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2013-2015: Building a true IOR research IF2 diris

tea m (3 research partners, 12 user partners and several national -and international collaborators)
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The national and international collaborators actively involved in  |F2 il IRIS ‘S
UiB, UiO, NTNU the IOR Centre's R&D activities

TU Delft, DTU, Cornell University
TNO, GEO, Geus

The Institute for Study of the Earth’s Interior (ISEl), Okayama University, Misasa, Japan; a Center of

and micro-/nano technology in the world)
University of Aberdeen
- Professor Alex Kemp. Economic analyses of IOR-projects
Sandia National laboratories, Albuquerque, New Mexico
- Three-dimensional imaging and pore-scale modelling of carbonate rocks (former title: FIB-SEM
imaging of chalk)
- Contact: Dr. Hongkyu Yoon
CoE Institute of Science and Technology in Luxembourg (material sciences)

CoE Helmholtz Institute Freiberg for Resource Technology at Dresden with the TU Bergakademie
Freiberg (economic geology and material sciences)

Dr. Olwijn Leeuwenburgh
TNO

— Dr. Bernhard Schultze/Dr. Jens Gutzmer
Ecole Polytechnique Univerisité Paris-Sarclay (Physics)
University of Minster Germany (Mineralogy)

- Dr. Cristian Vollmer
University of Edinburgh
University of Houston (Geology)

Universita Bicocca Milano (Geology)
NCAR

- Dr.Dorit Hammerling/ Dr. Ram Nair

Université de Lyon

- Professor Olivier Tillement
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Mobile and immobile oil and EOR methods IF2 @IRIS O
Theme 1: Tasks and Task Leaders “

SUB MICRON & Aksel Hiorth

Udo Zimmermann - PORE SCALE ' Espen Jettestuen Professor/Chief Scientist
Professor UiS . INVESTIGAIONS Senior Scientist IRIS Uis/IRIS
udo.zimmermann@uis.no eje@iris.no Aksel.hiorth@uis.no/ah@iris.no

CORE SCALE INTERPRETATION UPSCALING &
MEASUREMENTS & EOR FLUIDS SECTOR SCALE
& IMAGING OPTIMIZATION OPTIMIZATION

CORE SCALE
SIMULATIONS

Arne Stavland The National

Chief Scientist IRIS IOR Centre
 as@iris.no of Norway



Combine multiphase models with chemistry  IF2 @iris
- interpret & upscale lab experiments

ECLIPSE,
-~ ~ OPM, ....
Geochemistry +
IORCoreSim Pore scale
LB & DPD
(DOUCS) quymer, ( )
S Silicate
< Surfactant >
MEOR
Tracers,
Nanoparticles and
\ . _/ Atchainic reprels):l?tation
The National
\ J) IOR Centre

of Norway



Theme 1 - current projects

Task 1: Core Scale

DOUCS-Deliverable Of an Unbeatable Core scale Simulator
Core plug preparation procedures

(EOR Screening) NCS IOR Methods

NTNU Determination of Droplet Size Distribution
Implementing resistivity, compaction and EOR

Rev. Exp. data & building prototype IRIS lab database

(From) EOR(to) Scal

Phase 1

Support Yard Test & Lab Experiments

Phase 11

Task 2: Mineral fluid reactions at nano/submicron scale
New methodologies at NIOR Stavanger for EOR purposes

lk ... TEM, FE-SEM, and Nd isotopes

Installation of state-of-the-art XRD analytical facility at NIOR for EOR research

Analytical advances related to cl

ical studies on carbonates and chert
ititative SEM micrograph image analysis
Msc, Misasa Japan
Clastics and reservoir rock
Task 3: Pore Scale
FIB-SEM Pore scale flow in real geom.
Pore scale simulations in rel geom
Emulsions in Porous Media
DPD & LB Polymer
Task 4: Upscaling and environmental impact
IORSim development
Large Scale Polvmer Shear Test
Yard Test- Phase 11
Simulation Snorre Temperature
Coupling IORSim OPM
Pre-Treatment of Water (Bilstad & ENWA)

PhD & Post Docs projects left outin the Ekofisk - Cathles, Nestor. Hiorth
diagram
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Reservoir characterization to improve volumetric sweep ":'3 il IRIS U

