.0
I 24148

- 24400

- 24500

Depositional facies
Green - Channel
Purple - Lobe
Brown - Background

!‘.,"I US|

.‘ 0 1000

= Facies Zones o
R Red - Distal

1 - Proximal

Figure 1 : A prograding system seems to appear in the reservoir through 3 wells.
Note that southwards the channel -dominated parts ( proximal parts) are absent, only

lobe -dominated parts (distal parts) are present

2. 2. Establishing facies proportion maps as main guides
After defining the depositional facies in the wells, it was possible to calculate the
facies proportions regarding each facies (channel, lobe and background). For

i nstance, i n t he case of 6channel fracti on
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dominated relati vely over the two others in a well, then that well was given a

parameter 0616, el se a par amEHAN-ELSEEBRDI( Eh el a¢d iac
expression). The same method was followed in the matters of the lobe and

background too. By applying a simple loc al B-spline interpolation method of

these facies codes, the estimated facies trend property maps were unfolded.

Using the well data and these property maps as guides, the so -call ed 6proxi
(channel - evee dominated) and oO0di st al 6d)yariablbse and

were defined in every well ( Figure 1 )

2. 3. Creating depositional zones for possible 3D trends and the final

facies model
I n Roxarodés I rap RMS it is possible to use tru
Beltsd modul e, TOdp&itiondl zonesar bkeks| which interfinger with

each other. The results of this module are often used as additional 3D trends for

the sequential indicator simulation (SIS).

The defined proximal and distal facies were suitable input data for the TGS to

reveal 3D trends for SIS. Two main parameters were needed: the depositional
direction and the so -called stacking angle (this describes the average angle of
climb of the facies belts within the grid model). The depositional direction could

be predicted from  the thickness map of the proximal zone. Furthermore, it was
possible to calculate dip angles in degrees (from node to node, corresponding to

the thickness values) based on the thickness map of the proximal zone.
Theoretically, if a zone gradually becomes thinner strictly in one direction
(azimuth, in case of the reservoir, north to south), the mean of these angles
represents approximately the main stacking angle of the zone, because both the

mean angle and the dip angle of the zone as well as the main stac king angle are
alternate interior angles. The theoretical background can be seen on Figure 2
Using these input parameters, the TGS method was executed (with altogether

50 realizations). The resulting P 50 (evaluated from all the realizations) 3D model
rega rding the proximal zone was incorporated into the SIS as a 3D trend for the

channel facies.
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from nodes to nodes == Distribution of these angles
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Figure 2 : The theoretical background for calculating the main stacking angle in the

case of the proximal zone which gradually becomes thinner strictly in one dire

It is important, that the result of the distal zone was not used as a trend for the

lobe facies, as the result pertains to both the terminal lobe and the background

ction.

facies on the edge of the reservoir, which lacks hard well data ( Figure 1 ).

Instead , the modelling of the lobe and background facies relied on their global
facies proportions coming from the upscaled well data and their semivariograms,
respectively.The geological interpretation of the used semivariograms was
necessary in the case of ever vy facies ( Gringarten and Deutsch, 2001).
shows the trend parameters of SIS for the depositional facies model. Using the
SIS 100 realizations were generated, and the final facies model was the P

computed from the distribution of all realizati ons.

Table 1 : The used trend parameters of depositional facies

Table 1

50 case

Depositional facies Trend Semivariogram
3D parameter trend coming

Channel from TGS O6proxi ves
Lobe Global proportion coming from Yes

upscaled well data
Background Global proportion  coming from Yes

upscaled well data

3. RESULTS

After calculating the facies fractions in each well, it was possible to visualize

them as pie charts ( Figure 3 ). As mentioned before, for overviewing a mature
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field it may be better to parametrize regarding each facies in every well. The

property maps of the channel and lobe dominance can be seen on Figure 3

Facies Fraction
2 W FaciesFractionLobe
1 @ FaciesFractionChannel
0 [l FaciesFractionBackgr

Figure 3:  A: average porosity map with the facies pie charts, B: property map of
channel dominance, C: property map of lobe dominance
In the case of the channel facies, two sharp zones are recognizable from north
to south, and from north to south east.
Using these information, the proximal and distal parts were defined in all wells.
The thickness maps of the distal and proximal zones as well as the cal culated
dip angles regarding a filtered proximal (excluded the parts with zero thickness

