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D1.4 Initial 3D reservoir properties model

1. Introduction
An initial 3D reservoir properties model (Deliverable D1.4 of WP1) is delivered within
Task 1.2.2 using available input data (boreholes and deep seismic lines). The model covers the
greater Zagreb area and it is integrating the knowledge acquired within Task 1.2.1.
Geoscientific cooperation, on-the-job and in-house training to HGI-CGS scientists was
provided by GEUS scientists. Establishment of Sparring-Partnerships between HGI-CGS and
GEUS researchers in this activity has contributed to significantly develop the capabilities within
HGI-CGS for carrying out integrated interpretations and correlations of seismic and well data, 3D
reservoir modelling and establishment of reliable geological models.
HGI-CGS’ pool of data-management and interpretation tolls are now enhanced by
establishing an interactive interpretation system that will be managed and operated by local
geoscientists. HGI-CGS staff participated in training and lecture sessions at GEUS in Denmark,
using local analogues and other types of data. The acquired knowledge and expertise will be
subsequently applied on Croatian data derived from diverse environments of Croatia. The
associated research training was carried out at HGI-CGS in collaboration with GEUS experts.
Task 1.2.1 comprises four subtasks (1.2a-d) covering seismic interpretation and correlation with
geological data, integration with well data, and 3D modelling on example data with fieldwork in
Denmark, and application on Croatian data. Table 1 shows/lists the description of each subtask,
the names of the involved experts, as well as, the date and location of each training
activity/course.

Table 1. A detailed list of subtasks, participants, dates, and locations
Subtask
1.2a: Interactive interpretation and
correlation of seismic and geological data
1.2b: Fieldwork and “on-the-job training,
(OJT) in Denmark
1.2c: Application of petroleum
methodologies on Croatian data. Training in
Croatia. Establishment of 3D geological
models based on the integration of local
seismic, borehole and outcrop data forming
the basis for detailed 3D reservoir
modelling.
1.2d: Dissemination of the obtained
research results.

Participants
Erik Skovbjerg
Rasmussen and
Peter Frykman
GEUS); Adriano
Banak, Marko
Špelić and Marko
Budić (HGI-CGS)
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Date
November 12-23
2018
November 5-9
2018
April 2019

Location
GEUS,
Denmark
GEUS,
Denmark
HGI-CGS,
Croatia

November 2020

HGI-CGS,
Croatia
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The main goals of Task 1.2.1 were:
1. Establishing the methodology and delivering D1.6: Fieldwork Guide (M3).
2. D1.8: Report on the construction and finalization of Digital Time and Depth Map-grids
of selected subsurface Horizons in the study areas (M18).
3. Establishing the methodology and delivering report D1.5: Course-Training Guidebooks
and/or Notes (month following each relevant subtask M2, 3, 4, 6, 12, 21, 25).
4. Introducing the role of Geophysics in research- seismology fundamentals- reflection
seismics, wave propagation, acquisition, processing, introduction to a series of software tools,
etc.
5. Introduction to well logging –, well log measurements types, master log, interpretation
and cross-correlation.
6. Well tie analysis – workflow and hands-on exercises, time depth relationships, creation
and customization of wavelet, synthetic seismogram generation and customization, well to
seismic calibration in depth domain.
7. Stratigraphic and structural interpretation – techniques, horizon identification, seismic
data analysis, attributes, correlation procedures, seismic data interpretation, horizon-picking
and mapping.
8. Training in integrated analysis of geoscientific data for better understanding the
interpretation of depositional environments, geological features, and for extracting more
information from the available data by using various seismic data analysis techniques (as for
example):
a) Attributes and Spectral decomposition – techniques,
b) Seismic stratigraphy – introduction to seismic facies analysis and interpretation,
c) Using AVO analysis- – AVO theory, seismic processing for AVO analysis, AVO forward
modelling, practical application of AVO analysis- lithofacies identification,
d) Seismic Inversion – methods.
General aim of this task was to train HGI-CGS staff in the interpretation of geophysical
and geological data. The basic training was conducted on Danish dataset, while Croatian data
were used for the subsequent generation of depth grid surfaces that subsequently will be
provided to WP4 for further utilisation.
Training-sessions included mastering 3D geological modelling in Landmark-Halliburton
DecisionSpace software package.
Task 1.2.2 comprises three subtasks (1.2e-g) covering reservoir geology models, local
case studies, and reservoir modelling on example data, and application on Croatian data.
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Table 2 shows/lists the description of each subtask, the names of the involved experts, as
well as, the date and location of each training activity/course:
Table 2. A detailed list of subtasks, participants, dates and locations
Subtask
1.2e: Reservoir geology and principles for
reservoir modelling
1.2f: Methods for reservoir modelling and
local case studies model building
1.2g: Model construction and principles for
reservoir flow modelling based on geological
models from the local case studies

