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commissioning.

Utube sample lifting control panel. Connection to the |njétion well

Transfer line for the measurement of the patial pressure of the COz and the pH of the water
in the high pressure sample.
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Selected snapshots during the CO:2 injection experiment at Heletz.
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Snapshots during the repair of the injection well at Heletz.
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The overall test sequence of the Residual Trapping Experiment | (RTE I).
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Key parameters of the different parts of the RTE |

Part of test Start time End time Total Average Main
sequence (date and (date and volume rate of Monitoring/
time) time) of fluid injection/ Sampling ¢
injected/ pumping
pumped (Tons/hour)
(Tons)
Hydraulic reference
test
- Pumping 09-09-2016 09-09-2016 24 5.5 P, T, Q, Qtot
10:20 15:30
- Recovery 09-09-2016 12-09-2016 P, T
15:30 9:10
Indicator tracer and
water injection
- Tracer 12-09-2016 12-09-2016 0.0058 P.T, Q, Qtot Qtr,
injection 9:19 9:50 Qrot-tr
- Water 12-09-2016 12-09-2016 11 7.1 P.T,Q, Qtot
injection 9:10 10:37
COzinjection 12-09-2016 14-09-2016 100 2.3 P, T, Qcoz, Qcoz-tot
12:00 8:36
Heating experiment
- Heating 15-09-2016 17-09-2016 P,T
9:00 8:05
- Cooling
Establishing the
residually trapped
zone
- Self 21-09-2016 24-09-2016 P,T, Q, Qtot
Release 11:05 8:00
- Active 24-09-2016 26-09-2016 358 5-7 P.T, Q, Qtot, S,
pumping of 8:00 12:50 TiT
fluids
Hydraulic test with
residually trapped
CO2
- Pumping 29-09-2016 29-09-2016 36 7.4 P, T, Q, Qtot
10:56 15:26
- Recovery 29-09-2016 30-09-2016 P, T
15:26 01:33

P/T: downhole pressure and temperature — continuous measurement throughout the
experiment

DTS: distributed temperature sensor - continuous measurement throughout the experiment
TiT: high pressure fluid sampling with Tube-in-tube (U-tube)

S: low pressure water and tracer sampling

Q: flow rate (water or CO2)

Qut: total cumulative flow

Qu: rate of tracer injection

Qtr-tot: total cumulative volume of tracer injected
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Selected snapshots during e repair of the injection well at Heletz. The upper right picture
shows one of the many holes that were found along the TiT.
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receivers for the
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sub-surface monitoring array.
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Installation of the buried
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VIBSIST-3000 seismic source in the fields at Heletz in December 2017.
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An example comparison of autocorrelation and cross-correlation processing results with
stacked sections of active data sets.
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3D travel time tomography results: velocity depth slices at 20 m, 40 m, 60 m and 80 m.
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KIS tracers — Laboratory setup

Shortcut for Flowmeter
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KIS tracers - Non-wetting — wetting phase separator original setup (left) and filter (right) constructed
to analyze the KIS tracer, acid and n-octane breakthrough curves.
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Down-hole target formation gauges
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Real time display of P/T data from downhole gauges.
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Temperature along the depth of wells
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Figure 4.1: Geometry of the pre-existing faults that are assumed to penetrate from the
reservoir into the caprock.
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Figure 4.2: The fluid pressure (a), temperature (b), and aperture distribution (c) on the faults,
the temperature plume within the reservoir layer (d), pressure profile along a vertical line
passing through faults (e), and the aperture profile along a vertical line passing through the
centre of the faults (f), after 160 years for the case: E = 10 GPa, Tinj = 20°C.
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[mass/mass rate
[ton/year]
CO,at 30°C 7.80 1,000,000
CO,at67°C 8.04 1,000,000

30°C diss?lved

Wy
“

Liquid Mole Fraction C0O2

0.022
0.02

0.018
0.016
0.014
0.012
0.01

0.008
0.006
0.004
0.002

67°C

At end of injection 5 yrs.

Liquid mole fraction of CO2 moles in water to total number of moles of water + fraction
dissolved COs2.
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Comparison of the RTI, STl and TEI for the case of formations with a homogeneous and
heterogeneous k/¢-field when employing (a-c) a 'conventional injection' strategy or (d-f) a
'mixed co-injection and chased injection' strategy. The black line represents the result of the
homogeneous case. The results of the heterogeneous cases are illustrated by boxplots. The
red line indicates the median, the edges of the box represent the 25th and 75th percentiles
and the whiskers indicate the extreme values (outliers not included).
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The residual gas phase saturation (Sgr) in a heterogeneous formation (exhibiting high

trapping) at day 30 from the start of injection for the injection strategies; (a) 'conventional

injection', (b) ‘chased injection', (c) 'co-injection’, (d) 'mixed co-injection and chased

injection’, (e) 'cyclic injection' and (f) 'small WAG injection’.
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Diagram (left) and photograph (right) of the experimental bench ICARE 5 for carbonation
experiments (reactive mineral slurry)

Solidified silica gel in Fontainebleau sandstone (left) and limestone (right).
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Cross-section of 3D X-ray micro-tomogaphy image of Berea sandstone with partial filling of
the pore space by the solgel (white color) that was doped with an X-ray absorbent component
(tantalum).

Figure 6.2: Shrinking observed when gel solidification takes place.
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Figure 6.5: SEM image showing solgel filling the porous of the carbonate sample.
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High resoclution monitoring, real time visualization and reliable modeling of highly co
trolled, intermediate and up-scalable size pilot injection tests of underground storage
co2

At i oD Latast News

Last cansartium measting was haid an 17th and 18th Fabruary 2014 in Barcalona, Soain.

Collaborathve Project
AREAENERGY.5.3!
COISTORAGE
EMERGY.2012.5.2.1:
Sizeabiz pllot tasts Mor
C02 gealogical starags

Owverview

N TRUST aims at conducting CO; Injection experimants
at scales lange encugh =0 that the output can be
extrapHated at industrial scales. It relles on four
- shtes: the heavily Instrumented shes of Helkiz
B [Isracl, main che] and Hontomin [Spain), accoss
B Miranga [Brazil) and the cmerging sibe in the Baltic
| 5ea region. The objectives are to:

Comract Number: 303057

= CErry Ut OO Imjsction with diffsrent strategless, disolaying
charscteristics representathve of the largs soals storsgs and
j| with imaction vaolumes thet will producs swtrapolsbils
regaryalr NESDOnSEs.

General overview of TRUST website.
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Representative photomicrographs of investigated rock samples in both crossed polarized light
(XP) and cathodoluminescence imaging (CL). a/b: limestone (caprock) with calcite matrix
(red) and detrital quartz (non-luminescent) and K-feldspar grains (blue); c/d: fine grained
sandstone (f1) with micritic calcite cement (red to orange) and a single euhedral ankerite
crystal (non-luminescent); e/f: coarse grained sandstone (gl) with kaolinite cement (dark
blue) and illite cement (dark brown rims), calcite cement is missing. The grain to the left
mostly consisting of bright blue luminescing potassium-feldspar is a volcanic lithoclast, the
syenitic-trachytic texture is best noticeable in the XP image. A=sparitic Ankerite (cement),
Q=detrital quartz grain, K-Fsp=potassium-feldspar, mCc=micritic Calcite cement, P=pore
space.
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Visualization of the different types of pore connectivities for the fine grained (left hand side)
and coarse grained (right hand side) Heletz sandstone that have been used as for permeability
tensor modeling based on uCT scans.
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