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C4D /& * 9l $ 44444444444444404444044044044404404444044044044440440440444444044444440444
C47)$ & $! * + & $2-$ #$ 44444444444444404404444044044444404404444440444444441
C4)$ &S  9& 4444444444444044044444404444440440444404404404444044044044404404444440444044:
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CAEM( %$!(&-$ 6)## ) 9& 44444444444444444404404444440444444044044440440440444444444,
CAN /& * - 9 $ 4444444444444404404444040044044004404404044044044440440440444444044444444
C4 1. #&#6 1$ $! 2-$ 44444444444404444440440444404004404440440444444444044444444444
C4 1. #&#6  2-$ 444444444444444044404404404440440444440044044440400440444044044404¢
Cd ) # |& A44444444444444440440440444044044440440440444044044044404404444044044044444444,
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CAT(#*1I$1  %# - # 44444444444444444440444404004404440440440444044044440440440444444
C4 )1 ,$* #4"&$ * D | 44444444444404444444440440444044044440440440444444044444444
C45)1 ,$* #"&$ *  C | 4444444444444440440444444044044404404444440440444444044444,
C4E # #$* &#H$9-$  $ &) 2 - #4444444444444444444044044404404444440440444404404441
C4N /& * )T . 1 4444444444444444044044044404404444040044044440400440444444044444444444
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DAE) "-  ## # &  M(D 4444444444444440440444444044044404404444440440444444044444444
DAN *& $ # * $- (1 &8A4A4A44444444440444444444044440400444444044044444404404440440444041
D4 M(D1&& (- * $- - #$ 144444444444404444440440444404404404440440444444044044444404444442



D4 M(D1&& (- * $-1$ -*& $ #44444444444444444444404404444440440444444044444404404444444
D4 $&&$!:$ 1% 13 1 M(D 1 &&44444444444444444444044044444404404440440444404404444444,
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CROATIAN HYDROCARBON AGENCY

Integrated feasibility study for the permanent disposal of carbon dioxide in the

1.3.4.2 Environmental and nature protection aspect

geothermal aquifer at the Bockovac location

EU regulation Relevance Croatian regulation

Directive 2011/92/EU on Environmental Impact Assessment HIGH | Act on Environmental Protection (OG 80/13,
153/13,78/15,12/18,118/18)

Regulation on Environmental Impact Assessment
(OG 61/14,3/17)
Act on Spatial Planning (OG 155/25)

Directive 2001/42/EC on Strategic Environmental Assessment |HIGH | Act on Spatial Planning (OG 155/25)

(SEA) Act on Environmental Protection (OG 80/13,
153/13,78/15,12/18,118/18)

Directive 92/43/EEC on the conservation of natural habitats HIGH | Act on Nature Protection (OG 80/13, 15/18,

(Habitats Directive) 14/19,127/19, 155/23)

Regulation on the Ecological Network (OG 80/19,
119/23)

Directive 2009/147/EC on the conservation of wild birds (Birds |HIGH | Act on Nature Protection (OG 80/13, 15/18,

Directive) 14/19,127/19,155/23)

Directive 2003/35/EC providing for public participation in HIGH | Regulation on Environmental Permits (OG 8/2014)

respect of the drawing up of certain plans and programmes Act on Environmental Protection (OG 80/13,

relating to the environment 153/13,78/15,12/18,118/18)

Regulation (EU) 2024/1735 — Net Zero Industry Act (NZIA) HIGH | Decision on implementing Regulation (EU)
2024/1735 establishing a framework of
measures to strengthen the European ecosystem
for the production of zero-emission technologies
(OG 2/2025)

Directive 2006/118/EC on the protection of groundwater HIGH | Acton Waters (OG 66/19, 84/21,47/23)

Directive 91/271/EEC concerning urban waste-water treatment | HIGH | Act on Waters (OG 66/19, 84/21,47/23)

Directive 2000/60/EC establishing a framework for Community |HIGH | Act on Waters (OG 66/19, 84/21,47/23)

actionin the eld of water policy

Directive 91/676/EEC concerning the protection of waters HIGH | Acton Waters (OG 66/19, 84/21,47/23)

against pollution caused by nitrates from agricultural sources

Directive 2008/105/EC on environmental quality standards in HIGH | Acton Waters (OG 66/19, 84/21,47/23)

the eld of water policy, amending

Directive 2009/90/EC laying down technical speci cations for |HIGH |Acton Waters (OG 66/19, 84/21,47/23)

chemical analysis and monitoring of water status

Directive 2003/87/EC establishing a scheme for greenhouse HIGH | Act on Climate Change and Protection of the

gas emission allowance trading within the Community Ozone Layer (OG 67/25)

