
Accepted Manuscript

Comment on Davies et al 2012 - Hydraulic Fractures: How far can they go?

Alfred Lacazette, Peter Geiser

PII: S0264-8172(13)00002-0

DOI: 10.1016/j.marpetgeo.2012.12.008

Reference: JMPG 1665

To appear in: Marine and Petroleum Geology

Received Date: 6 December 2012

Accepted Date: 27 December 2012

Please cite this article as: Lacazette, A., Geiser, P., Comment on Davies et al 2012 - Hydraulic
Fractures: How far can they go?, Marine and Petroleum Geology (2013), doi: 10.1016/
j.marpetgeo.2012.12.008.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.marpetgeo.2012.12.008


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Comment on Davies et al 2012 - Hydraulic Fractures: How far can they go? 1 

 2 

Alfred Lacazette and Peter Geiser 3 

Global Geophysical Services, 1625 Broadway Street, Suite 1150, Denver, Colorado  80202, USA  4 

office telephone:  +1 720-279-3600 5 

 6 

Corresponding author:  7 

mobile:  +1 832-766-3458  8 

email:  Alfred.Lacazette@GlobalGeophysical.com  9 

 10 

Second author:  11 

email:  Peter.Geiser@GlobalGeophysical.com  12 

 13 

In the paper “Hydraulic Fractures: How far can they go?” Davies et al (2012) make an important 14 

contribution to addressing the problem of hydraulic fracture propagation distance. They analyze the 15 

mass of published data on both natural and induced fractures and demonstrate that the probability of 16 

induced fractures growing more than 350 meters vertically is < 1%.  The purpose of this comment is to 17 

discuss an additional layer of complexity of hydraulic fracture fluid movement revealed by a new passive 18 

seismic imaging method.  The additional complexity is interaction between the hydraulic fracture 19 

treatment and the preexisting natural fracture system.  20 

 21 

Davies et al (2012) recognize that natural fracture systems can extend vertically and laterally for 22 

distances over 1 km.  However, at the time of their writing they were unaware of a new method of 23 

surface-based microseismic imaging that detects subtle seismic activation of natural fractures during 24 

hydraulic fracture treatments.  The method, Tomographic Fracture Imaging™ (TFI™), is described in 25 

Geiser et al (2012).  TFI directly images both artificial hydrofractures and seismically active natural 26 

fractures as complex surfaces and networks.  It is a very sensitive direct imaging method, not a method 27 

of connecting or interpolating microearthquake hypocenters.  TFI™ detects microseismic activity that is 28 

missed by conventional microearthquake-based methods.  29 

 30 

Natural fracture systems consist of joints (natural extensional fractures) and faults (natural shear 31 

fractures).  Natural fractures may become seismically active during a fracture treatment through at least 32 

two and perhaps more mechanisms.  The first mechanism is fluid pressure increase in the fracture via a 33 

direct fluid connection with the treatment well.  By “direct fluid connection” we mean that a fluid 34 

pressure pulse can be transmitted either through the inter-connected pore system of the rock, through 35 

connected fractures, or both.  Note that a fluid pressure pulse can be transmitted with or without 36 

significant fluid flow.  By “significant fluid flow” we mean a change of the fluid composition in the 37 

affected natural fracture.  The second mechanism is changes in the resolved shear stress on, or the fluid 38 

pressure within, a natural fracture due to inflation.  Poroelasticity couples stress in the solid skeleton of 39 

the rock to the in-situ fluids so that stress changes can affect the fluid pressure in a natural fracture 40 

without fluid flow.  “Inflation” is the elastic deformation of the rock volume around the treatment well 41 
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due to introduction of the frac fluid.  Such inflation is routinely observed during tiltmeter studies of 42 

hydraulic fracture treatments.  The routine observation of surface deformation with tiltmeters 43 

demonstrates that such elastic deformations propagate over 1 km vertically.    44 

 45 

As yet we have no a priori method for distinguishing the two mechanisms using only TFI™.  However, in 46 

two of the 15 TFI™ studies completed to date there was independent evidence to test the two 47 

mechanisms.  In both case fluid and fluid pressure communication was either confirmed (see 48 

subsequent discussion on the Mallory 145 Multi-Well Project) or was supported because the rate of 49 

fracture propagation was on the order of 20 m/sec (Geiser et al, 2006) as opposed to the 1000’s of 50 

m/sec if activated by stress waves.   51 

 52 

The earth’s brittle crust is a pervasively fractured, self-organized critical system (e.g. Leary, 1997) in a 53 

state of frictional equilibrium because of pervasive fracturing (Zoback, 2007).  Consequently, fluid 54 

pressure increase in a fracture under resolved shear stress reduces frictional forces and allows slip, 55 

which generates microseismic activity.  Hubbert and Rubey (1959) show that slip on a fracture requires 56 

only that the fluid pressure in the fracture changes, not that any injected fluid reach the stimulated 57 

feature.  The Hubbert and Rubey (1958) hypothesis was confirmed by Raleigh et al (1976).  Ziv and Rubin 58 

(2000) show that stress or pressure changes of <0.01 atmosphere can stimulate seismicity.  59 

Consequently, seismic activation of a fracture can occur far from a well.  Recent work by others (e.g. 60 

