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SINTEF

S the largest independent research organisation in Scandinavia

« Leading expertise in the natural sciences and technology, environment,
health and sacial science

» 2100 employees from 68 countries
* Annual sales of NOK 2.8 billion = customers in 61 countries
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SINTEF Petroleum Research

Our vision:
Technology for a better society.

A non-commercial research subsidiary of SINTEF

Number of employees: 109

Proportion of academic staff with doctorates: 69%

Total number of publications: 141 @ Irondheim
Gross turnover: MNGOK 199

Bergen @

Stavanger @

Facts 2012
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A multidisciplinary research organisation with international
top level expertise in specific fields

Basin Madelling Geophysics and Reservoir Technology
Drilling and Well Wellstream Technology
Formation Physics
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Basin Modelling Department

Development and application of
mathematical models for intra-basinal
processes on geological time scales

Burial history and palaecbathymetry
reconstruction

* Source-rock evaluation and facies prediction

* Hydrocarbon generation and multi-component
Kinetics

« Expulsion/primary migration

* Secandary migration

« Fault and cap rock leakage

* Pressure and temperature modelling

SINTEF Technology for a better society



Basin modelling / petroleum systems modelling
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Basin Modelling Software Tools . =

SITEF Petroteum Ressarch

Exploration Technology

c Facies Modelling
source rock grediction

OF-Mod 1D+3D =l
predicts organic richness (TOC) and quality (HI) distributions of marine source rocks
based on a sedimentation model and process descriptions.

SEMI 2.5D
Geo-model framework, models thermal history, generation - expulsion - secondary
migration - accumulation of petroleum using 8 map-based ray-tracing technigue.

S E M I Pl'e sSsim 3 D @ SINTEF I

simulates pressure generation and dissipation within fault-bounded compartments based
on descriptions of various porosity-influencing processes.

pressim
ity
-t

Presseis 1D+3D

models temperature history by solving a multi-10 heatflow equation, madels 3D pressure
distribution based on seismic and rock physics data.
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Organic facies modelling with OF-Mod 3D

Process-based forward modelling of organic sedimentation allows to predict pre-burial
source-rock potential and -type away from well contral

"Maps generated can be directly imported into the hc migration simulators
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Total Organic Carbon (wt.%)

OF-Mod 3D case studies provide:
- Calibrated model with analytical data from well samples

» (Juantitative prediction of source rock potential and - type away from
well control

* Produces 3D grids and thickness maps of different classes SRP

* Produces maps of pre-maturation TOC and HI

* Results can be imparted in all secondary migration modelling tools
* Case studies all over the world
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" The secondary migration modelling tool
SEMI is our central basin modelling application.

" Jtuses aray-tracing scheme and parallel computing techniques to model
petroleum migration within stacked carrier rock sequences at high
resolution.

" |t also handles the processes that cause hydrocarbons to migrate out of
traps and provides advanced methods for predicting and accounting for fault
seal capacities in migration modelling.
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Products - regional integrated studies
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Integrated Barents Sea Study
Basin Modelling Upgrade 2008

uono SINTEF

Invitation to participate in the

Western Barents Sea Study 2012 (WBS 2012)

Mesozoic play types: evaluation and uncertainty

The continuation of the recent exploration success in the Norwegian Barents Sea will require
sophisticated analysis of petroleum systems and play types. SINTEF Petroleum Research has
started a petroleum systems modelling study that focuses on the evaluation and uncertainty
analysis of selected Mesozoic play types in the western Norwegian Barents Sea. AGR
(assisted by APT), Geotrack and Fugro Geolab Nor contribute as
co-operation partners.

The study will integrate comprehensive geochemical, thermal,
and pressure databases provided by our co-operation partners
and from public sources. All depth maps and fault structures will
be derived from a consistent interpretation of the latest released
public seismic and re-evaluated formation tops. These datasets
will form the framework for base-case models of palaco-water
depth, source-rock quality, bunal and thermal histories (con-
sidering fission-track results), organic matter maturation, forma-
tion pressure, hydrocarbon expulsion and secondary migration.

