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1- How does CO, alter the geomechanical properties of rock over long time scales, Fracture mechanics parameters, the fracture toughness (K ) and £ 0% - _ T e cotered -
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fracturing or capillary failure of reservoir and seal rocks altered by natural, long-term b. Capillary failure We evaluate _Whether CO,-related alteration affect these 2 frosts 4 of teste yet it measurably impacts fracture toughness. Field shot on right.
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Fracture mechanics testing using the double torsion method was performed on a 1- Chqragzterize a range of rocks naturally altered by CO,-water-rock interactions over Lipdrgf?:g;raetgryd;g;%?tl:gt;so;naclltﬁﬁte'22;2? what can be measured . K, >Cl _—
suite of naturally altered and unaltered rocks exposed at Crystal Geyser. Fracture geologic time scales: XRD, stable isotopes, petrography Fracture toughness describes the ability of a material containing | i sandstone

Evaluation of changes in the coupled chemical and mechanical properties of
reservoir and seal rocks is critical for ensuring both short and long-term security of
Injected CO,. Natural analogs are advantageous for understanding these properties on

toughness measurements demonstrate that CO,-related alteration has weakened one 2- Measure and compare fracture mechanics parameters: fracture toughness (K ), a crack to resist fracture, or in other words, the fracture toughness is o T L [ Intensely
reservoir sandstone unit by approximately 50%, but did not affect subcritical index. In subcritical index (SCI) the stress intensity required to initiate new fracturing. - \>\ \ €O -altered
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COﬂtraSt, the fraCture toughneSS meaSUI’Ed Of a Weak, pOOI’ly—Cemen'[Ed SandStone unit 3- Measure and Compare Seal/ﬂow properties: mercury_intrusion Capi”ary pressure Subcritical crack grOWth may be an important mechanism for and |
control on fracturing in reservoir and seal units at Crystal Geyser and . - — ——\\\% mented) | CO,-related alteration characterized by slight increases in calcite, which
fault-perpendicular transect show relatively low capillary seal capacity nearest the A piere faum at the fracture tip. The subcritical crack index, n, is the exponent in Summerville Em Siltstone summerville Siltstone summenville Siltstone (11 Altered Summerville Siltstone
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was increased due to enhanced calcite cementation, and a similar effect was observed analysis (MICP) ‘ \
fault where CO -alteration is most intense. Seal capacity increases by nearly an order | Crystal Geyser the power law relationship below and describes the velocity sCl
of magnitude where measured bulk calcite is highest then gradually declines laterally . o dependence of fractures propagating under subcritical conditions: | X i o
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Mercury intrusion capillary pressure (MICP) analyses on shale from a San Rafael Swe controlled by stress corrosion, which is related to chemical reactions
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This study demonstrates that CO_-water-rock interaction driven by changes in the
geochemical environment have significantly changed rock geomechanical and flow
properties over geologic time scales. Alteration and dissolution of grains and cements I I where
In reservoir and seal rock can potentially lead to leakage by favoring fracturing and/or Cedar Mountain Formation | 106.150 V : fracture propagation velocity

lowering capillary seal capacity. Alternatively, where CO_-rich fluids drive significant Morrison |_Brushy Basin Mbr_| 240420 | K, : mode-I stress intensity factor, crack
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o CO, alteration in siltstone characterized by increase in amount of clays
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ubdfitical growtl o B e T o B T (illite-smectite). This alteration also decreases fracture toughness.

# of tests # of tests

=

Log Crack Velocity

JURASSIC

o [ Summerville Formation 100-400 & : SCi
____ Curtis Formation 130-230 ¢ 1 . )
seal capacity increased. ot S o470 (fracture toughness) Log Stress Intensity Factor | T Srtored ol
\\\\ \ . Carmel Formation 220-300 i A . ad pre'exponentlal Constant K*I = stress corrosion limit . . shnaaleere mQtz
, Page Sandstone 0-80 : . K = fracture toughness . i m Feld
RIGHT: Block diagram of Crystal Geyser field | i e b Tog(e'?[\:;lrnSt%ne’sle9 iégrivﬁgig rrjsl?\itd\r/)e been shol\clvn to control the o : = (comented) oo
site, Utah. Geology constrained by mapping After Hintze & Kowallis, 2009 ’ 8- | shale (1) - other

