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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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Impact of the injection speed on CO, saturation and pore pressure

SER EE. KA B2 B EZNL S8 RS = FE
*Keigo Kitamura', Hiroyuki Honda? Shinnosuke Takaki?, Mitsunori Imasato?, Yasuhiro Mitani®

T AMKREA—RYZa— 3L - TRIVF—EERFA. 2. LINKERZRIERM. 3. AMNKEXRZERETEHRRE
1. International Institute for Carbon-Neutral Energy Research, Kyushu University, 2. Graduate School of Faculty of
Engineerring, Kyushu University, 3. Faculty of Engineerring, Kyushu University

TFRBOFEBICEASN/CO,DEE Z BB T 5FICCSOELM L RFLZFMI S5 LTEETH
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EXFERYIC5000 wl/minE TEIb S B7=. FARFICPRRE (Vp) DAIE = EHE L, %Eéﬁﬂﬂho)cozéﬁ@%:
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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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Conference, Abu Dhabi, 2015 SPE-177672-MS
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Trapping mechanisms in field scale observed by time-lapse well
logging at the Nagaoka site
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This paper discusses CO, trapping in field scale observed at the Nagaoka pilot-scale injection site. IPCC
(2005) illustrated the contributions of various trapping mechanisms over time, and pointed out the
importance of capillary and solubility trapping at the early stage of geological CO, storage. Capillary
trapping is caused by interfacial forces at the pore of rock and prevents migration of CO, bubble.
Solubility trapping means that gaseous CO,, dissolves into formation water. After the report of IPCC, many
laboratory experiments related to these trapping mechanisms have been conducted. Meanwhile, field
observations were limited. In this paper, we study trapping mechanisms observed at the Nagaoka site.

Nagaoka project was undertaken in order to verify an ability of CO, injection into Japanese formation. The
target reservoir is consists of a limb of anticline structure and have 15 degree dipping. About 10 k-tones
of CO, were injected into a thin permeable zone from July 2003 to January 2005. Time-lapse well loggings
have been carried out for more than 12 years, and the number of monitoring logging is 44 times so far.
CO, breakthrough was detected at a down-dip well (OB-2) located 40m away from the injection well, and
at a up-dip well (OB-4) located 60m from the injection point. From the neutron logging data, CO,
saturation in super-critical phase was evaluated, and from the induction logging the existence of
super-critical and dissolved CO, is deduced. At OB-2, CO,, saturation peaked at 63% around 22 months
after the start of injection, decreased gradually, and stabilized at around 20%. At OB-4, CO,, saturation
peaked at 69% around 15 months and remained relatively high value (40%).

We considered that the maximum saturation at each depth was corresponding to the initial saturation of
drainage process and the latest observation could be assumed as the residual state. The relationship
between the initial and residual saturation is called IR curve and represents the fundamental flow
properties in drainage process. The results at OB-2 showed that most of the data can be explained by
single Land’ s model. Exception came from relatively silty layer, which means pore distribution is different
from other layers. At OB-4, IR relationship was scattered and indicated that the latest state is far from the
residual condition. The difference between down- and up-dip direction is thought to exhibit migration
effects in the reservoir.

Concerning the dissolved CO,, the thickness of the low resistivity anomaly became larger. This showed
that the solubility trapping was progressing. The rate of thickening was the same order as the dissipation
of bicarbonate ion. This was consistent with the expectation from the linear instability theory for density
convection of CO, dissolved water.

These results showed capillary and solubility trapping mechanisms in the field scale observation. The
drainage process in field scale could be explained by Land’ s model as laboratory experiments, and the
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fitted model was depend on rock type. Solubility trapping in several mD formations was confirmed that
dissipation process was dominant during the first decade of CO, storage. These results could be used for
simulation tasks to build a better flow model.