Zoback et al, 2012) presents direct evidence that hydraulic fracture treatments can induce shear on 61 

preexisting natural fractures by injection of fluid or transmission of fluid pressure into the fractures.  62 

 63 

Seismic activation of natural fractures during hydraulic fracturing is important because an extensive 64 

body of literature accumulated over the last 17 years shows that hydraulic transmissivity of natural 65 

fractures correlates positively with resolved shear stress (e.g. Barton et al, 1995; Heffer et al, 1995; 66 

Tamagawa and Pollard, 2008; Hennings et al, 2012; Heffer, in press).  Fractures under high resolved 67 

shear stress are more easily perturbed than fractures under lower resolved shear stress.  Consequently, 68 

imaging seismically active fractures reveals at least part of the potentially transmissive natural fracture 69 

network.  Note that an absence of seismic activity does not necessarily indicate the absence of 70 

transmissive zones because very weak, highly transmissive features (e.g breccia zones) may not 71 

generate observable seismic activity due to fluid flow or pressure changes.   72 

 73 

We routinely monitor hydraulic fracture treatments using Tomographic Fracture Imaging™.  The 74 

resulting images show induced hydraulic fractures extending outward from the wellbore and seismic 75 

activation of the natural fracture network over horizontal distances exceeding 1 km and vertical 76 

distances up to nearly 1 km.  Davies et al (2012) cite measurements of vertical natural fracture networks 77 

offshore Namibia that exceed 1 km.  Induced fractures could intersect natural fracture networks with 78 

similar dimensions.  However, Fisher and Warpinski (2011) point out that the earth’s stress field and 79 

rock mechanical properties create what is effectively a seal for vertical cracks at about 700 meters 80 

below the surface.  Thus upward propagating fractures are stopped well before the approximately 300 81 

meter maximum depth of potable ground water aquifers.  82 

 83 
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In most cases no corroborating data is available to demonstrate whether seismic activation of natural 84 

fractures is by transmission of a fluid pressure pulse through a connected system of fractures (with or 85 

without significant fluid flow), by elastic deformation, or both.  In this discussion we focus on one well-86 

documented study of a roughly 500 meter thick sequence of stacked reservoirs that were stimulated 87 

with four vertically stacked horizontal wells – the Mallory 145 Multi-Well Project (MAL145).  This study 88 

demonstrates direct fluid connection during hydraulic fracturing over roughly 500 meters vertically (the 89 

separation of the uppermost and lowermost laterals) and over a kilometer laterally.  In this case the frac 90 

fluid was N2 gas, which is highly mobile.  Some aspects of this study are described in Geiser et al (2012), 91 

Moos et al (2011), Franquet et al (2011), and Mulkern et al (2010).  Here we provide additional 92 

description focused on the potential extent of frac fluid movement in natural fracture systems.  93 

 94 

Figure 5 of Geiser et al (2012) shows a TFI of a dense fracture network activated by hydraulic fracture 95 

stimulation of the four vertically stacked laterals.  Figure 6 of Geiser et al (2012) shows the network for a 96 

single well with the chemical tracer distribution for that well. This network extends to the well located 97 

approximately 1.5 kms southwest of the treatment wells.  N2 was detected at that well within an hour of 98 

frac initiation at one of the horizons thus confirming lateral communication through the natural fracture 99 

system.  Chemical tracer data provided further evidence of fluid communication over these distances 100 

(Mulkern et al, 2010; Geiser et al, 2012).  The sealing unit was a series of shales interbedded with tight 101 

sandstones.  Borehole imaging and remote sensing data (unpublished) confirmed that the ancient 102 

natural fractures present at the surface have similar orientations to those in the reservoir.  However, all 103 

seismic activity clearly terminated at the reservoir seal, which was about 725 meters below the surface 104 

(see Figure 8 of Geiser et al, 2012).  Extensive chemical data on the reservoir gases (unpublished) shows 105 

that gas compositions within this compartment are similar, indicating natural connectivity within the 106 

compartment.  107 

 108 

The MAL145 reservoirs may not be representative of all unconventional reservoirs.  Although the pays 109 

are all unconventional gas reservoirs (tight sand, shale, and siltstone) the reservoir is a known fractured 110 

reservoir and some wells produce naturally – without stimulation.  Correlation of open-hole production 111 

logs with borehole images and Stonely wave data shows that natural fractures in the study volume 112 

produced gas prior to stimulation and were transmissive.  Seismic activation of fractures occurred only 113 

within the naturally connected reservoir compartment.  Although in general the microseismic activity 114 

imaged by TFI does not prove direct fluid communication, chemical tracer and other data at MAL145 do 115 

prove fluid communication.  Because of the observed transmissivity of natural fractures in the reservoir 116 

compartment, we find it likely that the N2 was transmitted throughout the 0.9 km vertical interval that 117 

showed subtle seismic activity.  118 

 119 

In conclusion, although we agree with Davies et al (2012) regarding propagation of artificial hydraulic 120 

fractures, hydraulic fracture fluid and fluid pressure pulses can move greater distances in preexisting 121 

natural fracture systems.  Fluid pressure pulses can be transmitted without significant flow, i.e. without 122 

changing the original fluid composition in the fracture network.  123 

 124 
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