_ 4‘

Regional Assessment of CO,-Solubility Trapping Potential: Case Study of the Coastal and Offshore Texas Miocene Interval Gulf

Coast
Carbon
Center

Changbing Yang, Ramon H. Trevino, Tongwel Zhang, Katherine D. Romanak, Kerstan Wallace, Jiemin Lu, Patrick J. Mickler, Susan D. Hovorka

Gulf Coast Carbon Center, Bureau of Economic Geology, University of Texas at Austin, 10100 Burnet Rd., Austin, TX 78758

~

Abstract Coastal and offshore Texas Miocene interval Methods

o

Laboratory experiments of CO, dissolution in brine and \

CO, injector This study presents a regional / . . - : : N
0 — . 5 -solubility trapping potential estimation . . .
assessment of CO2-solubility ihe earg’ M"_"%‘?}”e C%rglpr'ses : brine-rock-CO, interactions
500 - trapping potential (CSTP) in the WO WEUges, | e mitdie At the basin- or regional-scale, CSTP in brine ) | .
Texas coastal and offshore Mlocer:je t('MM)I |s|a ; can be estimated according to the following —— CO, solubility in
. . . . . tedliios = 3" Batch reactor .
800 - Miocene Interval, comprising E;%%gi %L?:: d’ c():vaesr '; cquation I brine (mass
> o3 : i9 = .
o lower, middle, and upper elativelv brief period of wuirarne SR fraction) was
= Miocene sandstone. Duan’s e ositign' thepu o Mpgys = f f OE (pLo2x502% — p, X§9?)dxdydz o220 H0Y ... calculated
a S prineaquier - solubility model, was applied to I\/Iigcene (L’JI\/I) depposits o .
0 & solivily GRnping estimate carbon content in brine o late middle topearl ate Mcozv+Mcoal
. . brine reservoir _ CO2V [0)
saturated with CO2 at reservoir . y Sco2 = o
. Miocene record extensive e e : H20" M co2vT M Cozl
conditions. margin offlap: Sensitivity analysis
Three approaches (simple, coarse, and fine) were used to calculate the * The primary targets for CO2 Relative sensitivity of the it ¢« A s_et. of laboratory experiments_ for the range of pressure, temperature, and
CSTP. The estimate of CSTP in the study area varies from 30 Gt to 167 storage In the study area Jrameter 4 salinity were conducted to provide new dataset for testing Duan’s model.
Gt. Sensitivity analysis indicated that the CSTP in the study area is most include the fluvio-deltaic P * Three batches of brine-rock-CO2 mteractions:
sensitive to storage efficiency, porosity and thickness and is least sensitive sandstones contained in the Miooe/ Moot Temperature and total pressure in reactor were maintained at 100°C and 200 bar in
to background carbon content in brine. Comparison of CSTP In our study LM1, LM2, MM, and UM RS; = 5./P. Batch A, 70°C and 200 bar in Batch B, and 100°C and 300 bar in Batch C.
. " " " - - l l - - = -
area with CSTP values for seven other saline aquifers reported in the clastic wedges. The primary Parameters used to assess CO.,-solubility trapping potential
literature showed that the theoretical estimate of COZ2-solubllity trapping sealing intervals are the Enhancement of CO, 37441
potential (TECSTP) has a linear relationship with brine volume, regardless regional transgressive solubility in brine caused by 1606 179.2 0.11
of brine salinity, temperature, and pressure. Although more validation iIs mudrock units; CO,-brine-rock interactions 389.8 174.9 0.45
needed, this linear relationship may provide a quick estimate of CSTP in a * Brine salinity in the Miocene was further quantified with a ooiig 8-8}1‘2‘ Obogg
saline aquifer. Results of laboratory experiments of brine-rock—CO2 interval ranges from 407(_) relative increase in CO, mass 60.7 21 0.068
interactions and the geochemical model suggest that, in the study area, mg/L to 274,000 mg/L, with dissolved 15.8 1.8 0.11
enhancement of CSTP caused by interactions between brine and rocks is an average value of 119,106 1-% 8-823 8-822
minor and the storage capacity of mineral trapping owing to mineral mg/L. Na* and CI- are the two R = Mcozrock=Mcoz « 100 | | |
ipitation i i Vi dominant ions in the brines. - M
Qec:lpltatlon IS relatively trivial. / \\ K coz 0032 0.0052 01 y
a i i Enhancement of CSTP caused by mineral reactions > > %9 Background CO, content " Theoretical estimate of | A
Results and discussion Estimate of CO,-solubility trapping potential s : S P ——— - a2 4  COpsoliltywappng 4
s Z V . @ ‘*;e 295 & _ / 3 © potential (Mtkm?) o
5.E-04 1.6E-03 | ol | R o — ' Y
