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INTRODUCTION

➢ Stop the natural production decline

➢Recover additional oil/Improve

Recovery Factor

➢ Extend production life of the fields



REASONS FOR WAG CO2 FLOODING

➢ Quantity of available CO2
• High % of CO2: gas fields in Northern Croatia

• Pure CO2: Šandrovac oil and gas field

➢ Laboratory data
• 20 years of experiments with crudes from various Croatian oilfields

➢ Practical experience with CO2 injection
• Pilot project on Ivanić field 2003-2006 (WAG process)

➢ Significant remained oil in place in discovered 
reservoirs

➢CO2 sequestration 
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Žutica South

Primary recovery: 1963 - 1972

Secondary recovery (WF) : 1972 -2014

Tertiary recovery (EOR) : 10/2014 

Miocene sandstones

f  = 21.5 – 23.6 %

k = 15 - 80 mD

Swi = 26 – 42 %

T = 97.7°C

Pi = 183 bar

Pb = 137 bar

33.4°API oil

Miocene sandstones

f  = 16 – 22 %

k = 5 – 90 mD

Swi = 26 – 42 %

T = 110.7°C

Pi = 211 bar

Pb = 139 bar

33.8°API oil

Primary recovery: 1966 - 1976

Secondary recovery (WF) : 1976 -2015

Tertiary recovery (EOR) : 2015 (Žutica North)

IVANIĆ AND ŽUTICA OIL FIELDS – BASIC INFO

Ivanić Žutica

Žutica North Žutica South



ŽUTICA NORTH OIL FIELD H OIL FIELD

➢Start of CO2 injection : October 2014

➢Daily production before EOR: 579 boepd

➢Current daily production: 1430 boepd

➢43 Producers, 16 WAG Injectors

➢Current pressure – 140-160 bar / MMP – 200 bar

➢IMMISCIBLE WAG EOR PROCESS

➢Start of CO2 injection: October 2015

➢Daily production before EOR: 68 boepd

➢Current daily production: 521 boepd

➢33 Producers, 8 WAG Injectors

➢Current pressure – 210 bar / MMP – 210 bar

➢MISCIBLE WAG EOR PROCESS

➢Start of CO2 injection: Postponed due to
low reservoir pressure, far from
miscibility pressure (103-152 bar)

EOR PROJECT OVERVIEW

Ivanić Žutica North Žutica South



Pressure data

Production and injection data

SCAL

Logging

Geology

Slim-tube test

PVT

Swelling test

MONITORING OF CO2 WAG PROCESS

Using Numerical simulation in monitoring EOR process

➢ Identify main field potential
➢ Injection planning and prioritisation
➢ Sensitivity analysis – Optimizing WAG process
➢ Production forecast



EOR PROJECT RESULTS

Production reached the level of year 2000

EOR

Baseline



EOR PROJECT RESULTS

Production reached the level of year 2006

October 2015
Start of CO2 injection

EOR

Baseline



PRODUCTION ENGINEERING CHALLENGES

Challenges

➢Integrity (Corrosion)/Increased number 
of well workovers

➢Mature state of subsurface and surface 
systems

➢Commingled wells (reservoir packages)

➢CO2 quantities

➢Low reservoir pressure

Solutions

➢Corrosion inhibition (batch 
inhibition, downhole injection), 
passive protection

➢Introduce  new ALS (ESP)

➢Relining casing/pipeline

➢Selective completion

➢New CO2 Compressor and Pumping 
Station/New source of CO2

➢Shut in producers with high w.c.



PRODUCTION ENGINEERING CHALLENGES

FREQUENT WORK OVERS, HIGH OPEX DEMAND

HSE RISKS

MECHANICAL ERROSION OF AL EQUIPMENT

CORROSION ENVIROMENT
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PRODUCTION ENGINEERING CHALLENGES - ESP installation

PRODUCTION CONTROL and COROSION MANAGEMENT

HSE risks

DECREASE IN NUMBER OF WORKOVERS ESP Equipment

PFT  Tri-Gator Penetrator

HSE – Risk reduction during operation

Simultaneous installation of ESP, cable and IL



PRODUCTION ENGINEERING CHALLENGES - corrosion management

➢ 19 ESP + IL installed in Ivanić 
oil field

➢ Extension of the project on 
Žutica North and Žutica South 
oil fields



PRODUCTION ENGINEERING CHALLENGES - opportunities

REAL TIME MONITORING DATA HISTORY REPORTING PRODUCTION OPTIMIZATION



Continuous
monitoring

process

Models
calibration

Starting CO2

injection in the 
Žutica South Oil 

Field

Construction of 
new CO2

Compressor 
Station

EOR PROJECT NEXT STEPS



➢Šandrovac oil field has natural CO2 source – Miocene sandstone reservoir

➢Stružec and Beničanci could be developed with a new source of CO2

➢Exploring other potential CO2 sources (Biorefinery Sisak and Petrochemical plant in Kutina)

Petrochemical Plant Kutina

Biorefinery Sisak

POTENTIAL EOR TARGETS

GTP Molve

GTP Ethane

Stružec

Šandrovac

Beničanci



Thank you for 

your attention!


