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Euregio Meuse-Rhine (EMR):
Active Seismic Experiences - Campaign 2022

First results and recommendation for future campaigns

E-TEST TEAM: Michael Kiehn, Soumen Koley, Shahar, Shani-Kadmiel, Marius Waldvogel, Bjorn Vink,
Nils Chudalla, Nguyen Frédéric, Xander Campman, Wim Walk, Frank Linde, et al.
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2D Seismic Survey

e Data acquisition: September 2022

* Dual purpose: Geothermal exploration and Einstein-Telescope &=

Electro-Vibe Test

1-3 M12 Vibro-Seis

Frequency range 2-100 Hz 6—-90Hzor10-90 Hz
Sweep time 24 s 16s

Listening time 3s 4s

Number of sweeps 2 4

Receiver spacing 5m* 10 m*

Source point interval | 5 m* 20 m*

receiver s
058-spread test

Vaals @

ne Cross-spreag

Sippenaeken .
® |Gemmenich

o [Nt S
Hombourg

Neufchateau

- Rocks of Paleozoic age: Devono-Carboniferous
- Cretaceous cover

g1 1L €& | - Distribution of rocks varies 22

- 2 structural sets = line orientation with high angle to existing structures 3 ——
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Data & Processing Step Examples
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Challenges of Near Surface Imaging (0-500m)

General

* High velocity contrast at ~ 150m depth (Cretaceous Unconformity)
e from ~1500-2000m/s to 3000-3500m/s
=>» limits reflection energy to enable imaging events below the contrast

Specific to the 2D acquisition campaign in 2022 with DMT

* Sparse sampling

e Strong ground-roll

* 3 vibes simultaneously going leads to strong noise interference
=>»impacts first break picking and the near surface tomography model
=» Impacts stacking velocity analysis,....
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First break p

* First break picking is
challenging

Only possible in the near
offset range (~500-600m)

=>» Low quality refraction statics

=» Low resolution near surface
velocity model

cks for refraction statics

Flatirons™ Refraction Statics --- v17.10.09 --- Project: 2022 --- Version: Default v
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Shots after full de-noise
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Velocity analysis .
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3 shots into Nikhef 1 m receiver nodes

2-4 Hz filter and T gain applied
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3 shots into Nikhef 2 m receiver nodes duq
2-4 Hz filter and T gain applied
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3 shots into Nikhef 1 m receiver nodes

2-4 Hz filter applied and T gain applied. Channel sorted.
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3 shots into Nikhef 10 m receiver nodes with 1 m interpolation

2-4 Hz filter applied and T gain applied. Channel sorted.
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3 shots into Nikhef 10 m receiver nodes with 1 m interpolation — difference

2-4 Hz filter applied and T gain applied. Channel sorted.
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DMT Enhanced Stack — Rl 1 m — Dense 2D on L2022
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DMT Enhanced Stack — Rl 10 m — Dense 2D on L2022
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Summary of the acquisition tests

« The 2D dense test layout with 1 m receiver interval
was used to simulate different receiver intervals of

1m, 2m, 5m, and 10m by eliminating un-needed
traces. The comparison of the stack and migration
results shows 1m RI and 2m RI yield very similar
guality, whereas 5 m Rl and even more 10 m Rl
resulted in less continuity of reflected events and
higher noise levels in the stacks and migrations.

- Thefat 3D cross=spread test resulted in an ﬁ
m X5

approximately single fold coverage of the 5
bin grid with visible imaging of shallow reflectors

around the intersection point of source and receiver

layouts.

Jegihe long 3D cross-spread less [aElg R ple](=R{e][o!

resulted on average on the 5 m x 5 m bin grid and
the visibility of shallow reflections was limited.
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A sparse 3D cross-spread is likely to produce a better image than dense 2D




2022 Acquisition Review

1-3 Vibs: 12m plate dist/
* Patternlength: 24m
* Sweeps per VP: 4-6
* “1”:6-90 Hz “2”: 10-90 Hz

The noise of the 3 Vibes is interfering =»

e Difficult to remove

e Separation of VP-points in processing
* chosen vendors cannot do it

* Receiver: - , .
* Spacing: 10m Toie | 07 - ;|-ﬁ-°5 ____ 8 as 149
e Too sparse to sample the noise : : s .
Crogeses | ameatiuarco. 5 10m spacing
shannel 10 1 ) 5 - —

Recommendations for future acquisition campaigns:

e Use only a single Vibe to avoid noise (& signal) interference FEXLA4I T = eyl
» Start the sweep at a lower frequency ~ 2Hz 2449 Lab? 487
» Reduced ,amplitude” 12202 » , Py
* Sample signal and the noise sufficiently to enable separation yor?’ » 2 i AR >y
i - ”er e ,,:’,._:b. '-"’—"b
* Densify receiver (~¥2-5m) » ';; ) R b s Cen i T s B Pt P by ,:’b.
. . . 2 » - . g ».» .’ x;
* Densify source point (~5-10m) spacing " .y ; :"_;_::E =2 p SRR S :.' Py 00 .’5
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results

v

Comparison of the shallow (0-700ms
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: Better sampling leads to higher resolution
- clear mapping of top cretaceous unconformity
- mapping of upper and lower cretaceous possible