Theme 2: Tasks and Task Leaders T

Svein Skjzeveland
Professor Emeritus

UoS

svein.m.skjeveland @uis.no

Robert Kofkorn

‘ Senior Researcher
i IRIS
Robert.Kloefkorn@iris.no

DEVELOPMENT &
IMPROVED METHOLOGY
FOR FULL FIELD
RESERVOIR SIMULATION
TOOLS

FIELD SCALE EVALUATION
&
HISTORY MATCHING &

TRACER OPTIMIZATION

THECNOLOGY &

TRACER =" Geir Neevdal
DEVELOPMENT ' Chief Scientist

IRIS
Geir.Naevdal@iris.no

PN, : .
S Tor Bjgrnstad _
' Chief Scientist/Professor Emeritus The Naﬂonal

IFE/U0O IOR Centre
tor.bjornstad @ife.no of Norway



Improving the volumetric sweep

IFEs tracer laboartories:

IFe m IRIS “L&fQSLLT'

New tracerswith different characteristics are developed to determine Sor and to investigate
where in the reservoir the remaining oil rescources are

* Reservoir simulation tools:

New developments with regardsto IOR processes in the open source full field simulator,
OpenPorousMedia (OPM). OPM gives the academic freedom and also suits the educational
job of the IOR centre, as all code is free and available for all

Current focus includes basic investigations on model formulations for multiphase flow in

fractured porous media, and modelling of near well flow scenarios, interaction with the
chemical simulator IORSIim, compositional modelling and higher order numerical methods

* Field scale evaluation and History matching:

Good reservoir models are necessary to predict the future and make the correct decisions.

Ensemble based methodology is used both in history matching and optimization. Essential in

the research is to include all types of data in the history matching and to use simulation tools The National
IOR Centre

that can simulate these data
of Norway



Theme 2 - current projects IF2 wirrs 5

Task 5: Tracer technology

Tracer technology for improved reservoir management
PostDoc 1la: SWTT on nanoparticles, C-dots

PostDoc 2: On new ester based tracers and new nao-particles
New PITT tracers for interwell reservoir monitoring (PhD)
PostDoc 1b: SWTT on nanoparticles, C-dots

Working towards pilots

Task 6: Reservoir simulation tools

Chemical, Temperature, Solvent, Polymer, OPM

Chemical, Temperature, Polymer, OPM, Single well, IORSim
Modeling of Flow (fractured, chemestry) Porous Media (PostDoc UoS)
Numerical methods for IOR (polymer flooding) (PostDoc IRIS)
Numerical Methods for Compaositional Flow (incl. 1 PhD)
Task 7: Field scale evaluation and HM

Robust production optimization (incl. 1 PhD)

Production optimization - Stordal

Ensemble based production optimization (incl. 1 PhD)

Data assimilation using 4-d seismic

Data assimilation using 4-d seismic (PostDoc IRIS

Data assimilation using 4-D seismic data (PostDoc TNO)
HM: Flow dominated by faults and fractures

Improved HM under compaction (incl. IRIS PostDoc)

HM of coupled geomechanical / reservoir flow models (SLB)

Improved HM under changing wettability
Evaluation of economic potential

Evaluation of economic potential

The National
IOR Centre

2015-12 of Norway

Reservoir complexity and recovery potential
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OUR STRENGTHS AND HOW WE
DISTINGUISH OURSELVES FROM

The National
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Joining forces —two examples IF2 wiRIs

The IORSImM (NIORC incl. Schlumberger) The Yard test (NIORCiincl. Halliburton,

* Asimulator for predicting the effect of and SNF, SAR, and Matek-Samson)

rock fluid interactions on oil recovery * Quantifying the degradation of polymer when

based on industry standard reservoir passing different chokes

models — Two polymers, at three concentrations,
— Upscale from core scale are being pumped through valves

— Predict the performance of IOR
chemicals on field scale

— Effect of combining several EOR
methods

The National

4 Schlumberger HALLIBURTON IOR Centre

of Norway
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Dissemination NIORC 2014-2015  IF2 wirss §

Resultatindikatorer

Resultater 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Akkumulert hittil

Allmennrettede formidlingstiltak
Oppslag i massemedia (aviser, radio, TV mm)
134 7 141

Populzervitenskapelige publikasjoner (artikler/baker, debattbgker/-artikler, hgringer,
utstillinger, skjgnnlitteratur etc.)

0 14 14
Brukerrettede formidlingstiltak
Rapporter, notat, artikler, foredrag pa megte/konferanser retta mot malgruppene i prosjektet.
93 101 194
Vitenskapelige utgivelser
Publisert artikkel i antologi
0 0
Publisert artikkel i periodika og serier

0 37 37

The National
IOR Centre

of Norway

Publiserte monografier

0 1 1



. Internal project announcements
. Regular workshops, seminars meetings w/ the research and industry partners
. The Technical Committee (TC) (4-5 meetings per year):
—  The advisory body to the Board, consisting of representatives from each of the 12
user partners
. The Board (4-5 meetings per year):
—  Monitorstheimplementation of the projects and approve annual work plans and
budgets

