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Background: motivation

Granite sample from EPS 1 Soultz, France
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Geothermal Energy and Geo

Background: fluid-rock reactions

/I\/Iineral dissolution / precipitati(h / Property alterations \

(a) O Exp. 1: 1 ml/min
T S

- Pore structure

- Pore size distribution
- Porosity
“ - Permeability
- Flow field
- - Accessible surface area
3 - Reaction rates

i, " ‘ = - Reservoir productivity/injectivity
Luhmann et al., 2014 Luhmann et al., 2013
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Background: an exploration with CO, ?
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Dissolution
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[ Mineral reactivity in CO,-bearing solutions ]
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Outline

= Sample characterization
= Mineralogy analysis

= Effective surface area estimation
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Sample characterization:
Laboratory measurements

Piece

* Hg porosimetry

Core
* Flow-through

» X-ray fluorescence (XRF)

.+ X-ray powder

™ experiments
. SEE)T —_ Vydmantal . Porosity
uCT(~1 um) Lithuania 3D uCT(~10 um)
Fusion bead 35 um thin section

* Microscopy
+ SEM-BSE/EDS image

Fine powder

diffraction (XRD)
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Geothermal Energy and Geofluid

Sample characterization:

Thin section:2.8 cm x 2.2 cm

SEM-EDS image, colour coded by "‘“"{3:‘\;/. :

mineral (11.37mmx 8.34.mm)

¥

3 Ok - - o R i
B Quartz Dolomite [] K-feldspar [l Kaolinite [] Muscovite [] limenite
(Maet al., in preparation)

XRF+XRD SEM

Mineral Average chemical formula vol.% vol. %
Quartz SiO, 47.65 45.53
Dolomite CaMgg 77F€p.23(CO3), 12.36 12.22
K-feldspar  KAISi;Oq 11.82 9.93
Muscovite K gsNag 15AL(AISi;O40)(OH), 5.38 4.76
Kaolinite Al; 6Si, 105(0OH), 0.91 5.64
limenite Fe,TisO4, 0.23 0.27
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Sample characterization: Stereological bias

v' Porosity: - Heliumpycnometry: 21.9%
- SEM-BSE image: 21.7%

v" Pore size distribution
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. Pore size distribution analysis from 3D
Pore diameter (nm) CT image (1.1 um)

(Maet al., in preparation)
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Geothermal Energy and Geofluid

Sample characterization: surface area estimation

v' Specific surface area (SSA) Surface roughness?
- BET (N,@77.3K): 1.447 m%g
- SEM-BSE image: 0.031 m?/g

. SEM-EDS image ¢
* Resolution: 2.4um !
N ML P S N g, % 1 ’ {

B Quartz [0 Dolomite [] K-feldspar [l Kaolinite =[] Muscovite [ | limenite
(Maet al., in preparation)

Institute of Geophysics, Department of Earth Sciences JinMa | 05042018 | 11



Geothermal Energy and W

Sample characterization

m _ Volume Effective
Chemical formula fraction (%) surface area
(m2/g)
Sio, 4553 0.07
B cooMoorsFeos(COs) 12.22 0.06
KAISi;Og 9.93 0.01
Ko sMgFeq4Al 5(AlSiz010)(OH), 476 0.06
m Al £Si» ,05(OH); 5.64 1.24
| limenite | TisFe,01, 0.27 0.005
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Outline

Reactive flow-through experiment

= Permeability evolution

= Dolomite dissolution
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Reactive experiment: set-up

Recycling (RC) experiment: approaching equilibrium

Flow rate:
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25.4 mm

Central control system

<4 39mm —p

[Monitor and controls for pumps (flow
ate) and pressure gauges (AP)
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Duration: 10 days

Total cycles: 137
Total recycled volume: 16.7L
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Reactive experiments: permeability evolution

Darcy’'s law: k = QuL/A AP

500 50.0
400 % 30.0 A Aft errea Ct iO n.
300 < 100 AA...- Porosi ty : 22% — 25%

s 9 Permeability: 356 mD — 121 mD

Permeability (mD)

200 Flow rate (ml/min)
w Pore volume increase: 0.674 ml
100 Total dissolved mass: 0.559 ¢
) Dissolved dolomite. 89
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Time (h)

‘ —During experiment @ Before experiment A After experiment

(Maet al., in preparation)
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Reactive experiments:

mineral saturation state

Mineral saturation indices of inletfluid sample,

calculated using Geochemist's Workbench:

Kaolinite and muscovite are over saturated
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(Maet al., in preparation)
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Negligible precipitation:

» Dolomite and K-feldspar are under-saturated.

* Chemical simulations imply that kaolinite is
more likely to precipitate than muscovite.
Once kaolinite precipitates, muscovite will
become under-saturated.

+ Al+++ and SiO,(aq) concentrations stabilize
quickly.

* No obvious Al+++ and SiO,(aq) concentration
difference between the inlet and outlet fluids.

+ Estimated maximum kaolinite precipitation:
0.012 ml= 0.27% porosity decrease.
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Outline

Conclusions and future work
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Conclusions and future work

Dolomite dissolution leads to porosity
increase.

However, permeability decreased
during the reaction. Due to fine
migration? But we did not find any
particles in our outlet filter.

Our  chemical results indicate
negligible mineral precipitation.

Pore volume increase is more than
the volume of dissolved dolomite,
suggesting that ‘isolated pores’
became accessible due to dissolution.
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Thank you! -
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