. : UTAH _ . geometry of emerging fracture patterns, such as fracture o
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P lculated at madalpore e === XRD data stron suggests that the alteration at Crystal Geyser Is related to _ = _ _ _ _ L
(Pe) calculated a st i TN Y U9 Y 4 o CO, alteration which is characterized by mineral dissolution and precipitation
of secondary clays can weaken rocks to fracturing by up to 50% in sandstone
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The flow properties, permeability, and seal capacity of seal | rollover point bl interaction with CO_-rich fluids, but weathering reactions can also effect rock
o CO, alteration which is characterized by precipitation of carbonate cement

g transect location.
rocks such as shales may change due to CO_-water-rock Weting Phase Satwration (%) b mineralogy in similar ways. Stable isotope data can help confirm that the rocks at
. . . . Pore Volume (%) Pore Volume (%) Pore Volume (%) - -
interactions. Coupled chemical-mechanical effects have Crystal Geyser are effected by CO,-water-rock interactions. . . .
. . . . Mancos Shale Transect can increases K . in shale samples by ~30-50%
Implications for long term storage and injection scenarios. _ o , .. o
Decreases in seal capacity over time due to alteration may lead to Pc vs. distance from fault (CO, alteration intensity) _ _ _ e Permeability & seal capacity :
leakage. Conversely, alteration that leads to precipitation of new shale Strong spatial trends in seal capacity correlate o Intense alteration lowers seal capacity of shale by nearly half an order of
mineral.s may increa;se seal capacity, enhancing storage security Wlth| pulk cajeite Eonftenlt. Sheal C(fi||oamt)'/ g : : magnitude through dissolution of grains and cement
o ’ ; 7 Shale owest near the fault where alteration Is = o Enhanced precipitation of carbonate cements in shale increases seal capacity
MICP analysis is a standard approach for measuring capillary
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entry pressure (Pe), permeability (k), grain density (p), and pore Y

Shale highest 5-25 m from the fault where bulk CO alterati nificantly i . hilitv in all lithologi
aperture size distributions of fine-grained rocks such as shale. “background" calcite content is highest 0 , alteration signiticantly impacts permeability in all lithologies
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where Pe is capillary entry pressure (in Pa), y is surface = _ '('Eﬁ-cakc rgggg?" following the bulk calcite trend o o calcite slickenside in Mancos L . .
: : : : : : J Seal capacity is reduced where alteration is . Subsurface CO, injection and storage involves inherently coupled
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. ' ' | - most intense and higher where CO_-alteration & chemical-mechanical processes
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Sambles were taken from a fault-nerendicular transect in the Distance from Fault (m) %, has driven precipitation of calcite. SEM images ackgroun . Diagenetic reactions affect fracture mechanics properties and matrix flow of
M pSh | d bulk .. PETP d usina XRD % (BELOW) confirms that mineral dissolution and 60 80 100 120 140 160 reservoir and seal rocks
ancos shale and bulk composition measured using : Capillary entry pressures (a to seal capacity) and bulk calcite content precipitation has altered pore networks in the Distance from fault (m) . Comparable chemical reactions can also affect reservoir and seal rocks in EOR
plotted against distance (alteration intensity) shale, changing its flow properties. operations, wastewater and CO., injection because fluids are out of chemical
N 3 B 4 B Stable isotope data of shale samples taken from a fault-perpendicular transect at the Crystal equilibrium with the host formétion
-calcite + clay matrix - | | clay # -calcite replaced clay matrix [} -detrital quartz, feldspar, carbonate grains -small, open pores visible ' Geyser field site. Elevated 613C values are indicative of CO,-related alteration. Background

-evidence of dissolttion | ' -few, small pores @ -open pores . -detrital and authigenic grains (e:g. pyrite) samples plot near 0%. (PDB), as expected for a marine shale. Scatter Is greater in |
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