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Participants

TPC:

Dr. Ming-Wei Yang, Taiwan Power Research Institute, Taiwan Power Company
Dr. Chung-Hui Chiao, Construction Department, Taiwan Power Company

Dr. Chi-Wen Yu, SinoTech

CRIEPI

Dr. Hideshi Kaieda, Associate Vice President, Geosphere Science Sector, Civil Engineering
Research Lab

Dr. Koichi Suzuki, Senior Research Scientist, Geosphere Science Sector, Civil Engineering
Research Lab

Mr. Hiroshi Suenaga, Research Scientist, Geosphere Science Sector, Civil Engineering Research
Lab



Dr. Shiro Tanaka, Research Scientist, Geosphere Science Sector, Civil Engineering Research Lab
Mr. Kenji Kubota, Research Scientist, Geosphere Science Sector, Civil Engineering Research Lab

Date: December 21, 2015
Welcome addresses by Dr. Kaieda
Introduction of CRIEPI

Technical Discussion 1
Section 1
-Plan of lab experiment (Dr. Tanaka and Mr. Suenaga)
-Transformation analysis (Dr. Suzuki)
-Result of the field experiment (CSAMT) (Dr. Suzuki and Mr. Kubota)
-Risk assessment (Dr. Kubota)

Section 2
-Discussion

Date: December 22, 2015
Technical Discussion 2
Section 1
-TPC research project overview (Dr. Yang)
-Geological data of the TPC project (Dr. Yu)

Section 2
-Discussion of the collaboration research

Lab tours
Section 1
-CO, flow apparatus (Mr. Suenaga)

Section 2
- Resistivity apparatus (Mr. Kubota)
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Investigations for CCS demonstration projects (Including field works)
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Implementation of CCS demonstration projects
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Pacific Ocean
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- CcO2 Injectlon Facnluty '. - ?
ﬁ * Newly constructed -

r jectlon Well for
Takinoue Formation

* Newly drilled

- - l; Injection Well for
= SR/ /! Moebetsu Formation
2% \Z * Newly drilled

% 3
P

-

Survey Well N
X [Tomakomai CCS-2]
; éurvé; well FE S1eetie Vessel Tomakomai
" [Tomakomai CCS-1] ;
(2010)

Air Bubbles released
through airguns

Cruising iat 3-5 knots Observation
Shooting Vessel Vessel

Guard Boat Reflected waves detected
& Buoy by OBC were recorded

-l 3D Seismic Survey
2 . (2009)
Additional
3D Seismic Survey
(2010) [Schematic Diagram]

Geological samples taken

Tomakomai CCS-1
well: Nov.2010 -Mar.2011 Wellhead Assembly from the survey well.
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100,000 tonnes/
year or more

-
o
s
%]
=3
=
@
| @

[Reservoir]Moebetsu Formation
sandstone layer / 1100-1200 m
under the seabed

[Reservoir]Takinoue Formation
T1 layer / 2400-3000 m
under the seabed

[

4000m

(www.japanccs.com)
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& A T ST -
Observation Well for
Moebetsu Formation

Observation Well for
Takinoue Formation
= & 2 Y AL
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Injection Well for Takinoue Formation
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Observation Well OB-1 for Takinoue Formation
= < Survey well Tomakomai CCS-1 was refurbished
M--'— T to an observation well.
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Schedule in EPC Period of the Tomakomai CCS Project 2°

As of Apr.9, 2014

FY 2012 FY 2013 FY 2014 FY 2015 Ey e
=5 Engineering e p— C L Operation
22 1 ’ P b -
&3

=3 Injection wgll for B e A -

] J 1 hY
=5 Takinoue FHormation Drilling \ )
2a -1 " | Injection
@3 Injection well for Drilli 1 /

S Moebetsu Formatign ing L 7

Observdtion well converted . Installation of
from spirvey well | ing observation equipmjent

o Observation well for i Instaliation} of  \ NSRS, |

-] Takinoue Formation | [D0IiNG abservation equipment LOhSEWﬁUUﬂ 4

=3 I i | (Temperature, Pressure, Seismicity) |~ — =~~~ =

=} Observation well for Drilli | Installation of
= w Moebetsu Formation ing observation equipment
ol | b s —— ey, [ —————— ~
g. | | (seismicty) . | -~
5 i i i

@
L ! i
{ S T
1 o | 1 1 “
| | | - f
L Seismici
g | | | OBS | Installation H ( ) : “
| .

g Offshore 2D seismic|survey 'Iine survey easuresgnent : Observation  J
| | | i ; I !
| | | I | I !

