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1. Approach for CCS Demonstration Project
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Company Profile and Project Framework of JCCS

Company Profile Project Frameworks -Functions of JCCS
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CCS Demonstration Project Phase

Japanese Fiscal Year (J FY)

2008

Investigation Phase >> Demonstrz';tion Phase >

METI

Development of Assessment Technologies

BUBSIGIESE and Site Screening for Large-scale CCS Demonstrations

Project

METI Commissioned Project
“‘Demonstration of CO2 Reduction Technology”

NEDO Commissioned Project

Feasibility Study — CCS Total System
COz2 capture at IGCC and store at an offshore depleted gag, field

*Fiscal Year : April - March Todax
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METI Subsidized Project in JFY 2008

Site Evaluation
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Candidate Sites for CCS Demonstrations

1) Geological
modeling and
simulation *

Depleted gas IGCC Offshore

Iwaki-oki - .
reservoir pipeline

Saline aquifer
with closure 1) Seismic survey
Onshore | 2) Survey well

Tomakomai | saline aquifer | Refinery pipeline | 3) Geological

without and lorries modeling and
closure simulation
(Neogene)

Saline aquifer
without
closure

(Palaeogene)

Kitakyushu Preliminary survey well

*1:Additional investigations were discontinued
because of the Great East Japan Earthquake.




2. Investigation Works at Tomakomai Site
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Outcome from the Investigation Phase of TomakomaiSite °
JFY.2009~2011

Evaluation on existing geological data

Site Survey

- 3D seismic survey
-Survey wells

>

Reservoir simulation
- Construction of simulation model

- Long-term simulation of CO, movement

Conceptual design works
-CO, capture processes (Capture facility)
- CO, transportation methods

Geological evaluation report of
the Tomakomai area

-CO,Ix Alinjection system (Injection facility)

Monitoring program

>

>

v

Basic Plan of CCS
demonstration project at
the Tomakomai area
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Investigation Works at Tomakomai Site : JFY.2009~2011

Survey well (CCS-1)

3D Seismic
(2009)

‘ 3D Seismic
| (2010)

Modeled Area for Takinoue
Fm. (8 km x 12 km)

Tomakomai Area

Image © 20/13'DigitalGlobe
Data SIO/ NOAA, U'S! Navy, NGA, GEBCO

Google eartr

JCCS
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Geological Structure of the Tomakomai Site

@ North—South Section by 3D Seismic Survey

E-W Section
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From a document of “The evaluation Committee for CCS Demonstration Project of METI (2011)”
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Survey Wells: Tomakomai CCS-1 & CCS-2

Tomakomai CCS-1 Tomakomai CCS-2 Section view of Tomakomai CCS-1

<SECTION VIEW> Horizontal Displacement (m)
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Elevation time
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Geological Evaluation on Takinoue Formation

Survey well Planned injection Well
Tomakomai CCS-1 | ==
__ 552:][I[I ﬁﬁ:i:][l[l ﬁﬁzﬂ][l[l)/ﬁﬁ‘[lll[l 556000

300 4717000 —

Y-axis

-
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— 4717000

4716000 — = — 4716000
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Y-axis
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S & & § .
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(C.I.=50m)

€ Depth structure map for the

top of the Takinoue Formation

® The reservoirs is the T1 Member of the
Takinoue Formation of 2,400 to 3,000 m
deep below the seabed.

® Miocene saline aquifer composed of
volcanic and volcaniclastic rocks of about
600m thick.

® Porosity and permeability of 3 to 19%
and 0.01md to 2.6D, respectively.

® Covered by about 1,100m thick Miocene
mudstone layers (Fureoi Formation,
Biratori-Karumai Formation and Nina
Formation) as cap rocks.

® Anticlinal structure with a NNW-SSE
trending axis in a wider range.

