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Literature review 1
•

•

•

Theory: hydraulic fractures will grow in
the direction of the maximum principal
stress direction (vertically)
Davies et al. (2012)
– Maximum vertical hydraulic
fracture in US of 588 m
– West Africa and Norway, maximum
of 1,106 m
Fisher & Warpinski (2012); King (2012)

Fisher & Warpinski (2011)

Literature review 2
•

Hypothesis 1: Do fractures become lithologically bound?

Waltham (1994) and Hobbs (1964)

•

Hypothesis 2: How do HF interact with pre-existing
fractures?

Könitzer, 2014; Könitzer et al., 2014

Aims of the study
•

Fracture initiation and propagation:
– How do fractures initiate and propagate when injecting gas/water?
– Does fabric affect fracture initiation and propagation?
– Can fractures close or seal?
– What pressure does hydraulic fracturing occur?

•

The role of layering:
– Do hydrofractures get deflected, arrested, or have no change at interfaces between
layers?
– Do hydrofractures become lithologically bound?
– Do hydrofractures always pass through the interface?
– Does the shape of the interface influence how hydrofractures behave?

•

The role of pre-existing fractures:
– Do pre-existing faults influence the direction of hydrofracture propagation?
– Can pre-existing faults cause hydrofractures to arrest?
– Can hydrofractures become bound by pre-existing fractures?

•

Direction of hydraulic fracturing:
– Do hydrofractures always form in the direction of the maximum stress trajectory?

Experimental apparatus
Fracture Visualisation Rig
• 50 mm thick, 150 mm diameter UV
fused silica glass window

•
•

Normal stress up to 3 MPa

•

Visual results captured using time-lapse
macro photography or high-speed
photography

Water/gas injection from 0.5 – 15 MPa
into thin clay layer

Direct Shear Rig
• Vertical load up to 20 MPa
• Injection pressure 0.5 - 53 MPa
• Vertical displacement measured to submicron accuracy (< 60 nm)

•

Central injection point ensuring pore
fluid is delivered directly to the centre of
the sample

Sample selection
•

Shale outcrops are uncommon in north-west England, with few outcrops having a
stratigraphic control

•

Samples used are from the Bowland-Hodder Shale prospective shale unit, from northwestern part of Pennine Basin

(Andrews, 2013)

• Natural stream section; some weathering but with
stratigraphic control
• Carbonate rich ‘offshore muds’ facies of Bowland Shale

Sample preparation

Intact clay observations
Bowland Shale

Kaolinite

Layered systems
Parallel layered
• Fracture passed from K to BS
• Fracture deviated and does not
pass from BS to K

K

BS

Concentric layered
• Fracture passes along K/BS
interface and through
• Could not get fracture to form in
BS
BS

•

Fracture difficult to pass from
BS to K, but will pass from K to
BS
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Fractured systems
•

Dashed fracture network
–
–
–

•

Square fracture network
–
–
–
–

•

Interaction of fractures
Pressurisation of existing fractures
Sealing of hydraulic fractures

Interaction of fractures
Growth of fractures from notches
Hydraulic fractures passing through square network
Difficulty in BS fractures passing through square

Dashed+ fracture network
–
–
–

Interaction of fractures
Coincident growth of multiple fractures
Fracturing linking pre-existing fractures

Hydraulic fractures in Bowland Shale
•

Hydraulically fractured at 10.2 MPa with 1.5
MPa normal load

Vertical fracturing

– Fracture pressure of 8.7 MPa
•

On sample recovery could smell sulphurous
odour

•

Fractures following bedding with some vertical
fracturing

– Fractured along previous features

Bedding oriented fracturing

Lithological controls on hydraulic fracturing

Implications for the shale gas industry
•

Lithological complexity
– Needs to be incorporated and understood in modelling
– Each interface between layers needs to be incorporated
– Seismic resolution not sufficient (10-20 m)

•

Discontinuities (faults, fractures, joints etc)
– Will play a significant role in fracture extent
– Needs to be understood and mapped

•

Physical elastic properties
– Compressibility dictated fracture propagation during experiments
– Determining physical properties is vital to model fracture networks
– A full understanding of the stress state at depth is required

•

Pre-existing features
– Will play a vital role on hydraulic fracture propagation
– While pre-existing features may result in lithological bounding, it may also result in
the breakdown of lithological containment

Recommendations
1.

Need for well constrained data on properties of individual shale intervals

2.

Data should be obtained only from appropriate core (e.g. preservation)

3.

An understanding of the role (and cause) of variability and anisotropy in shale is required

4.

The full role of interfaces and pre-existing fractures should be determined so as to improve available
modelling approaches

5.

Many numerical approaches exist; modelling should work towards a common approach of describing
fracture propagation in shale

6.

Shale gas site investigations should include both a regional context model and a detailed model of the
rock mass at the point of stimulation

7.

A hydraulic fracture propagation model should be used to predict the initiation and propagation of
hydrofractures. This should be continually revised as new information comes available.

8.

Regulation should include an independent assessment of all available data, their applicability, and
observations of operations

9.

All data obtained during exploration and stimulation should be lodged with the regulator, or national
geological survey, and openly shared so as to create a publically available definitive database on shale
properties

10. New downhole logging tools should be developed to assess in situ conditions surrounding the injection
borehole.

Questions addressed
•

Fracture initiation and propagation:
– How do fractures initiate and propagate when injecting gas/water? Demonstrated,
dilatant fracture formation
– Does fabric affect fracture initiation and propagation? Yes
– Can fractures close or seal? Yes
– What pressure does hydraulic fracturing occur? Demonstrated

•

The role of layering:
– Do hydrofractures get deflected, arrested, or have no change at interfaces between layers?
Demonstrated
– Do hydrofractures become lithologically bound? Yes
– Do hydrofractures always pass through the interface? No
– Does the shape of the interface influence how hydrofractures behave? Possibly

•

The role of pre-existing fractures:
– Do pre-existing faults influence the direction of hydrofracture propagation? Yes
– Can pre-existing faults cause hydrofractures to arrest? Yes
– Can hydrofractures become bound by pre-existing fractures? Yes

•

Direction of hydraulic fracturing:
– Do hydrofractures always form in the direction of the maximum stress trajectory? No

•

Heterogeneities within shale will play a significant role on hydraulic
fracture propagation
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