Monte-Carlo-type simulations will be performed to characterize
uncertainties and variations in the Mesozoic play-type models
Statistical analyses of the results will be used to identify key risk
factors for petroleum generation, secondary migration and trap-
ping in this tectonically strained area. Particular attention will be
laid on the representation of the complex geological history (e.g :;f.";'“ ), DlOcEs NOMnaRd I e 2200

N B round grey). expioralon welks {biack), an
erosion events) in the model. seullow STafgraphic corenies [biue)

We plan to release the study in late summer 2012, in time for the 22 licensing round

Deliverables

= Maps of statistical analysis of most likely petroleum entrapments in 3 camier-rock units
= Uncertainty analysis of key parameters in secondary petroleum migration models
= Maps of the base-case model scenanios for
- thermal histories (all horizons),
- erosion maps for selected time steps,
burial histories for source- and carrier rocks,
- fluid pressure hisfories in the carmier rocks,
- petroleum generation and expulsion histories from the source rocks, and
- petroleum migration and frapping in carier rocks.
» Source-rock property maps (thickness, TOC, HI) for 2 Mesozoic source rocks, based on organic facies modeliing
= Maps of modelled palaco-water depth for Lower Tnassic to Base Quaternary
» Depth maps from Lower Triassic to sea floor for 19 horizons (6 interpreted, 13 constructed, <500 m x <500 m grid)
Temperature, pressure and geochemical databases (Excel)
Report (paper and PDF)

All maps will be delivered in a consistent Petrel project or as grids. Other formats (ESRI shape files, Kingdom,
Landmark) can be made available on request.

Matthias C. Daszinnies, matihias. c.daszinnies@sintel.no
Hermann M. Weiss, hermann weiss @sintaf.no

Contact persons:

www sintel.nofpetroleumibasin

- SINTEF

Tunln

INS 2010

Integrated Norwegian Sea Study -

history and system

SINTEF Petroleum Research, together with its cooperation partners AGR Petroleum Services,
Fugro Geolab Nor and Geotrack Intemational, has completed a regional overview study cove-
fing most of the Norwegian Sea.

This integrated basin modelling study comprises
some of the most comprehensive geochemical,
thermal, and pressure databases currently available
in the region. Depth maps derived from a consistent
inferpretation of public seismic and re-evaluated
formation tops form the geometrical framework.
These data were used to model palaco-water depth,
source-rock quality, burial and thermal history
(considering fission-track resulfs), organic matter
maturation, formation pressure, hydrocarbon expul-
sion and migration. Various petroleum systems were:
charaterized and key risk factors identified within this
large and geologically complex area. |
3D depihimap of a ey horizon showing the appros-
mate exent of the work ars.
Particular attention was paid to identifying and incorporating the timing and extent of geologi-
cal events (e.g. thermal and erosion events) that exert a profound influence on petroleum
generation, migration and entrapment.

Deliverables
Report (paper and PDF)

Maps of pefroleum generation and expulsion from source rocks

Maps of pefroleum migration and entrapment in carrier rocks

Maps showing the modelled thermal and fluid pressure history

Source-rock property maps (thickness, TOC, H) for marine Mesozoic potential source-rocks, based
on organic facies modeliing (Are Fm. coal conceptual)

Maps of modelled palaeo-water depth for Intra Upper Permian to Base Quatemary
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KinLib

a library of multicomponent kinetic models

Any hydrocarbon generation model requires kinetic data for generation of petroleum compo-
nents from the modelled source racks.

SINTEF Petroleum Research offers kinetic models of four
petroleum components for core samples from all major

source rocks of the Barents Sea, the Norwegian Sea and
the North Sea, prasently including e

- Draupne Formation, claystone
3 sampies represeriing keragen fypes |, 1, -4, N Viking Graben)
Spekk Formation, claystons

(6 samples representing kerogen types 1% Il Trandelag Piattorm /|
Froan Basn) *

Hekkingen Formation, claystone
(1 sampie e -,

Are Formation, coal and coaly shale
(4 SaMples FECFESENING KEMOgEN ypes LIl and 1, Haken Temace)
« Steinkobbe Formation, claysione
(1 sample representing kerogen type I, Sualis Dome)
Further extensions will follow

G g . T, nfsing
i range o s o

The four companents represent the following carbon number ranges: C, (methane, dry gas),
o Cg {wet gas), Cg 1o C.y (ight oil) and Cyg to Gy (heavy o). The models are derived
fram MASV-GC-FID data obtained at bwo different haating rates.

