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In recent years, more and more reservoir evaluation studies, including CO2 sequestration, hydraulic
fracturing and fracture mapping, focus on seismicity monitoring. The primary task for monitoring is the
identification of seismic events in a long-term sustained time series record. Unfortunately, the
time-varying characteristics of SNR (signal to noise ratio) and seismic event waveforms increase the
difficulty in the automatic detection of seismic events. First, The uneven data energy distribution due to
uneven data energy distribution influences the outlier identification of the targeted event, especially for
weak energy earthquakes. Second, different seismic events contain different waveform properties. A fixed
detecting model is inappropriate for long-term observation. Events in close propinquity of a time series
also lead to a complex automatic detecting model.

The STA/LTA (short term averaging / long term averaging) method is a widely used seismic first arrival
identification algorithm. This method is simple and suitable for real-time processing. It contains 2 steps: 1.
set a short time window included in a long time window and calculate the time window signal amplitude
(or energy) average, respectively. 2. slide the windows in the time series and calculate the two average
ratios. The outlier of the ratio refers to the appearance of a seismic event. The STA/LTA method can be
employed for real-time processing. However, for low SNR or related signal noise situation, STA/LTA
detecting effect will be impaired. Besides, for long-term series, it is difficult to estimate an appropriate
time window size for the ratio calculation. Considering seismic observed record as a stochastic time
series, AR (autoregressive) process can be applied for seismic event detecting. For the event phase arrival,
AR method assumes that the segments before and after the event phase is stationary as different AR
models. The change point between these two models refers to the seismic event on time series. Since the
AR method avoids the amplitude or energy calculation, it produces better results for low SNR signals.
However, AR method needs the signal stationarity assumption, so it is not suitable for time-varying
long-term records.

In this work, an improved AR method for automatic seismic event detecting is applied. This algorithm,
called SDAR (sequential discounting AR learning), is widely used to represent a statistical behavior of a
time series. There are 2 advantages of SDAR: 1. Real-time estimation. When new data appears in the
record, the SDAR model parameters can be updated. 2. Discounting property. Comparing with AR
method, the SDAR introduces the discounting parameter to decrease the statistic value on future data.
Therefore, the SDAR method can handle the unstable time-varying long-term series. Comparing SDAR and
STA/LTA method, the Tomakomai OBC observation test shows that SDAR can increase the seismic event
detecting rate.
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Geological CO, storage is proposed in sedimentary formations. Because storage sites are selected
deliberately to minimize the risk of leakage, CO, is assumed to be stable in the reservoirs. CO, leakages
from geological storage systems are unlikely, but still possible. At offshore CO2 storage site, CO, could
leak out from the seafloor into the seawater. CO, leakage may lead to significant effects on the local
environment. From the public and stakeholders, concerns about the risk of in situ leakage and ecological
impacts are emerging. Therefore, it is the most important verification for geological CO, storage project
that there is no detectable leakage or migration of CO, by environmental monitoring. Appropriate
environmental monitoring methods and public communications are lead to secure social license and also
needed to progress of safety geological CO, storage project. Further, in Japan, operators of offshore CCS
are required to plan monitoring programs, as stated in the Act for the Prevention of Marine Pollution and
Maritime Disasters. In the monitoring plan, an operator has to be able to determine the location and
extent of any CO, leakage. Consequently, it is necessary to develop detection methods of CO, leakage in
the sea.

For offshore environmental monitoring, acoustic methods were expected that could direct detection of
CO, bubbles in the seawater. It was described that effectiveness of acoustic methods for seafloor and
water column monitoring in IEAGHG special report (IEAGHG, 2012). In practice, it was used in seafloor
survey of several offshore geological CO, storage projects. For example, in Sleipner, side scan sonar (SSS)
and multibeam echo sounder systems (MBES) were used for seafloor observations on storage site
(www.eco2-project.eu). In QICS project (Blackford et al., 2014) that CO, controlled release experiment
from shallow seafloor, clearly images of both gas plume within the water column and pockmarks on the
seafloor obtained using MBES (Cevatoglu et al., 2015). Furthermore, gas flux quantification using
hydrophone, passive acoustic method was shown (Bergés et al., 2015). However, there were no data
about flow rates of released CO, and MBES image data was used as check the location of releasing point.
Detectability of acoustic methods was unclear.

This paper focuses specifically on the detectability of active acoustic method. Controlled compressed air
release experiments were carried out in shallow inner bay at the depth of 5 to 6 m. Observations using
active acoustic instruments such as multibeam sonar (MBS) and SSS were deployed to assess its
detectability for gas bubbles stream.Analysis of the image acquired by active acoustic instruments led to
the following conclusions:

-Images of MBS data could detect gas bubbles stream. The survey using MBS have the potential to be
effective method for localization of leakage point in narrow area.

-Images of SSS data could detect gas bubbles stream. Images of SSS data showed high detectability of gas
bubbles stream The survey using SSS have the potential to be effective method for detection of CO,
leakage and localization of leakage point.

