ent of Carbon Dioxide Microbubble Sequestration

to Saline Aquifer and CO,-EOR Reservoirs

Introduction

To study the effect of microbubble injection for CO, dissolution, we carried out laboratory experiments of CO, flooding in porous sandstone (Berea sandstone). Using X-ray CT image analysis, porosity
estimation and CO, saturation monitoring were conducted. A long core specimen was used to determine how much the microbubble effect reached in our experiment system. On the basis of
experimental results, we try to evaluate the superiority of microbubble injection for CO, dissolution by comparing the difference between microbubble and normal-bubble injections. We expect that the

microbubble CO, injection technique will contribute to geological CO, sequestration.

Test system

Berea sandstone (diameter: 34.85mm, length: 288.00mm) was used in this study. It has bedding planes parallel to the core axis.
I\ : 34.80mm, length: 4.00mm) was located in b

filter (di

We set the bedding planes hori
distributer and core specimen in upstream side.

microbubble filter

Physical properties of specimen & MB filter

288mm long core specimen

sample pore

diameter length bulk volume porosity volume permeability
(mm) (mm) (em?) (%) (cm™) (mD)
Berea 34.85 288.00 274.72 19.70 54.12 131
sandstone
m'c‘;f’b“bble 34.80 4.00 3.80 31.28 1.19 -
ilter
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*  CO,-flooding laboratory experiments of porous (Berea long core

*  We could the porosity of
+ TheCO, istril along the were di in
CO, inj has more to the CO, di for ical CO,

The experiments were carried out under the pressure and temperature conditions that simulate

pore pressure: 10MPa, temperature: 40 degrees Celsius. The confining
pressure of 15MPa was selected in this study. The syringe pumps on the upstream side was controlled to
maintain 0.05ml/min (constant flow control). And the syringe pump on the downstream side was
controlled to maintain 10 MPa.

Major cross

Schematic diagram of test system Sections in CT

SP:syringe pump (SP1: CO,, SP2: water, SP3: confining oil, SP4: back pressure), S: rock sample, PT:
pressure transducer, d: distributor, f: microbubble filter

microbubble ormal-bubble Field application
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Conclusions

288mm) and X-ray CT visualization were carried out to study the effect of mici
and visualize the process of water injection and CO,-flooding process by the X-ray CT image analysis. CO, saturations during the experiments were also obtained.
the cases of microbubble and normal-bubble CO, injections. At each breakthrough point, there was a difference of about 5% points of CO, saturation. It reveals that the microbubble

for €O, di:
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amic Stability Monitoring of Geological

ormations using Fiber-Optic Sensing

It is important to monitor deformations of geological formations as well as temperature and pressure for a safety evaluation at the CCS site.
We are developing a technology to monitor the deformations of the formations using a distributed fiber-optic sensing. Our goal is to deploy
fiber-optic cables behind the casing into a deep borehole and cement in place, and the formation deformations (strain) from the surface to the
bottom hole are to be monitored continuously in the depth direction.

1. Motivation 2. Measuring method

0 (il I Selkth iilt], siee il axeuis) @l lijaaiem welbs were mEmeee) 5y IEAR, * When pulsed light is entered into an optic fiber, back scattering lights are induced throughout fiber’s length.

* Reservoir expansion induced by pore pressure build-up would go up to the surface. They produce frequency shifts in proportion to each variation of physical quantity (temperature, pressure
« If the expansion gets larger safety of a seal layer may be decreased. and strain)

: IF BAEEREREES monltor th Geformations from thelieseroitothelstiface: * These frequency shifts consists of temperature, pressure and strain changes, It is necessary to separate each
* Since measure points are limited for conventional tools, research and development of . o .
parameter in case of borehole monitoring (fig. 3).

distributed (multi-point measurable) sensors are required.3 ¢ Hybrid Brillouin-Rayleigh measurement enables to distinguish among them.

Rayleigh scattering . ~ of N v Brillouin vz ) and Rayleigh (v, ) scatterings
—- Receiver 5“"""[‘;5{:::““’ il T PR Srface MONRONNE. — are measured using two fibers which are
ﬁﬂgﬂ:ﬁ% » i _i Temper different in the sensitivity.
1 £ 4 ~1Optical pulse i ature ¥ There are four formulas for three
£2 A\ . . parameters, temperature, pressure and
g Strained point ? 3
- ' Strain momturmg strain can be separated by:
z A‘ Separaluon ey Ty ——
z = ! AP
g . ; Avj = CfAd+ ClATI+ CliAP)
£ 2 Avl =LA+ CEAT + el AP
@ — 5 ve =C, 8+C¢A -+C.'4AP|
E H"“--.h ! F] [} 1 'l
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£ —t E 2 _ oAt COAT C2pP !
3 D"’fanc 3 E Avy =G, bs:+ C,gA :+ Cu’dP !
2 _ # ) 2y
i Af hift is induced by all of the t ture, Avy = ChLAZ + CLAT + CIAP
fig. 1 Geological formations monitoring f1_Shifted : e ;nésst?aulfnc:hanﬁgs inthe borehole, | L C"— -4 - N |
using the ~optical fibers at the CCS site fig. 2 Bﬂlé):sizriir;;:)ectrum fig. 3 Physical quantities in the frequency shift fig. 4 Separation of temperature,
3. Pilot test -300 m deep borehole- 4. Water pumping test

* The fiber-optic cables were deployed behind the casing (annulus) and *  Pumping test was performed using two wells, 280 m and 175m away from the monitoring well.
cemented in place. * The pumping zones are sand rich sand-silt alternate layer (aquifer) of 150 m-230 m depth.
. * The fibers detected the compression of the aquifer linked with pumping works.
Om) - ——
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fig. 5 Cross-section of monitoring well ~ Fiber optic cable clamp  Coupling protector
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* Alittle amount of CO, was injected into a sand layer through perforation zones DR T — strain -20yc IR ——

of a monitoring well during a day.
* The fibers cemented behind the casing has been successfully applied to 5.D
measure deformations occurred by CO, injection at the injection zone.

ibuted acoustic sen S)

*  DAS allows seismic monitoring with fiber-optic cable and has developed recent years.

* A DAS applicability test was performed using the optic fibers which were already deployed behind the
. P | | casing for the formation deformations monitoring.
_'F 154 A4) * Through the stacked waveform obtained by the fiber included some noises, P-wave first break was able to
Tl :,2; be read as well as a geophone data. Geophone (one stack ) DAS (36 stacks)
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fig. 6 Strains estimated during CO; injection

6 . F ure wo S Fiber optic cable
(Cemented)

*  Development and improvement of the high sensitivity and high strength fiber optic cable with the
installation behind the casing.

*  Improvements of the temperature, pressure and strain separation technique with the hybrid Brillouin-
Rayleigh processing.

*  Automation of data processing and analysis, realization of remote operation, and packaging of the
observation equipment.

-3C geophone

840m-

This work is part of an R&D project “the Develop of Safety N Technology for Large-Scale s T
CO, Geological Storage, commissioned to the Geological Carbon Dioxide Storage Technology Research fig. 8 DAS data compared to wireline geophone VSP data

Association by the Ministry of Economy, Trade and Industry (METI) of Japan.
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