SAND2016- 2114C

Chemically Induced Changes in Strength of Reservoir =~ '"""°

Sandstones at Carbon Sequestration Conditions Naton

National
Charles Choens’, Tom Dewers', Anastasia ligen?, Nicolas Espinoza?, Peter Eichhubl?, Joshua Feldman’ raborgtories
1. Sandia National Laboratories, Albuquerque, NM. 2. University of Texas, Austin, TX

CFSES

CENTER FOR FRONTIERS OF SUBSURFACE ENERGY SECURITY

U.S. DEPARTMENT OF Ofﬂce Of

'3 ENERGY Science

Introduction Failure of Porous Rock Experimental Plan Collaborations

e . . , . . S . 1. The effect of humidity of supercritical CO, on shear fracture. q 3 e After the Brazilian tests have been performed on reacted and unreacted rocks, the
Carbon Capt}lre, [.Jtll.lzatlon, and Stor'age.: (CCUS) has been 1.d.ent1ﬁed s a potentlal. tool to offset Reservoir production and injection causes changes in stress, Samples will be deformed in triaxial compression at a range samples will be sent to Nicolas Espinoza for further mechanical testing.
anthropogenic emissions of carbon dioxide (CO,) to help mitigate the effects of climate change. resulting in poroelastic response. Changes in pore fluid pressure of low confining pressures. Samples will be deformed dry )i * Results will be used to verify elasto-plasticity of IPARS simulator of Mary Wheeler
The goal 1s to capture CO, emissions from large emission single point sources and to inject the q (Pp) can change the effective pressure (Pe) in the reservoir even at room temperature to establish the Mohr-Coulomb
emissions in the ground. The injections can be used to enhance oil recovery, where some CO, fag‘,{,ffe lope though the far field vertical and horizontal stresses remain envelope. Samples will then be reacted with supercritical
would be produced with the oil, but some remain in the reservoir. CO, could also be stored long 1\ t2 unchanged. The effective pressure is the pore pressure subtracted CO, at different humidities for 24 hours at 70C and 2000 4 u
term in depleted oil and gas reservoirs, as well as saline aquifers. CO, would be injected as a y Sffiaiis' 3 o from the far field stresses. For experiments, effective pressure is PSI. Samples will be deformed in triaxial compression. p, P C O n c I u S I o n s
supercritical fluid into the reservoir and allowed to migrate throughout the subsurface. * the difference between confining pressure (Pc) and pore fluid
Supercritical CO, is less dense than water, and would rise shallower from buoyant forces. The p pressure. Effective axial stress (c,’) is the difference between the 2. The effect of supercritical CO, saturated water on tensile strength.
supercritical plume would be stored for the short term by trapping against an impermeable axial stress (c,) and the pore fluid pressure. Discs of Boise Sandstone will be reacted with water and CO, at 2000 PSI and 70 C for 5 days 1. Preliminary results from experiments demonstrate the expected behavior for the low
stratigraphic layer. Over longer time periods, CO, would be stored through dissolution and The behavior of porous. eranular rocks is pressure denendent in a stirred reactor. Water samples will be sampled throughout the reaction to monitor changes effective pressure regime. The dry experiments at three different confining pressures
disassociation into the subsurface brine. CO, dissolved in brine would chemically react to . Low Pe regi P L ’ gl d. dilatant hp fract P d b 4 by Mohr-Coulomb in fluid due to chemical reactions. After the experiment, the reacted discs will be used for form a linear relationship as expected for the Mohr Coulomb regime.
dissolve and precipitate minerals for permanent storage. SIS, Lo s (R SIS A Ceoibet by MO Brazilian tension tests to compare against unreacted tensile strength. 2. Th imental t d in the study h h t d liable and
precip p g envelope. Increasing failure strength with increasing Pe. : e experimental apparatuses used in the study have shown to produce reliable an

. ' ' ' ' o . , , reproducible results. Repeats at the same confining pressure have shown similar failure
In.te.r granular c;rackmg, breaking cemented boundaries, grain boundary 3. The effect of humidity of supercritical CO, on compaction band formation. P : P S PIE3SH
sliding and grain rotation S | 11 be dof din triaxial ) . fhioh Fin strengths. This holds true for results between the two triaxial core holders.
AMPIEs Wi D¢ CCOTMEC TN iaxial COMPTession dat 4 Tange OLAISh LONTMNING PIESSUIES. 3. Water saturation and elevated temperature does not change the strength of Boise

Samples will be deformed dry at room temperature to establish the elliptical CAP. Samples

will then be reacted with supercritical CO, at different humidities for 24 hours at 70C and 2000 sandstone.  As expected from previous work on quartz sand packs, failure in the Mohr

Coulomb regime is independent of temperature. Furthermore, the fast strain rate used

* High Pe regime: Distributed, compactional cataclastic flow described by
elliptical CAP. Decreasing failure strength with increasing Pe.