F—7— N : CO2thhlirE, ZHR. BRBAR NS vEVS, BRIy EY Y, LandET IV, REY A b

Keywords: CO2 geological storage, multiphase flow, residual trapping, solubility trapping, Land model,
Nagaoka site
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Visualization and measurement of CO, microbubble flooding in
heterogeneous sedimentary rock
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We carried out laboratory experiments of CO, microbubble and normal bubble flooding in porous
sandstone to confirm the difference in dissolution and sweeping effect. During the experiments, we
obtained the specimen porosity and monitored fluid saturation process by using CT image analysis.
Sarukawa sandstone (diameter: 34.80mm, length: 79.85mm, north central Japan) was used in this study.
Porosity of specimen determined by X-ray CT imaging is 30.94%. The specimen has heterogeneous
structure. The experiments were conducted under the pressure and temperature conditions that simulate
underground environments; pore pressure: 10MPa, temperature: 40 degrees Celsius. The confining
pressure selected in this study is 12MPa. The specimen was first saturated with Kl agueous solution
(12.5%), and then oil was injected to make oil-water mixed state. Totally, ten steps of flooding were
performed for each experiment. For each step, Kl aqueous solution and oil were carefully recovered from
the syringe pump (back pressure pump). We increased the differential pressure to examine the influence
of differential pressure on oil recovery in heterogeneous media. The microbubble and normal bubble
flooding tests were carried out until the total fluid injections reach about 3PV (pore volume). Figures a)
and b) show the differential CT images when the CO, microbubble and normal bubble injections reach
2.95PV and 2.98PV, respectively. It is clear that the CO, microbubbles were able to sweep out more than
the normal microbubbles. For example, the oil recoveries were identified as 56.04% and 45.12% after
1.0PV injection of CO, in the specimen. The case of microbubbles is about 10.92 % point higher than the
case of normal bubble.

F—T7— R X#CT., ¥4 20/ 7)LCO2, /—<I/NNTILCO2, THES
Keywords: X-ray CT, CO2 microbubble, CO2 normal bubble, heterogeneous rock
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Figure. X-ray CT differential images of CO, microbubble and normal bubble flooding in
the Sarukawa sandstone a) after 1.01PV(pore volume) injection of CO, microbubbles, b)
after 1.00PV injection of CO, normal bubbles
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performance
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Keywords: Geologic CO2 storage, Sealing performance, Geochemical reaction, Carbonate minerals,
Caprock, Threshold pressure
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An option for marine monitoring at offshore CO, storage sites:
observing pCO, in the sea
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Carbon dioxide (CO,) capture and storage (CCS) is a promising option to reduce CO, emissions and
consequently to mitigate global warming. Since reservoirs capable of storing CO, stably are selected, the
risk of CO, leakage is extremely low. There is, however, concern that CO, might leak out. To verify that CO
, is not leaking, as well as to detect CO, leakage if leakage occurs, monitoring is important. In offshore
storage, since leaked CO, would go out into the sea out of the seabed, monitoring in the sea is necessary.
However, there seems to be no monitoring method that is useful in all sea areas or for all situations. In the
practical monitoring, it is necessary to combine a few methods according to the situation and the sea
area. Partial pressure of CO, (pCO,) in the sea is one of items to monitor since pCO, in the sea would
increase by leaked CO,. However, it is difficult to distinguish high pCO, values due to CO, leakage from
those due to natural variability in some areas. In the present study, we discuss a method to assess
anomalously high values of pCO, using not only pCO,, but also dissolved oxygen. As an example, we
analyzed data observed in Osaka Bay. We have shown that the method using both pCO, and DO is
effective in the eastern (innermost) part, where stratification is relatively strong throughout the year.
However, the method is less effective in the western part of Osaka Bay, where water is relatively well
mixed vertically due to strong tidal currents. We have concluded that observing pCO, and assessing it
based on both pCO, and DO is potentially a useful option for marine monitoring although this method is
not effective in all sea areas.

F—7— RN BETEE. CCS. ZBILRKRDE. BERKR. BRE=5) VI
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