N

N

Preinjection Characterisation and Evaluation of CO2
Sequestration Potential in the Haizume Formation,
Niigata Basin, Japan. Geochemical Modelling of
Water-Minerals-Co2 Interaction
N. Zwingmann, S. Mito, M. Sorai, T. Ohsumi

» To cite this version:

N. Zwingmann, S. Mito, M. Sorai, T. Ohsumi. Preinjection Characterisation and Evaluation of CO2
Sequestration Potential in the Haizume Formation, Niigata Basin, Japan. Geochemical Modelling of
Water-Minerals-Co2 Interaction. Oil & Gas Science and Technology - Revue d’TFP Energies nouvelles,
2005, 60 (2), pp.249-258. 10.2516/0gst:2005015 . hal-02017208

HAL Id: hal-02017208
https://hal.science/hal-02017208
Submitted on 13 Feb 2019

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-02017208
https://hal.archives-ouvertes.fr

Oil & Gas ience and Technology — Rev. IFP, Val. 60 (2005), No. 2, pp. 249-258
Copyright © 2005, Institut francais du pétrole

IFP International Workshop

Rencontres scientifiques de I'lFP

Gas-Water-Rock Interactions ... / Interactions gaz-eau-roche ...

Preinjection Characterisation and Evaluation
of CO, Sequestration Potential
in the Haizume Formation, Niigata Basin, Japan
Geochemical Modelling of Water-Minerals-CO, Interaction

N. Zwingmann'-3, S. Mito?, M. Sorai?4 and T. Ohsumi?

I CSIRO Petroleum, ARRC, PO Box 1130, Bentley, WA 6012 - Australia
2 RITE, 2-9 Kizugawadai, Kizucho, Soraku-gun, Kyoto, 619-0292 - Japan
3 The University of Western Australia,
4 Mitsubishi Research Institute, Inc. - Japan
e-mail: nzwingma@agric.uwa.edu.au - mito@rite.or.jp - sorai@mri.co.jp - ohsumi@rite.or.jp

* Corresponding author: Naoko Zwingmann, Soil Science and Plant Nutrition, School of Earth and Geographical Sciences,
The University of Western Australia, 35 Stirling Highway, Crawley, WA 6009 Australia
Telephone: +61 8 6488 1508 - Fax: +61 8 6488 1050

Résume — Caractérisation avant injection et évaluation du potentiel de séquestration de CO, dans
laformation de Haizume, bassin de Niigata, Japon. M odélisation géochimique desinter actions eau-
mineraux-CO, — L'Ingtitut de recherche en technologie innovante pour la terre (RITE) a réalisé une
expérience a petite échelle dinjection de CO, dans un champ, afin d'étudier |a faisabilité d'une sequestra-
tion géologique de ce gaz a effet de serre au sud-ouest de la ville de Nagaoka (préfecture de Niigata,
Japon). Avant cette expérience, |es réactions géochimiques résultant de I'injection ont été évaluées al'aide
du modele géochimique EQ3/6. Laformation dans laquelle la séquestration est envisagée est laformation
de Haizume, dans le groupe Uonoma, constituée de dépbts sédimentaires marins d'ége pléstocéne, et
surmontée par une couche d'argilites. La minéralogie de la formation de Haizume est congtituée par le
quartz, le plagioclase, le feldspath potassique, le pyroxéne et les argiles (smectites et chlorites). Lataille
des grains varie de moyenne a grossiere. Le grés montre une faible consolidation. L'eau de formation
présente une teneur en sels totaux dissous d'environ 6100 mg/l et une concentration élevée en calcium
(> 20 % de la concentration de Na*).