Shale Caprock

e ¥ | - et * Fracturing of grains initiating at Hertzian contacts, porosity collapse, and PSI. Samples will b-e deformed iI} triaxial cfompressi.on. Acoustic velocities will be measured in the experiments also make it unlikely to see changes in strength in the absence of
‘ ) h § Brlne pH , g0l 8 & » P M pse, throughout the experiment to monitor chemical reactions and damage development.  expetin Y & &
onditions .. \ | grain rearrangement chemical reactions
% . 4 The effect of supercritical CO. on hvdrostatic consolidation. 4. At this early stage, it is unclear if the increase in strength from supercritical CO,
SCC 02 \ S ' prec:pltatlon RouT ; §§ | .' * Transitional regime: Combined distributed deformation and localized Samples will bs deformed at kzlydroztatic pressure and elevated pressure. Samples will be held saturation is real. It could be the result of dilatancy hardening, or incompatibilities of
éfQ‘ > 5 55 > - d.eform.atm;llbands.d Ef‘uilure strenﬁth .roughlg/ dconstant with increasing Pe. at a set hydrostatic pressure and allowed to creep. Samples will be initially dry, then different the jacket material with CO,.
\J 4 gasgaution Mix ot low and high Pe mechamsms of damage fluids will be flowed through the sample and allowed to creep to steady state.

‘.~ - e . . . . .
< e W8 Y g * Hydrostatic Consolidation: Porous granular material can deform by hydrostatic
pressure alone for distributed deformation.

 Fracturing of grains initiating at Hertzian contacts, porosity collapse, and P r e I i m i n a R e s It s I m m I n e nt Wo rk
The goal of this project is to study the changes in strength of a reservoir sandstone due to the grain rearrangement ry u