Participants
Peter Frykman
(GEUS), Marko
Špelić and Marko
Budić (HGI-CGS)

Date
Location
November 12-23 GEUS,
2018
Denmark
April 2019
HGI-CGS,
Croatia
April 2019
HGI-CGS,
Croatia

The main goals of Task 1.2.2 were:
1. Contributing in establishing an initial 3D model within the Pilot area of WP4, as this is
defined in .shp file (D1.6) (M12).
2. Training in establishing task-related workflows in methodologies.
3. Delivering report (D1.7): Course-Training Guidebooks and/or Notes (month following
each relevant subtask M2, 3, 4, 12, 21, 25).
4. Training in building reservoir framework and architecture, including:
-Stratigraphy and fault geometry modelling,
-Grid construction,
-Core-log integration,
-Facies modelling,
-Property modelling – porosity and permeability models,
-Uncertainty and upscaling – geological model analysis, and property upscaling.
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2. Training in Denmark (fieldwork training and in-office training)
The fieldwork training was conducted in the period 5th - 9th November 2018. GEUS’
instructors Dr. Erik S. Rasmussen and Dr. Peter Frykman were training the designated HGICGS participants Marko Špelić, Marko Budić and Adriano Banak.
The first part fieldwork training included outcrop detection and description. During
this 5-day fieldtrip training in western and northern Denmark (Jutland peninsula, Morse and
Fyn islands) the HGI geologist (Adriano Banak, Marko Špelić and Marko Budić) were
introduced by senior GEUS geoscientists (Erik S. Rasmussen and Peter Frykman) to Miocene
successions, which are very well exposed and described. A series of measurements of
structures and textures on outcrops, the description of stratigraphic facies in combination
with daily PowerPoint presentations and/or discussions after the fieldwork, gave the HGI
geologists the opportunity to improve their skills in applied sedimentology. Careful
sedimentological studies implemented for reservoir building and modelling are very
important for establishing a reliable 3D model of the subsurface.
This is the main objective of Task 1.2. of WP1.
2.1. Detailed Training Programme
Day 1 (November 5th, 2018)
Voervadsro gravel pit: Fluvial deposits
Due to heavy rains before arrival to Denmark, Voervadsro gravel pit (Fig. 1) was
flooded, so the access to it was impossible. Panoramic photos were taken and the team
proceeded to the second stop of the fieldtrip as scheduled.
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Fig.1. A panoramic photo of the Voervadsro gravel pit.
Addit: Fluvial Channel
Addit is a big, active sand pit where different sedimentary structures were identified
during the visit (Fig. 2). A petrified wood trunk next to a coal layer was also found (Fig. 3).
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Fig. 2. Cross – bedding in sand and gravel deposits of Addit sand pit.

Fig. 3. Petrified wood trunk with bits of coal in lower right corner of the picture.

6

D1.4 Initial 3D reservoir properties model
Day 2 (November 6th, 2018)
On the second day of the fieldwork typical Ofiomorpha fossils, which are reliable
indicators of shoreface, were investigated in sand layers (Fig. 4). Hummocky structures in
sandy/silt sediments were also found and investigated (Fig. 5).

