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Public Introduction
The RETURN project focuses on unlocking the potential for CO2 storage in depleted oil and gas
reservoirs. These sites are promising, as they are well characterized from previous oil and gas
activities, and they have large pressure margins for safe storage. There are, however, some technical
challenges related to CO2 injection and storage in such sites. Upon CO2 injection, the low pressure
in the depleted reservoirs results in strong cooling and potential freezing of the well and near-well
region due to expansion and associated phase changes of the CO2. This may jeopardize not only
injectivity, but also near-well stability and well integrity. Large depletion can be accompanied by
strong stress concentration and hysteresis effect upon re-pressurisation, added to the development
of thermal stress. Today's available solutions include heating of the CO2 and gas phase injection,
implying many injectors. This is both expensive and emission-intensive. Novel solutions are thus
required, which will be searched for and investigated in the RETURN project.
The primary objective of the project is to enable safe and cost-efficient long-term CO2 storage in
depleted O&G reservoirs by understanding and handling cooling and CO2 phase change effects
during injection. Research required to reach this goal is addressed in three main scientific work
packages focusing on: (i) Coupled well-reservoir flow modelling, (ii) Near wellbore processes, and
(iii) Wellbore integrity. The work, comprising both experiments, numerical modelling and larger scale
field tests, will focus on understanding how CO2 flows down the well and into the depleted reservoir.
The research will have special emphasis on near-wellbore cooling effects, CO2 phase transformations,
pressure and temperature cycling, and the impact thereof on wellbores, reservoir rock and sealing
formations. The project will develop: (i) coupled well-reservoir simulations and reference solutions
that incorporate multiphase, multicomponent, thermal and transient physics, (ii) enhanced
quantitative understanding of the effects of near-wellbore processes on near-wellbore integrity and
injectivity, and (iii) safety windows for integrity of well barriers during CO2 injection as a support tool
for operators. The main project impact will be to enable 'cold' CO2 injection into depleted reservoirs,
by offering operators safe operational windows for CO2 injection and recommendations on
controllable parameters such as operational patterns and well designs.

Executive Summary
The Kick-off Newsletter is the first in the series of newsletters that are planned to be published in
the course of the project. The newsletters will update the general public about major project results,
activities and events (e.g. meetings, conferences), as well as present key researchers, their work and
collaboration between the consortium partners.
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is Officially Underway
The ACT3 RETURN project aims to
enable safe and cost-efficient
long-term CO2 storage in depleted
O&G reservoirs by understanding
and handling cooling and CO 2
phase change effects during
injection.

Kick-off meeting
The kick-off meeting was held from
23 rd to 24th March 2022 in Brekstad,
near Trondheim, Norway. The first
day consisted of a presentation
from The Research Council of
Norway detailing the ACT
programme, a presentation from
the RETURN project coordinator, an
overview of the work packages and
concluded with the general
assembly. The following day
included presentations of potential
use cases and fields by industry
partners and a trip to the SINTEF
laboratory.

The main impact of the project
will be to enable ‘cold CO2‘
injection into depleted
reservoirs, by offering operators
recommendations on
controllable parameters such as
operational patterns and well
designs. This will reduce costs
and increase safety.
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Project Structure

WP2 – Coupled Well-Reservoir Flow Modelling
The objective of Work Package 2 is to
develop a detailed understanding of
CO2 phase behaviour and flow along
the whole pipeline-well-reservoir
system and to establish mature,
validated numerical simulation
capabilities for the non-isothermal
flow of CO 2 during injection into
depleted reservoirs, both under
steady state and transient conditions.
Aspects of CO2 injection, e.g. pressure
drop in the reservoir, hydrate
formation, fluid flash and expansion in
the reservoir, water evaporation
leading to salt deposition, thermal
fracturing or fault reactivation, are

all strongly linked to the fluid
properties and specifically to the
temperature. Major contributing
partners in WP2: University of
Cambridge, TNO, SINTEF, Carbon
Management Canada, EBN, Eni,
Wintershall Dea, BP (among
others).
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WP3 – Near–Wellbore Processes
Work Package 3 aims to:
1. Advance the quantitative
understanding of the effects of (i)
depletion and re-inflation, (ii)
pressure and temperature cycling,
including at sub-zero temperatures,
and (iii) hydrate formation and other
near-wellbore processes specific to
depleted reservoirs on rock
mechanical behaviour and
associated transport properties, and

plastic effects and thermohydraulic fracturing.
WP3 is led by Shell, and the major
contributing parties in this work
package are University of Utrecht,
TUBAF, Eni and SINTEF, among
others.