: . | | I K
Marine environmental|survey .a_s ulse 1) i H [ o’

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 2014 Japan CCS Co., Ltd. JCCS
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Bird's Eye View of Onshore Facilities in Tomakomai, Hokkaido Japan

Flare / Vent stack .
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E (€02 HBIE)

Low pressure flash tower
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Amine tank Low pressure steam boiler
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(e Y)
Nitrogen supply system = A y High pressure st_ealn boiler
[ g ( ek E> 2
'J 3 ) ' 2
‘\ Ny

Instrument air supply system
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Primary low pressure CO2 compressor [ Parkir o
(58 1{EE CO2 RIS ) i CO N
low pressure CO2 compressor Steam turbine generator 3 2 g, .y
(38 2 {EFE CO2 EEARIR) (FERE—EVRER) (HKIEkE) containing gas
High pressure CO2 compressor
(TS COz EERGHY)
€Oz compressor unit
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Conceptual Diagram of Monitoring System "

Control Building

Hi-net Data
(National EQ)

Observed Signals —> <— Observed Signals

<— Observed < O_b Sarved
~ signals Signals
o 2|2
= <
- 5 5 A
] | @ 0
Onshore Observation well OB-1 l § 2 2 @
Seismometer for Takinoue Fm. 1k £ g I )
{Goverad from an surey 2| 2 # 2 Observation Well OB-2  Observation Well OB-3
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Takinoue
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Inj. Well
Moebetsu

. Moebetsu Fm. -
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@ : CO,Flow Meter

‘ : Pressure & Temperature
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Seismic Monitoring Program Copyright 2015 Japan CCS Co., Ltd. J CCS
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Integrated Monitoring System

5 June 2015 -
Copyright 2015 Japan CCS Co., Ltd. J CCS

Progress of the Project
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| CO, source I [ Capture facility ] [ Injection facility]

PSA Activated amine process |
(Hydrogen production unit)
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i | Injection wells I

PSA off gas containing i
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Capturing CO, of more
than 100,000 t/year

Existing oil refinery

Hokkaido Is.

A omakoma) 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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Executive Vice President

© Ohtemachi Area
® Komae Area
@ Abiko Area

Internal Audit Office [}

® Yokosuka Area

@ Akagi Testing Center
General Affairs Group o0 @ Shiobara Testing Yard
Planning Group (]

[ Abiko Research Contracts & Intellectual Property Section @

Yokosuka Research Contracts & Intellectual Property Section @

Accounting & Finance Group @ @

Public Communications Group ©

Research Laboratories and Centers

Nuclear Power Plant Maintenance Research Team
Research Team for Advanced Management of Power Supply & Demand

Nuclear Risk Research Center © —— Planning and Administrative Team (]
Risk Assessment Research Team L]
‘ External Natural Event Research Team Or.
Socio-economic Research Center ]
I(g System Engineering Research Laboratory @ I
I[g Nuclear Technology Research Laboratory [ ] I
IQ Radiation Safety Research Center L ] I
IJ Human Factors Research Center [ ] I
!Q Civil Engineering Research Laboratory ®

‘ = Nuclear Fuel Cycle Backend Research Center o
L

i‘Q Environmental Science Research Laboratory (]

I Electric Power Engineering Research Laboratory @ I

| High Power Testing Laboratory ® |
| Shiobara Testing Yard [ |
| Energy Engineering Research Laboratory [ ] I
Materials Science Research Laboratory [} I
PD Center L]
| Akagi Testing Center [ l
| Komae Operation & Service Center [ ] |

i Abiko Operation & Service Center (]
I Yokosuka Operation & Service Center ® I
l Procurement Center L]

CRIEPI 2.3 % 4

B 22 CRIEPI & 2 % v}#g&i & A R
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% AR AAE A R R A B4 0 B (Large-scale Tsunami Physical Simulator)¢?
5% 2 #3 4 ®(Strong Shake Generator) o # % it 4T

Azﬁﬁ%%ﬁﬁﬁﬁzﬂ“ﬁﬁ@%ﬁﬂﬁ’?éilkﬁ Al S e s
/ﬁs all > ‘F\)ﬁ-% A /n 12, ‘\/71“& 4 llfﬁ—*"iﬂ /4 )%—’-f"v ?F?,J ':‘;Q{F(/I}IJ-!{('**IB )gi};ﬁ%%)%fljﬁ
e k4 pE R RS PE(R23) -

B T e e T
1. % 2 Bjsvbie 015 B H d -k # -k (Water head tank)~ 3341 £ (Control unit)
é%?ﬁ»(Test section) £2 &% -k 1 (Water storage tank) = (1] 24)
2. BOREER B FR T 8 BRI/ AR ~ THA B[R G Rk
WW?&*WWO
3. HEHAIBBRM B kMM EIRAM - A@%K§A2 7 FANBE-
.

iR - °

Ocean

Hyd. load denotes Hydrodynamic load.

