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Introduction – Enhanced/ Engineered Geothermal 
Systems

Source: http://energyinformative.org/
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How accurately the numerical simulators are able to represent the complex 
coupled processes of fracture growth, propagation and interaction?

Aim: Generate benchmark hydraulic fracturing datasets against which 
numerical codes for hydraulic stimulation design tools can be validated 

Motivation & Objective 

Development of a triaxial setup for 
performing laboratory-scale experiments 

Generate hydraulic fracturing datasets 
under controlled conditions in 
laboratory-scale 

Verification of numerical codes using 
the laboratory-scale data set

Project – HDR 1 
(BMWi)

and beyond..
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Hydraulic Fracturing Experimental setup 
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Hydraulic Fracturing Experimental setup 
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Borehole Ø= 20 
mm, Length = 450 
mm 

Notch created at L =  
225 mm  to guide 
cracking transverse to 
the borehole

Position of Acoustic Emission 
sensors (red circles) projected 
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Fracture propagation in an experiment
performed in plexiglas
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Hydraulic Fracturing Experimental setup 
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Samples

Type Granite

Location Type River Bed

Date 21.03.2017

Location Las Minas

Country Mexico

State Veracruz

Coordinates 694726, 2179109

Type Marble

Location Type Quarry,

Date 21.03.2017

Location Pueblo Nuevo

Country Mexico

State Veracruz

Coordinates 693048, 2180273
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Experimental Protocol

1. Apply confining stresses σx, σy and σz. 

2. Leakage tests are performed to ensure 
that the system is tight. 

3. High pressure fluid is then injected 
into the system to initiate fracture.

4. Acoustic emission events are 
measured using 32 sensors to monitor 
fracture propagation

Photo of the actual set up 
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Experimental results 
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Example of an Acoustic Emission event recorded by 
32 sensors 

GMuG Data Acquisition System with 32 acoustic sensors
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Datasets for numerical simulation group 

• Pressure versus Injection rate 
• Acoustic emission data 
• Fracture radii 
• Properties of rocks and fluids 
• Boundary conditions 

time (m)
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GEMEX Partners 

GFZ 

‒ Fracod2D V5

‒ Particle Flow Code 
(PFC2D)

UFZ 

‒ OpenGeoSys

TNO

‒ MFRAC

GEMex DELIVERABLE 6.5 

Software tested against the laboratory dataset

External Partners

ETH Zurich  

‒ GEOS

CSIRO Australia 

‒ Complex Systems 
Modeling Platform 
(CSMP)



This project has received funding from the European 

Union’s Horizon 2020 research and innovation 

programme under grant agreement No. 727550

Acknowledgement 

European Commission  – EU H2020 
Research and Innovation 
Programme under Grant Agreement 
727550 – Project GEMex



This project has received funding from the European 

Union’s Horizon 2020 research and innovation 

programme under grant agreement No. 727550

• Deb, P., Salimzadeh, S., Düber, S., Clauser, C., 2019. Laboratory experiments and numerical 
simulations of hydraulic fracturing for enhanced geothermal systems, in Proceedings of 
European Geothermal Congress 2019, EGC2019, The Hague, The Netherlands, Artikel-Nr: 336, 
http://europeangeothermalcongress.eu/wp-content/uploads/2019/07/proceedings-V2-2.pdf

• Deb, P., Vogler, D., Düber, S., Siebert, P., Reiche, S., 2018.  Laboratory Fracking Experiments for 
Verifying Numerical Simulation Codes, in Proceedings of 80th EAGE Conference and Exhibition 
2018 : Copenhagen, Denmark, Volume 4, Artikel-Nr: 2555-2559, DOI: 10.3997/2214-
4609.201801166

• Siebert, Philipp., 2017. Laborversuche zur hydraulischen Risserzeugung in dreiaxial belasteten 
Granitquadern, Doctoral Dissertation, RWTH Aachen University 

• Clauser, C., Willbrand, K., Ziegler, M., Feinendegen, M., Siebert, P., Fries, T.-P., Weber, N., 2015. 
Entwicklung eines Werkzeugs zur Auslegung von HDR-Risssystemen, Endbericht zum BMWi-
Projekt 0325167, Institute for Applied Geophysics and Geothermal Energy, RWTH Aachen 
University, Aachen, DOI: 10.2314/GBV:870586319

References 

http://europeangeothermalcongress.eu/wp-content/uploads/2019/07/proceedings-V2-2.pdf
http://doi.org/10.3997/2214-4609.201801166
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2314%2FGBV%3A870586319?_sg%5B0%5D=ayR0mdHL81rtlSvCXxZVybnYwDQV8tmNQVWsBAife70r_soeAD9KyDMgUtBhy1p5ExMYOsX7ZBIlpwYp5M1S5afM_w.Ndbjflb6alKlJOcWfyH6bNApqtK-VDsUZ8AqdVTxhdmuwjy5y948umPRO3oSCF61ZJIoBxg03sOoHAbLamRKmg