A sedimentary pinching out) zone can be seen on Figure 4

3 2N > 9 \ 186248,
186248 C & X L Proxmal_Zorie_DipAngle

851

6.00 gt \

4.00 . \

200 L

0.01 3

Figure 4:  A: thickness map of distal zone, B: thickness map of proximal zone with the

filtering polygon, C: dip angles of the filtered proximal zone
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The distribution parameters of the calculated dip angles of the filtered proximal
zones (main stacking angle) are: mean=0.98, min=0.01, max=8.51, std.
dev.=0.79. The depositional direction is about 160 azimuth deg ree (std.
dev.=10). A filtering polygon was also used to denote the facies border between

the proximal and distal depositional zones in TGS. As mentioned before, only the

Pso of the proximal zone was provided as a 3D trend for the SIS.

Table 2 shows the

se mi variograms©®é par ameters

corresponding to each facies in the SIS.

Table 2 : The semivariogram parameters and their interpretations (SV: subvariogram,

in the case of a nested semivariogram structure; *range: parallel to azimuth/normal

to azimuth)
Channel SV1 Channel SV2 Lobe SV1 | Lobe SV2 Background
Type Spherical Exponential Nugget Exponential Exponential
Fracgﬁln of 0.7 0.3 0.25 0.75 1
Azimuth 15/195 150/330 - 130/310 100
Range* 700/500 3500/1600 - 3900/2800 2500/1000
. terminal terminal part
RETDE SEMEES c_iue to the main channel part of the of the
the meandering . s i
. . direction depositional depositional
Interpretation process itself (probably -
(smoother, processes processes but
represents a b
persistent change) but covers a covers a
wavelength)
greater area greater area

A layer (layer 4) of the final P s0 model of the reservoir using SIS (evaluated from
the 100 realizations) can be seen on

result of TGS.

Figure 5 , compared to the same layer of

It is apparent that the metho d performed better at revealing the channel
compared to the reproduction of lobe features, perhaps due to the lack of a 3D
trend of the lobe in the SIS.
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Figure 5 : A: P s result of SIS, layer 4; B: P so result of TGS, layer 4; Note that in the

c ase otivowelvisible main channels are recognizable

4. CONCLUSIONS

Based on the results, it can be stated that in contrast with the common
assumption that pixel  -based (e.g. SIS, TGS) methods are not able to reproduce
geometrical information of (depositional) facies (Pyrcz and Deutsch, 2014), the

use of facies fraction maps and depositional zones can aid these methods to

honour geometrical features. Moreover they ¢
caused by the initial confusion related to dense w ell data and by the lack of

seismic data.
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Permeability problematics in modelling of highly
heterogeneous reservoirs

0T 1 O ) ROB] . Al AO
IMOL PlcJBlaho@mol.hu
2MOL Plc

In the modelling process the main challenge is the spatial modelling of permeability. The higher
the heterogeneity in hydrocarbon reservoirs the biggethe challenge for the geomodeller. One
of the problems is the scale effect. How to give a valid permeability for a grid cell with &D0

m lateral dimension based on centimeter scaled core samples and on the-20 cm vertical
length of logET OAODPOAOABABDAOAI OAOG8 (1 x OF OAI EAAOA
be expected, when upscaling for dynamic modelling? What are the roots of calculation,
predicted failures?

Overwhelming number of questions without reasonable answers. We can deliver exphions
but our tools are poor to reach appropriate solutions. In case of other reservoir parameters
analyzing uncertainties is an acceptable result for engineers. However the permeability is not
an additive parameter and in heterogeneous reservoirs the stigtical variance is high namely
the correlation with other parameters is so low that geostatistical methods seem to fail correct
modelling, mainly dynamic modelling. Validation of permeability is very important based on
well tests result and production exyerience but in heterogeneous clastic reservoirs and
fractured carbonate or metamorphic reservoir it is also a mission impossible.

Some case studies will be described about the challenges of correct permeability interpretation
and the spatial modeling of prmeability, as well as a number of methods and practices to

overcome this everlasting phenomena.