® Planned injection point penetrates the
north-eastern wing of the anticline with a

NE dip of about 15 degrees.
JCCS
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Geological Evaluation on Moebetsu Formation

Elevation depth [m]

= [ Survey Well | | =tm s @ Depth structure map for the
** | Tomakomai CCS-1 || Planned Injection Well

& top of the reservoir

v“‘.‘r — 4722000

- '?A .. I ® The reservoir, a sandstone layer of Lower
= ﬂ‘l‘ Quarternary Moebetsu Formation is
[ _____ e A+ ey |8 distributed 1,100 to 1,200 m deep below
nnnnn O ) NN N the seabed.
h . >;> L | ~-wm @ Porosity and permeability of the reservoir
\:f?s: a> ¥~ R : are 20 to 40% and 9 to 25md, respectively.
i’\ [ K,EHH{J // b, A .o ® The reservoir is covered by an about 200m
| 5 ﬁ a ) e ﬁ((@ j %?f'i/\jﬁ thick mudstone layer of the Moebetsu
’ ﬂi%ﬁé\%é? P | Formation as a cap rock.
T j“; ? A ~ [™™ @ The reservoir has gentle monocline
ke I \> %W 5( /‘“‘/ | structure with a NW dip of 1 to 3 degrees
_ ' < at the planned injection point.

47090000 — Wl oy b — 4709000
I T
552000 554000 566000
K-axis

JCCS
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3. Plan of Tomakomai CCS Demonstration
Project
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Flow Scheme of CCS Demonstration Project

CO, source Capture facility Injection facility

PSA

Compressor

Pipeline, approx. 2.5km

Injection wells

CO, corresponding to
more than 100,000 t/year !

than 100,000 t/year

T e

i i Capturing CO, of more

Existing oil refinery

Hokkaido Is. | r’

i F .

.ff?-.--.liﬂ..]_'b.r;ékoma [ .
A Reservoir : Sandstone layers of Moebetsu Fm.
1,000~1,200m under the seabed

\

-,
Reservoir : T1 Menber of Takinoue Fm.

2,400~3,000m under the seabed
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Positional Relation of Onshore Facilities

Injection well for
Takinoue Formation

Injection well for

Moebetsu Formation

" ghe;rézm .qu@m:;:;— e - % g—
Goog

Google earth Image©2013DigitalGlobe
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Bird's Eye View of the Onshore Facilities "

Injection Wells |
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CO, flow from Capture to Injection

From CO, —'\ PSA off gas

source

Remaining gas

(Burnable)

—ﬁ Low-pressure boiler

_‘/

Compressor for
PSA off gas

————31 High-pressure boiler

—

High purity
C0O,>99%

CO, Capture

-
\/ ; Initial CO, ]

Amine reclamation
Re-boiler

Steam turbine for
power generation

Injection well for Moebetsu Fm.

compression J
Gaseous | \

co,

o[, ]

b

Injection well for Takinoue Fm.

Secondary CO,
compression

S

b
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Planned Monitoring ltems 20

Observation

ltems Observed objects Remarks
frequency
Injection well € Downhole : Temperature and _ S _ _
Pressure Continuous € One injection well for Takinoue Formation
€ Wellhead : Pressure, Injection € One injection well for Moebetsu Formation
rate of CO,
Observation well _ € One observation well converted from an
€ Downhole : Temperature and Continuous survey well
Pressure, micro-seismicity and € One observation well for Takinoue Formation
natural earthquakes € One observation well for Moebetsu
Formation
OBC : Ocean ¢ Micro-seismicity and natural Continuous | OBC line passes directly above the injection
Bottom Cable earthquakes points of reservoirs
@ Signal of 2D seismic survey '
OBS : Ocean € Above the injection point of Takinoue
Bottom € Micro-seismicity and natural Continuous Formation : One unit
seismometer earthquakes € Surrounding area of injection points of two
reservoirs : 3 units
On_shore # Micro-seismicity and natural Continuous € West region of Tamakomai city
seismometer earthquakes
2D seismic survey | @ Distribution of CO, Periodic @ Utilizing OBC as seismic sensors
3D seismic survey | 4 Distribution of CO, Periodic A Bagelmg SUrvey was completed during the
investigation period.
Marine € Chemical, physical and Periodic Monitoring plan is to be drawn up after the
environmental biological data baseline survey and marine environmental
monitoring impact assessment.

JCCS
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Positional Relation of Injection & Monitoring Systems

High-sensitivity
Seismograph
Station

Observation well for
Moebetsu Formation > e
] (vertical) . 2 Injection wells
e XTI TR (wellhead)
" Observation well - = STy Observation well for
servation we Takinoue Formation
Tomakomai CCS-1

(wellhead) ;S N ; : s R z : : = e (vertical)

8 :(— Working area of 3D seismic survey
OBS

OBC (Ocean Bottom Cable): used for 2D seismic survey and
monitoring of micro-seismicity and natural earthquakes.

