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1.Introduction. 3. Sampling 5. Results
Sampling gases and fluids during deep CO, injection is challenging, but yields . 25000 2500
important information on deep subsurface processes. During an engineered CO, ’w‘sa 20000 2000
injection at Cranfield, MS, samples from 2 observation wells (~3000m depth) were
continuously collected over 30 days using a pressure-loop U-Tube sampler and 15000 1500
analyzed by gas chromatography. The target oil and gas reservoir has hydrocarbon- % §°
rich brines (93.6% CH,, 3.9% CO,, 2.2% C,Hg, 0.24% C;H,, 0.061% He), while the § 10000 1000 5
injected gas is similarly complex, (2.36% CH,, 97.4% CO,, 0.21% C,H;, 0.007% C;Hg, .
0.005% He). A gas mixing model with these two end members and He to calculate ey o0
mixing fractions during the course of CO, injection was used to characterize the Surface Part of the U-tube sampler o . Lo
origin of the sampled gas during the observation period. Mixing of gases from L P \@9 o S & & @ N
heterogeneous CO, invasion, assumed to occur, 1) during transport of the CO, plume Schematic of U-tube Sampler (Source:222?) i i & e I A
to the _obsgrvatlon wells dqe to aq_mfer heterogeneltles_, gnd 2)in the wellbore during g Fig. 5. Observed gas compositional change in observation wells in the course of CO,
§amp||ng, Is one of the main physical processes. Dewatlops from the quel may Sampling Procedure A a0 injection. CO, and CH, versus He ratios suggest an initial source, then depletion of CH,.
identify chemical processes between injected and reservoir gases and brine. %
Prior CO2 plume arrives at the 10 100
observation well, N2 gas is used to o
lift water samples; B . E -
+  After CO2 plume reaches the i LR e o' s
2. Bac kg round ﬁft::zrvauon well, CO2 will be self E ) ;2.. o e
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Cranfield unit operated by Denbury by Denbury 4.Mxing Model . P T o W @ & @ W
-} Resources East — 2
Mississippi Rive e 5 of Natchez, ) ] ] . T
Matchez — Mississippi Assumption: Gas sampled from the U-tube Sampler is a mixture of gas injected and 03 ~ o F2
Mississippi _,._./;' gases extracted from brine. This mixing process occurs when CO2 plume moves from o025 : « F3
the injection well to the monitoring well, as well in the borehole of observation well. 302 2
Such mixing process is caused by heterogeneity of the resveroir. Bois E
= *
8 ot .ggmm"h:b'--w_ W . .
Observation wells 4 . * & : Mﬁr
CO, injection well » .
F2 F3 . + . 1 T T g J
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| Measured €3 Measured €2
c \ (33000 " ‘”‘I’"‘ - N : Seal Cap Fig. 6. Enrichment of hydrocarbons shows that CO,/brine interaction occurs in subsurface aquifer
‘{1'_’1 ;:‘T:Z:;e";‘gﬁ Ty WO g | reservoir. The unit of measured and calculated gas concentration is in % mole volume.
Strong water drive R [rre—
Returned to near initial pressure . s
eceticR: pieEntaloat Estimated values from the model were plotted against measured values. Deviations from
. o § . X ) the 1:1 line indicate a loss or gain of the gas in question. The gas mixing model accounts
"\:/:9' & |P|Io(§ |g]ectlor'1_‘set al: the Cranfield Site. Figure by Tip Brine SS aquifer for variability in the two end member components such that chemical processes in the
eckel and Susan Hovorka reservoir can be distinguished.
Injected CO, preferential path
Cranfield Geometric Overview
1 B Cranfield is part of the _\"; ] || 3 6. Conclud|ng remarks
Upper Cretaceous _ - Uhce Contats Urie
Tuscaloosa-Woodbine CO, and CH, versus He ratios indicate that there is initially a source of CH,, which is
Essisnii Trend of the Mississippi Salt | ) ) depleted. Preliminary mixing models suggest that measured concentrations of
e Basin f . 42 meters ! CO, and CH, deviate slightly from modeled values compared to deviations for C,
meters and C,. Measured CO, is slightly lower than modeled values indicating dissolution,
gt | = "-'-’-*Q"'Q!—— Two end members are considered in the mixing model: injected gas and gas extracted \;vrzl l:n(r:i}:?]gg?ﬁfﬂteraggnshzr:eﬂﬂ?:y 2ghﬁralnn5dlgi“§3;%gﬁqh ml’ﬁgtl"nio:]itgé:[;? Cs
{3 from the brine. Based on a conservative component, He, mixing ratio is given by ) gas p ) 9501 p . 9
= enrichment for hydrocarbons increases with from C, to C,.
E s B co-c? cocr e are concentrations of He measured at the
g e 5 “Cc'rch n o nen observation well, injectate, and brine
2 n n franges from 0to 1 o
H [ — ; S ) ) .
B Then with this mixing ratio, concentrations of other gas components 2:::;‘;‘“’@"-3%?;jlrg‘fr‘"zr’"";e"‘°' IACKSON
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Fig. 2. Figure courtesy of Tip Meckel and Susan Hovorka auihonzedGby t‘he Director, Bureau of
Economic Geology.
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