Key words: permeability, modelling, heterogeneous, scale effect, upscaling, validation
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Variogram analysis of well derived lithofacies data in Eastern
part of Drava Depression

) OTT A %hATlAGEG 2# OAOET OE¢
1University of Zagreb, Faculty of Mining, Geology and Petroleum Engineering, Pierottijeva 6, 10 000

Zagreb, Croatiaivona.emanovic@gmail.com

One of the initial steps for the building of a proper subsurface model for the basin analysis, after
solving structural relations, is the determination of lithofacies distribution. This can be either
performed as a general mixed lithology based on well logata from a large interval or with a
properly-layered model. In the latter, a variogram analysis has to be first employed to
determine the spatial relation of lithofacies distribution for each mapped interval. Thus,
variogram analysis was performed on fie lithostratigraphic intervals in the eastern part of
Drava Depression. The analysis was performed on four models of different geometry (cell size
and layer number) with the same geographic and stratigraphic extent.

Results of variogram analysis mainly daot show significant differences. In most cases, analysis
OEi xO OEAO OEA 1 AET O AEOAAOQEITT 1T &£ OAOEI COAI O
to the paleotransport direction.

Some variograms show different orientation regarding stratigraphiclevel which could be
interpreted to the regional shift in the depositional environments and sediment transport. Four
lithofacies models were built upon the results of the variogram analysis which describe the

spatial relation of each lithofacies.

Key wor ds: Croatia, Drava Depression, facies modelling, Pannonian Basin, variogram analysis

1. INTRODUCTION

Variogram presents one of the basic geostatistical tools. It is usually graphically
represented with parameters: lag, sill, nugget effect, distance and range. The
Variograms are used for assessing the selected variables in the space and their
correlation for subsequent mapping. In this case, variogram analysis was used

for facies modelling prior to basin modelling.

L e e
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2. AREA OF EXPLORATION AND GEOLOGICAL SETTINGS

The entire Drava Depression covers the surface area of about 12 000 km 2, where
approximately 9 100 belong to the Croatia ( Figure 1 ). The total thickness can

reach more than 7 000 m in the central part

Cvet kovi l , Infiz ®fl ;1@ depression can be subdivided into five
lithostratigraphic units in rang of formations. These are: Vukovar, Valpovo,
Vinkovci, Vera and Vuka Formation.

The oldest Vukovar Formation of approximate Middle Miocene age (Hernitz,

1980; Malvweitiko& id , 2013), over | iNeogenebasementt | y on
rocks. It contains of breccia, conglomerate, limestone, sandstone and marl

deposits which can be | ocally organic rich (Z
Valpovo formation consists of limestone as well as clay -enriched limestone.

However, it can locally contain large amount of coarse -grained sediments. The

deposition was only local according to Hernitz (1980). Upper boundary is defined
by E 0 log border Rs5 which separates the Valpovo Formation from the youn ger

one, Vinkovci Formation. The border between the aforementioned Vukovar

Formation and Valpovo Formation is defined by E -log border Rs7.
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Figure 1:  Area within Drava depression used for variogram analysis for further facies

modelling

Valpovo Formation  overlays Vinkovci Formation, which is made of dominantly

sandstone and marl intercalations with sporadic occurrences of source rocks.
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Vera Formation has been noted as approximately of Late Pontian age (Hernitz,

1980), and its constituents are marl, sandst ones, and coal deposits. The
formation is confined with E -log border B in its base and A on top.

Vuka Formation is the youngest formation and it is made of gravel, sand, sandy

clay, clay and coal.

3. MATERIALS AND METHODS

Before the Variogram analysis, the structural model had to be prepared along
with the defined lithologies within the wells. Surfaces and faults for the model

were derived from published structural maps (Hernitz, 1980) which were
subsequently digitized and modelled with a 100m cell grid (Stopar, 2015).
Lithology was determined based on well log analysis and rock -cuttings

description.

3.1. Model properties

As the end goal of the research was basin analysis of the selected area ( Figure
1), several models of different grid spacing and layer numbers were constructed
from the original model. The grid spacing was coarser than the initial model (e.qg.