:Image processing and analyzing of SSS data, the quantification data of gas bubbles stream were
obtained. Flow rates from any image data could estimate within order of magnitude, with relative high
quantification accuracy.

-The survey using SSS have the potential to be effective method for not only leakage detection but also
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leakage scale grasp. The broad seafloor survey using active acoustic instruments such as SSS is crucial
point of efficient leakage detection and localization.
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Fig. Schematic diagrams of the scanning area and sonogram examples of acquired
signal data of side scan sonar.
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Evaluation of shale volume using a combination of the gamma-ray logs
and core analysis in terms of sedimentology and geochemistry: a case
study of the Nagaoka site, Japan
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Reservoir heterogeneity based on sediment sorting associated with GR
and permeability in turbidity sandstone sequence, Kitaura Formation,
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Outcrop and core data from the interbedded with turbidity sandstone and siltstone, Kitaura Formation of
Akita basin show that realistic reservoir characterization can be based on stratiogaraphic architecture.
This deposit represents turbidity sandstone reservoirs that developed from cyclic turbidity currents within
hemipelagic basin. Kitaura Foramtion outcrop are good analogs to CO, reservoir characterization and
modeling in off Akita area. Analysis and modeling of the turbidity sandstone based on outcrop
measurements provide detection and identification of ranging data for sandstone reservoir
characterization.

Ourcrop displays of differential weathering, coloration, cementation, and seepage reflect stratigraphic and
sedimentary control of fluid flow within the turbidity sandstone. The first step of this study is observations
of sedimentary facies that characterized by sedimentary structures, grain-size distribution, thickness of
sandstone and siltstone, and cyclicity and lateral variations of sandstones. Measurements of permeability
using a field permeameter and conventional soil analysis (e.g. Talsma and Hallam, 1980) yield some of
magnitude range of values between distinct populations as follows; a part, b part, and c part of Bouma
sequence and low density current deposit composed very fine sandstones. These differences within
turbidity sandstones depend on grain size distribution, which indicate sediment sorting. The lateral
variations of the sorting of a sandstone layer reveal that various values of reservoir property depend on
depositional mechanisms. Natural gamma ray (GR) measured for ratio between clay and sand contents in
sandstone layers can regards as a physical property of reservoir heterogeneity. Recognition of physical
levels of reservoir heterogeneity can be identified GR and permeability within turbidity sandstone layer
even though factor and distribution of physical properties are sampling scale dependent. Outcrop analogs
for flow within turbidity sandstones can be generated spatial distribution of reservoir heterogeneity based
on sedimentary systems.

F—T7— R FEEM, S-S A MNYE. HBEWBKAE/ DRE
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Talb—YavitiUBRE L,

YIalb—YavTRBETFEEZEEL. KEHFAIC20 km, $HEFHAEIC0.5 kmDERERETIL %AW
feo Lim7%KE200 MBETORE700mE L. SBE31°C. EH9.0 MPaD &G ZEE L1z, RE1,000 m%
FLIZT00 MERWL200 MEDRKEEBMNFEL. ZOELIZI00 MEDY —IVENEET %, IFBEDTER
FEBE, Y—ILBOLERMIZREKEE L TWS, COIRFTFEBICFMIO0B DL — N T50FERHEAS
NatDeE Lz, YTal—2aviZEABBEOS0EBKRUVZDHAS0ERBICEFHCO, T IV —LDEHNY X
HEKNDARBEFICEL TiTo7. SEICIE ARIFEEY I 2 L — 9 STARCIREHFEASQSCO2% AW
TW3,

BB DRERIIINE - KFEHMICT0/100 mD, ¥—ILEIZ0.1/1 mD& L7z, K&K UCO, DR ZHER
DOEFIFLEHRBEE L. T Evan GenuchtenBI R U CoreyBI TREINZHD & L1z, FENKEEFE I
0.2, HHECOMMEIF0.05& L, ERFTYYRAELZEDELTWS, EEEIFvan GenuchtenBl &

L. BECOBMEICEITZEEREEAL Y YAl REP, EHB Lz, ALY Y 3)L RERIFEE%O.1

MPa, E#k/E%0.5 MPaZ2 s L 1.0 MPa& L7z, AR TIL. #IHIDK-CO,-HEDEMAIZO DKFNL &

L. H5RRCHIEERISICE 2EMADEIRESTZIEE2RE. IhE15UWHATISETRDT—RR

ST 1 %727, A ODELICEYSITSRDHAP, =40cos8/dICLE>TAL Yy ¥ a)l NEDELL

T2HEDELTWVWD, 22T, RERADoBLIVZRO— MRIIFEL LTz, BMAZLICEZEEEEL
(FRTDCOLIHMETcos GICLEH) DHA IV TICDWTIE, b L, EARBN 525%F#%, 504

