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Carbon Dioxide Flooding

Oil to

Market
CO, and water

recycled
-y N

40-70% of CO, injected stays in reservoir
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Decatur (K[EFE]) :

lllinois Basin Decatur Project

Large scale geologic test to inject 1.0 million

ICCS TAD TV MEE
BEE I/ LMES  HNOS

mt of CO, over a three year period (1,000

MT/day).

Illinois Industrial CCS Project

Target & demonstrate advanced CCS
technologies at industrial scale facilities.

Inject and store 1.0 million mt CO, per year

(3,000 tons/day).

Study the interaction of two separate plumes.

ADM Ethanol Plant

Capture,
Compression,
& Dehydration i

2,200 mt/day

Capture,
Compression,

& Dehydration e

1,100 mt/day |

Injection &
Storage

5.0 million mt

Injection &
Storage

1.0 milion mt

CAPTURE & STORAGE

Ragl | Carban S ge Partnarahip
Seven (7) Reglonal Partners

ARCHER DANIELS MIDLAND COMPANY
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/COsCAPTURE

FULL-SCALE g e

CCS PROJECT

CO, STORAGE : Remanie sl
* Statoil contract for :

concept and FEED studies ;

Shell and

Onshore hub 2 ' CO, TRANSPORT

Offshore storage i i 4 =
g Ship transportation e
Waste toenergy plant

A feasibility
study report

Concept select and
| start up FEED i
| (CO, capture and

transportation)

------------------

i Investment
i Decision in
i the Storting

2015 2016 2017 2018

Ehoes ! Full-scale
A pre-feasibility H

i CCS chain in
study report I $ :
¢ Concept H operation

. select and

| start up FEED |
! (CO, Storage) |
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CO2/x AFd%A (20 ton/day)
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CO2IE AT
(10,400 ton)

Post-injection

monitoring

B #41,100m

) logging
OB-4 pessure and temperature

logging
OB-2  flud sampling

. pressure and temperatue
well location

0O : ground suface 0 50 100 m
® : top of Zone-2 : : :
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(Tanase, 2015)

201112012 _ 020~
Preparation el

e 3R
3 % n \
'lﬁ_ o < 'l‘
5 ~5 Design and \
S S construction of
o, o facilities, drilling of 0
& 3 wells, preparation (100,000
4 3 for operation, etc. tonnes/year),
b4 3 monitoring
3 o of storage, etc
2 I
r
Construction of onshore facilities Drilling of injection wells
Design, construction and commission of facilities Drilling of wells for injecting CO2 into
necessary for capture and injection of CO2. F reservoirs deep sub-seabed. K
Studies of regulations and standards for safety Baseline monitoring
Review of laws and regulations, technical Development of monitoring network for
standards and guidelines related to CCS. o obtaining baseline data. >
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(Tanase, 2015)

[ Capture facility ] [ Injection facility ]

(Hydrogen production unit)

PSA ' I Activated amine process I

Compressor

— CO25 B [EIUR - 8k (/XA TS A) -
Bl S () — B 2T LDEIAR

than 100,000 t/year

PSA off gas containing
CO, corresponding to

Existing oil refinery
PSA (Pressure Swing Absorption)

Reservoir : Sandstone layer of Moebetsu Fm.
1,100~1,200m under the seabed

Reservoir : T1 Member of Takinoue Fm.
2,400~3,000m under the seabed

400 800 1200 1800 2000 2400 2800 3200 3800 4000 4400 4800 5200

Injection Well Quaternary sediment I
i for Moebetsu Ea00

rn. (pioiscied) Mukawa Fm. (sandstone, mudstone, etc.)
- drill depth £ b.o00

i . : | Cap rock 1

_
grum | e
F oy F < A i - % Nina Fm. (Mudstone)
| i P F b T o | -1

Bﬁ—t b\ b w{@ﬁ J.L b\ b . E*E ;% >Z ‘ E 1 - Injection Well for ock i -

: H . o~ j .