200 or 500 m respectively) as basin analysis computation requires a lot of time

when number of cells is high in the model. Layering was also observ ed in two
cases 1T high and low case. Model parameters are shown in Table 1 . Lithology

data was defined in 14 different classes from clastic to carbonate facies.

Table 1: Model properties

Model Cell Number Number of sublayers

name size of cells Vuka Fm. | VeraFm. | Vinkovci Valpovo Vukovar
Fm. Fm. Fm.

Drava A 200 m 8.3x10 ¢ |15 15 15 7 15

Drava B 200 m 4.2x10 ¢ |30 30 30 15 30

Drava C 500 m 1.3x10 © 15 15 15 7 15

Drava D 500 m 0.7x10 5 | 30 30 30 15 30

3.2. Variography
A semi -variogram (Nikravesh, et al., 2003; Molnar et al., 2010; Hatvani et al.,

2017) ( Eq. 1) is described by three parameters:
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1 Range- defines the lag distance at which the semi -variogram reaches the
maximum value;
Sill- the maximum value that the semi -variogram attains at the 6rangebo,;
Nugget Effect - In theory, semi -variogram should have a value of O for
original distance (lag distance 0) ( Figure 2 , Nikravesh et al., 2003), the

amount of nugget defines the initial spatial correlation of the variable.

Matheron algorhythm  (Matheron, 1965):
Al g8 Poos o Eq. 1

N(h)-number of data pairs compared at a di ¢
zup)-val ues at | ocation &6hbo
zZunth)-val ues at htohcobat i on Ou
The process of choosing the right fit parameters of a semi -variogram that
captures the spatial variability of data is subjective as fitting of the optimal one
has to be attained trough spatial analysis. Once the semi -variogram is fitted on
the empirical one, a model desc ribing the functional relationship between the
semi -variogram value and the lag distance is selected. The semi -variogram
parameters, namel vy, 6rangeo, 6si |l | 6, and &énu
(Nikravesh et al., 2003).
Almost all the semi  -variogram models can be mathematically approximated with
many theoretical models, the most frequently used are: Spherical model,
Exponential model, Gaussian model ( Figure 3 ), Linear model and Logarithmic

model.

Figure 2 : Parameters of variogram (Nikravesh et al., 2003)
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Figure 3 : Three popular semi -variogram models (from Nikravesh et al., 2003)

4. RESULTS

The variogram analysis produced 20 anisotropic variogram models, for the area

of exploration. The analysis was made on the four models with different cell

dime nsion and layer number  (Table 1)

. Spherical variogram was used for fitting

the variance values of the lithology trough the each layer of the model data

distribution.

The best attained value of the range has been in high layer models (

except for t he variogram

Pannoniando in 200x200

ma d e

mo d el

Table 2 ),

n i ntervalBasaBase

The range

of 28,000 m. When the range is reached, the data correlation is minimal

(Figures4 &5 ).

Table 2: Range of the large axis  of the variograms in different models

n

MODEL 200X200 MODEL500X500
RANGE RANGE
High layer Low layer High layer Low layer
7372 7163 11496 10832
10440 9698 9727 9109
5366.8 3010.7 5357 5606
4259.9 28000 15536 13093
8596.9 5900 6958 5037

t hi

84




20" HU and 9™ HR-HU Geomathematical Congress

o0Geomat heanat i cs

0 2590 5000 7590 10900 125?00 15(?00 175300 20000 22.‘?00 S—

= 4

= = o

o — - - | (=] 5
% /"-ﬂ#—_’ w 8§
= w
== o -
(=] ~J
- .
o 4 o5
1289.65 6448 .25 11606.85 16765.45 21924.05 =
Distance =

Rearession curve ENuaaet: 0.00336 Sill: 0.957mRanace: 9698 4 —

Figure 4: The variogram model of interval of Vera Formation (major direction)
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Figure 5:  The variogram model of interval of Vera Formation (minor direction)

Optimal variogram was selected on the base of maximum range and minimal

nugget value to attain the high est lateral correlation of facies.