a. ¢ Meas. b. Mg _ b. %\ 29.0 o g 29.0 ' é 29.0 S 8 290
Laboratory measurements of g " e 5 12603 - } 300 2 o - 8 .. y o . g @’ ' 2 s .
oy e o o g 4.E-04 c ) ' 9 (& 2 o687 © o 0.07 o b 9.00
the CO,-solubility in brine 2 . | e A 2 | 4 2 o / 4 : s 20 4
0.04 a. 0.04 b. g ° 9 > g ® Meas A ’ i £ 27 ' | . EE? - J 5.00
g " LESM 35°C g : ggﬂg M e E&E-M g 4.0E-04 —IVIOd(:Z'|ed g 290 \3660 e " © ::z:: 27.5 ] s 0.03 275 ¥ 3.00
“c‘;é o igjal\:'s model g o i%ja'\r/ll model ; v %28'5 ' ) N 2000 - 975 97.0 -96.5 -96.0 -955 -95.0 -94.‘:i -1:4.0 o -97.5 -97.0 -96.5 -96.0 -95.5 -95.0--;10.272-94.0 27.0 J Ez? 2?'0!- 4 J 100
c_é 0.02 . @ E 0.02 A g 2.E-04 0.0E+00 - , , 1 mile ;2 ig/ 4600 b longitude (degrees) b. longitude (degrees) 975 ;97_0 965 -96.0 -95.5 -95.0 -94.5 -94.0 -97.5 -97.0 -96.5 -96.0 -95.5 -95.0 -94.5 -94.0
g“ /((-/;o/ gv -2 O 0 60 120 180 240 0 60 120 180 240 G&— " B 1600 0o ' W0 longitude (degrees) longitude (degrees)
O 0.01 - o O © O 0.01 5 o 0 0 © time (hours) time (hours) ~ e /W J/ Thick 275 1400 | Temperature (°C) & se5 With CO2 (Q/)::m3) ,,,.(@‘@1*; ‘T;iﬁe
- ‘ _ Ll L 29.5 r ¢ ' ’ >’1 |
0 o — 0 ; —————— 6.E-02 i o Nioas. 1.E-01 is .. Midpoint | L " 27.0 B oo 7 o0 o V ;3: 29.0 6’/ 3007 QOz s_olubility trapping potential 200 (_302 §o|ubi|ity trapping potential
Pressure (Mpa) Pressure (Mpa) = ' — Modeled s —Modt;led _ -97.5 -97.0 -96|.5 -_96(.10 (;195.5 -)95.0 945 -94.0 % = f‘:’j . £ - - in brine (Mt/km?) E=0.184 . in brine (Mt/km?) E=0.69
c. d. T 4E0 T LED2 - q ongttuce (degree S , 152 =2 g @ % o ' -
50.04 : gg/IS M 100 °C ,\0.04 AOM 140 °C ‘E .ﬁ 30.0 30.0 % 280 & & >0 g | 1.0763 %D: 29.0 %\ 29.0
8003 0 34M -é 0.03 = 188 M £ 'E Thickness of the Porosity 03?2 , ¢ :Z 275 &0 e o
= ' —Duan model § ' ©34M g 2.E-02 §1E-[)3 295 Sandinterval (m) S RN 29.5 020 b s 5? | §
go.oz A Y (_20.02 —Duan model S S f—('/,_———rrT_ | % A T o N . 57 - - = 28.5 = 285
< A £ © 29.0 o B =0 o’ Z -97.5 -97.0 965 -96.0 -95.5 -95.0 -94.5 -94.0 975 97.0 965 960 955 950 945 940 E E
8001 - /5/((:/(%?;/ 8N0_01 C.D O 0.E+00 1.E-04 - ; _g) - 700 § g o370 longitude (degrees) longitude (degrees) E 28.0 § 28.0
0 60 120 180 240 0 50 10 180 240 S B8 ) o 2%° o 0.350
0 ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘ time (hours) time (hours) % 28.0 500 % 50 P & 0.330 27.5- 275
O Bssullupa X O Pssueupy 0 Y Comparison of concentrations modeled and measured after o / ’ o0 Sensitivity analysis of parameters to estimation of CO,- | * . *
Experimental validation of CO, was added to Batch B. (Temperature and total pressure in o O N .. ® . oo solubility trapping potential in the Miocene interval 975 -97.0 965 -96.0 -955 -95.0 -94.5 -94.0 oU5 070 965 960 955 950 945 940
y .y . . Longitude (degrees :
Duan’s SOIUblIlty mOde|26, 27 the reactor were maintained at 700 C and 200 bar.) 975 -97.0 -96l.:ng-istaf(.j(; (if;fee-)gs.o 945 -94.0 975 -97.0 -gel.:ng;if:; (;jis;ee-)gs.o 945 -94.0 gitude (degrees) Longitude (degrees)
at various temperature, o - a .
. - > - : : : : Theoretical 1000
pressure, and salinity values 1.0 < 4 CO,-solubility trapping potential estimated with . Miocene Interval
N A batch 2 estimate of CO,-
S SR 5 the three approaches . \
Q 0.8 - . C bateh /\AAAA ?, 3 SOIUb.lhty Viking aquifer —_—
(a) relative increase in CO, E S trapping & 100 | Upper sanduo formation
solubility caused by mineral S e 2 R ettt (4.741.5)x10% (4.7+1.5)x10% (4.7+1.5)x103 0.11 0.0062 0.056  potential : —
. . . . O q_) 0.044 0.044 1.0 (TECSTP) o Utsira formation
reactions and (b) mineralization g g4 3 0.898 0.898 10 e
C02 1n three batch experiments "C:U' g 1 A batch Gt 1.06 £0.76 1.36+0.83 1.35+0.83 ' ' ' versus brine o . /I:I aquiferl‘o .
simulated using geochemical £ 02 g // S Soawn —— R N 0.5 0.5 1.0  volume in seven Lower Yangcheng formation
. = = M . TU. . TU. . TU. riskan rmation
model. Note that the dawsonite = 0 Boh 0.35 0.13 0.37 Storage I Oriskany formatio
%< | | () - . - Y- b
e e . 0¢ ¥ 0 200 400 600 formations 2_ 0.
pI’€C1plt?f[10n IS. assumed in the T(i)me afterZCOg was :gged (hoSrOs()) Time after CO2 was added (hours) Gt 167+55.4 168+55.6 166+55.3 0.907 0.0 0.0 reported in 1 088 .
model simulations. 2 Mt/km? 447+1.48  4.48+1.49  4.45+1.48 P 10 100 , looo 10000
K htera‘[ure Brine volume (Km3)
\ _

