0 OOO0O0ODOO0OODOOoOoDoOoOo 2018 <€

COAM P RTE R M DEAEICHITTD
ZEEEEMFFEOIYHEA

CO)JooooooDbbhbooOOORITED
coelOuoooonoonn

otdotdbotdouooboobdnnnii




opRTB R DEMAIE-SZXEA

~ Cathcart et al.. 2013

ﬂxccsnc RESEARCH SPACE
Feedback jof
R&D needs

e :
Research & 1 Demonstration ﬂ Deployment
Development 4§

underpinning R&D to mmg te perceived
ra hnical, market &Inmncm.ﬂ;sks

issues

cf 1o address tec
r- Research
"‘- Impact

\ S Areas
[Fuhlic acceptance] .

(Monea, 2016)

Regulation

R&D focused on: Cost (Capture) and Confidence (Storage)

(aRXRK) (Z£2H)




»Safety/Risk Assessment in CO: Storage

-Potential Risks

Risk profile @CO: injection site (site-specific)
[
= Pressure recovery
o Secondary trapping mechanisms
o Confidence in predictive models
[
(1
Injection Injection 2 % Injecticn 3 x Injection n x Injection
begins ends period period period

[llustration source: Benson, 2007]

Losses of Injectivity, Capacity and Containment,
Induced Seismicity, Environmental Impacts




ANEDEETEIZ{H%R1HS minor earthquakes and tremors

A variety of anthropogenic activities can trigger minor earthquakes and tremors.
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storage (small scale)

Ebergy Technology Number of Cumrent Number of Historical Historical Number Locations of Events
Projects Felt Events of Events M>4.0 M=2.0
Geothermal
Vapor-dominated 1 300-400 per year since 103 CA
(The Geysers) 2005
Liquid-dominated 43 10-40 per year Possibly one CA
EGS ~8 pilot 2-10 per year 0 CA
Qil and gas
Withdrawal ~6,000 fields 20 sites 5 CA,IL, NB, OK, TX
Secondary recovery ~108,000 wells 18 sites 3 AL, CA, CO, MS,
{water flooding) today OK, TX
EOR ~13,000 wells None known None known MNone known
today
Hydraulic fracturing for ~35,000 wells 1 sites 0 OK
shale gas recavery today
Waste water disposal ~30,000 wells 8 sites 7 AR, CO, OH,TX
Jwels(Class ) ________| ____teday ____ 1 ______ L e
Carbon capture and 2 None known Mone known None known

National Academy of Sciences, 2013
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National Academy of Sciences, 2013

IZHEITRTBRDER (BEN)

K Hydraulic Fracturing Required to Produce. M
Swes Ganite Qay Conaete Bridc  BuldingSone | Reservoirs Sand

Unconventional

ermeability Range of Producing Formations and Where Fracturing Is Required
Shale Fractures
Microseismic . g @
Monitoring it (=]
Ve o -
4 & ’ftage 2 E:‘
y' £ —_—o
“stage 3 .E s
©
O
£
|
m .
a e
Shale =
Reservoir 0 0.1 0.2 0.3 0.4

Porosity



Earthquake and Micro-Earthquake Comparison

(P et/ MRED)

Magnitude Equivalent TNT Energy Comparison
Radiated Energy

+3 480 kilograms Large potash mine earthquoke
‘e 15 kilograms Small potash mine earthguoke
+1 480 grams 10 ton trucks colide

0 15 grams Jurnp off a tall buiding
-1 0.5 gram 30-30 rifle bullet
-2 15 miligram Drop alorge dictionary
-3 0.5 miligram Break a small stick

Red = Weyburn CO, injection micro-earthquake sizes



Microseismic Monitoring at Nagaoka Site

Observation w\c‘ll\‘ Injejti(;laav;:l Seismic sensor
< 1 (3C) Protective case  55q aAntenna
Ground level \ //
Impermeable layer > ) a 3C Seismic
(cap rock) | Depth;approximately sensor =
Y S 1100 m ' L
—To Recorder

Concrete base
Pavement
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A Dense Microseismic Monitoring Network @Tomakomai

Obsrvationwell OB-2 for '

Moebetsu Formation
(vertical)

Ober\(ation well OB
Takinoue Formation

converted from survey well
(Deviated)

Google earth

Image & 2013 DigtalGlobe
Data 510, NOAA LIS, Navy, NEA, GEBCO
Image & 2012 Jerralletrice

(offshore)
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Working area of 3D seismic survey

OBS: Ocean Bottom Seismometer
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Microseismicity (M<1) detected by OBC and
Conventional seismometer @ Tomakomai

Z :2014/07/07 03:13:03 [Dur. 120.0]
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OBC Record

“Two birds (2D/3D Seismic,
Microseismic) with one stone (OBC)”
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Microseismic Locations

@® Dec 15, 2011 —May 31, 2015
| © June 1, 2015 — June 30, 2015

Westbay>— >
“SamplingZones

J Anjection:
intervalliz,

Greenberg, 2015 .

Inject, Monitor,

B General Trends in Activity:

Moment Magnitudes vs. Time
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Classical Traffic Light Systems

Seismic
Monitoring

Fluid Injection

]
Geophysical
Imaging

=

Real-Time
Data

Geomechanical

Data

--+

Grigoli et al. (2016) ‘ \
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@ It is of critical importance that fluid injection-induced seismicity be better
understood so that any potential hazards can be mitigated.

(1) the site-specific factors which can lead to induced seismicity,
e.g., why some wells trigger earthquakes and the vast majority do not;

(2) how to predict the maximum magnitudes and rates of potential induced
seismicity;

(3) how can fluid injection-induced earthquakes be controlled;

(4) how to mitigate the impacts of induced earthquakes.

“traffic light”, a calibrated control system:One approach for
direct mitigation of induced seismicity!
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SDAR and STA/LTA on OBC data (2015.02-2016.01)

detection rate with distance
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Natural earthquake
hypocenters come
from:

Japan Meteorological
Agency (JMA)

http://www.data.jma.go.jp/sv
d/egev/data/bulletin
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__ Micro seismicity monitoring
Performances of the network, Alarms thresholds

Detection sensitivity map IS5 AN LR - L DEFEH|

* Very good -3 : near the injection wellbore =
-2 : near the shallow wells E:
performance of whole (RIEEE)
DETHOLK In 2010, with subsurface Since April 2011, micro-
network seismic events detected by
Very near seispieeyent : 6 the deep seismic array in
/ S the injection well- < .
Magnitude 1-1.1 to -0.2" / \
\ /’ Magnitude :|-3.1 to -1.4l
~ . g

* French administration  Official alarms thresholds

asked for alarms # According to magnitude and number of events, alarm procedure is\‘
thresholds : activated I
" For seismic events with magnitude above 2, in the circle given byl

| the subsurface network [

I -« For magnitude above -1, if there is evidence of propagation in :

Billiot (2011) I\ space and in time of seismic events external to the reservoir |}

\-----------------------_/-l
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CO2 Plume Front and Pressure Front
-- Insights from a lab experiment --

Pump_CO, Pump_back press.
@
pressure transducer pressure transducer M
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CORRIE. EiIARMAFEEAFIRILY— EFRINESHFEHE (NEDO)
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This talk is based on results obtained from a project commissioned by
the New Energy and Industrial Technology Development Organization

(NEDO) and the Ministry of Economy, Trade and Industry (METI) of Japan.
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