Eleven of twenty variogram models show similar large axis orientation to the

ADi nari c 0 o Figueb t)aOtheronadel$ show different orientation, which

is probably a result of the different transportation regime - local rather than

basin wide as in Pliocene Vuka Formation when sedimentary environments were

Figure 6 : The orientations of variogram models from interval of Valpovo (left) and

Vukovar Formation (right)
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5. CONCLUSIONS

Variogram analysis was performed for five different lithostratigraphic intervals

in the eastern part of Drava Depression. The differences in the orientation of the
variograms were probably the result of variable paleotransport direction during

the Neogene and tectonic regimes. Based on the results of the analysis four
facies models were built ( Figure 7 ) whic h will subsequently be used in basin

analysis.

Figure 7:  Result of facies modelling in four different models with Gaussian

simulations (a -DravaD;b - DravaC;c 1 DravaB;d 1 DravaA)
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Evaluation of the trends of hydrocarbon migration processes
based on oil density resavoir depths relationship in Hungary

: 0T 1 O 1 1,00@Wsebess E1 AEE

1Geological and Geophysical Institute of Hungarkovacs.zsolt@mfgi.hu

Depth of reservoirs of Hungarian oil fields and related oitlensity data were collected from the
database of the Hungarian Mineral Resource Inventory. Our purpose was to point out
correlation between the oil density and reservoir depth in some Hungarian hydrocarbon
productive region. Oil density related to reservai depth in a particular area generally refers to
the migration mechanism. These mechanisms can be divided into two basic types: the overflow
mechanism movement along leading surfaces or serpermeable slow migration through the
seal rock. The latter mechaism is present in the Great Plain formations, while the overflow
mechanism is specific for some local reservoir groups in Transdanubia.

For four Transdanubian trends, the deeper the average depth migration is taking place, the
stronger the tendency of theinversely proportional change of oil density with depth. If

. ACUI AT CUAT h 3UO6T1TUR "OAAZEA OOAT A0 xAOA AQAIE
average density oils occur shallower. This suggests that the primary segregation process was a
kind of separation mechanism through a molecular filter in regional scale. The decreasing
density with increasing depth occurred only within some local group of reservoirs, and suggest
the tertiary migration occurred in a hydraulically connected system.

In the case of Great Plain reservoirs, it seems clear that lighter density oil can be found on top
within the majority of trends; however, there is a big difference in the measure of depth
dependency. In shallower depth, stronger correlation with depth can be obseed. This is
presumably related to the inversely proportional depth change to the change of the depth of
compaction. Twonarrower steep trend relates to the traditional separation mechanism

through a semipermeable marls taking place in shallower depths.

Key words: hydrocarbon migration, oil density, Zala Basin, Hungarian Great Plain
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1. INTRODUCTION

Secondary migration is the process by which hydrocarbons are transported from

the matured source rock to the places of accumulations (traps). This type of

migra tion is happened trough more permeable and porous carrier beds and
reservoir rocks, as opposed to primary migration through dense, less permeable

and porous source rocks. Variations in crude oil composition are to a certain
extent inherited from different source rocks. The primary driving force for
migration is the vertical buoyancy force due to the lower density of oil and gas
compared to that of formation water, which can be modified by subsurface water
potential gradient. Secondary migration terminates i n hydrocarbon reservoirs,
but tectonic events such as folding, faulting or uplifting may be cause
redistribution of filled oil or gas pools (tertiary migration) ( Figure 1 , Tissot &

Welte, 1984)

See level

— Reservoir rock

Source rock
~ Reservoir rock

Secondary migration

Primary migration

Figure 1:  Primary and secondary migration pathways (Tissot & Welte, 1984)

Considering hydrocarbon exploration and production in Hungary, four
geographical regions can be distinguished with some smaller units: (1) the Great
Hungari an Pl ain (i ncl udigedg BasiK,i 8adtanyas SHjgh, Sze
Nagykuns§8g, Haj d¥%s 8¢, Ny2rs®g and J8szs&8g,; f
Mak- Trough, B®k ®s Basin and Derecske Trough)
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basin area (Zala Basin, Somogy, Dr8va Basin)

Basin an d (4) the Danube Basin (Little Plain) as seen in the Figure 2

I Conventional hydrocarbon fields
[ unconventional hydrocarbon arcas

T
" Zalp-Drava
*Bagsin

Figure 2:  Hydrocarbon fields and the main hydrocarbon exploration and production

regions of Hungary

Our purpose was to point out correlation between the oil density and reservoir

depth in s ome Hungarian hydrocarbon productive region. Oil density related to
reservoir depth in a particular area generally refers to the migration mechanism.