—  Ensures that theactivities described in the project description, financing plan and
annual work plans are completed within a defined timeframe, and thisincludesin-
kind contributions from the two service companies delivered as specified

—  Consists of one representative from each research partner; UiS, IRIS, IFE, and a
representative from five of the user partners (industry); to ensure industry
relevance and engagement

—  RCN, Norwegian Petroleum Directorate and Petoro have observer status
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PLANS FOR FUTURE R&D PROJECTS
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N S
The roadmap IFE @RI
m 2015 m 2017 m 2019 m 2021 -

Development of I0R methods

10R mechanisms

Upsecaling, simulation and interpretation tools

Full Field prediction

1 2 I sy LadsES
_ Business cases

Prepare for full field pilots

4
Field performance

-

Field tests
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=
>
=
whend
=
el
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Objective: Integration of IOR tools and technologies

Model building

Model repository Model parameters Core scale and pore scale
Interpreted Poro, perm, fault & Relperm, capillary pressure
horizons, faults fracture transmissibility, (wettability), fluid chemistry,
and fractures material properties matrix-fracture, rock strength

5 —
Simulation tools Monitoring tools

— U dvised by client ; -
Geological process modelling (GPM) i Wl i) Permanent reservoir monitoring (PRM)

«  Single well case Flowbarriers? Amplitude-versus-offset (AVO), time shift, time-
Reservoir flowmodel «  Multiple well case High permeability zones (fracture corridors, strain, 4D faultand fracture analysis

(e.g. Eclipse) :
alinaiios . . Microseismic monitoring (PRM subset)

Pressure / saturation / compaction / Eventlocations and magnitude

temperature effects?

Geomechanical model

(6.9 Visage) Well performance and flow conformance Downhole monitoring

Geochemistry control? Distributed acoustic sensing (DAS VSP)

(IORSim)

Well data

Synthetic 4D seismic & micro-seismic : : = - Injection/ production (perf.), tracers, ions
forward modelling Ensemble based history matching & decision making

Match forward model(s) to observations

Fluid front, 4D seismic (time shift, time-strain), pressure, saturation, temperature,
injection, production, tracers, ions, microseismicity

Flow conformance control
Adjust flow rate / pressure (production optimization), IOR fluid injection

Infill drilling
Optimal well placement under presence of drilling hazards




IOR Workshop 25th April 2016 IFR s 2

. . . Pr =
All partners, national and international e e T
collaborators and any other interested parties 09:00 Registraton
09:30 Wslcoms
are invited to an internal workshop to discuss (R80T RVAC) PG B S LRSS

. . Leslay James, Memorial Univarsity of Newfoundland
current issues regarding IOR/EOR research 1000 Spesker 2 To be amnounced

10:20 Speaker 3: To be announced

11:40 “Titie fo be announced”

Martin Ferna, UiB

* Theme: «How can research 1200 LUNGH

The Ekofisk field

contributeto pilots?» oot o
p N Robert Mos, ConocoPhillips
13:30 "Estimation of reservoir parametar changes using 40 ssismic data of
. . Ekofisk Feld™
— Experiments and modeling Tuin Rk, S

14:00 “Frofisk IOR integration project”
Jarle Haukfs, Schiumbergar
14:30 “lORS5im — an add on tool to Eclipse for IOR simulations*

e Chair: Kare Vagle (CoP) T w0 ay couplng arweenI0RSmand "
15:00 Coffea break
y Progra m The Snorre field
15:30 “Title to ba announced™
— Introduction sl ey el

16:00 “In-depth water diversion - upscaling from lab o fisld”

— Presentation of plans for two integrated projects prigecisise R R I S o
kinetic theory™ Dmitry Shogin, Postdoc, LIS
17:00 Summing up



Annual IOR conferences IF2 @Iris S

- attracting new national and international collaborators

e Welcome to IOR NORWAY
WELCOME TO

2 O 1 6 http://www.uis.no/research-and-phd-studies/research-centres/the- THE FIRST ANNUAL CONFERENCE
national-ior-centre-of-norway/ior-norway-2016/ BY THE NAT"]HAL IDR CENTHE UF NUHWAY

+ April 26-27 2016 |OR NORWAY 2015 eesacSepsssi
 For more information: SPEAKERS Iun ggi‘émw

TOMAS MERCH, DIVIND FEVANG, HANS C. RONNEVIK, JOSE LUIS MOGOL-
LON, MARCO ROTONDI, PETTER OSMUNDSEN, REIDAR BRATVOLD, EUAN

nsuwc i swsso, warn uoow, o s, wse— RECOVER FOR THE FUTURE

CE CATHLES W, GEIR N/AEVDAL, LARRY LAKE, DORTHE WILDENSCHILD.