Le modéle géochimique a été utilisé pour gjuster la chimie initiale de I'eau de formation, puis pour
modéliser les interactions entre le CO, injecté, I'eau de formation et les minéraux du réservoir. Les
résultats indiquent une forte réactivite des minéraux en présence d'une quantité élevée de CO,, ainsi qu'un
fort taux de conversion de ce CO, en minéraux. A I'état final, environ 23 mol de CO, ont été consom-
mées par kg d'eau, dont plus de 90 % ont éé précipités sous forme de minéraux carbonatés. Ces calculs
de modélisation géochimique renferment une incertitude importante en ce qui concerne les temps de
réaction, qui devront étre évaués de fagon plus précise dans des modélisations futures.
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Abstract — Preinjection Characterisation and Evaluation of CO, Sequedtration Potential in the Haizume
Formation, Niigata Basin, Japan. Geochemical Modelling of Water-Minerals-CO, Interaction — The
Research Ingtitute of Innovative Technology for the Earth (RITE) is carrying out a small-scale CO, injec-
tion field experiment to investigate the feasibility of geological sequedtration of CO, greenhouse gasin the
south-west of Nagaoka City, Niigata Prefecture, Japan. Prior to theinjection geochemical reactions caused
by CO, injections were investigated using the geochemical modelling code (EQ3/6). Theinjection formation
is the sedimentary marine Haizume Formation (Pleistocene) in the Uonuma Group, which is covered by a
mudstone seal. The formation is mainly composed of quartz, plagioclase, feldspar, pyroxene, and clays
(smectite, chlorite). The sandstone shows minor consolidation and grain size is mediumto coarse sand. The
total dissolved solid (TDS) of the formation water is approximately 6100 mg/l and the water contains a high
Ca?* (> 20% of Na* concentration). The geochemical model was used for an initial adjustment of the
formation water chemistry to the formation conditions and a modelling of the formation water-mineral-CO,
reactions. The modelling results showed a high reactivity of the minerals in the CO, rich environment and
high mineral conversion rate within the formation. At the final state, approximately 23 mol of CO, were
taken into 1 kg of formation water and more than 90% of this was stored within carbonate minerals. In this
simulation, some uncertainty is associated with the time scale and a more detailed investigation is planned

and will address accurate evaluation.

INTRODUCTION

The Research Institute of Innovative Technology for Earth
(RITE), Japan is conducting research to develop and establish
new technology for long term geological sequestration of
CO, in Japan. In this context, RITE is carrying out a small-
scale CO, injection field experiment to investigate the feasi-
bility of geological sequedtration of CO, greenhouse gas in
the south-west of Nagaoka City, Niigata Prefecture, Japan
(NEDO, 2002). The injection Zone 2 is Pleistocene in age
and in the Ic layer of the Haizume Formation in the Uonuma
Group. In addition to the preinjection formation mineralogy
and water chemistry investigation at Zone 2 and adjacent
Zones, an intermittent geophysical logging and time lapsed
cross well seismic survey are being carried out to monitor
CO, movement after injection. Laboratory experiments are
also conducted. However, prediction of the long-term reac-
tion between formation water dissolving CO, and formation
rock is difficult by short term experiments and geochemical
monitoring after CO, injection, such as water sampling is not
planned. Therefore, a computer geochemical modelling was
performed to evaluate the reactions after CO, injection and
estimate the capacity of minera storage of CO,,. Within this
study the pre-injection mineral water equilibrium state was
investigated using formation mineralogy and water chem-
istry, and subsequently possible CO,-water-minerals reac-
tions in the Haizume Formation were quantitatively simu-
lated using the geochemical modelling code EQ3/6 version
7.2 (Wolery, 1992; Wolery and Daveler, 1992).

1 GEOGRAPHICAL AND GEOLOGICAL SETTING

The CO, injection siteis located in Minami-Nagaoka gas field,
south-west of Nagaoka City, Niigata Prefecture, at Honshu
Island, Japan (Fig. 1). Since 2001, three observation wells

(CO2-1 to CO2-3) were drilled in the Iwanohara base by
Teikoku Qil CO., Ltd. Core samples were used for different
laboratory experiments and analysis.

The CO, injection target Zone 2 comprises the Pleistocene
Ic layer in the Haizume Formation (0~2540 m) of the marine
Uonuma Group, which is covered with mudstone of 20 m
thick (Sekiyu Gijutsu Kyokai, 1993). The stratigraphy of this
area varies significantly by location. Further geologica and
stratigraphic details of the study area can be found in recent
references of Kobayashi (1996) and Kobayashi and Takano
(2002). Two potentia injection reservoirs are situated
between 1139 and 1156.5 m depth (NEDO, 2002).

2 PREINJECTION FORMATION CHARACTERISATION

2.1 Preinjection Formation Minerals in the Zone 2
(NEDO, 2002)

The reservoir rock from the Zone 2 is a greenish-grey-colour
sandstone and the grain size is in the range of medium to
coarse sand with some rounded gravel. The sandstone shows
minor consolidation.