- L3 ’ S £ Biratori Iarumau Em. (Mudstone) TakinetEiE 3
R45200FERE(FHHDEE A/ E |- -

o ARV B

. };‘E@%E ) ':§+30 Eﬂl‘ DU) COZEA ? E w0 Fureoi Fm. (Mudstone) 1 A »

~2800 + > . - -2800
] T1 Member of Takinoue Fm. (Volcanic Rocks)

m I om
~3200 1 f Miocene saline aquifer composed of volcanic +-3200
] Takinoue Fm. (Mudstone) and volcanidastic rocks of about 600m thick. I

d': ' 2400 2800 3200 %00 | 4000 4400 w0 sa0™
Landwardg g, 1 Okm 2.0km Seaward

»Cross-sectional view along the trace of the injection well for the Takinoue Formation




Pilot 2 Demo = Practical Use

2000-

Onshore: 10 kt

2010- 2020-
offshore: >100 kt/y

Nagaoka Pilot Test

(Site : Nagaoka
Reservoir : Saline Aquifer
Formation : Sandstone
Injection : 2003.7~

2005.1
kTotaI CO2 10,400 ton

Tomakomai Large—Scale Demo

Injection site

Practical Use

(1 million t/y)

T BREEE

Site : Tomakomai

Reservoir : Saline Aquifer

Formation : Sandstone (shallow),
Volcanic Rocks (deep)

Injection : 2016~2018

\Total CO2 : >300 kt (planned)
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THE INTERNATIONAL
CCS KNOWLEDGE
CENTRE

"

Facilitates in an

advisory role

ﬁﬁﬂﬂ” MANDATE:

Advance the
understanding
and use of CCS

as a means of
managing GHG
emissions

Policy &
Economics

CCs

Projects

Capacity
Building

%D MISSION:

To accelerate
deployment of
CCS worldwide

(Monea, 2016)
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Uncertainty
Source: Shell

m Insuffident permeability — will only become apparent with the well has
been drilled

m Insuffident connedtivity — the further away the greater the exposure to
thisrisk
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Storage Capacity & Injectivity @Snohvit

S
F Y 2 3

» Reservoir characterization: Heterogeneity and Injectivity
Down-hole pressure data

: —Bottom-hole pressure —Fracture pressure Injection in Tubden
o ===|njection in St ¥ Seismic acquisition
20 CO2 Injector 410 Paasch, 2015
R : 390
o e e R, 370 | Injection: 2008-2011
ikl g Injection: 2011- £ 350
- e ¢330
= %310 | P\
N - a
2600 P P, e —— -J
Tubden — ginjection: 2008-2011 | *”°
: 250 K — 4
06.08 06.09 06.10 06.11 06.12 06.13
0 Paasch, 2015 ke
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KEYTO STATIONS: | .. &/ MGSC
i Installed
' £ Five
Surface
seismic
Stations:
ADM1-5

Finley, 2013
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Moment Magnitude

FDecatury- 4 LD EER RIS H

General Trends in Activity:
Moment Magnitudes vs. Time

® Magnitude > -1
Magnitude < -1
® Magnitude = -1

from Schlumberger
Carbon Services

T - T . | T T Greenberg, 2015
2/1/12 5/11/12 8/19/12 11/27/12 3713

Time
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Advanced Traffic Light System

KEY TO STATIONS: »/~Decatur Seismic Stations

Gain Insights from Decatur (onshore)

and Tomakomai (offshore) on

Microseismic Monitoring, Ensure

Safety of Saline Aquifer Storage !

TR - =
T TR )

8 Onshore
- seismometer 7

- -
\®F L g Sl *

b Y
B

o

@) 2 March 1937 M 4.5
= 3
[ 3 r o
= (D11 an 1776 M 4.0)
e CoMREanad )
@ s

L J
(@17 vayrioo) a1
®

Working area of
3D seismic
survey
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oTechnical Gap (3 fiTHIERRE)
v Up-scaling (KFREIL) Bt D#EIL (RiEHAER >>> B|ERIEN)
v’ Integration&Down—scaling (BT D& KXY IAH ) ITXHERIEE T
DL (KRB N B/ -MREZEID)
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©Non Technical Gap (Fzfif LL4+ D EREE)
v HEZRMEDER — PO/PAFEDEE
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