Directive 2004/101/EC amending Directive 2003/87/EC HIGH | Act on Climate Change and Protection of the

establishing a scheme for greenhouse gas emission allowance Ozone Layer (OG 67/25)

trading within the Community, in respect of the Kyoto Protocol's

project

Directive 2009/29/EC amending Directive 2003/87/ECsoas |HIGH |Acton Climate Change and Protection of the

to improve and extend the greenhouse gas emission allowance Ozone Layer (OG 67/25)

trading scheme

Directive (EU) 2018/410 amending Directive 2003/87/EC to HIGH | Act on Climate Change and Protection of the

enhance cost-e ective emission reductions and low-carbon Ozone Layer (OG 67/25)

investments

Directive (EU) 2023/959 amending Directive 2003/87/EC HIGH | Act on Climate Change and Protection of the

establishing a system for greenhouse gas emission allowance Ozone Layer (OG 67/25)

trading within the Union and Decision (EU) 2015/1814

concerning the establishment and operation of a market stability

reserve

Directive 2006/21/EC on the management of waste from HIGH | Regulation on Waste Management from the

extractive industries Mining Industry (OG 56/23)

Directive 2014/23/EU on the award of concession contracts HIGH | Acton Concessions (OG 69/17,107/20)
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CROATIAN HYDROCARBON AGENCY
Integrated feasibility study for the permanent disposal of carbon dioxide in the
geothermal aquifer at the Bockovac location

Directive (EU) 2018/410 (ETS Reform) - Act on Climate Change (OG 67/25)

The Directive updates ETS allocation rules, the Market Stability Reserve, and low carbon
investment incentives. Croatia’'s act acknowledges ETS and MSR but does not reproduce detailed
EU level allocation or MSR rules. The gap is therefore procedural clarity: EU law remains directly
binding, but Croatian legislation does not provide domestic interpretative or administrative detail.
For CCS investors, the lack of national clari cation means allowance allocation expectations must
be derived directly from EU texts, not Croatian ones.

Directive (EU) 2023/959 (ETS Revision and Market Stability Reserve) - Act on Climate
Change (OG 67/25)

The Directive maintains ETS treatment of CCS without introducing additional CCS speci ¢
obligations. Croatia’s climate act continues to provide the general ETS framework but does not
mention CCS transport or storage explicitly, nor does it incorporate detailed MSR rules. The gap is
one of silence rather than misalignment: CCS treatment is correct under EU law but not explicitly
con rmed in Croatian statutory language.

Directive 2006/21/EC (Extractive Waste Directive) - Regulation on Waste Management from
the Mining Industry (OG 56/23)

Croatia’s mining waste rulebook transposes the Directive comprehensively and adds detailed
annexes, templates and prescriptive content absent from the Directive. This results in a national
framework that is more detailed and procedural than the EU baseline. For CCS, the relevance
arises during drilling of wells where extractive waste is produced. The gap is additional national
complexity, not a de ciency: investors must comply with expanded Croatian documentation and
safety system requirements beyond the Directive’s minimum standards.

Directive 2014/23/EU (Concessions Directive) - Act on Concessions (OG 69/17,107/20)
Croatia’s Act on Concessions implements the Directive’s principles and thresholds but adds
mandatory forms, templates, a national concession register and Ministry of Finance oversight,
creating signi cantly more granular domestic procedures than the Directive requires. EU law is
principle based; Croatian law is procedural and administratively dense. For CCS investors seeking
concessions for subsurface rights or public land, the gap means higher administrative formality
and potentially longer preparatory phases than envisioned in the Directive.

1.3.4.3 Spatial planning, property and safety aspect

Directive 2014/23/EU on the award of concession contracts HIGH | Act on Concessions (OG 69/17,107/20)
Directive 2012/18/EU (Seveso lll) on the control of major-accident | HIGH | Act on Spatial Planning (OG 155/25)
hazards involving dangerous substances Act on Environmental Protection (OG 80/13,

153/13,78/15,12/18,118/18)
Civil Protection System Act (OG 82/15,
118/18,31/20,20/21,114/22)