The porosity and permeability of the rock samples are
approximately 20% and 200mD respectively. Figure 2 shows
a thin section image from a reservoir rock sample collected
from Zone 2, at 1104 m depth from the well CO2-1. It is
mainly composed of quartz, feldspars, volcanic rock frag-
ments, and matrix as well as minor minerals and glasses frag-
ments. The feldspar fraction is dominated by plagioclase.
The composition of plagioclase varies and the average pla-
gioclase composition is Abg,An.,. Accessory minerals
include pyroxene, amphibole, epidote and chlorite. Table 1
summarises the composition of mgjor minerals.
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Figure 1
Location of the injection site.

Figure 2
Thin section image of the formation rock sample from 1104 m depth from the well CO2-1.
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TABLE 1

Mineral composition of the reservoir rock collected from the well CO2-1
at the Zone 2 in the Ic layer in the Haizume Formation analysed
by an observation of athin section by optical microscope

Minerals vol (%)
Quartz 21.1
K-feldspar 4.3
Plagioclase 15.7
Mica 0.3
Chlorite 11
Pyroxene 4.1
Amphibole 0.2
Epidote 0.1
Rock fragment 259
Matrix and cement 17.8
Glasses 85
Other minerals 0.8

Total minerals 100.0

2.2 Preinjection Water Chemistry
and Saturation State of Minerals in the Zone 2

Two types of water sample were collected in the Haizume
Formation from the well CO2-1 using an air pump. The
water composition was monitored during the sampling to
control potential contamination. One type of water sample
was collected from the adjacent Zones between 2 and 5 and
the other from Zones between 3 to 5. Considering that these
waters were the mixture of formation waters from different

zones, the water composition of the Zone 2 was calculated
from the difference between the two waters and flow rate.
Tota dissolved solid (TDS) is approximately 6100 mg/l.

Due to possible oxidation and degassing of CO, during
the sampling process, the water chemistry was adjusted to the
formation conditions using EQ3/6. The formation tempera-
ture is 50°C, the oxidation level (Eh) was set to reduced con-
dition using barite equilibrium. The partial pressure of CO,
(pCO,) was adjusted to calcite saturation (Bazin et al., 1997).
The pH of the water at in situ condition was caculated from
the pCO, and total agueous carbonate.

(Na++K*)10
20.0

15.0

Mg?* Ca2+

10.0
5.0
D.

CI/10

SO,
HCO,-

Unit: meq/I|

Figure 3

Major ion composition of the adjusted formation water from
Zone 2, Haizume Formation.

TABLE 2

Formation water composition of samples from Zones 2-5, 3-5, calculated composition of Zone 2 (Zone 2*),
and the adjusted chemistry to the formation condition

Adjusted to the formation
Zones 3-5 (mg/l) Zones 2-5 (mg/l) Zone 2* (mg/l) condition (mg/l)
Na 2694.9 1936.3 1699.0 1699.7
K 815.5 385.4 251.0 250.4
Ca 487.1 420.5 400.0 399.2
Mg 10.2 16.0 18.0 17.8
Fe 4.2 0.1 0.0 0.0
Al 0.2 0.1 0.1 0.1
Ti 0.0 0.0 0.0 0.0
Mn 03 0.5 0.6 0.6
Sr 18 18 18 12
Ba 12 14 14 0.6
Cl 5258.6 3852.1 3413.0 3418.7
S0z 84.9 76.6 74.0 74.0
HCG3 801.0 372.0 241.0 494.0
Sio, 915 104.5 109.0 109.0
pH 8.01 7.90 7.8 6.3
Eh (V) 25 25 25 -0.2
Flow rate (kl/day) 5 21 16 -
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The Zone 2 formation water composition and the water
chemistry adjusted to the formation conditions are sum-
marised in Table 2. As shown in Figure 3, the mgjor ion com-
position of the adjusted Zone 2 water is Na*-Ca?*-Cl- type
with dightly high HCO;~. High concentration of Ca2*, which
is more than 20% of concentration of Na“, may be indicative
of the formation mineralogy, rich in Casource minerals.

At the formation conditions, the formation water was
saturated with quartz, albite, K-feldspar, keolinite, muscovite,
pyrite, rutile, smectite and illite.