“ Yang, C.; Trevino, R. H.; Zhang, T.; Romanak, K. D.; Wallace, K.; Lu, J.; Mickler, P. J.; Hovorka, S. D., Regional Assessment of CO2-Solubility Trapping Potential: A Case Study of the Coastal and Offshore Texas Miocene Interval. Environ Sci Tech 2014, 48, (14),
8275-8282.Wilkin, R. T. and DiGiulio, D. C., 2010.

Wallace, K. J.; Meckel, T. A.; Carr, D. L.; Trevino, R. H.; Yang, C., Regional CO2 sequestration capacity assessment for the coastal and offshore Texas Miocene interval. Greenhouse Gases: Sci. Technol. 2014, 4, (1), 53-65.

Dilmore, R. M.; Allen, D. E.; Jones, J. R. M.; Hedges, S. W.; Soong, Y., Sequestration of Dissolved CO2 in the Oriskany Formation. Environ. Sci. Technol. 2008, 42, (8), 2760-2766.

Duan, Z.; Sun, R., An improved model calculating CO2 solubility in pure water and aqueous NaCl solutions from 273 to 533 K and from 0 to 2000 bar. Chem. Geol. 2003, 193, (3—4), 257-271.

Bachu, S.; Bonijoly, D.; Bradshaw, J.; Burruss, R.; Holloway, S.; Christensen, N. P.; Mathiassen, O. M., CO2 storage capacity estimation: Methodology and gaps. Int. J. Green Gas Con. 2007, 1, (4), 430-443.

L)

Acknowledgements/. This study was funded by the U.S. Department of Energy’s National Energy
Technology Laboratory under DE-FE0001941 and also partially DE-FC26-05NT42590 through the
Southeastern Regional Carbon Sequestration Partnership’s Phase lll research project, and managed
by the Southern States Energy Board. In addition, the Study was funded by the Texas General Land
Office, which provided monetary support under GLO Contract No. 10-205-000-4100.

e

%

e

*%

e

*%

e

*