- faulting is mappable
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Comparison of the shallow (0-700ms) results

Better sampling leads to higher resolution

- clear mapping of top cretaceous unconformity
- mapping of upper and lower cretaceous possible

- faulting is mappable




Comparison of the shallow (0-700ms) results
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Comparison of the shallow (0-700ms) results
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Better sampling leads to higher resolution
- clear mapping of top cretaceous unconformity
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DAS-VSP at Cottessen Well
in Collaboration with TNO

. C%ttessen well is instrumented with a permanent DAS-
Fiber:

e Used for a VSP with
* single eVibe (2-100Hz), 5m source spacing

° 5 m ve rtica | sam p | | ng fro m ~0_300m d e pt h th ro Ugh DAS_fl be r An Example for a SDAS Vertical Incidence VSP (VIVSP) raw stack waveforms with LWD sonic and
gamma ray logs. Amplitude spectrum is shown on the right panel.
* Om |ate ra | samp | i ng W|t h 3C geop h ones Teck Kean Lim et al. DAS-3DVSP Data Acquisition at 2018 Hydrate-01 Stratigraphic Test Well,
10th International Conference on Gas Hydrates (ICGH10), 2020
*  ~440m offset ,
Well 8-19: 2016 Monitor VSP vs 3D PSDM

* This allows:

. ([j)irecr;c measurement of attenuation from 2Hz to 100Hz at each
ept

Identification of ground-roll and other active seismic noise
(generators)

Determination of seismic velocities

High resolution seismic image close to well bore (~200m lateral
extend)

Time-to-depth conversion for seismic to well tie of the 2D surface
seismic

* Processing to commence in January 2024
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Source wavelet

-

|

Noise modelling of wind turbines

F. Limberger et al.: The impact of seismic noise,
Solid Earth, 14, 859-869, 2023,
https://doi.org/10.5194/se-14-859-2023

go 0. 4km
£ ™
R e A . Borehole
—
Rayleigh waves
101 receivers < [1km
S-waves —_
N—
P-waves
o™ l
Grid spacing
) 8 km .
Z
Absorbing boundaries
X

(c) Three layers (@3.7Hz)

v¢,=500 m/s
200 m
Vs5,=1000 m/s
400 m
Vg3=1500 m/s
2 km Half space

—— Max. amplitude per trace

AT
i a—aa—
I{F‘ . A

e ——————

-—

——— N— !

W to reflections at layer

; boundaries at 200 m and

=—— I}

0 2 4 6 8 10 12 14

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Time (s) / Relative amplitude

Figure 1. The numerical model includes a sinusoidal source wavelet, receivers located along a line from the surface to a depth of 1
km and a sufficient grid spacing (three elements per minimum wavelength of the simulation) as well as absorbing boundaries (2
times the maximum wavelength of the simulation). P waves, S waves and surface waves are simulated during the forward modelling.

Synthetic seismograms are extracted at positions indicated by the red line (borehole).


https://doi.org/10.5194/se-14-859-2023

Seismic Plans

Active source

e 2D lines along possible legs
* tying logged & instrumented wells

* “high-res” 3D cross-spreads
* corner points +

Passive seismic
* corner points
* Booze Val-Deu block

e 2D/3D VSP’s in instrumented wells
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(Anthropogenic) Noise Measurements

e Permanent noise measurement in select well
e 3C geophone
e DAS fiber

* Noise sources today and in the future

* Wind power — especially new designs with larger rotors
and stronger coupling to ground

* “Birds of prey” protection leads to strong vibrations with it Final Report .Windpower and Birds of
short slow-downs of the rotation Prey“ by H. Hoetker et. al. (in German)

* Geothermal energy production —induced micro seismic
e (High-speed) railway and motor highways
e Other anthropogenic noise

——l wierreg IR 52
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https://bergenhusen.nabu.de/imperia/md/nabu/images/nabu/einrichtungen/bergenhusen/projekte/bmugreif/endbericht_greifvogelprojekt.pdf
https://bergenhusen.nabu.de/imperia/md/nabu/images/nabu/einrichtungen/bergenhusen/projekte/bmugreif/endbericht_greifvogelprojekt.pdf
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E-TEST is co-funded by the Regions:
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B 7’) ULAAMS-
2

Wallonie BRABRE

provincie limburg ;%

12‘{‘%‘_ Ministerie van Economische Zaken
258 en Klimaat

Limburg /

AGENTSCHAP o\
INNOVEREN & {)\; | VIaanderen
ONDERNEMEN \

Ministerium fur Wirtschaft, Innovation,
Digitalisierung und Energie
des Landes Nordrhein-Westfalen A

E-TEST is also co-funded by the own-fundings of all Partners:

u LIEGE  Z Fraunhofer

université
ILT

UNIVERSITAT" NMWPI

The Innovation Engineers.
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UHASSELT m Niklhef

4 Koninklijk Nederlands
Meteorologisch Instituut
Ministerie van Infrastructuur en Waterstaat
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W) LIEGE

~ Fraunhofer

E-TEST partners

'l UCLouvadain

ILT

NMWP.

The Innovation Engineers.
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