3 GEOCHEMICAL MODELLING OF REACTIONS
BETWEEN CO,-FORMATION WATER-MINERALS
IN THE ZONE 2, HAIZUME FORMATION

3.1 Modelling Conditions

The geochemical reactions between CO,, mineral and
formation water after the CO, injection in the Zone 2 were
smulated using the EQ3/6 code. Since CO, dissolution was
much faster compared minera reactions, dissolution kinetics
of CO, was not considered in this smulation. First, the total
agueous carbonate equilibrium with pCO, (g) was calculated.
Then maintaining the pCO,, the interaction between forma-
tion minerals and the CO, saturated formation water was Sm-
ulated kinetically until al the mineras reached equilibrium in
the closed system at constant formation temperature 50°C and
formation pressure 11 MPa, assuming to be the hydrostatic
pressure at depth of 1100 m. The porosity was assumed 20%.

The dissolution kinetics were modelled using the rate law
(Lasaga, 1984). In general, the dissolution rate (r) of
mineral m can be expressed:

= Ankn B - Gl ®
o Kn O

where A, is the specific surface area, k  is the kinetic rate
congtant, Q,, ision activity product and K, is the equilibrium
constant for the mineral-water reaction. The parameters p
and n are two positive numbers, but they are taken to unity
when experimental data are not available.

The kinetic rate constant k at 50°C were calculated using
the Arrhenius equation (Lasaga, 1984):

k=k @——— 2
25 &P (T 29815 @)

where E, is the activation energy (Jmol), k¢ is the rate
constant at 25°C, Risthe gas constant (8.31 JmolK) and T is
absolute temperature (50°C = 323.5K).

The precipitation of minerals was set to be instantaneous
when aminera reached to the saturation.

3.2 Input Data

3.2.1 Formation Mineral Composition

Based on the formation petrography and mineralogy study,
fourteen minerals including quartz, K-feldspar, plagioclase,
mica, pyroxene, amphibole, clay and some accessory miner-
als were introduced as reactants into the modelling. Other
minerals potentially involved in the reactions as products
include kaolinite, rutile, dolomite, whiterite, dawsonite, and
solution solid calcite. The solution solid calcite (hereafter ss-
calcite) is a carbonate with six poles (calcite, magnesite,
Siderite, strontianite, rhodochrosite, and smithsonite) and the
chemica formulais (Ca, Mg, Fe, Zn, Sr, Mn)CO,,

3.2.2 The Reactive Surface Area

The reactive surface area for each minera is generaly calcu-
lated from the specific surface area and the quantity of each
mineral assuming that the reactive surface is proportional to
specific surface. However, in practical sense, it isimpossible
to measure the surface area of each mineral in the whole
rock. The conventional method is to alocate the surface area
to each mineral depend on the volumic composition and to
bring the contribution of surface area from each minera to
the total surface area, for example measured by the BET
method (Brunauer et al., 1938). However, this method tends
to overestimate the surface of concentrated minerals such as
quartz and underestimate the small-size minerals. Assuming
that the total surface areais mainly contributed by small-size
grains such as clay minerals, a different approach of estima-
tion of surface area was applied (Kozaka, 1995). For this
rock sample, the BET surface area measured was only avail-
able for a ground sample with a value of 6.7 m#g. The rock
sample was ground below 0.25 mm, and this is larger than
most of the observed grain size. The total surface area was
adjusted to the sum of a calculated surface for the individua
minerals to a constant specific area of 60 m2/g for chlorite
and smectite. A constant grain size (0.04 mm) was used to
calculate geometric surface area for the remaining minerals.
The reactive surface area was assumed the same as the sur-
face area of each minerd. The input parameters for model-
ling including initial moles, specific surface area of the reac-
tant minerals, dissolution rate constants at 25°C, activation
energy, calculated dissolution rate at 50°C, and references are
summarised in Table 3.

