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* Independent, non-university research institute based in Hannover

e 75 years of geophysical research experience

* Application of geophysical methods to explore future-oriented
topics of societal importance

* Exploration of usable subsurface and development of measuring
technologies and evaluation methods

* Independent and knowledge-based counselling for decision
makers

* Great expertise in geophysical applications combined with high
guality equipment and infrastructure allows for the combination
COOD of various methods to address current research topics




’A Organizational Plan (decided on April, 11th 2024)
e

KURATORIUM

OFFENTLICHKEITSARBEIT UND DIREKTOR
WISSENSCHAFTSKOORDINATION

WISSENSCHAFTLICHER BEIRAT
PrOF. DR. M. SAUTER

DATENINFRASTRUKTUR, IT-BETRIEB

INTERNE GREMIEN UND BEAUFTRAGTE
ADMINISTRATIVE INSTITUTSLEITUNG
LEITUNG: DR. L. CRISTIANO

FORSCHUNGSAUSSCHUSS, GLEICHSTELLUNG,
RD L. NAuE PERSONALRAT, OMBUDSSTELLE, BEAUFTRAGTE

THEMENBEREICH: GRUNDWASSER (SYSTEME) — KUSTENSYSTEME, KRITISCHE ZONE, VADOSE ZONE

THEMENBEREICH: GEOGEFAHREN — NEOTEKTONIK, SUBROSION

ABTEILUNG
THEMENBEREICH: GEORESERVOIRE (ENERGIEQUELLE UND ENERGIESPEICHER) — GEOTHERMIE, ENERGIESPEICHER, CCS
ADMINISTRATION
LEITUNG: FORSCHUNGSABTEILUNG 1 FORSCHUNGSABTEILUNG 2 FORSCHUNGSABTEILUNG 3
RD L. NauE
GEOPHYSIKALISCHE ERKUNDUNG GEOPHYSIKALISCHE PARAMETRISIERUNG SYSTEMINTEGRATION
HAUSHALT:
RRIN J. HILGERT, BFDH STRUKTUREN MONITORING REGIONALISIERUNG GESTEINSPHYSIKALISCHE STATISCHE DYNAMISCHE
CHARAKTERISIERUNG MODELLIERUNG MODELLIERUNG
PERSONAL:
0. UisgicH LEITUNG: LEITUNG: LEITUNG: LEITUNG: LEITUNG: LEITUNG:
PROF. DR. G. GABRIEL  PROF. DR. M. MULLER-PETKE PROE. DR. M. FRECHEN N.N. PROF. DR. I. MOECK N.N.
itk R TROMAGNETIE NI . BGHRLOCHGEOPHYEIK, HYDROGECIPF}HY?IKAIJSCHE GEOLOGISCHE MODELLE,
SEICHI, CEORABAR, GREIMEE HARAKTERISIERUNG, GESTEINS- UND PALAOMAGNETIK,

GRUNDWASSERMODELLIERUNG, RESERVOIRMODELLIERUNG,

PETROPHYSIK, GEOCHRONOLOGISCHE METHODEN SZENARIOANALYSE
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Groundwater Geophysics

{ Freshwater lens

[ Saltwater intrusion
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Observing and understanding the elixir of life

* Researching coastal aquifers, soils and moors for medium-
and long-term predictions with innovative measuring
technology

* Determining drinking water resources and their development
~ for sustainable management and groundwater protection

* Early warning of salinization processes using the speaally
developed monitoring system SAMOS

* Optimizing methods for drone-based meas
flexible and cost-effective alternative for
subsurface investigation




Geohazards

s )

| Landscape dynamics —
L .

‘ Landslides ‘

2 ~
e —LSinkholes
J

(e |

o 7

I Seismic activity ll
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When the ground moves

* Neotectonics: Detection of recent tectonic activity by
characterizing geological faults; investigation of
volcanic structures; age determination of
paleoearthquakes and their geological record

e Subrosion: Identifying vulnerable areas and non-
destructive monitoring

* Modelling of deformation processes
Prediction of climatic influence on geohazards



Georeservoirs

L@ tD Near-surface and deep

- geothermal energy Aquifer

Strategic natural
gas storage

—
CO, storage ‘
s

e

' H, storage,J

Hydrocarbon
cavern storage L salt cavern
S -
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Renewable energy from depth