CHUN HUM, ANN MUGGERIDGE, ALF BIRGER RUSTAD, AKSEL HIORTH. WELCOME TO THE 2ND CONFERENCE
BYSTEIN PETTERSEN, ANDREW PUTNIS, HONGKYU YOON, JOHAN OLAV HELLAND BY THE NATIONAL IOR CENTRE OF NORWAY
S nore INNOVATION
= register, confirmed speakers,
TJODHALLEN - UNIVERSITY OF STAVANGER Slor, confimod epoak —
APRIL 28-29, 2015 www.uis.nofior
COLLABORATION
Eﬁﬂ LS IIJ:(II\(/j('::lII(;/”U! Stavanger SOLUTIONS

Lo ]
Eﬁ WWW.IS.N/IOR IF‘- WIRIS o . nor



IOR NORWAY 2016

IF2 @ris

University of
Stavanger

NIORC in collaboration w/ NFiP (Petroleum Research School of Norway)

I0R NORWVAY
2016
ApRi. RECOVER FOR THE FUTURE

09: 00 Reghstration

10:00 Wielnome to LIS
Marit Bayesen, Rector, Unbeersity of Stavangar

10:05 “Jolning forces to recover move™

Marete . Madiand, Director, The Nikhmlmcm of Morway
10:20 “MOR- Gowemment

William Christiansen (OED]

THEME 1 : PILOTS AND FULL FIELD CRITERIA FOR SUCCESS
:’?“mcummMmmM from o permanentiy installed seafloor system

12:00 Lunch with PhD session

THEME 2 RESERVOIR tHAHAGTEEIZﬂT[ﬂH AND PRODUCTION OPTIMIZATION

13:00 “Bayesion
Dario Grana, University of mnmng
1230
Themae @richart, The Matianal I0R Centra of Monway, IFE
12:40 “Optimization of  flom™

Jan Dirk anzen, TU Dalft

14:00 “Grodient free wnder
Andrazs Stondal, The Raticnat I0R Cantre of Nonway, 115
1420 Guesticns

14:30 Coffes break

15:00 Phid Stand up 2
15410 Fopelar Sdence presentation

THEME 3: IMPROVED UNDERSTANDING/MODELING OF THE 10R PROCESSES

15:30 “The Benefits and Risks of Fractures in Enhanced OF Recovery™
Fandy Seright, New Mesdon IT

15:50 "A studly of In-sitw com busticn for heavy oif recowery™
Margot Cerritsen, Stanford

1610 “Impoct of g effichency. fin tests™
Arns Staviand, mnmm:LlDﬂc-mnnr Norway, [RG

16:30 Questions

16:40 Dabate

7:00 End of day one

19:00 o

APRIL
THEME 4: THE OIL INDUSTRY AND I0R

09:00 00 “Making the impassible, possible. What's needed to ke of necovery on the NS to the mext leveiz*
Karl Erik Schatt-Padarsen, Norsk oje og gams

09:20 “Chaflenges and Cpportunities with JGR/EOR - foham Sverdrup Feld Development Flanming™

Bjorm Egl Ludvigsen, Masrzk

09:40 " EDR: ongoing ~
Mardio 5. Canatho, Fontificla Universidade Catdlicn do Rio de janeiro
10:00 Questions.

10:10 PhO stand up 3

10:20 Coffee break with PhD session

THEME 5: PORE SCALE FUNDAMENTALS

moo pove scale. @ appr

Maza Prodanovic (UT Austin)

20 “is reactive flow Important for IOR?"

Jan Ludvig Vinaingland, The National 1R Centre of Norway, (715

:40 “Confimes effects of pare fiuid

Anja Reyme, IO

2:00 s -

Mona Minde, The Natkonal ¥OR Centre of Norway, UE

Speaker: Karl Eirik Schatt-Pedersen

12:20 Popefiar science presentation

12:40 Lunch with Ph session

Saa s THEME 6: SIMULATION OF I0R PROCESSES

<20 “Flow = o0 apen 3
Rebert Kl2fkom, The Mational mc-—rmmemr.\lu.s

440 “IOR. ECLIPSE for

ezl Hiorth, Tha Mational KR Cantre of Moraay, RIS

150 fior "
Mary Whaeler, The Unhersity of Texas 3t Austn

CEO of Norsk olje og gass, Karl Eirik Schjgtt-Pedersen will present the topic -Making the
impossible, possible. What's needed to take oil recovery on the NCS to the next level?*

15:30 Questions
15:40 Sumeming up
16:00 Endl of Comfrence

PHD AWARD
in arder to highlight the young
IR researchers an awand will be given to the most
promising PhD fellow participating inthe poster
session.

The award will be presented during the
sumering up of the conference.