OBS (Ocean Bottom Seismometer): used for monitoring of
micro-seismicity and natural earthquakes.

a%
@)
(0]
(V)]

a

Google earth

image © 2013 DigitalGlobe
Data 510, NOAA, ULS. Navy, NGA, GEBCO

Image © 2013 9erralietrics

[re————————————
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Conceptual Diagram of Monitoring System 22

Control Building

<— Observed Signals Hi-net Data
(National EQ)
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o) 8 o A
o T,
‘L 2 | A A
S Onshore Tomakomai \1: 2 |a o "
eismometer - ¢ |4 T
(CO,S,ErSte,} to a 5 |3 g‘ & Observation Well Observation Well
Monitoring Well) -é' § b % Moebetsu Fm. Takinoue Fm.
- a |2
Inj. Well Inj. Well ° [§ |
Takinoue Moebretsu © |3

'.' ' »
s

@ : CO, Flow Meter
@ : Pressure & Temperature

Sensor LEpig TR Wi R Taki;‘oueliml Sl raa A
: 3-Component Seismic Sensor |. Py R B el ey i 0t 30 ; T A
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CO, Reservoirs of CCS Demonstration Project 23

Depth in meters (bMSL)
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|

.: , — ~ TResenor | |
1200 B - ~-1200
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T
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X Cross-sectional view along the trace of the injection well for the Takinoue Formation

JCCS
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4. Progress on Tomakomai CCS
Demonstration Project from JFY.2012

JCCS
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Schedule in EPC Period of the Tomakomai CCS Project 25

As of Oct. 23, 2013

FY 2016
FY 2012 FY 2013 FY 2014 FY 2015
and after
=5 Engineering Site work Commissioningll  Operation 4
= 0 e ——
53
=1 Injection we|l for i Fe————
vy Takinoue Formation  Dfilling I \
s ] o ; I Injection )
o5 Injection well for Orili I /|
=] Moebetsu Formation | —Ng |_______/
Observdtion well converted o Instaliation of | )
from spirvey well Retrofitting observation equipnfent
o) Observation well for - Installation of . . e —————
a Takinoue Formation Drilling observation equipment >' Baseline Observation : Observation )
> (Temperature, Pressure, Sgismicity) | == ===
e Observation well for i Installatign of
= ® Moebetsu Formation Dfilling observation equipr ey
o . .
. . . . ] .
=. Onshagre seismometer | Installation Baseline Observation j Observation >
= (Seismicity) =
>
Q
<
%l OBC Installation Test Measurement : : "\
% Baseline Observation 1 \
Q 1 (Seismicity) I “
7 OBS Installation : \
= :
% Offshere 2D seismic syrvey Baseline survey : Observation 'YI
I !
- 1
. |
Marine environmental survey Baseline surveys (sedsonal) e

OBC ( Ocean Bottom Cable ) : used for 2D seismic survey and monitoring of micro-seismicity and natural earthquakes.
OBS ( Ocean Bottom Seismometer ) : used for monitoring of micro-seismicity and natural earthquakes.

Copyright 2013 Japan CCS Co., Ltd.
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Works from FY. 2012 to FY. 2013 2

Drilling of observation well for Moebetsu Fm. : Dec. 2012 - Mar. 2013
EPC works of the capture and injection facilities : started Nov. 2012
Detailed design of the capture facility : started Jun. 2013

Installation of permanent-type ocean bottom cable (OBC) :Jul. 2013 -
Aug. 2013

Baseline 2D seismic survey:Aug. 2013
Marine environmental survey (summertime baseline) : Aug. 2013
Installation of onshore seismometer : Sep. 2013 — Mar. 2014

Baseline marine environmental survey (fall-time baseline) : Nov. 2013

Refurbishment work of Tomakomai CCS-1 to observation well :
Nov. 2013 - Jan. 2014

® Drilling of Observation well for Takikoue Fm. : Jan. 2014 - Apr. 2014

® Marine environmental survey (wintertime baseline) : Feb. 2014

Copyright 2013 Japan CCS Co., Ltd. JCCS



Observation \Well for Moebetsu Fm. & Takinoue Fm.