Fig. 4. Ofiomorpha fossils in sand layers. Pen is for scale.
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Fig. 5. Hummocky structures in sandy/silt sediments. Scale is in upper left corner.
Day 3 (November 7th, 2018)
On the third day of the fieldtrip training HGI-CGS geologists conducted independent
research on two representative outcrops: Børup and Hagenør. They measured the thickness
of the sediment, described the textures and structures and they compiled a sketch of
geological column. These two outcrops are very important because their sequence
stratigraphy can be explained in a very detailed manner. LST – TST – HST – FRST transition
is recorded in outcrops as well as lagoonal infilling. Also, a flooding surface was detected at
the border of Børup (Fig. 6) and Hagenør (Fig. 7) outcrops.
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Fig. 6. Sketching the geological column at the Børup outcrop.
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Fig. 7. Investigating thin sand and silt layers at the Hagenør profile.
After these field tests, discussion of the observed sedimentological features was initiated,
and their sequence stratigraphic analysis was discussed.
Day 4 (November 8th, 2018)
On the fourth day of fieldtrip training new localities, with outcrops sections were
presented to HGI geologists. Emphasis was given on bigger outcrops (Fig. 8) from Mors
island and fossils typical for Miocene sediments in this part of Denmark.
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Fig. 8. Folded sedimentary layers of Miocene age. Height of the outcrop is approx. 20m.
Day 5 (November 9th, 2018)
At the end of fieldtrip training HGI geologists visited Fossil and Mo-clay Museum in
Nykøbing Mors, where a large fossil-collection from Danish Miocene formations is exhibited
(Fig. 9). The museum is located in a small village, where a renovated farm was converted
and used to house the exhibits. Staff consisting of 3 geologists curates fossil and
sediment/rock samples from nearby area, where fieldtrip training was conducted. A lot of
11
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fish fossils, fossils of different insects and several plant fossils are displayed. All the exhibits
are of Miocene age and some of them are among the best preserved in a World, i.e. like the
young turtle fossil displayed on Fig. 10.

Fig. 9. Geological – paleontological museum in Nykøbing Mors with fossils and geological
samples derived from the northern Danish area.
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Fig. 10. Perfectly preserved fossil of a young turtle.
After the successful completion of the fieldwork training, HGI-CGS geologists Marko
Budić and Marko Špelić stayed for another two weeks in Copenhagen, in GEUS, where they
were introduced to workflows needed for building a 3D reservoir properties model. This
training was conducted by GEUS geologists Peter Frykman (Fig. 11) and Peter Britze and
Schlumberger’s Petrel software was used for conducting the training session in modelling at
GEUS’ offices in Copenhagen, Denmark (Fig. 12).
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Fig. 11. Peter Frykman and Marko Špelić are comparing porosity and permeability curves
in Petrel software.

Fig. 12. Building a 3D reservoir properties model in Petrel Software. Marko Budić in
picture.
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During the second week of their training, HGI-CGS geologists Marko Budić and Marko
Špelić were introduced to the interpretation features and the basic usage LandmarkHalliburton’s DecisionSpace software.
The last three days of the specialised training in interactive interpretation of geoscientific
data comprised training that was conducted by a Halliburton senior consultant Mr. Roberto
Nobrega who introduced the HGI-CGS geologists to the user-interface and data-management
capabilities of this software.

3. Participation in seminars organised by third parties (Geosciences
Forum in Reservoir Management, by Landmark-Halliburton Budapest)
A team of Croatian and Danish participants of WP1 attended the regional Geosciences
Forum in Reservoir Management in Budapest, Hungary, organized by the software vendor Halliburton Landmark from 19th – 20th March 2019.
At the Geosciences Forum/user conference, the participants were updated on the most
recent developments in interactive interpretation and they were able to test new products
and software solutions.
Equally importantly, the Forum provided to the participants with a unique opportunity
to communicate with other representatives, stakeholders, and colleagues and users of the
Landmark System, thus establishing and/or maintaining a strong regional network.