4 RESULTS

4.1 Initial Dissolution of CO, into the Formation
Water

As a starting point for the simulation, the total agueous
carbonate equilibrium with pCO, (g) was calculated. As
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TABLE3

Reactant minerals: initial moles, specific surface area, dissolution rate constant at 25°C,
activation energy, calculated dissolution rate constant at 50°C and references.
There were no references available for titanite and the rate constant was set to moderate/slow dissolution

Initial mol Specific Dissolution rate Activation | Dissolution rate
Reactant (mol/kgH,0) surface (mol/cm?/sec) at range energy (mol/cm?/s) at References
(cm?/g) 25°C (k¥mol) 50°C
Calcite 0.05 5.6E+02 1.6E-10 42 5.9E-10 Svensson and Dreybrodt (1992)
Clinopyroxene 0.12 4.4E+02 1.0E-15 38 3.3E-15 Brantley and Chen (1995)
Epidote 0.03 4.4E+02 1.0E-16 0 1.0E-16 Kalinowski et al. (1998)
K-feldspar 291 5.9E+02 1.0E-14 52 5.0E-14 Blum and Stillings (1995)
Muscovite 0.09 5.3E+02 1.0E-17 22 2.0E-17 Rate: Lin and Clemency (1981),
EapH,, Nagy (1995)
Pyrite 0.73 3.0E+02 4.0E-15 0 4.0E-15 Ague and Brimhall (1989)
Quartz 94.30 5.7E+02 1.3E-18 89 1.9e-17 Tester et al. (1994)
Smectite 0.20 6.0E+05 4.0E-18 48 1.8E-17 Rate: Furrer et al. (1993),
EapH-0.7-1, Na-Montmorillonite,
Kline and Fogler (1981)
Titanite 0.47 4.3E+02 4.0E-17 0 4.0E-17 Set to moderate dissolution
Tremolite 0.04 4.5E+02 1.6E-15 77 1.8E-14 Rate: Schott et al. (1981),
Ea anthophyllite,
Chen and Brantley (1998)
ss-biotite 0.31 5.0E+02 6.0E-17 30 1.5E-16 Rate: Acker and Bricker (1992),
Ea: phlogopite, Nagy (1995)
ss-chlorite 0.11 6.0E+05 3.0E-17 88 3.0E-17 Rate: chlorite, May et al. (1995),
Ea pH=-0.3,
Clinochlore, Ross (1967)
Orthopyroxene 7.39 4.2E+02 1.0E-16 49 4.6E-16 Brantley and Chen (1995)
Plagioclase 10.97 5.6E+02 3.2E-15 66 2.5E-14 Blum and Stillings (1995)

0.03

—0.01

—-0.01

(NLE!

~-0.03

-0.05

-0.07

log years

Figure4

Evolution of pH and Eh of the formation due to CO,-mineral-
water reactions.

shown in Figure 4 (log year = —6), the contact with high pres-
sure CO, decreased the formation water pH and increased the
redox potential (Eh). The pH value decreased from 6.3 to 3.6
and Eh increased from —0.20 V to 0.02 V. The amount of
tota agueous carbonate is 2.04 mol/kgH,O (89.8
kgCO,/m*H,0) without mineral reactions.

4.2 Mineral Reactions with CO, Saturated
Formation Water

4.2.1 pHandEh

Figure 4 shows the evolution of pH and Eh of the formation
water up to 10° years. The pH and Eh evolutions were con-
trolled by mineral dissolution and precipitation in the whole
system. Dissolution of most of the minerals in this formation
consumes H* and increases the pH of the solution and precip-
itation of these minerals releases H*. The evolution of Eh is
amost symmetric to that of pH, except an increase in Eh
after 8 days (= 10717 years) corresponding to pyrite saturation.
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As soon as the minerals were in contact with CO, saturated
water, the pH started to increase. The rate of change of pH of
the system slowed after 8 days (= 1017 years). The rate of
change of pH again increased after 20 (= 10%3) years and
accelerated after 117 (= 10%°) years. The pH decreased again
after approximately 3160 (= 10%5) years, and the decrease
slowed after 15 300 (= 10*2) years. These changes corre-
sponded to different events in the systems such as a start of
the dissolution of unstabilised minerals (just after the
contact with CO, saturated water) and solid solution calcite
(ss-calcite), dawsonite and pyrite saturation (8 days = 1017
years), and enhanced dissolution of fast reactive minerals such
as smectite, chlorite, K-feldspar, muscovite, olivine, amphi-
bole after 20 (= 10%3) years. However, muscovite reached
equilibrium after 117 (= 10%°) years and started to consume
H* therefore stabilising pH. The pH increased again after
238 (= 10%%) years when plagioclase dissolution became more
dominant. When the fine-gained clay minerals such as chlorite
and smectite are exhausted, and both ss-calcite and muscovite
precipitated after 3160 (= 1035) years and the pH will decrease
until kaolinite startsto precipitate a 15 300 (= 10*?) years.