%, 100FEBDET—RRY T 1 &1T>7

YXal—YarvoReLTT) EMANELLBWVWT —ATREARICERBANETDCOEANRS
had, EAFLERIIEFELTZ, 2) WFhOT—ZATEEAMELED S450FEEFRTCOBEFEES LU
ERBRICEEY., ZRTKE~NDEANIEI SN o7, CHIBERBORERN+DNS WD, £HK
BAZRNZ Yy TRBWDEEILOND, 3) BEMADELICLYEEEMET T2 E. EAFLESER
BADCOEANEL T —AD D o1, 4) FIC, AL Y Y 3L REMEL, FEBEDOEWVEAONKE
WT—ZXTRMRVBEZETH o7, ULDORERD S, MERERGICE 2EMABDOEA. REHDERMEICK
BeRITTARREATRINT,

FRRIE, BFEXEDSOEFAME [THRIERFRAREDPIFEORLEERMARERE] O—ME LT
EhE L 7=,

F—U— K ZRRRBPEE, ERA. BEE. RERR
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Micro-bubble Injection Enhanced dissolution during CO,
Sequestration in saline

*LANLAN JIANG', Zigiu Xue', Hyuck Park', Tamotsu Kiyama'

1. Research Institute of Innovative Technology for the Earth

CO, micro-bubble injection is available for storing CO, in aquifers with non-anticline (monotonic)
structure in a low-cost concept. In this study, the dynamic displacement and dissolution during CO,
flushing was investigated by using medical X-ray CT scanner. CO, was injected into brine saturated
sandstone with 0.05 mL/min under reservoir condition (10MPa/40°C).Two sets experiments with
micro-bubble and normal bubble CO, were conducted to quantify compare the enhanced dissolution
efficiency. Larger interfacial area between CO, and brine during the injection enhanced the mass transfer
and delayed CO, breakthrough. The breakthrough time for micro bubble was nearly 120 min
corresponding to 180 min for normal bubble under the same injection rate. By image analysis, the high
sweep efficiency during micro-bubbles injection was obtained. Micro-bubble CO, preferred to trap into
tiny pores since the small size bubble and micro-bubbles injection accelerated gas trapping because of
the fully dissolution. CO, micro-bubble sequestration is also a novel technology to store CO, from the
small- to middle-scale emission sources by enhanced dissolution and effective use of pore space
suggested by our experimental results.

Keywords: micro bubble, CO2 saturation, high sweep efficiency, dissolution
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Study of advanced CO,, dissolution technology for improvement of CO
, storage efficiency
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CCSEXRMICBWTEATR FDERICIIAERRETH 2, COZMTICKUMERNICEAN. FFET
DICIELET BB DEIBMOIIHEIC DAh 2 ARBERMOBINFEE B 2H, BALFEE L TCO,Z27 A
JONRTIMELTEAT 2RAMISER Lz, AMRTRERS LR EER L 70— Ial—YavE
BLTYAVANTIVEAMRE LT ZDA D= X LRFTE2EDHT WD,

A IANTVEEABEORKT A LI —%CO,NBBT B ETHRET S, INETOMR TSHR
T=ITIEIAI7ANTIVEAICEYCOMME (COME LTHELTWRHREDEIE) NMEMT D &

BMENTWVEA, YA 7ONTLOHA, FEERTOES, HEBBLVTDANZXLEZRFTTEIEN
74—V RTOERLICATTOEERAF LR D,

ED—2&LT. ¥4 7ANRT)LD MRARER] IKEREHT, 30cmERWARLTHEITTOYA o0
NTIWEAMREMRIEL 7=, CO,MNBERA & 702 RE. EAKM (40C. 10MPa) TATF 75 v RER%EE
MEL. COLAMETIIBEEATIZ24.4%, ¥4V ONTIVEATIF26.2% & HERHIEIME T
7.4% ( (26.2-24.4) /24.4x100%) . COfrBE (KKEHE) TENETN7.73L. 5.93L& ENMIBMET
30.4% ( (7.73-5.93) /5.93x100%) ERWIATPTEYA VANTIVEALZBEAT 5 &ICEWCOATEE
PEMY 5 ARSI N, T, BNEMECEHEENANELZ LO>TWB I &M D, CO,BMBREN
ROFAREEN TR SN, BIC, YA 7ANTIVEAZEEE LT, CO,NTL—J R —FEME BDHRR
LRI NI,

HEE ARG BIERBERMAREED [TRICRRAFEDPITEOLRLEERMARERE] O—RE
LTiTbhi, F, AAROERE LD A VONTILERMIEERRA AR ERITEE DHBHREKRRT
Hb, REHBERLET,

SE R
i ) Akai, T., Xue, Z., Yamashita, Y., Yoshizawa, M. Abu Dhabi International Petroleum Exhibition and

Conference, Abu Dhabi, 2015 SPE-177672-MS

F—70— N : ZRRRMFEEE, RREE <420/ T I, AT TS5y RER
Keywords: Geological CO2 Storage, advanced dissolution, microbubble, core flooding
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