Deliverables
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preDrill

Simulation and analysis for verification and
decision support in well and drilling planning

Pressim

-Pore pressure estimate

PSI

-Prevent shale instability

Flow Model

-Estimation of hydraulics and flow during drilling
Torque & Drag Model

-Estimation of forces during drilling
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Borehole
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Mudweight [sg]

Inputdata
Keep as Reference Erase Reference

Recall Save

Wellbore Data Limits for stable well (at 1700 m):
9

[Mact contant [ 35 weight Lower limit: 1.53 sg (25.5 MPa) - due to shear failure
Formation Conditions Upper limit: 2.26 sg (37.7 MPa) - due to shear failure
|Fnrmatmn Temperature j ‘ 90 C Warning: Fracture gradient = 1.80 sg (30.0 MPa)

Formation Properties

Units: ¢
[Unconfined Strength =] [ 1200 MPa Oilfield
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""" Standard deviation
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Uncertainty is calculated




Some selected R&D projects

Impact of Cenozoic structural development and
glacial erosion on gas expansion, hydraulic
fracturing and leakage

e Start2013to 2016
e ENI
 (One PhD student

0Oil and gas pools Active spill points

(Figures from another study)

SINTEF

BASE -Deep Weathering -JIP
Start late 2013 together with NGU

Migration and risk
modelling for CO, storage

www.sitechar-co2.eu
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http://www.sitechar-co2.eu/

OF-Mod 3D Facies - JIP

i
Modelling linked sedimentary and organic facies
for the prediction of source rock deposition

" (eologically-informed lithology model, improved stratigraphy model,
® Modelled constraints by input data
= Uncertainty analysis of the organic deposit simulation results

= Easily extendable for future use
(different depositional environments, different types of uncertainty, ... —

ConocoPhillips PETROBRAS

Project duration 3 years, 2010 -2013

I participants ﬁ

:tﬁ%;'nm Eni
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http://www.ecopetrol.com.co/
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OF-Mod 3D Facies - JIP Q?
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Project proposal : Uncertainty in 3D palaeobathgmetrg
reconstruction

Uncertainty to be determined for

— seicmic depth interpretation that will influence
decompaction

— lithology variations
— lithospheric stretching
— restoration of erasion

Not a full tectonic reconstruction

Deliverables
Quantifying the uncertainties in 30

Better geomodels that can be used as input into
— source rack modelling

— migration modelling

— sedimentation modelling

SINTEF SINTEF Petroleum Research




The effect of sill intrusions on the Petroleum system

B On-going JIP project with
Tectonor and Royal Holloway |
University

B Motivation:

® Thermal effects of the sill
emplacement on maturation "
of hydrocarbans Comlg

W |dentify under which —
circumstances a sill may |
act as a reservoir and/ar as
a top seal

500

Comple

New software development phase:

* Integrating hydrocarbon migration and entrapment within the sill
intrusions

SINTEF SINTEF Petroleum Research



457 Seismic Well data
interpretation B Rock properties
S AL TOC from logs using OF-MOD
1 } \ X k S A i:k [ \ * i
5010 .. . ﬁ :
5047 3 o R l :
& | Modelling using
SEMI

; Natural fracturing and
= e — pressure modeling in shale
B T gas: reconstruction of
geopressure using SEMI-
Pressim

C15+ ARO l

SEMI PriMig estimate expulsion

Gas Shale Exploration
Modelling Workflow

Source rock madelling on
basin scale using OF-MOD,

output maps: and retention processes of HC in
™ Total organic carbon (TOC) / gas shales

= Hydrogen index (HI Sensitivity and risk g

® Accu. thickness (m) of Analysis

organic facies classes

C15+ SAT

SINTEF SINTEF Petroleum Research




Thank youl

More information:
www.sintef.no/petroleum
or

ane.lothe@sintef.no
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JoiSE Rock physics driven
integration

Core and Well data

-
-
|
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.........

Basin modelling:
hydrocarbon
volumes, phases,

Rock Physics properties,
hydrocarbon volumes,

CSEM inversion

phases,
uncertainties l uncertainties

Close collaboration from
Seismic, FP and BM
departments.

Provide oil and gas industry not only higher resolution geophysical structural models but also
the important reservoir information what the model means in terms of hydrocarbons.

SINTEF SINTEF Petroleum Research
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