4.2.2 Aqueous Species

The evolutions of total concentration of major elementsin the
Zone 2 water up to 10° years are presented in Figure 5. There
were some different Ca source minerals, however the main
source of the Ca was plagioclase and Ca was precipitated as
ss-calcite and dolomite. The concentration of Mg was mainly
controlled by dissolution of orthopyroxene and precipitation
of dolomite and ss-calcite. The sources of K were K-feldspar,
biotite and muscovite. Muscovite dissolved at the beginning
of the simulation, but reached equilibrium at 117 (= 10%9)

years. Subsequent released K was incorporated into
muscovite. Al was released by all the alumino-silicates, in
particular plagioclase and K-feldspar. Al concentration is
sensitive to pH of the solution and the solubility of Al islow
between pH 4.5 to 9 (Mason, 1966). During K-feldspar and
plagioclase dissolution, Al was incorporated into muscovite
and dawsonite. When the K-feldspar was depleted, Al was
incorporated into kaolinite. Si concentration was controlled by
quartz, which was in equilibrium with the solution throughout
the simulation. Na was almost constant: released Na from
plagioclase was incorporated into dawsonite. Total C (carbon-
ates) was congtant, corresponding to a constant pCO,. Some
of Fe was incorporated into ss-calcite. Ti released form
titanite was included into rutile. Ba concentration in the water
is controlled by witherite and barite; Ba was first precipitated
as witherite then as barite as the S concentration in the water
increased due to pyrite dissolution.

4.2.3 Mineral Phase

Figure 6 presents the evolution of the mineral assemblage up
to 200 000 (10%%) years, when plagioclase, which is the
second most abundant mineral, was exhausted. The time axis
of this evolution graph is linear. Initiadd major components
were quartz, K-feldspar plagioclase, biotite, orthopyroxene,
pyrite, and titanite. However, K-feldspar and plagioclase
were completely dissolved after 10*6, 10°3 years and biotite
after 1050 years, respectively. Orthopyroxene and titanite
persisted until 1072 years. Instead, muscovite, kaolinite,
dolomite, dawsonite, ss-calcite, and rutile appeared. The final
assemblage mainly comprised quartz, ss-calcite, dawsonite,
dolomite, muscovite, kaolinite, pyrite and rutile. Mgjor
reactions in this system were dissolution of plagioclase,

2
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E V_ Mn — Na
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Evolution of aqueous spices in the Haizume Formation due to
CO,-mineral-water reactions.
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Evolution of major mineral composition in the Haizume
Formation due to CO,-mineral-water reactions.
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K-feldspar, orthopyroxene and precipitation of ss-calcite, daw-
sonite, muscovite, kaolinite and quartz. Initially Al released
was incorporated into muscovite and when K-feldspar
depleted, excess Al from plagioclase precipitated as kaolinite.

4.2.4 Stored CO,

Injected CO, was stored in the agueous and mineral phases.
Aqueous phase storage was mainly in form of CO,(aq) and
minor HCO;™. Thetotal CO, stored in both agueous and min-
eral phases and each mineral evolution are presented in
Figure7.

Approximately 2.0 mol/kgH,O (90 kgCO,/m*H,0) of
CO, was stored in the aqueous phase. This amount was
constant during the simulation. Mineral storage (carbonate
precipitation) started after 8 days (= 10717 years) and
increased up to 21.3 mol/kgH,O (940 kgCO,/m*H,0). Main
mineral phases were ss-calcite, dawsonite and dolomite. The
Zone 2 could store CO, in both agueous and mineral phase
18.8 mol/kgH,O (827 kgCO,/m®H,0) first 200 000 years
and 23.3 mol/kgH,O (1025 kgCO,/m*H,0) at thefinal stage.

25
—— Total storage
—— Mineral storage
20_| | = Aqueous storage
—— ss-calcite
T .
E’ Dawsonite
= —— Dolomite
o 154 o
£ Witherite
N
o
)
- 10
o
]
n
5
O T | I I
-2 0 2 4 6 8
Log Years
Figure 7

CO, stored in the Haizume Formation.