(Fluid Dynamics Sector, CERL,CRIEPI)

W23 ol H Pl TGRS 8 B

Water head tank

Control unit

Test section Water storage tank

Inlet gate Outlet gate

(Fluid Dynamics Sector, CERL,CRIEPI)

F24 < RASHEERET LR
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o g el £ df 3 (R 25) i"’*‘%iﬁ»é’r_i B RS AR kAl YRR ED
B s e RS W AR AR RERE C RBE PR Eokigd
KT B TR R G BT KR ,,,Lé’kiﬁ’kﬁ:}é‘}"%}iiﬁfé? )3 T pok £ 4 % 1,000ton-

RAREE AR & B B e RARE Y SR NS SR RISt T AL T

T3 OB AR R B A  R R ] 26~ 29 -

AR SEERKESZ AUV BERIR DB ER

(1) FRFERABIRRICAN > TRNAHFZ LRAIN S\  (2) BROGHRICKZKREHL B LH 2 %F = LRAID SiEi

RS Tt e y——— (4) FANBRRICERT ST E LREN 5 BE

(Fluid Dynamics Sector, CERL,CRIEPI)
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AHEPATRAR  ARRABTER SHES A hE B B > G LR PR
ﬁﬁiﬁéﬁéfﬁm&* PRz Et e el REFRE LN EEHREREE
IR B A RS L OB BINT TR e ARA 0 AR E S E xR T deig B2
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ATEFA B B2 F Ko

1 120G
1 +£3.14m/s
: £0.05m

: 10Hz

=

)
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=
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F

T4 M REE S RS AR Y

{ Development of Strong Shake Generator

=Y

(Maximum acceleration of
conventional stack type resonance
table was limited 10G.

Response load
10tx 10G=100tf possible
10t x 20G=200tf impossible

| Specimen

(10t)

9} Resonance table ‘ o
[

Shaking tgble
(Loading capacity: 100tf) Force
100tf
\ Stack type resonance table /
B30 @i ¥ Al

2. 2 ¥ 5 4k i (Base of resonance table)j +:(®] 30,31) °
ERF - X EEFE L E(Semi-Active Mass Damper) (R] 32) » 14 4% i 1F 5

AR

o EE Y

s
3%

% B 31~1) 32 -

/Maximum acceleration of 20G with 10t specimen weight is realized\
by setting the base of resonance table on outside shaking table.

(1) Response load: (10t + 10t) X 20G=400tf
(2) Base reaction force: 300tf

(3) Actuator force + Table inertia: 100tf

(1) =(2) + (3) possible

Resonance
table (10t)

Specimen
_ | (10 |
Shaking table . =

Connecting rod
(Loading capacity: 100tf) 4

= Coil spring
Actuator\J

Strong Shake Generator (patent pending)

y

(Earthquake Engineering Sector, CERL, CRIEPI)
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(Earthquake Engineering Sector, CERL, CRIEPI)
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3.2.3 TPC-CRIEPI & ¢/2 § H it eh €
3.2.3.1 PwiEsk

o wiEEE g AT(TPRI) K i 7 2 &1 457 7 (Abiko CERL) 5 & CCS A @k 3
3,000m ;##E+ TPCS-IM1 2. 20 i A < k4 > & %3 H3#5% 5 48 1 Abs. Porosity & Permeability,
MCIP, Horizontal Relative Permeability, Particle Size Analysis, Thin Section Analysis- # < & 4 &
HHKT 2 - BYAIHRBERF L E > 7IT2 CO T ER 2T AEMERZAE - d 30T
FELF > B COE ﬁﬂﬁy‘féf‘r R PR o Flpt > CRIEPI #j8% — # RE D 2 B
2‘4'\‘»‘#‘%1"*7%]?'»@1'%“1 ERA O BERHEFZ B FRE%R L RR - A
FERESRTEA S TREFEHEMH L RS FRHR 0 N ERZE AR AZ BT
Fi(gl 33) o o ApinF &Y A a—,ﬁéﬁ-%w%rﬂ“éﬁ% » H 2 » B1E (B 34) . =4 £ CO,
EP B FUELE v BRSO A PaELe TAE & o0 CRIEPI B2 5 1k & L
FLREI S ER A EENLBECIEA BRIE - RS F .

