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Introduction

* Climate goals 2030 require a step-up in use of sustainable energy resources (solar, wind, geothermal, CCUS)

* High Temperature - Aquifer Thermal Energy Storage (HT-ATES) is a technique which offers a large potential
when it comes to sustainable energy storage and production. Knowledge of the aquifer is key.

 TNO and GFZ demonstrated the cost-effective acquisition of high-res seismic data and VSP on ATES site in Berlin
* TNO has an inhouse developed DAS system + interrogator but wishes to evaluate other systems and methods as well

* Getting a healthy DAS signal in urban environments is challenging: high noise levels, small offsets, weak sources,
coupling issues of fibre-optic to surface/well/casing/aquifer formation

* Which DAS strategies will work and which won’t? Let’s find out at an ATES site in Brussels, Belgium...

» At this ATES site and many others in Brussels, Horizontal-to-Vertical Spectral Ratio (HVSR) bedrock mapping was done
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DAS VSP Field layout
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VSP processing

Downgoing waves
horizontal aligned

L
! T
w
o
= = o o o = = = o o
E o £ S g} S fry! S iy} S ]
a o - - &~ o~ = 1 =+ <~
S 5
o o

CDP
CDPTRACE
0

50

100
150
200
250
300
330
400
450

EAGE




VSP processing
Downgoing waves
suppressed by
Median filter
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@ Van Noten et al., 2018 2018 — HVSR ambient noise analysis - Anderlecht
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Van Noten et al., 2015

Calibration between depth and resonance frequency f,

Interpolation between points allows “bedrock depth mapping”
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Problem: Velocities from DAS VSP indicate Vp velocities of > 1600 m/s whereas
the HVSR indicates a Vs velocity of +- 320 m/s. This is possible, but the Vp/Vs
ratio of +- 5 is rather high for unconsolidated sediments. This requires further
investigation.

Problem #2: Mismatch between HVSR and DAS VSP bedrock depth
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* Possible solution: PhD work from Zimmer (2003) at
Stanford University and Kruiver et al. (2017), Hofman
et al. (2017) shows that at very shallow Vp and Vs
such high Vp/Vs ratios of > 5 can occur in sediments

e Possible solution #2: Migration and better time-depth
of corridor stack may align HVSR and DAS VSP bedrock
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Conclusions

* In spite of the difficult urban and operational conditions, the DAS VSP survey was a partial success
* High (urban) noise levels, small offsets, limited source strength proved challenges to good signal

* We conclude that the use of a small vibroseis source is not recommended as there is too much 1) overall attenuation,
2) uncoherent dissipation of especially high frequencies 3) other near surface effects. Impulsive source is better

* Poor coupling of the fibre-optic cable to the well casing/cement can sometimes be forgiving, but can also stop the show

* Need for better protocol in the field for obtaining geometry and layout of DAS array that goes beyond tap tests
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