DISCUSSION

Dissolved CO, was stored in both agueous and mineral
phases in the formation. Minera storage of CO, was by pre-
cipitation of dolomite, solid solution cacite, and dawsonite.
The maximum stored CO,, was 23.3 mol/kgH, O, where min-
eral storage 21.3 mol/kgH, O, which corresponded to 90% of
total storage. The mineral reaction enhanced the uptake of
CO, by afactor of 10. The mineral storage capacity of the
formation was high, which reflected the high concentration

of divalent-ion-source minerals of the formation such as pla-
gioclase and orthopyroxene. The Haizume Formation is
therefore an ideal target for mineral storage of CO,,

Na released from plagioclase was assumed to be precipi-
tated as dawsonite. Although this minera has been observed
at limited area (Smith and Milton, 1966; Goldbery and
Loughnan, 1970; Loughnan and Goldbery, 1972), its dissolu-
tion/precipitation kinetics are not well investigated. Until the
complete dissolution of plagioclase by 200 000 years, the
major reactions of the system were dissolution of plagioclase,
K-feldspar and orthopyroxene and the formation of ss-calcite,
dawsonite, muscovite, kaolinite and quartz. K-feldspar disso-
lution and muscovite precipitation was supported by Al sup-
ply from plagioclase dissolution. Precipitation of muscovite
contributed to lower the pH of the system. Plagioclase disso-
Iution released Ca and Na and these elements precipitated as
ss-calcite or dawsonite also removing CO, from the agueous
phase. As K-feldspar concentration decreased, the dissolution
of K-feldspar decreased accordingly and excess Al released
from plagioclase started to precipitate as kaolinite. Muscovite
precipitation sowed and continued until biotite was depleted.
In this time scale, the mineral storage capacity was
16.8 mol/kg H,O.

In this smulation, as the dissolution kinetics of CO, was
considered faster than mineral reactions, the reactions were
modelled between minerals and CO, saturated formation
water. In the red situation, the dissolution rate of the CO,
may be of high importance for a short-time scale.

The surface area was assumed the same as the surface area
6.7 m?/g of the ground sample and a constant surface area of
60 m?/g for clays (chlorite and smectite) and the constant
grain size of 0.04 mm was used to calculate geometric sur-
face areafor larger grains. However, this estimation is proba-
bly too high and more redistic estimation of the surface area
of each mineral is therefore necessary. Since an input surface
area influences the time scale of the simulation (Xu et al.,
2001; Zwingmann, unpublished data) the time scale of the
simulation also contains some uncertainty. A detailed sensi-
tivity analysis will aid to evaluate the influence of surface
area and other geochemical parameters. In addition, the flow
rate of the formation water in the Zone 2 is unknown. Fluid
flow and transport could be an important factor if present an
application of reaction-transport coupled model would be
required under this circumstance. Due to the estimated high
amount of mineral precipitation, it would be important to pre-
dict where and when these authigenic mineras precipitate in
the pore structure.

CONCLUSION
From the preinjection analyses of the Haizume Formation,

Zone 2 in the Uonuma Group was identified as a potential
CO, injection formation target. The sandstone from the Zone 2
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contains significant amount of reactive and divalent-ion-source
minerals such as plagioclase, orthopyroxene, and bictite. There
is also K-feldspar, which is not divalent-ion-source, but aso
reactive in the acid environment. The formation water from the
Zone 2 is low TDS (6100 mg/l) Na*-Ca2*-Cl~- water. Ca?*
concentration is more than 20% of Na" concentration.

The potential major mineral reactions smulated between
formation minerals and CO, saturated water were dissolution
of plagioclase, orthopyroxene and K-feldspar and precipita-
tion of ss-calcite, dawsonite, dolomite, muscovite, kaolinite
and quartz.

Storage of CO, in minerals started after few days and
phases appeared as ss-calcite, dolomite and dawsonite.
Reflecting these highly reactive minerals, the Zone 2 has a
potentia of CO, storage 18.8 mol/kgH,O by 200 000 years
and maximum 23.3 mol/kgH,O at thefinal stage (107 years).
The CO, storage was greatly enhanced by the formation min-
eral despite the fact that the time scale of the smulation con-
tains some uncertainty. Introduction of the dissolution kinetic
of CO, and more accurate estimation of specific surface will
aid to increase the accuracy of the model. If notable fluid
flow is present in the injection target zone the modelling
should be extended to a coupled flow model.
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