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NORSAR is a scientific not-for-
profit research institute:
— Established in 1968

— Connected to internet in 1973 as the
first institution outside the US

Operating stations within the
International Monitoring System
(IMS)

— Monitoring Nuclear Test Ban

— Including the original NORSAR
array near Hamar

R&D within many fields of
seismology and applied
geophysics:

— Seismic modelling

— Microseismic monitoring

— Seismic hazard and risk

— Nuclear test monitoring

— Seismological arrays
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NORSAR Contributes to Solve
Soclety Challenges

Safe and effective Safer society Weather systems
oil and gas Nuclear testing and climate

Optimize seismic data Rockslides Large weather
collection , systems
Subsidence

Monitor Production i Ice sheet movements
Cracking

Tunnels

New energy
CCS - CO,storage
Geothermal energy

Norway’s National Competence Centre
for wave propagation in the earth and atmosphere ‘
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NORSAR Business and Cooperation

L X
N

Page 5 ".RSAR



NORSAR

TS
RN
oY)

From Geology to Seismics

Slide 6
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From Geology to Seismics

Courtesy o-f D. W. Schmid

What you see and what you don’t see in a seismic image is not only dependent
on the target reflectivity, but also on the seismic survey geometry, the
overburden structures and properties, and the target topography.

s
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Integrated Modelling Tools

NORSAR-3D:

* Full featured Model Builder
— Open models / Complex structures

« Accurate and robust Wavefront
propagation
— 3D heterogeneous and anisotropic models
— Direct waves, converted waves, multiples,
peg-legs, ...

* Flexible survey geometries
— Full survey geometry from navigation data
— Analytic surveys

« Target oriented results

— lllumination Maps: Amplitude, Fold, Aperture,
etc.

— Interactive lllumination Rays, Flower Plots
— Seismic gathers
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Integrated Modelling Tools

SeisRoX:

« Detailed reservoir models
— Geological and fluid simulation models

« Rapid simulation of seismic reservoir
response

« Full and partial stack seismic volumes
» Geologic and elastic volumes

VelRock:
* Rock physics modelling and analysis
« Well log data and reservoir models

VPVS

Page 9



Petrel Datalink — Fluid Simulation

Case
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Export Simulatig

456000 -

Case: BC0207

Only selected highlighted properties will be used. Use control-click to select multiple rows.

457000 458000 g
459000 460000
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NORSAR -
Property

o e e

Petrel Properties Unit Continous

4

Met to gross ratio ... | Ratio [UNKNOWN -
Celltop depth (T... |Standard_Depth... | Yes [UNKNOWN -
Cell center depth ... | Standard_Depth... | Yes [UNKNOWN -
Transmissibility | (... | Transmissibility Yes [UNKNOWN -
Transmizsibilty J (... | Transmissibility Yes [UNKNOWN MIE
Transmissibility K ... | Transmissibility Yes [UNKNOWN -
Minimum pore vol... | Reservoir_Produ... |Yes [UNKNOWN -
Paore volume mutti... | Dimensionless Yes [UNKNOWN -
Transmissibility m... | Dimensionless Yes [UNKNOWN -
Transmissibility m... | Dimensionless Yes [UNKNOWN -

Transmissibility m... | Dimensionless [UNKNOWN -
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[ Property Mapping... ]
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Solution gas-oil ra... | Gas_To_Lliquid_... |Yes [UNKNOWN -
Vapor cil-gas rati... | Liquid_To_Gas_... |Yes [UNKNOWN -
T. 1 N N TN i
| SelectAl | [ DeselectAl | [ Select Norsar Propeties |

Help [v ok | [Xcaneal |

(v 2oely | [ 0K |[¥ Cancel H

NORSAR



Petrel Plugin: Synthetic 3D Seismic
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11/06/199700.0000 |

Soilids
[¥] Net to gross ratio (NTG): [QJ Net to gross ratio (NTC Clear

[7] Shale volume (VSHALE): =N

Fluids
[¥] Water saturation (SWAT): @ Water saturation (SW/ @
V] Oi saturation (SOIL): (] Oi saturation (SOIL) [ Clear |
[¥] Gas saturation (SGAS): Gas saturation {SGAS)
[T] CO2 saturtion (SCO2): | =)

[ Gear |

Reservoir conditions
[¥] Pressure (PPORE): Pressure (PRESSURE | Clear

[C] Temperature (TEMPC): | =)

WWW norsar.com
3D seismic template: Fullfield_Z

Surfaces
Surfaces folder: [
" Grid 2

@ Case BCO207

Reflection coefficients

RC=R0 ent angle

From RO and G surface attributes
RO:

*) Constant for all sufaces

@ From model properties and rocks

Rock directory: Rocks

NORSAR

Wavelet: Ricker 20 Hz SEG

Uses active velocity model

z] |

[ Zone Mapper...

