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Cuadrilla: Preese Hall 1 Borehole

Advised to carry out 3-D Seismic Survey

Advised to install microseismic network 
prior to operations
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• Frac pumped down 5.5 inch   P-110 casing

Stage 1 Perfs 2695-2728 m  (8842-8950’) 
Stage 2 Perfs 2652-2670 m  (8701-8760’)
Stage 3 Perfs 2566-2587 m  (8419-8488’) 
Stage 4 Perfs 2444-2517 m  (8018-8258’) 
Stage 5 Perfs 2380-2432 m  (7808-7979’) 

• Proppant-40/70 and 100 mesh UK sand
friction reducer and chemical tracer
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Hydrofracturing Stages and Associated Seismicity at 
Preese Hall



Data

• NS component

• Similar locations

• Similar mechanisms

• Relative magnitudes

• 50+ Events detected similar to 
the two BGS reported events
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Blackpool Area  Earthquakes
Surface GURALP 6TD Broadband,  3-C Seismometers

April 1st 2.3 ML

May 27th 1.5 ML

5 Largest Events Normalized and 
Superimposed 



Location of PH1, April 1st Seismic Event

• After initial event operations were stopped while additional local monitoring 
stations were installed

• Third stage was pumped followed by a flow testing period



14,710 bbl (including mini-frac), 116.6 metric tons prop

Stage 2 

SCREEN 
OUT?

Pressure match of stage 2 main 
frac, using a model with a 
minimum stress gradient of
0.66 psi/ft over the entire 
formation. The high net 
pressure was matched by 
assuming 35 multiple
fractures. The reservoir 
permeability was 0.1 microD. 
(From de Pater et al)

Potential screen out

The first detected event



Seismicity and injection
Completeness catalogue 
M>0.3

B-value of 0.8 
(uncertainty 0.3 from 14 
events).



After QCon and Shawn Maxwell

Hydraulic Energy (J)
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Rapid decay of seismicity

Newly detected event 
was detected on 4 

stations

Similar waveforms –
similar location, similar 
mechanism

Date

Time (s)



Location of the later aftershocks

• RMS: 0.0407 sec

• PDF (ellipsoid of uncertainty)
main semi-axis 123 m

sec. semi-axis 108 m

azimuth of main semi-axis 140°

depth uncertainty 243 m



Focal Mechanism

The azimuth of the maximum horizontal stress in 

the Hodder Mudstone, based on the induced 

fractures in the Worston Shale Group is 7.50 

+/‐16.10 for the interval 7370‐9025ft.

Same Azimuth as Variscan Inversion Faults



Blackpool Earthquakes

Overview of injection volume and seismicity during treatment 
stages. Earthquake activity closely correlates with stages 2 and 4. 
The largest event with 2.3 ML at 02:34 on 1/4/2011 occurred 
shortly after stage 2.

• Earthquake activity was caused 
by fluid injection into a fault zone 

• The fault failed repeatedly in a 
series of small earthquakes.

• The fault has now been 
identified.

• The injected volume and flow-
back timing were  important 
controlling factors

Epicentre of the Blackpool earthquakes 
(yellow star) in relation to the Preese Hall 
well. Depth is approximately 2250 m, 
which places the events close to the point 
of injection. 
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Lancashire, UK (2011) –
exceptional

Our Threshold 
for caution
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for Action

Seismicity: When shall we we do something?



Injection 
Suspended 
at 1.5 ML



Technically 
possible?

Economically 
Deliverable?

Societally 
Acceptable?

The Triangle of Truth for Shale Gas

All three 
needed 

for 
success



Lardon and Guinevere
“The Nights of the Round Plastic Picnic 

Table”

Barton Moss (iGas site) 
Protestors blog:

“We have run out of 

Gas, please send 

more” !



Conclusions
• Hydraulic fracturing can induce felt events in the UK from within 

the sedimentary (not basement) rocks:

– Temporal correlation with injection: 0-1 hour time delay

– Spatial location deeper than hydro-fracturing

– Screen outs should be taken very seriously

• Monitoring is essential to enable mitigation 

• Install local network as soon as possible before any activity starts

– Detection, location and mechanisms

– Ground motion scaling needed but not yet available

– legal limitation eventually should be based on PSHA



Preliminary Recommendations to UK 
PM’s Office

1000m ?2000m ?5000m ?
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Fear and Trembling at Number 10!!