Directive 2014/23/EU on the award of concession contracts - Act on Concessions (OG
69/17,107/20)
The Concessions Directive sets principle based requirements on transparency, equal treatment,
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CROATIAN HYDROCARBON AGENCY
Integrated feasibility study for the permanent disposal of carbon dioxide in the
geothermal aquifer at the Bockovac location

competition and threshold driven procedures, leaving Member States broad discretion on
administrative form. Croatia’s Act on Concessions transposes those principles but goes
considerably further in prescribing standardised forms, national concessions register, and

nance ministry oversight, together with detailed procedural templates and registry rules. There is
no substantive misalignment with the Directive; the gap is one of administrative density: Croatian
law introduces granular domestic formalities beyond EU minimums, which increases preparatory
work and le quality expectations for investors seeking concessions linked to subsurface use,
corridor occupation or public assets. In practice, this elevates documentation e ort and timeline
discipline relative to the baseline EU requirements, even though the underlying award principles
remain fully aligned.

Directive 2012/18/EU (Seveso lll) on the control of major accident hazards - Act on Spatial
Planning (OG 155/25)

Croatia meets Seveso llI's land use duty through the Act on Spatial Planning (OG 155/25),
ensuring accident risk is integrated in zoning/siting; the establishment level obligations are
implemented separately. The Regulation on the Prevention of Major Accidents Involving Hazardous
Substances (OG 44/14, 31/17, 45/17) expressly transposes Seveso Il and sets

dangerous substance thresholds, OPOT noti cation (cro. “Obavijest o prisutnosti opasnih tvari”)
and the content/approval of Major Accident Prevention Policy and the Safety Report, including
supervision, updates and cross border accident procedures. The Environmental Protection Act
provides the legal basis for these Seveso procedures and competent authority oversight

(safety report approval/inspection). Administrative by laws establish the national Seveso register
and the expert council that evaluates safety reports, while the Civil Protection System Act
implements external emergency planning at county level (domino e ectand

dangerous substances de nitions included). The Fire Protection Act and re/explosion

risk assessment rules complement Seveso with national design and operation safety deliverables.
Thus, the land use risk integration sits in spatial planning, whereas operator level Seveso
compliance (noti cation, MAPP, Safety Report, internal plans, registers, external plans) is governed
by environmental/civil protection instruments requiring CCS promoters to run two coordinated
tracks in permitting and design.

1.3.5 Key ndings

This report provides targeted review of relevant EU legislation, as well as a comprehensive
examination of Croatian legislation and a gap analysis to identify how Croatian law aligns with and
operationalises EU requirements, with particular emphasis on the permitting environment, spatial
and environmental constraints, and the practical implications of project siting. Across all analysed
legislation, institutional requirements and GIS based spatial datasets, the ndings indicate that
Croatia o ers legal basis for permanent geological CO, storage and geothermal development, but
the regulatory pathway can be complex, sequential, and highly sensitive to location.

At the national level, the Act on Exploration and Exploitation of Hydrocarbons, the Regulation on
Permanent CO, Storage, the Regulation on Reserves, the Act on Environmental Protection and its
accompanying EIA framework collectively establish the conditions under which geological
formations may be licensed, evaluated, approved and monitored for long term CO, containment.
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CROATIAN HYDROCARBON AGENCY
Integrated feasibility study for the permanent disposal of carbon dioxide in the
geothermal aquifer at the Bockovac location

2 Geological and reservoir engineering solution

2.1 Overview of the exploration area
2.1.1 Geological overview

Report: Geological Overview and Characterization of the Bockovac Area (Drava Depression,
Croatia)

1. Introduction

Area of interest located near the Hungarian border close to Bockovac village in Osijek-Baranja
County, Eastern Croatia. A rural setting within the atter terrain of the county, with an elevation of
about 95 meters above sea level.

2. Area of Interest De nition

The area of interest (AOI; Fig. 2.1, Fig. 2.2 and Fig. 2.3 ) is geographically de ned by a speci ¢
polygon surrounding the Bockovac region. The AOI encompasses the eastern part of the Drava
Depression, extending from the Ladislavci Field in the west to the Gat-1 and Marjanci-3 wells in
the east, bordered by Hungary in the north and the Beni¢anci Field in the south.

Fig. 2.1 Regional Map of the Study Area
Location of the Drava Depression and of the area of interest (blue rectangle)

e The AOIlincludes the Ladislavci-Ku€anci eld (currently in production) as well as additional
potential locations, such as Camagajevci, Krunoslavlje, Marjangi, Sjece, and others. Some of
these are not considered established elds.
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CROATIAN HYDROCARBON AGENCY
Integrated feasibility study for the permanent disposal of carbon dioxide in the
geothermal aquifer at the Bockovac location

5. Stratigraphic Correlation and Mapping

Stratigraphic attribution, especially at well locations, may di er depending on interpreter and
available data. Di erent stratigraphic schemes exist, typically based on electric log markers. The
correlation widely used by local and regional geologists is provided in Fig. 2.2 (right).