H Rock Editor... I J

Porosity: [ ] Porosty (PORO)

Migration half aperture:

Incident angle:

Convolution method: 3D +

Output name: Synthetic 3D Seismic

Model Propetties... |
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Exploring the Earth

Ongoing R&D Activities



Seismic Data Quality

NAZ survey




Seismic Wave Propagation in
Complex Media

¢ S'Wave anISOtl’Opy Wavefront construction simulation:

Green River Shale (Thomsen, 1986)
« Optimization of 3D velocity
models

* Applications using Greens
Functions
— Kirchhoff modelling | |

* Multi-component seismic oo S

gathers in different -
domains 0 s

=

u Singularity extent defined by slowness gap: 10%
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Simulation of Modern Seismic Surveys

 Full-azimuth surveys
* Multi-vessel acquisitions

« Permanent and retrievable
ocean bottom seismometers

— Cables and nodes
» Offset-vector tile analysis

 Broadband seismics

* Quantification of illumination
and resolution properties at
target
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Reservoir-to-Seismic Modelling by

NORSAR

* Purpose(s):
— To link key reservoir properties to
seismic response
— To guide seismic mapping of
reservoir properties

— To quantify seismic response
changes due to production

« NORSAR approach:

— Integrated rock physics and 3D
seismic modelling

— Illumination compliant

includes illumination and resolution
constraints from overburden and
survey

use offset-angle relationship from 3D
overburden model

— Sensitivity and uncertainty
analysis

/
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Seismic interpretation
Geological/fluid model
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Simulator-to-Seismic Modelling

Water saturation

P-Impedance

Seismic response
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Modelling-Assisted Analysis of

Seismic Data

* Imaging feasibility
— lllumination and — W
resolution L NS

* AVO/AVA feasibility

— Offset-angle
relationship S

— Target dips InE ~ fffffffff
— Parameter estimation . ===

SimPLI results: Seismic
-0.0250 -0.0125 0.00 0.0125 0.0250
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Seismic Imaging of Fault Zones
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On-going work with PhD candidate C. Botter, UiS, with RCN funding, grant #210425, “Seismic

imaging of fault zones”
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Project leader @ NORSAR: Isabelle Lecomte



Seismic Imaging of Outcrops

Svalbard
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geolog(cal interpretation :

Offshore seismic (same scaling as on snmulated selsmlc)
Courtesy of Norwegian Petroleum Directorate.

On-going work for UiO RCN-Petromaks project “Trias North”, grant #234152, with funding
from Tullow Oil Norge, Lundin Norway, Statoil Petroleum, Edison Norge and RWE Dea Norge.
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Project leader @ NORSAR: Isabelle Lecomte



Microseismicity ‘ ‘

e Continuous seismic monitoring to T gt
establish the natural, background
seismicity (related to tectonic

Rupiive and ralease of enera, Rocks rebound to
stresses). : B e e shars

* Fluid production/injection changes the relative pressure-field
and hence the state of stress. These stress changes can trigger
shear failure on existing faults and induce new fractures/faults.

Stress and strain cha iijection wes
area of pressure change 3
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Seismic Monitoring of Barents Sea

Seismicity in the Barents Sea:

— Background seismicity S : " -
. . e s
— Intraplate seismicity along unknown :?L \
faults | A2 AT
— Seismic risk due to oil & gas e
production

* Cryosphere Dynamics:
— Mobility of glaciers
— Modelling of climate change effects

« Extensive archive of digital data
from the Arctic (oldest data from
1971):

— Seismic array data .
— Radionuclide station data Pilot project with “Det norske”:
— Infrasound array data Collect and analyse data that can

* New array (BJOA) at Bjgrngya monitor geophysical processes in the

2017 :
0 European Arctic

> Google earth
ST US ohier

— Installation funding by NFR/EPOS
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Project leader: Johannes Schweitzer




Spitsbergen — Icequakes
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NORSAR
Thank you!

More info ?!

| _ sales@norsar.com
Evaluations licenses?

Subscribe or follow us on - You(TT) BLinked [T}