Fig. 13. At the Geosciences Forum in Budapest; (From left to right), Marko Budić, Pavle Ferić,
Ioannis Abatzis, Jakob Lanstorp, Lars Juul Kjærgaard, Peter Britze, Nikola Belić and Carsten
Møller Nielsen.
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4. Training in Zagreb (field training and in-office training)
4.1.

Introduction

After successful training of HGI-CGS geologists in GEUS, Denmark and the ir participation
in the Geoscience Forum, it was time for GEUS geologists to come to Croatia for fieldtrip and
in-office training.
Dr. Erik S. Rasmussen visited HGI-CGS’ Head Quarters in June of 2019 to complete the
training of HGI-CGS geologists. His visit was organised in two interconnected sections: first
2 days of fieldtrip in greater Zagreb area and a subsequent 2-day in-office training by using
relevant Croatian data needed for building an initial 3D reservoir properties model for the
study area.
4.2.

Key objectives of training in Zagreb

The key objectives of the training conducted in Zagreb were:
•An overview of geological units in Croatian Miocene formations of greater Zagreb area and
training on sequence stratigraphic interpretation of selected outcrops and sections.
•Review and presentations on Miocene sediments in Croatia and Denmark.
•Introduction to the Interactive Interpretation and Correlation System (DecisionSpace
Geosciences project) and a review of the created project and imported data.
•Review and QC of selected seismic and well data, re-interpretation and correlation of
mapped units.
•Review of the Well-tie analysis (time-depth conversion), and stratigraphic and structural
re-interpretation.
•Developing a concept for scientific paper.
First part of Zagreb training consisted of a two-day field training in greater Zagreb
area, where HGI-CGS geologists (Marko Budić, Marko Špelić, Adriano Banak, Mihovil Brlek
and Tomislav Kurečić) introduced Erik S. Rasmussen to Miocene outcrops.
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Day 1 (June 10th, 2019)
On the first day Dr. Erik S. Rasmussen arrived at the HGI-CGS where after registration
GGI-CGS geologists provided to him a quick tour around the HGI-CGS premises (Labs and the
available Interpretation and Correlation System).
Day 2 (June 11th, 2019)
The first day of the field training started with a short trip to the selected outcrops
(Fig. 13 and Fig. 14). A brief introduction to the surface analogues of geological units
modelled in the subsurface was presented (stratigraphical relations, sedimentary structures,
and fossils typical in Croatian Miocene formations of greater Zagreb area). The presentation
was followed by training on sequence stratigraphic interpretation of selected outcrops and
sections of surface geological units of greater Zagreb area (recording of selected outcrops sketch).

Fig. 14. Gornje Orešje quarry.
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Fig. 15. Outcrop at the southern slopes of Medvednica Mt., near Zagreb.
Day 3 (June 12th, 2019)
The fieldwork training continued with a trip to selected outcrops and a brief
introduction to the surface analogues of geological units modelled in the subsurface
(stratigraphical relations, sedimentary structures, and fossils typical in Croatian Miocene
formations of greater Zagreb area) was also part of the second day of the field training (Fig.
16 and Fig. 17).
The day ended with training on sequence stratigraphic interpretation of selected
outcrops and sections of surface geological units of greater Zagreb area (recording of
selected outcrops - sketch).
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Fig. 16. Mirti outcrop with sand body unit representing pro-delta facies

Fig. 17. Markuševac outcrop with massive marl
Day 4 (June 13th, 2019)
This was the first day of in-office training. The HGI-CGS team received an introduction
to Interpretation and Correlation System (DecisionSpace Geosciences project) and an
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overview of the created project and imported input data. A number of selected well data
were reviewed, re-interpreted and mapped units were correlated to each other.
A review and QC of seismic data (2D seismic lines and 3D seismic cube) was carried
out.
The day continued with presentations on Miocene sediments in Croatia and Denmark
and was finally concluded with a recap of the day’s findings.