T

TI Mo AAHZEFIRE SR SRR 35K 38 -

Core sampling Vertical specimen:

Specimen perpendicular to
the formation

Borehole 1 (\

50 Horizontal specimen:

Specimen parallel to the
formation

(CERL,CRIEPI, 2015)
B33 £33 kTHeEAEET R
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Relative permeability ¥,

Capillary pressurs P, [MP3]
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=
=2

0.001

0.0001

02 04 06 08 1
Water saturation §,,

Loading Back Pressure of Water

Pressure Amplifier|

Injection of CO,
(Pump A)
it
-

€O, Syringe
Tank Pump

Microscopic
Wiew! Image)

| —2odel ivan Gemachter

025 03 075 1
Water saturation ..

0

€O, Syrnge Pump
Tank (controls flowrate
& pressure}

Loading Back Pressure of CO,
(PumpB)

Load Cell

N (Max. Confining Pressure= 10MPa)

Loading Confining Pressure

CO, /Water Separator

Temperature-Centrelled Bath

(CERL,CRIEPI, 2015)
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B 36 CRIEPI * B Mr. Suenaga #-f% = 4p i F ik # 3 (T4
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32.32 # RIFH A 4
o R Em g #r(TPRI)#% i & 4 &1 4287 7 (Abiko CERL) 5 % CCS £ ¥z 3
3,000m /4% TPCS-IML 2 T RI# ¢ 5 # RIF AL - @ irk 2 32 FHpd -

%

FHCO TG EAFHAHPRLZER  I- AT LR R Flpt > ST 2
CRIEPI % B B 3d5m » &k U #5422 RIS T 2 ?Pb%ii’uf’ifiﬁ IR
#f'kt(;‘%s‘é F)VEFPE o A EIR 0 Ak fl* TPCS-IML 2 R1e~ p AR =t %

P EEH KT E - BAHRE SRS LEEZBESFE - Ft o CRIEPI ¢ f 7
Lima,1995 & v jr =3¢ » a2 2 -k 4 3 3d g ENESPAR LI i A
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AL R % § L CRIEPL 4 R % § 3 % (v [ R0 - K= © T 2
RRy BT R TR B AEIZ o 4o F R BT 0 4 CRIEPI i 2 34 8 2135
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3233 ViHRFHMEF A ¥ LRIF R

S L34 P S CRIEPI & Tk 44 F ~ » 224 & | (Controlled Source
Audio-frequency Magneto-Telluric Method Survey)#tjis » & % % i * &§;7% CO 3 F itz L ¥
WERHA R T BFE T TG RIEELS T IF L (R 39) 0 nE B COxL ~ W AL &R (Base
ling) T4l » ##* COL » (6L 725 > hZ R CO BT 5 o

AFER L TEe 3 2014 0 110 B B Sy @R AE A5 B ARl B £ R 14km
ﬁﬁ%iéﬂﬂ&%?%hTNﬁMl%“*‘;$Qm®&19%%%%ﬁ’%%%1@%
ﬁJP@ A LR L Ae R IR A0 £ B Bkm o iz RplE0 A

R L EF ] HATHM g CRIEPI X R#si /g & % (v 4R TR > d T 12205
ﬁﬁ’ﬁﬁﬁﬁ?i%%T@meﬂﬁ4b°%*i%iﬁiﬁ§lﬁ’ﬁé—ﬁpﬁ’ﬁ
T BRAT IH 47T 5 3,000m> 2k k COpit » 57 TR CO BT 2T &

Transmitting bipole (line)
— 2-5km

Transmitter Electric cable

Electromagnetic wave

(a few to a few thousand Hz) I Power

L generator

Electrodes

Near field

I

Measurement area

Magnetic field (Far field)

Magnetometer Hy ;
Receiver i
/ b—g__é . : Exploration depth
Electrode
Electrode e m . / (a few km)

P Surface —
Electric field - / p a: Skin depth [m]
’ & = 503 |=| p: Resistivity [ohm-m]
Formation 1 // N f| 7 Frequency [Hz]
Pz /1 rermaton 2 | controlled Source Audio-frequency
D Magneto-Telluric Method

!‘. Forrnation 3
“ CRIEPI
Formation 4 [Fault) ~ e

B39 THAIHMMEFI AL ITREFAT LR
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CSAMT survey area in 2014 and 2016
b

7

; ._ Transmitting Iine = [
% (Nov. 2014)

© CRIEPI

B 40 ¥R AR S A B RRE AW ML BRI 2 REE R

CSAMT survey (Nov. 2014)

|

1A 18 2A 28 3A 38 aA 48 S5A 58

e
2560 v i

o3

631
39.8
251
158
100
*6.31
["39

158
1.00
0.63
0.40
0.25

100 220 300 400 500 600 700 BOO 900 m)

Apparent (measured) resistivity section
19 | LSk
B4l 2014 e V3R A S A+ TRFABRITARSI TR TEL T Y0 R

Apparent Depth (m)
Frequency (Hz)
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