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Microseismicity and unconventionals

• Shale Gas: natural gas locked in 
fine-grained, organic-rich rock

• Tight Oil and Gas: natural 
petroleum found in low-
permeability rock, including 
sandstone, siltstones, and carbonates

• Coalbed Methane (CBM): natural 
gas contained in coal

• Heavy oil: (or extra heavy crude oil) 
oil that is highly viscous, and cannot 
easily flow to production wells 
under normal reservoir conditions



OUTLINE

• What are “microseismic events”?

• How do we detect microseismic events?

• Using microseismic data to improve operational efficiency

• Using microseismic data for environmental risk assessment

• Monitoring options post Preese Hall



WHAT ARE MICROSEISMIC EVENTS?
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Batzle (1980)
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WHAT ARE MICROSEISMIC EVENTS?

MOMENT

MAGNITUDE

MOMENT (MNM) SLIP

(MM)

RADIUS (M) EXPLOSIVE

CHARGE

COMMENTS

-4.0 0.001 0.01 0.03 1mg Smallest recordable

-3.0 0.04 0.04 0.1 30mg

-2.0 1.2 0.12 0.3 1g Typical HF

-1.0 40 0.4 1 30g

0.0 1,200 1.2 3 1kg Limit of surface detection

1.0 40,000 4 10 30kg Big for geothermal

2.0 1,200,000 12 30 1 ton Felt earthquake

3.0 40,000,000 40 100 30 ton Minor earthquake

4.0 1,200,000,000 120 300 100 ton Light earthquake

5.0 40,000,000,000 400 1000 300 ton Moderate earthquake



TRIGGERING AN EVENT

C  mP  m n

‘Cohesion’

(critical threshold)

‘Friction coefficient’

Pore pressure

Shear stress

Normal stress

• Increasing pore pressure moves a fault towards criticality

• Must have suitable orientation – maximum shear stress and minimum 

normal stress



Passive seismic reservoir monitoring: 
Microseismicity

• Naturally occurring or 
anthropogenically
induced seismicity

• Monitoring stress state 
of the reservoir.
– Fluid migration, fluid 

pressure, fracture 
stimulation.

• Many applications from 
conventional earthquake 
seismology.

• Relatively new oilfield 
technology.
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Hydraulic fracture stimulation



Microseismic events track the formation of fractures
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HOW DO WE DETECT MICROSEISMIC EVENTS?
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Experiment setup (map view)

Injector

Monitoring wells

Time (hours)

80o

Hmax

Rutledge et al., 2003; 2004

Preexisting 
fractures/fault



Life of Field Seismics -
Valhall field, North Sea

Fracture stimulation

Locating events with surface sensors
- Valhall LOFS array

(Chambers, Kendall and Barkved, TLE, 2010)



Array design – depends on purpose
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Array design – depends on purpose

• Operators 

– assess efficacy of stimulation

– sensors close to point of injection

• Regulators 

– any induced seismicity elsewhere?

– fault reactivation

– longer term effects



MICROSEISMIC MONITORING:

OPTIMISING OPERATIONS



Microseismicity – a new toolbox

• The source
– Location

– Mechanism

– State of stress

• Imaging tool
– Structure - reflections, tomography

– Anisotropy - fracture characterisation, stress

– Geomechanics



Applications of passive seismic monitoring

• Estimating magnitude and orientation of the stress tensor. 

• Predicting stress build-up and potentially mitigating wellbore failure.

• Imaging fault and fracture orientations and their reactivation.

• Characterising seismic anisotropy, which can be used to determine anisotropy 

parameters for processing and can be also used to assess lithology and fracture-set 

properties including orientation, density and size.

• Studies of fluid-properties using frequency-dependent wave characteristics (e.g., Q 

estimation and frequency-dependent shear-wave splitting).

• Monitoring injection fronts such as water, CO2, and steam.

• Monitoring hydraulic fracturing, especially in tight-gas shales and sands.

• Studying compaction effects around reservoirs.

• Studies of cap-rock integrity. 

• Studies of sealing faults and reservoir compartmentalization.

• Identification of seismically active and potentially hazardous zones.