2. Establish mature and verified
numerical simulation capabilities for
near-wellbore integrity assessment,
considering poro-thermo-elastic-

WP4 – Well Integrity
WP4 aims to perform experiments
and modelling to determine the safe
operational windows for CO 2 injection
into depleted reservoirs without
jeopardizing well integrity and
subsurface isolation, even in case of
strong pressure/ temperature cycling
or low temperatures. WP4 is led by
SINTEF. Main outcomes will be:
1. Experimental laboratory results of
microannuli formation due to cooling
and subsequent characterization of
microannuli geometries and resulting
leakages.

2. Comparison of small- and
large-scale experimental test of
cement debonding and
subsequent leakage rates, where
the experimental results are
reproduced by numerical
simulations.
3. Improved understanding of
acoustic logging, characterization
and monitoring of wellbore
integrity failures during CO 2
injection.
Major contributing partners in WP4:
SINTEF, TUBAF, TNO, Carbon
Management Canada
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WP5 – Enabling ‘cold CO2 ’ injection into depleted fields
This WP has two main objectives:
1. Coordination of WPs 2-4 to ensure a
targeted working process and progress,
and
2. The delivery of a compilation of
practical recommendations for safe
and cost-efficient CO2 injections into
depleted reservoirs.
Firstly, the initiation and performance of
WP2-4 including the use of consistent
data and setting appropriate boundary
conditions will be organised and
coordinated. This includes the
specification and alignment of the

various case studies and the
deployment of the site portfolio.
Secondly, the research results and
innovation from WP2-4 will regularly
be compiled, linked to one another,
and ultimately integrated to create
recommended workflows, targeted at
deriving a series of
recommendations and criteria to be
considered in Front-End Engineering
Design (FEED) studies in the context
of CO 2 injection and storage projects.
Major contributing partners in WP5:
TNO, NZTC, SINTEF, University of
Cambridge

WP5 – Workshop: Specification of case studioes &
application scenarios
The first WP5 workshop was a hybrid
meeting held on 24 th March. There
were ~20 participants in Trondheim
and >30 participants online. The
workshop defined and selected case
studies to investigate cold CO2
injection into depleted reservoirs. This
was an important starting point to
connect the research and tool
development in WP2-4 to real use
cases and the site portfolio of the
RETURN consortium in WP5.
The goal of the workshop was:
Get to know each other: connect
researchers in WP2-WP4 to site
studies in WP5

Get an idea on potential use
cases options
Start defining use case scope
and teams
Agree on next steps regarding
the use cases and upcoming
Milestones/Deliverables
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WP6 – Outreach and Dissemination
WP6 aims to ensure an effective
communication within the
consortium, including associated
partners, and to disseminate
project information and results. The
WP will ensure that relevant
findings are shared within and
outside the CCUS community using
modern and accessible methods.
Specific objectives are:
Providing information on the
project activities and results
within and outside the project
consortium, including general
public dissemination on the
importance of CCUS.

Organizing project
conferences and knowledgesharing workshops to inform
the scientific community and
the public on relevant results.
Supporting project partners
in the organization of
technical meetings and
workshops.
Keeping an up-to-date data
management plan, and
ensuring compliance with EU
General Data Protection
Regulation (GDPR) and data
protection guidelines across
the project.
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Accelerating CCS Technologies (ACT) is an international initiative to establish
CO2 capture, utilisation and storage (CCUS) as a tool to combat global
warming. The project is funded through the ACT3 Call, Grant Number 327322, in
a period from January 2022 to December 2024.