Fig. 18. A map of requested data for the showcase study greater Zagreb area
Day 5 (June 14th, 2019)
The second day of in-office training and the final day was reserved for recapping the
overall conducted training.
The day began with a review of the Well-tie analysis (time-depth conversion), and
stratigraphic and structural reinterpretation (horizon identification, seismic data analysis).
It continued with the review of QC and reinterpretation. Last discussed topic focused on
writing a concept for a scientific paper that will summarize and present the findings of the
work carried out for establishing an initial 3D reservoir properties model.
At the end of the last day, all members had a thorough discussion on the results of the
training in Zagreb and they jointly planned the subsequent steps to be taken.
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5. Modelling in Landmark-Halliburton software
After the training sessions conducted in Denmark (field training in western Denmark and
in-office training in GEUS, Copenhagen) HGI-CGI geologists Marko Budić and Marko Špelić,
in agreement with GEUS geologists, did the following in HGI-CGI Zagreb office:
1.Data QC- data review, review of the quality of the available seismic data, review of the
basic geological settings within the study area.
2.Structural and stratigraphic and interpretation- mapping of main stratigraphic
reflectors, fault mapping and identification of other structural elements within the study
area.
3.Time-depth conversion- time to depth migration.
4.Surface and model building- building surfaces from interpreted horizons.
5.Reinterpretation – constant reinterpretation.
The initial 3D reservoir properties model was then build based on all available data
(boreholes and deep seismic profiles) and their geological interpretation. All of the above
information and captured knowledge where then integrated to the study and they represent
an integral part of Deliverable D1.4 of the WP1 of the GeoTwinn project.

Fig. 19. Building a 3D reservoir properties model in DecisionSpace.
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The overall process for the installation of the DecisionSpace software and the training
of the HGI-CGS geologists in managing and using such an advanced Interactive Interpretation
System was severely affected by the long delay (over two months) of the required Hardware
by a third-party hardware vendor in Croatia.
As a result of this, the HGI-CGS and GEUS geologists, while building the initial 3D
reservoir properties model and conducting the related training, they identified certain
characteristics in using such advanced interpretation tools as the DecisionSpace software
that could be described as objective obstacles. Therefore, it is evident for the HGI-CGS and
GEUS geologists that at this stage of the project and with the provided basic training, the
construction of a 3D geological model is both difficult for them to complete and it is rather
time-consuming.
The HGI-CGS and GEUS geologists register the identified problems on a regular basis and
they are seeking are jointly the best possible solutions for facilitating the successful
implementation of the project.

6. Conclusions


D1.4 Initial 3D reservoir properties model of greater Zagreb pilot area was built by
HGI-CGS scientists using 3D modelling software package: Landmark-Halliburton
DecisionSpace.



The input data for D1.4 included boreholes, deep seismic lines and 3D seismic cube.



Basic Interactive Interpretation and Data Correlation System that was installed
earlier at HGI-CGS offices in Zagreb can now be used for storage, organization, and
data management of all kinds of geophysical, geological and petrophysical data
available at the Croatian Geological Survey.



The establishment of Sparring-Partnerships between HGI-CGS and GEUS researchers
that included in-house training sessions, fieldwork training and research studies both
in Croatia and in Denmark have contributed to develop significantly the capabilities
within HGI-CGS for carrying out integrated interpretations and correlations of
seismic and well data, 3D reservoir modelling and establishment of reliable geological
models.
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HGI-CGS and GEUS scientists addressed swiftly any identified problems, i.e. delay of
equipment delivery, to minimise related time delays thus succeeding to build the 3D
model in time.



The compiled reservoir properties model of the greater Zagreb pilot area will be used
as input for the hydrogeological modelling scheduled to be carried out by Work
Package 4 (WP4) of the GeoTwinn project.
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