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What more is there... ?

Now (but rare):

CALIPSO

— 4-Component Seismology: is it a P or an S-wave? and...was it a volcanic tremor or a tsunami?
GONAF

— An Earthquake Gap South of Istanbul: detection threshold versus creep?
TFI/SET

— Tomographic Fracture Imaging: permeability fairways?

The Future (but not impossible):

GONAF

— a cost effective piezometric creepmeter
TFI

— a Gedankenexperiment — (a “thought experiment”)
KOYNA

— a cost effective hybrid MEQ VSP array

.... the future is the Total BH Seismic Station



CALIPSO (CAribbean Lava Island Precision Seismic Observatory)

— 4-Component Seismology: is it a P or an S-wave?
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Volumetric strainmeter principles
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“4-Component” seismology - ground velocity and volume change
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“4-Component” seismology - ground velocity and volume change




— 4-Component Seismology: was it a volcanic tremor or a tsunami?
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GONAF and the Seismic Gap South of Istanbul

Istanbul at night - ~¥15 M people along the shores of the Marmara Sea




Major Earthquakes along the NAFZ since 1912

Earthquakes North Anatolian Deformation rates
M>7 Fault Zone (NAFZ) (McClusky, 2000)




Hypocenters along the fault: aseismic creep/locked?
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8 Borehole Seismic Stations surrounding the Seismic Gap South of Istanbul
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Tomographic Fracture Imaging™ {m\

Global

Geophysical Services

Passive “ambient” & “fluid-pressure-change” seismic emission tomography
» Achieved by multiple sensor & long time-window “stacking”
Acquisition and processing
« Data acquired from a buried array
Observations
« Stimulated and natural fractures are imaged as complex surfaces and networks ?
* Images both stimulation and natural fractures that serve as fluid-flow pathways ?

« Shows stimulation fluid movement through time ?

Institute of Earth Science and Engineering



Tomographic Fracture Imaging best done by....

...buried seismic sensor array




The TFI Technique: Array for 3 km deep study site
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Il. The TFI technique fm
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Il. The TFI technique /
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ll. The TFI technique — adding up semblance voxels
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Barnett Shale: f"“
Pre Drill TFI map slice at ~9000 feet below sea level Global

\> Permeability fairways
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Lateral borehole and stimulation location at beginning flow ‘f; ; 3‘3
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Abient TFI
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TFI of frack activated tear (red) & thrust faults (dots) - creep versus stick slip
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TFI of frack activated tear (red) & thrust faults (dots) - creep versus stick slip
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TFI of frack activated tear (red) & thrust faults (dots) - creep versus stick slip
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TFI of frack activated tear (red) & thrust faults (dots) - creep versus stick slip

Subhor
Thr Flt
- EQs




What more is there... ?

Now (but rare):

CALIPSO

GONAF

TFI/SET

— 4-Component Seismology:

— An Earthquake Gap South of Istanbul: detection threshold versus creep?

— Tomographic Fracture Imaging: permeability fairways?

The Future (but not impossible):

GONAF

— a cost effective piezometric creepmeter

TFI

KOYNA

— a Gedankenexperiment — (a “thought experiment”)

— a cost effective hybrid MEQ VSP array

.... the future is the Total BH Seismic Station



Water well response to near by creep events - low cost strainmeter?

Creepmeter
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Water well response to near by creep events - low cost strainmeter?

Creepmeter

Water level — “bottle”

Water level - “glass”
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Before Cementing — Basket Piezometer Elements
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TFI of frack activated tear (red) & thrust faults (dots) - creep versus stick slip
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Installation scheme - either inline on pipe for smaller ID hole

or strapped on pipe for larger diameters. Crane or Tripod

Opt 1 Single seiscable

Sheeves fork lift or crane or
Winch - tripod
Used as draw works

cable spool, 2" Sonde

wire rope

Sheeve tied to
wellhead

EUE tubing /

EUE Tubing rack

1st Sonde \
Makeup by tongs w strap & protector

or wrenches ‘ ‘ Slips

Packer and draw-down weight in hole



Removable Seiscable Installation scheme (rotating spool and sheeve stand)

Seiscable — Map view

Tripod over borehole for top sheeve

Logging Truck or On-site Winch

Used as draw works é,//

Cable spools

Sheeves
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Borehole
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rotating stand —
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and cable
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Installation scheme - either inline on pipe for smaller ID hole

or strapped on pipe for larger diameters. Crane or Tripod

Opt 2 individual cables

Sheeves fork lift or crane or
Winch - tripod
Used as draw works

cable spools

Sheeve tie to
wellhead

EUE tubing /

EUE Tubing rack
Male to sonde Sonde \
female — Male

sonde on rotating
bushing to EUE ‘ ‘ Slips

female —for inline
only

Packer and draw-down weight in hole

Makeup by tongs
or wrenches
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