Further development of models for reservoir prediction and
temperature field

Simulations for sustainable reservoir operation

Geothermal knowledge across Germany in our own
geothermal information system GeotlS — e.g., Germany-wide
temperature maps

Machine learning in seismic exploration

Knowledge transfer through development and distribution of
e-learning modules

Recommendations for the national heating strategy for the
expansion of geothermal energy

.



permeable rock formatlons ’
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They supply energy rfsourcegg
storage systems (wa h;drog ” r
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Learning from the past

* Understanding climate and environmental changes in the past
from terrestrial sediments with regard to the future

* Generation of a transregional, consistent picture of climate
and landscape development

* Unravelling the secrets of unexplored climate archives such as
lake basins, loess or valleys formed by glaciers and refilled
with sediments

; - Creating knowledge about past and future ice ages

* Reconstructing conditions of human ancestors
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Quantitative 3D DIA and DRP for
understanding fluid flow and clogging
processes of the DG Formation

Matthias Halisch

Reinjection Workshop

Szeged, Hungary
16.04.2024
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Outline

* Motivation

* DIA / DRP concept and workflow @ LIAG

* 3D u-CT imaging

* Digital Image Analysis & Digital Rock Physics

* Clogging of the DG Formation:
* Results from Image Analysis
* Results from DRP

* Summary

* Conclusions / Outlook
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Motivation

From application to the micro-scale and vice-versa

I
Iaboratory-scale increasing micro-scale heterogeneities

field-scale increasing macro-scale heterogeneities
highly spatial resolved data only

volume-integrated data only

A

volume-integrated data, low spatial resolution

"S“fiiii!

/

meso-scale
~10%m

macro-scale
~101-10°m ~ 5¥102 m ~103m

AN

~102-10'm
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Concept & Workflow

Integration of 3D image analysis and digital rock physics

Documentation

Mineralogy Petrophysics

Collect as many
parts of your
,research puzzle“
as possible!

U-CT Imaging

!__________________-_-_
uoiiepljea

validation

"""""""""""""""" Digital Rock Physics
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3D pu-Computed Tomography

Basic principles and demands for high image quality

= Acquisition of 2D
pictures, whilst sample
rotates 360°

= Rotation steps << 1°

Typical scan:

- sample size from few mm to a
couple of cm 5

- 1000-1500 2D pictures for a
full 360° turn,

- taking around 1-3h scanning
time, source CNC detector

- and ending with 10 -50 Gbyte
of raw data) CT / volume reconstruction

l A Institute for
Applied Geophysics




3D pu-Computed Tomography

Basic principles and demands for high image quality

e n-projections (2D)
e weighing
e (filtering)

¢ field of reconstruction
e backprojection
e artifacts

e filtering
e visualization
LdelesHly e Image analysis

e
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object reconstruction

O <—> 0O

approximation

data data
aquisition visualization

o, |
Rl

cone beam cone beam
projection back
projection

"N

projection weighted filtered
projection projection

Source: BUZUG (2005) Basic Principles of Micro Computed Tomography




3D p-Computed Tomography

Basic principles and demands for high image quality

LIAG’s pu-CT system

nanotom M from
Baker Hughes Waygate Technologies

tube:

nanofocus < 1.0 um spot size
max. voltage 180 kV
max. Target power max. 20 W

detector:

Flat panel, 12 Megapixel
24 Megapixel virtual detector

manipulator:
5 axis stepper motors

granite-based

Institute for . . a
glAg‘lApma&m air beari




3D p-Computed Tomography

Basic principles and demands for high image quality

Advantages of nanofocus technique W o {
Magnification -
/
Geom.: 4x f'"\ -
Total: 20x
object
Focal spot

Microfocus: F =3 um
Nanofocus: F=0.5 um

Resolution limit =F
Qualitative detail detectability approx. 1/3 F

Microfocus Nanofocus

IAG ::)s;:.it:;e;:;phyﬁcs - w



3D pu-Computed Tomography

Image anlysis starts with decent images!
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Digital Image Analysis (DIA)

Basic processing workflow

Pore Space

Grains
(minerals)
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Digital Image Analysis (DIA)
Investigated samples: H38, H78, H93
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Digital Image Analysis

Choosing the correct scale & threshold

o
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Digital Image Analysis

Good segmentation = good numbers!

o=t
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Digital Image Analysis (DIA)
Pore space quantification for samples H38, H78 & H93