27

Observation well for Moebetsu Fm.
-Vertical well
*Drillled depth : 1,200m

- &———Wire Line BOP

Observation well for Takinoue Fm.
-Vertical well
*Drillled depth : 2,800m
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Installation of Permanent-type OBC

28

Schematic Diagram of Permanent-type OBC

&
N

OBC Length 3.6 km

\4

Sea Surface

ccccc

Shoreline

(total 72 Locations)

OBC is buried ca. 2m below the Seabed

Salvage barge for cable burial

Burying machine
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Observation well Tomakomai CCS—1 29
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Marine Environmental Survey

30

Marine environment shall be surveyed based on “Act on Prevention of
Marine Pollution and Maritime Disaster” by which geological storage of CO,

under the seabed is regulated.

1. Planned Survey Area (Fig)

» At 12 survey points in the Tomakomai
port area

2. Methods of Survey

» Seabed survey by Side-Scan Sonar and
Sub-bottom Profiler

» Current direction and speed survey by
Current Meter

« Sampling of seawater by Water Sampler
for concentration of salt etc. and
plankton observation

« Seabed mud survey by Bottom Sampler

* Collection of benthos by Net or Dredge
Unit

» Observation of benthos by divers or ROV

3. Surveys in three stages

* During EPC period

» During demonstration operation
= During CO, injection
- After CO, injection

 After demonstration operation

Marine Environmental Survey Plan

\ N\
: Y, X ; ’//\"/ . A
rr& : &3
| .......... : I =
| I
| I
le—| Planned survey
I I area
I
| I
| I
I
. —
Omako .
Mmaj PO”Area
Modified from Tomakomai Port Plan 0 1 2km
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31

Works In JFY. 2014 and after

Construction works of the capture and injection facilities start in the first
guarter of JFY 2014

Marine environmental survey (springtime baseline) : May 2014

Drilling works of two injection wells will be completed in the final quarter
of JFY 2014.

Installation of seismic sensors and PT sensors in three observation wells
will be completed by the third quarter of JFY 2014

Installation of ocean bottom seismometers (OBSs) will be completed by
the end of the third quarter of JFY 2014

Baseline observations of seismicity and the reservoirs’ temperature and
pressure will start at the end of JFY 2014

The commissioning of the capture and injection facilities is targeted to
start in the third quarter of JFY 2015

Copyright 2013 Japan CCS Co., Ltd. J CCS



Injection well for Takinoue Formation 32

hﬂ

SSSV
20"CSG
! L s/premiumi] KOP | Vertical | Horizontal | Maximum Drill
1IE Depth depth reach inclination | depth
| ! 925m  2,754m  4,347m 72° 5,800m
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13-3/8"CSG \\‘\\ \“\\
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@1,650m MD IR SO~
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premiumy) PT sensor

= 8-1/2" Hole TD

S S @ 5,800m MD
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S
@4,750m MD S T J
(2,445m TVD 7"Liner o
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JCCS
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Injection well for Moebetsu Formation 33

GL
i SSSV
20"CSG
(J-55133#/Premiumijt)
i @200m
1
\
\ KOP @ 240m
\ N 9-5/8"CSG
\ (13Cr L-80 43.5# Premium Jt)
@ 2,600m MD
Inclinationmax. 83 deg (995m TVD)

13-3/8"CSG PT sensor

(J-5554.5# / BTC)

@135mMD Tt T iy —SEEEnn
(843m TVD) 3_1/2" TUbIng ~~-‘~~-"‘ :;E;E:EE:EE:E::::-:-;-.,
(13Cr L-80 12.7# Premium Jt) R T -
7"Liner B ~::::\ f?
(13Cr L-80 29#/Pre mium Jt) Sy

@ 2,450m - 3,500m MD

8-1/2"Hole TD
Vertical | Horizontal | Maximum Drill @ 3,500m MD
depth depth reach inclination depth (1,161m TVD)

240m 1,161m 2900m 3,500m
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Overview of Onshore Facilities 34

Injection wells

Flare / vent stack

27 CO, to

’
’

CO, compressors

the reservoi

Control & Administration building

CO, absorption tower

I CO, stripping tower |
I Low pressure flash tower

PSA off gas compressor |

LP steam boiler

HP steam boiler

Circulating cooling water unit

Pure water unit

Pure water tank

Generator

Waste water treatmen

Industrial water intake pit
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Thank you for your attention !
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