6. Conclusion

The Bockovac area exhibits signi cant stratigraphic, structural, and lithological diversity shaped by
complex tectonic and sedimentation processes. The main elds and formations described in this
report provide a basis for ongoing exploration, potential CO, storage, and geothermal energy
utilization assessments.

Fig. 2.2 Chrono and Lithostratigraphic chart for the area of study (Drava Depression)
Schematic representation of the correlation of units between Croatian and Hungarian parts of the Drava Depression
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Fig. 2.3 Area of interest

Fig. 2.4 Regional Structural Framework of the SW Panonian Basin
Classi cation of structures, faults and major hydrocarbon accumulations
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Integrated feasibility study for the permanent disposal of carbon dioxide in the
geothermal aquifer at the Bockovac location

2.1.2 Data available

The geological and reservoir characterization study was based on a dataset consisting of wells,
well logs, seismic interpretation, deviation surveys, interpreted horizons, and historical well
documentation (Fig. 2.5). Although the dataset provided su icient regional coverage for structural
and stratigraphic interpretation, signi cant variations in data quality, completeness, and format
were encountered throughout the project.

Fig. 2.5 Data Coverage Overview

Initially, a total of 46 wells were available within the study area. However, only 16 wells received
processed petrophysical interpretations from the Petrophysics team. Among these, 12 wells
contained interpreted e ective porosity (PHIE) logs suitable for direct use in reservoir property
modeling and petrophysical calibration.

The availability of wireline logs varied considerably between wells. Most wells included
Spontaneous Potential (SP) and deep resistivity (RES__ DEEP) logs, which formed the primary basis
for stratigraphic correlation and identi cation of reservoir—seal transitions throughout the study
area. These logs proved especially important for correlating the principal electric markers and
tracking the continuity of the major reservoir intervals. In contrast, Gamma Ray (GR) logs were
available only for a limited number of wells and therefore could not be used consistently as a
regional correlation tool.
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Several wells also contained incomplete logging intervals. In at least two wells, the upper sections
of the logs were missing, resulting in partial absence of petrophysical information within shallower
stratigraphic intervals. In these cases, interpretation relied more heavily on nearby well control,
seismic interpretation, and regional stratigraphic continuity.

Deviation survey information represented an additional limitation within the dataset. For many wells,
deviation data were available only in scanned paper format and therefore required manual
digitization prior to import into Petrel.

The structural framework was constrained using six interpreted seismic horizons that had already
been depth converted prior to the modeling work ow. These surfaces formed the basis for grid
construction.

Historical well reports were available in PDF format for a signi cant portion of the well inventory:.
These reports provided valuable geological descriptions, formation tops, lithological observations,
DST results, and reservoir information. However, the completeness and reliability of the reports
varied considerably. In some cases, only prognosed or forecast geological sections were available

Formation tops extracted from the reports were imported into Petrel and subsequently reviewed
and correlated regionally. Due to inconsistencies between historical interpretations, nomenclature
di erences, and variable report quality, several tops required reinterpretation and adjustment
during the correlation process in order to achieve regional consistency between wells.

The seismic dataset also presented spatial limitations. Available 3D seismic coverage does not
extend into the northeastern corner of the study area, resulting in reduced structural and
stratigraphic control within that sector. Consequently, geological interpretation in the northeastern
area relied more heavily on well correlation and regional geological trends rather than direct
seismic mapping.

2.2 Seismic interpretation

The seismic interpretation study was undertaken to establish the structural framework supporting
the select phase of the CCS screening and geothermal feasibility assessments. Its primary
objective was to deliver a robust subsurface understanding through detailed seismic
interpretation, integrating seismic-to-well ties, attribute analysis, fault and horizon mapping, and
time-to-depth conversion.

Interpretation focused on the key stratigraphic horizons—Alfa, B, C, D, Z', Rs7, and Tg. The shallow
section is characterized by strong re ector continuity and stable frequency content, allowing high-
con dence horizon picking. At greater depths, particularly around Rs7 and Tg, seismic image
quality deteriorates due to reduced signal-to-noise ratios, resulting in increased interpretation
uncertainty. These limitations were addressed through the application of calibrated seismic
attributes and a conservative interpretation strategy.
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