The aim of work was a better understanding of direction of different migration

paths, hydrocarbon accumula  tion possibilities, and hydrostatic -hydrodynamic
conditions of the subbasins. We supposed that the expected result would help

us in the estimation of potential resources of different regions in Hungary in
connection with the designation of new hydrocarbon exploration areas could be

marked to concession activity.

2. DATA AND METHODS

Depth of oil -water contact data of oil field reservoirs and related oil density data

were collected from the database of the Hungarian Mineral Resource Inventory.

The inventory database consist data for 769 reservoirs of 142 oil fields. The

initially in pl  ace resources of reservoirs are 332 million tons, in which almost 100

million tons were produced in the | ast 80 yea
collected data for 259 reservoirs in 31 oil fields, which seemed to be suitable for

our investigation. The  main aspect of the selection was to provide as much data
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as possible within a given field. Finally, Zala region had information on 62

reservoirs in seven fields, Szeged -Ki skuns8g region had 116 re
fields, Nagykuns8g r egiado fieldsdand3Bihar regandadv oi r s
49 reservoirs in five fields. Relation of oil density vs. reservoir depths plots can

be observed onthe Figures4 -7.

3. RESULTS

3.1. Zala Basin

The prevailing oil density vs. depth relation in the Zala region - ascanb e seen
on Figure 3 1 isthatin general lighter oils are in shallower position, but locally,

field by field, the shallower the depth the higher the oil density. The deeper the
average depth migration is taking place, the stronger the tendency of the
invers ely proportional change of oil density with depth. This suggests that the
primary segregation process was a kind of separation mechanism according to
carbon chain length through the semi -permeable sediments. The increasing
density with decreasing depth tre nds occur only separately in some cases of
fields, and suggest tertiary migration mechanisms within an earlier formed

reservoir system which hydraulically connected to each other.

Zala
© Belezna
<4 Budafa-Kiscsehi
> @ Lovaszi
4 § Pusztaszentlaszld @ Nagylengyel
Ps2y @ Nagylengyel-Szilvagy
. /1 Birsa * @ Ortahaza L. Pann.
7 '§/@/ © Ortahaza basement
+ Pusztaszentlaszlo
» Savoly

1000

BK

v Lovaszi
5
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Figure 3:  Oil density vs. depth relations in the Zala Basin, Transdanubia
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In the case of Zala region this difference may also follows from the fact that the
covering seem rocks of reservoirs are more compacted in the Transdanubian
region than in the Great Plain because that were buried previously in higher

depth.

3.2.Szeged -Ki skuns§&g
I n the case of AlgyR, Szank and |11 ®s the spe

depth the lower the oil density ( Figure 4 ). This may be caused by the separation

of oil transported along the fine -grained sediments of carrier bed. Steep trends

of Dorozsma, Ruzsa, and Kiskunhalas can be caused by the oil flow along tectonic

surfaces. I n the opposite trend of ¥tt°m°®s po
water washing, biodegradation) of crude oil can be supposed because the

relatively near surface position. I n S 0 me case of Al gyl

reservoirs the dissolved gas contain of oils is much higher than in other oils in

this field.
Szeged-Kiskunsag
o OTT Ny &TT_Np K
Ottéjmésyw*:} X
1000 ik s ki e ® Algy6 U. Pann.
Y %”'{.‘J”és oTT # @ Algy6 L. Pann.
Kiskunhalas + Dorozsma-Szeged
\ I @ Ferencszallas
P Kiskunhalas
Dorozsmay, - _ X Ottémos
% i BN AN
+‘I’:‘—m A Ruzsa
/_(; “i@ p— ac FP S2py Pz %—W ¥ Szank
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u D}UK
RUZATA a Dorozsma
Ru E M
s Ruzsa
3000 — g
oor e Pt
Dorozsma
\
700 800 900 1000
Oil density (kgm-3)
Figure 4:  Oil density vs. depth relations in the Szeged -Ki skuns8g region, Hut

Great Plain

3.3. Nagykuns§&g
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