UNDERSTANDING HYDROFRACS

Sen (2012) Dusseault (2011)
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UNDERSTANDING HYDROFRACS

Zhang (2010)



WELL SPACING

Clarkson (2011)



IDENTIFYING GEOLOGICAL FEATURES



MICROSEISMIC MONITORING:

ASSESSMENT OF ENVIRONMENTAL RISK







FRAC HEIGHT

Warpinski (2012)



HORN RIVER

• 38 events

• Magnitudes M2.0 – M3.0

• Tectonically active area

B.C. Oil and Gas Commission (2012)



Preese Hall, Lancashire, UK

• Stimulation started in 
August, 2011

• 50 induced seismic events 

• -2.0 < ML < 2.3

• Effectively stalled shale gas 
development in the UK



WHY WERE EARTHQUAKES TRIGGERED

Source Mechanisms

Stress Orientation

O’Toole (2013)



OPTIONS FOR (MICRO)SEISMIC

MONITORING POST PREESE HALL



Regulation
“Traffic light monitoring systems should be implemented and data fed back to well 

injection operations so that action can be taken to mitigate any induced 
seismicity.”

• Green. Injection proceeds as planned. 

• Amber. Injection proceeds with caution, possibly at reduced rates. Monitoring is 
intensified. 

• Red. Injection is suspended immediately. 

from Shale gas extraction in the UK: a review of hydraulic fracturing, Issued: June 2012 DES2597

© The Royal Society and The Royal Academy of Engineering 2012



TRAFFIC LIGHT SYSTEM

• Baseline (UK seismicity is complete to M2.0 

only)?

• What kind of array is needed for robust 

magnitude determination (magnitudes this 

small can be out by ± 0.5)?

• Who does the monitoring (public confidence in 

operators vs. regulator/academia)?

• Longer term monitoring requirements (2 days 

of stimulation vs. years of production)?



INDUCED SEISMICITY:
TRAFFIC LIGHT SCHEME

How do we distinguish natural and “induced” events (Davis and Frohlich, 1993)?

1. Events are first known earthquakes of this character

2. Clear temporal correlation between injection and seismicity

3. Earthquakes occur near injection wells

4. Earthquakes occur at injection depths, or …

5. … there are known geologic structures to channel flow

6. Change in fluid pressure at the well is sufficient to induce an event

7. Change in fluid pressure at event location is sufficient to induce an event 



UK EARTHQUAKES AND THE TLS



UK EARTHQUAKES AND THE TRAFFIC LIGHT SCHEME

Charles Richter: “Logarithmic plots are a device of the devil”



UK EARTHQUAKES AND

THE TLS

log N = a – bM

log N = 3.82 – 1.03M

(events/year, from BGS website)

M = 0: N = 6,600



OPERATOR AND REGULATOR REQUIREMENTS

Operator Regulator

Objective Full map of fracture

Abnormally large events.

Abnormally shallow 

events

% of stimulations 5 – 10% 100%

Minimum magnitude M -3.0 M -1.0

Data Processing ‘The full monty’
Basic location and 

magnitude



BASELINE MONITORING

Shale UK, London | 25.06.2014



BASELINE MONITORING:
SEISMIC STATIONS



BASELINE MONITORING:
ALL ABOARD THE BALCOMBE EXPRESS!



Questions and Concerns

• Amber or red light - at what magnitude?

• How do we define magnitude?

• Magnitude or ground motion?

• What is the background seismicity? What faults are active (or 
inactive)?

• Who should do the monitoring?

• How will this be regulated?

• DECC ‘red light’ is currently ML0.5; UK experience > 1000 such 
naturally occurring events each year.



CONCLUSIONS

• Microseismic events:

• The ‘popping’ and ‘cracking’ of the reservoir

• Monitored using downhole or surface geophones

• Microseismic data improves operational effectiveness, e.g.:

• Understanding hydrofracs

• Well spacing

• Fault detection

• Monitoring fracture network development  

• Microseismic data also important for environmental risk:

• Risk of felt seismicity

• Depth constraint of hydrofracs

• Monitoring options in the UK:

• 5-10% of fracs are monitored in the US (with high-cost systems)

• Objectives of operators and regulators not necessarily aligned

• Scope for seismic monitoring at different scales in the UK 



www.frackland.blogspot.co.uk


