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Abstract 
 

Hydraulic fracturing is perhaps the major stimulation technique which is used to enhance 
production in low permeability reservoirs and also in unconventional resources such as tight 
formations, shale gas and Coalbed Methane. Performing lab simulations, before real field practices, to 
understand different aspects of complicated process involved in a fracturing job would be very 
beneficial. For this purpose, and in order to consider the effect of all three principal stresses in the 
field the experiments must be conducted on a cube shaped sample. Using the true tri-axial stress cell 
(TTSC) developed at the Department of Petroleum Engineering of Curtin University it is possible to 
simulate a fracturing job on samples up to 30cm. Three independent stresses can be applied to the 
sample with pore pressure being increased independently. The fluid injection causes the fracture to 
develop within the sample.  

We have performed lab experiments on very small size cube samples of 5 cm. No similar 
experiments have been reported in the literature which is believed to be due to the need for expensive 
laboratory set up and accurate measurement facilities. This is while the maximum sample size that can 
be retrieved from downhole is no more than 5 cm: this indicates the importance of lab experiments on 
this sample size. The initial experiments carried out on synthetically made samples and on a few real 
tight sandstones indicated very successful results which supports the idea of testing small scale 
samples. 

Performing hydraulic fracturing in the lab on small size samples with the objective of upsclaing 
the results to represent real field practices needs applying the scaling laws. Different scaling laws 
proposed in the past have been used in this study to investigate their applications on tight formations. 
It was possible to conduct this study on synthetically made samples with different sizes and assess the 
applicability of the scaling laws. The preliminary results are in a relatively good agreement with 
numerical simulations which were performed for calibration purposes.  

The results of some of the lab experiments performed using the TTSC will be presented in this 
paper and conclusions will be made.   
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1. Introduction 

Unconventional reservoirs are different from conventional resources in that they need some kind 
of stimulation techniques to increase their permeability. Tight gas, shale gas and Coal seam gas (CSG) 
are typical unconventional resources which have brought great attentions in the past few years for gas 
production [House & Shemeta, 2008; Medeiros, et al., 2008]. Hydraulic fracturing is a technique 
which is used to provide a larger exposure of the hydrocarbon to a fracture surface through which the 
it travels towards the wellbore.  

The optimal design of the hydraulic fractures is impeded by insufficient information on the rock 
mass structure and the in-situ stresses and insufficient understanding of their effect on the fracture 
propagation. In addition, numerical modelling of hydraulic fracturing is difficult, as it involves the 
coupling of at least three processes: the mechanical deformation induced by the fluid pressure on the 
fracture surfaces, the flow of the fluid within the fracture, and the fracture propagation [Adachi, et al., 
2007). As a result, the hydraulic fracturing simulators do not predict the correct wellbore fluid 
pressure or fracture geometry even in simple cases (e.g., Carter, et al., 2000).  

Another method of designing the hydraulic fractures is to conduct experiments of hydraulic 
fracturing of laboratory rock models with subsequent upscaling of the obtained results using the 
appropriate scaling laws (e.g., de Pater et al., 1994; Bunger et al., 2005; de Pater & Beugelsdijk, 2005; 
Adachi, et al., 2007).    

The presence of a large scale structure in the rock mass complicates the upscaling. For instance, 
the most common feature - the presence of pre-existing natural fractures can considerably affect the 
hydraulic fracture propagation (e.g. Caballero & Dyskin, 2008). Experiments on the influence of pre-
existing fractures on the hydraulic fracture propagation have mainly been conducted on homogeneous, 
non-permeable materials. Thus, they have been unable to reproduce the effect of the leak-off which is 
one of the controlling parameters of the process. Another shortcoming of the existing experiments is 
the restricting range of principal stresses as making all principal stresses different would require the 
use of a rarely available true triaxial loading frame. 

The true triaxial stress cell (TTSC) developed at Curtin Petroleum Engineering Department 
(Rasouli & Evans, 2010) offers the ability to apply pore pressure to the sample using the sealing 
system and is equipped with seismic transducers for monitoring fracture propagation. Also, the system 
has the capacity to independently apply three high stresses to the sample, the possibility of applying 
pore pressure and the ability to attach acoustic transducers using the specially made space for 
monitoring the hydraulic fracturing propagation. In particular, a cubic sample of 10 cm could be 
loaded to about 25 MPa at each axis with the independently applied fracturing fluid pressure up to 21 
MPa. This unique system will permit scalable testing and monitoring of microfracturing under 
realistic stress conditions.  

In this paper, after a brief review of the TTSC features, the results of experiments carried out on a 
synthetically made sample and one real tight sandstone rock will be presented. It is discussed how the 
results of these experiments could be used for improved field operation. 

 

2. Hydraulic fracturing experiments 

Figure 1 shows a general view of the TTSC which was used for hydraulic fracturing experiments 
in this study. The horizontal stresses are applied independently through two rams shown in this figure. 
The horizontal stresses are transferred into the plates shown in the top picture in Figure 1 and then to 
the sample. In the bottom picture on the right special shims are shown which are used to 
accommodate a 20 cm block for testing.  
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The results of these experiments when carried out considering scaling analysis and on samples 
with different sizes would be useful to better predict the hydraulic fracturing behaviour in field 
operation. As depicted in Figure 6 the TTSC allows experiments to be conducted on specimens with 
sizes larger than conventional samples used in rock mechanics labs. The maximum size of 30 cm is 
close to log resolution and in this way the results of lab experiments could be compared with log data 
and hence field operational results.  

 
Figure 6: Larger range of sample sizes could be tested using the TTSC than conventional rock 

mechanics equipments (Rasouli & Evans, 2010). 

4. Conclusions 

 The true triaxial stress cell (TTSC) is advantageous for hydraulic fracturing experiments in the 
sense that three independent stresses can be applied to the rock sample. It was shown how using a 
synthetically made mortar sample the interaction mechanism when a hydraulic fracture approaches a 
natural fracture plane can be studied. In this case, for a strong interface the hydraulic fracture crossed 
the interface. The TTSC allows testing samples with any size below 30 cm and thus the results 
corresponding to different scales could be correlated with each other to check the capability of the 
existing scaling dimensionless numbers. It was concluded that the correct test is one which is carried 
out based on scaling analysis.  
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