- JIAG

Institute for
Applied Geophysics

pore size distribution Sample H-38

pore size distribution Sample H-78

0 5 100 125 150 175 2200 225 290

equivalent pore diameter (jm]

pore size distribution Sample H-93
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50
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cum. pore size distr. Sample H-78

S0 75 100 125 150 175 200

equivalent pore diameter (um]

cum. pore size distr. Sample H-93

100 150 200 250 300 350
equivalent pore diameter [um]

250
225 250
400 450

H38
= Avg. pore diameter:
~ 80 um
= Effective porosity:
~24 %
H78
= Avg. pore diameter:
~ 100 pum
= Effective porosity:
~27 %
HO93

= Avg. pore diameter:
~ 150 - 250 pm

= Effective porosity:
~31%




Digital Rock Physics (DRP)

Basic workflow & capabilities

GEODICT

The Digital Material Laboratory

= 1-phase fluid flow

= 2-phase fluid flow

= Capillary pressure (digital MICP)
= Elastic rock properties

= Electrical rock properties

= Digital porometry / NMR e

2 MARKET

=  Filtration * —_

B
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DiGITAL MATERIAL R&D
FOR MATERIAL AND COMPONENT DEVELOPMENT

* currently not at LIAG




Digital Rock Physics (DRP)

Results from MICP & 1-phase fluid flow simulations
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Digital Rock Physics (DRP)

Results from MICP & 1-phase fluid flow simulations

=SS
i

kg =60 mD kg =240 mD ky =390 mD
A=1.43 A=1.08 A=1.05
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Clogging Quantification

Linking laboratory experiments and simulations

Flow Direction

Gray Vahaes / (1)

65.53 10* 1

55.00 10° -

50.00- 10* -

45.00 10 <

40.00 10°

30.00 10°

25.00 10%

20,00 10°

15.00- 107

5.00 10°

0.00

Plot Range:
max  65.53 10%
O
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distinct porosity
increase from inflow
towards outflow

approx. +50%

deep infiltration
(entire core length)




Clogging Quantification

Linking laboratory experiments and simulations

Flow Direction
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only little porosity
increase from inflow
towards outflow

approx. +10-15%

shallow infiltration
(first couple of mm at
the inflow region)




Clogging Quantification

Linking laboratory experiments and simulations

FILTERDICT
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Clogging Quantification

Linking laboratory experiments and simulations

FILTERDICT
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Clogging Quantification

Linking laboratory experiments and simulations

Main observations between simulations permeability / m"2
3:22E712
~ 3,20E-12 ¢
epfe o : 3,18E-12
Artificial Sample S .
2 3,14E-12
o 3,12E-12 L]
. e . ‘3 3,10E-12
= deep infiltration 5 3,008-12 .
. . fﬂ 3,06E-12 [ ]
" main clogging deeper 23,0812 .
3,02E-12
inside the sample ’ 2 U e 10
= very locally
distributed porosity
. 30,07
= assumingly secondary e
flow paths \'\ 30,05
= only minor decrease 2 30.01
g 30,03
in porosity and 30,02
permeability 30'22
0 2 4 6 8 10
time / h

B
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Clogging Quantification

Linking laboratory experiments and simulations

Main observations between simulations

permeability
2,50E-13
2 2,00E-13 |@
Natural Sample ~ .
_E* 1,50E-13 .
i . i ;; 1,00E-13
= shallow infiltration .
= clogging literally L |
everywhere O 5 cime /b B
= clogging very
homogeneously porosity
. . 15,7
distributed 15, 68
15,66
= main flow paths S 1
== ’
= Jarge impact upon E
permeability a1
= |ess impact upon RO
. 0] 5 10 15 20
porosity time /

e B
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Summary

= DG samples feature pronounced heterogeneity
= pore morphology & topology
= grain morphology & topology
" on avariety of scales (mm to m)

= 3D DIA is able to catch the complexity of the rock system
= qualitatively &
= guantitatively

= DRP allows for systematic analysis using ,,digital twins“
= revealing clogging locations and
= affiliated structures causing / initiating clogging
= |eading to an overall greatly increased understanding and new approaches
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Conclusions
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field-scale increasing macro-scale heterogeneities laboratory-scale increasing micro-scale heterogeneities
h volume-integrated data, low spatial resolution volume-integrated data only highly spatial resolved data only "
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> macro-scale meso-scale micro-scale N
[ ~10*-10°m ~5%102m
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K6szondm a figyelmet!
Any questions?
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