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Cuadrilla: Preese Hall 1 Borehole
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Figure 1: Regional setting of the Bowland basin (based on Fraser and Gawthorpe 1990}
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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

Perforations
Rl et Date Depth Length|Number| Slickwater Volume Proppant
Top |Bottom
ft MDge | ft MDge |ft TVD 25 ft Gallons US | m?® |bbls US lbm mion
- DFIT 26 March 2011| 8 841 | 8,850 9 27 34 314 130 | 817
Job 28 March 2011| 8,841 | 8,949 | 8,730 36 108 485,856 |1,839|11 568| 226,240 | 101
DFIT 30 March 2011 24 780 04 590
8,700 | 8,759 | 8,583 27 81 '
2 Job 31 March 2011 ' ' 293,040 |2245|114 120| 262,080 | 117
01 April 2011 [Magnitude 2.3 seismic event
04 April 2011 |Deformed casing confirmed with caliper 8480-8640ft MD (just below zone 3)
DFIT 08 April 2011 10,668 40 254
8,420 8,489 8,340 27 81 '
3 Job 09 April 2011 ' ' ' 200634 | 759 | 4,777 | 116,480 | 52
DFIT 25 May 2011 21,084 80 202
4 Job 26 May 2011 8,020 ' 8,259 | 8,052 21 81 423696 |1,604(10,088| 183 680 | 82
27 May 2011 |Magnitude 1.5 seismic event
DFIT 27 May 2011 11,760 45 280
7,970 7,819 7,823 27 81 '
S Job 27 May 2011 ' ' ' 402,760 |1,525] 9,590 | 248,640 | 111
DFIT 31 May 2011 | 7,670 | 7,789 | 7,666 27 81 10,290 39 245
TOTALS 513 |2,218,902(8,399|52,831|1,037,120 | 463




Data (IR

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
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Location of PH1, April 15 Seismic Event
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After initial event operations were stopped while additional local monitoring
stations were installed

Third stage was pumped followed by a flow testing period




Preese Hall -1

BHTP & Surface Pressure

— Measured Surface Pres. (psi)
—— Cale BHTP from Surface Pressure (psi)

—BH Rate (bpm)
—BH Cone. (Ibm’gal)

Stage 2 - Main frac
March 31, 2011
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Seismicity and injection
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After QCon and Shawn Maxwell
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Rapid decay of seismicity
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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

PDF cross-section through event PDF cross-section through event
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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.

i] OIS 1
S Same Azimuth as Variscan Inversion Faults
214 -15

Plane 1 85
Plane 2 75 305 -175

Slickensided and Polished Bedding Surfaces at
two levels in the Preese Hall Borehole
Left 8185 Feet : Right 6835 Feet



Preese Hall - 1

Frac Stage
Perf Interval (MD)
2652-2670m

Vertical Plane

Simplified P
, fault plane
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August 2nd, 2011
Event Location Focal Mechanism,
Lower Hemisphere. Matching fault

K

Shmax azimuth from Preese Hall
wellbore drill induced tensile
fractures indicating a Shmax of
1732

Horizontal Plane 2930m depth



Depth, ft
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Seismicity: When shall we we do something?

Barnett Shale USA
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Tra fﬁC I ig h _t ENERGY EQUIVALENTS

0.1 | Krakatoa eruption

0.3 "~ World's largest nuclear test (USSR)
Major earthquake; severe economic Impact, large loss of life \\Japan‘s 2011 Tohoku

Great earthquake; massive loss of life

10

monitoring system

Controls are in place so that operators will have to assess
the location of faults before fracking, monitor seismic
activity in real time and stop if even minor earth tremors
oceur.

Strong earthquake; £hillion’s of damage, loss of life A Earthquake / Tsunami to 8.0
e~ ! -
Moderate earthquake; property damage Hiroshima atomic bomb
1,000  Average tornado
10,000 \ Large lightning bolt
100,000 {_ Oklahoma City bombing

Felt noticeably indoors; vibrations like passing trucks p i : :
Detected only by sensitive equipment e e
A : ' v i
If a magnitude greater than ML 0.5 * (0.5 on the Richter Y ool Number of earthquakes per year (worldwide)
scale) is detected operations will stop and the pressure of

the fluid will be reduced. This level should limit further : sernereenes Most induced events from
earthquakes, known as ‘induced seismicity’, which may SR 25 WHNCH flection 18 shoppac mining and shale gas
happen after the pumping is completed.

Light earthquake; some property damage

Minor earthquake; felt by humans
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Micro-earthquakes recorded during fracking

*subject to review and may change.

Reprodyced from original artwork
by Natural Resources Canada
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Injection proceeds Injection could
as planned proceed after analysis

but with greater caution, possibly at reduced volumes
or at different depths and with a longer monitoring
period and analysis between injections

0.0 NG 0.0 -0 5




The Triangle of Truth for Shale Gas

Technically Economically
possible? Deliverable?

Societally
Acceptable?



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” |
W S Gl ~ g wji




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

shale gas well |
Vertical separationjdistance
(minimum 600m)
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