presence of supercritical CO,. As the plume of supercritical CO, interacts with the in situ brine, Differential stress (q) and mean stress (p) vary with position and time. Injection into a
it changes the chemical equilibrium and can cause chemical reactions that change the strength of reservoir increases the pore fluid pressure, decreasing the effective pressure. Differential Dry, Room Temperature 1. T. Dewers has begun measuring ultrasonic waves of Boise sandstone during loading and
the reservoir. The sandstone used in this study is Boise sandstone, an analog for Tertiary stresses are unaffected by changes in pore fluid pressure, so the resulting stress path is a 12000 ' ' ' ' failure at dry conditions.
sandstones in the Gulf of Mexico. Depleted offshore reservoirs represent a potentially large horizontal line. The stress path for the reservoir would move towards lower pressures, and —Z:?ggUPEISIP ;c 2. The chemical reaction experiment has been completed and the fluid samples and the
volume for storage with proven sealing capabilities. The pressure and temperature conditions could possibly intersect the failure envelope, most likely in the low effective pressure regime.. . ~10000 + R - 1500 PS| Pc analysis will be performed by A. Ilgen when new equipment is installed in March. The
for pore fluids utilized in these experiments, 70°C and 2000 PSI are chosen to ensure One concern for CCUS is that the chemical reactions between the reservoir rock and the Sample of Boise sandstone were E A reacted discs will be deformed by the end of March.
supercritical CO,. Different humidities are used in the experiments, from 0% to 100%. This is injected CO, could change the failure envelope. Weakening reactions could cause the failure defor.n.led dry at rqom temperature N 8000 s . 3. Testing the effect of different relative humidities of water in supercritical CO, will start
designed to simulate the conditions at the edge of the supercritical CO, plume as it interacts with envelope to collapse, causing failure at in situ pore pressures. Failure is most likely in the high conditions at confining pressures of = at the beginning of March.
in situ brine. Samples will be reacted with the fluids for 24 hours and then deformed to quantify effective pressure regime, causing compactional behavior that could induce subsidence and 500, 1000} and 1500 .PSI'. Sample v 6000 _
changes in strength due to chemical reactions could disturb the stability of the caprock. strengt.h increases  with increasing -f_—E
AR E 4 m confining pressure. The stress and S 4000 ]
L a b o rato ry F a C I I I t I e s strain  failure is consistent with g . .
_ published values. = B I b I I O g ra p h y
: — : Effective Pressure (MPa) Previous work on the hydrostatic 0 2000 |
| 39 2 20 200 consolidation  of quartz sand bas 0 7 7 1. Atkinson, B. K. (1982), Subcritical crack propagation in rocks: theory, experimental
32 flemf)nstrated that grain crushing behavior 0O 001 002 003 004 0.05 results and applications, J. Struct. Geol., 4(1), 41-56.
> is highly dependent on temperature and Axial Strain 2. Choens, R. C. (2015), Predictions of induced brittle failure in conventional and
N8 . 531 strain ra.te. Changes in either temperatu.re unconventional reservoirs
;?f '.7 L., - O or strain rate have small effegts in 1000 PSI Pc 3. Chester, F. M., J. S. Chester, A. K. Kronenberg, and A. Hajash (2007), Subcritical creep
7% A7 0? reducing the pressure necessary to induce 12000 ' = 5 RI - ' compaction of quartz sand at diagenetic conditions: Effects of water and grain size, J.
Y //ﬁ | = o 30.- grain crushing, but changes in both ] WWE ?;T e 70C Geophys. Res.-Solid Earth, 112(B6)
¢/’ N ~§§\,.§Z‘ O | temperature and strain rate  have Sample of Boise sandstone were g 10000 | . Coa2erSaE|:Jartae: %’DC - 4. Karner, S. L., A. K. Kronenberg, F. M. Chester, J. S. Chester, and A. Hajash (2008),
7& ;g §§ CICJ 20 . pronounced effects. These are important deformed at 1000 PSI effective iy ! Hydrothermal deformation of granular quartz sand, J. Geophys. Res.-Solid Earth,
Z& 18 \ / O . .,‘ consideration for extrapolating laboratory pressure at three different conditions: @ 8000 . 113(B5) | | . .
] éé& -L \li S 1>200C experiments to predict stability at geologic dry at room temperature, saturated s 5. Menende.z, B., W L. Zhu, and T. F. Wong (1996), Micromechanics of brittle faulting and
\ X 28 . Choens, 2015 Vi ': time spans. with deionized water pressurized to B 6000 | M T ] cataclastic flow in Berea sandstone.:, J. Struct. Geol., 18(.1), 1-16. |
L_x* % __§ 2000 PSI at 70°C, and flowing CO, at T | 6. Zhang, J. X., T. F. Wong, T. Ya.nag.ldam, and D. M. Davis (1990b), Pressul.*e—lnd.u@d
13 § = \ [OV— OH] (MPa) 2000 PSI at 70°C. There is little S 4000 |4 ] m1cro.cra.ck1ng.and grain crushing in Berea and Boise sandstones - Acoustic emission and
&\ﬂ o I‘§— 0 0 40 60 strength difference between the water E‘ .- quantitative microscopy measurements, Mech. Mater., 9(1), 1-15.
_m 0r — saturated sample and the dry sample. "5 2000 |
: j\ INNIN Previous work on the triaxial compression of ~ — - B Data- RoomT The CO, sample 1s noticeably .
O e MO Poton i N quartz sand has demonstrated that the 02: ® Data- 150°C ] l stronger. 0 N . 4 .
ivision of Core Laboratories ivision of Core Laboratories ewport Scientific, Inc. temperature dependence is ressure ‘ | B Data . IS %0 - i
Triaxial Core  Holder: Ultrasonic Co.re Holder:  Hydrostatic | Reactor: depgn dent. At hiI;h effective pressfres, the = 20 | Data - 225 'C 0 0.01 E;i]:l S&;ﬁ 0.04 0.05
Capable of independent Ca.pable Of~ ndependent Capab@e of independent behavior is dependent on temperature, where  * "4, Faulting 12 C:ﬂ This work was supported as part of the Center for Frontiers of Subsurface
axial, confining, and pore axial, confining, and pore confining and pore increasing temperature causes decreases in Qr 40 - : T 12000 | | | c q . pPp - g R L Centen fmded bo the U S
pressure. Capable of flow pressure. Capable of flow  pressure. Capable of flow failure strength. At low effective pressure, .- . 113 = Dnergy ecurlfyfgan neg;f}; mnflesr : esear]cg . efizef un Se Dy the d -
through. Rated to 15000 through. Ultrasonic  through. Elevated the behavior is independent of temperature. = ] & : — Aepagtment bo el 111016 40 CICNCE, Dasle BRCIEy SCletees undet
PSI. Elevated temperature transducers measure P and  temperature provided by s 00 [ 4 c ;Ff;erfiﬁ;r;:trefgfil S fgr ﬂllienetgiee 1(1'1:12 & 9000 | / ] e Rumber DESEO |
E:;:elfsed by /_j{extemal tsem;eei;)tclﬁlees.provilcgileeclvatgg E)e(;etrerllt?(li ;Zgii ratIi_IIigg.eSt ifl?lceesriis mV(()llVltng griln ; cracl;mgt ar;’ g _(;%' between mean stress and differential % Sandia National Laboratories 1s a multi-program labor?ttf)ry managed and
external heaters remperature and straih rate dependent, and -« 20 | 15 & stress. The water saturated sample = operated by Sandia Corporation, a wholly owned subsidiary of Lockheed
. increases in temperature and decreases in 5 [ 17 agrees with this relationship. The CO, ) 6000 + - Martin Corporation, for the U.S. Department of Energy's National
e Parr Reactor  Stirred strain rate magnify the effect because of the b= - ] :7?- saturated  sample  follows this S Nuclear Security Administration under contract DE-AC04-94A1.85000.
o . Also used in this study: greater contribution of sub-critical crack © i ~4 6 = relationship as well <
reactor for mixing of fluids XRF, ICPMS, Load press growth. Processes involving slip between f 100 i i ~ P ' E‘ 3000 L
at elevated temperature and ’ ’ grains are independent of strain rate and “é - 17 A o Dry, Room T
PIESSUIC. Elevated temperature because frictional processes are 0 [ Consolidation ] o Water Saturated, 70C
temperatures  provided by generally insensitive to these variables. 2 120 [ Extensi : ) | _° COZ Saturated, 70C
external heaters. et xtensional basin 18 0
p aa | | 0, (=0) >(0,=0,=P ) ) 0 3,000 6,000 9,000 12,000
Pare Instrument Company TP ——— Mean Stress (PS)

After Karner et al., 2008
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