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4 Background

For the conventional industrial-scale CO, injection in saline
formations, pressure buildup can limit storage capacity and security.
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For the conventional industrial-scale production of fluid resource
underground, severe pressure reduction may bring in unwanted
effects such as potential collapse,land subsidence risk.
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A distinct advantage of CCS-EOR is that it involves fluid
extraction, which increases CO, storage capacity and offsets pressure
butldups, which conventional saline-formation GCS does not..
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The Jianghan Basin is a
representative salt-lake rift
basin covering an area of
36350 km? with the salinity
up to 325¢/L. Qianjiang
Depression and Jiangling
Drepression are the two
brine-richest areas.
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4 Background
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The hot potassium-rich brine is very rich in the depths of
Jiangling Depression in Jianghan Basin. The brine formation rich in
potassium lies in Shashi formation of Paleocene.
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The salinity of brine is up to 325¢/L, with the potassium content
varying from 9.1 to 9.6g/L and KCI content from 17.5 to 18.5¢/L.
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China attaches great importance to the extraction of potassium
rich brine resource . The activity of brine extraction is being carried
out in Jiangding Depression, Jianghan Basin.
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The evaporites in Shashi Formation mainly distirbutes in the sag
of Jiangling Depression, acting as a separated geological unit. The
Jiangling Sag has an area of 1600km?, with the distribution area of
the potassium bearing brine 960km?.
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Exhausted Brine Extraction and Completed CO2 Storage
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Studyarea: potassium-bearing area in Jiangling Depression

128 BN #2301 P (1P & $ ma 7K X 33 F A At 35 X 3
Near Injection well and reg\l'gnal pressure regulation:;

EH XK X7k R EDEE;

Brine extraction capacity and total prodcution;
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CO: injectivity and storage capacity;
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Manipulation of CO2 plume migration and storage security;
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2. Methodology




6Methodology hydrogeological properties

Properties Formation Seal

Thickness(m) 100 50

Permeability (n’) 10 104

Pore compressibility (Pa™) 45%x10% 4571010
2L Top Formation | | porosity 0.10 0.05
R | AT —— 036 036
100m [ Van Gemuchten o (Pa™!) 5.1e-5 1.6e-7

Stn-rngn Formation
Residual CO; saturation 0.05 0.05
Residual water saturation 0.30 0.30

Figure 2: Scheme of vertical spatial subdivision and hydrogeological properties used in
this study. The formation for brine extraction and CO: storage is 100m thick below
3000m underground covered by a sealing unit with thickness of 50m. The wells are
permeable in the low half of the storage formation.
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Figure 1: Scheme of multiwell placement and grid generation in the horizontal direction
of the model. Note that the well spacing is 8 km and the linked wells are in the same
group while the others are in another. All the wells are assumed to be vertical wells.
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Scheme FRFE R 9BAC Q 4B9C Q 9BAC P  4B9C P

Number of CO, wells

- A 4 9 4 9
COENFHITH
Number of brine wells

& A 9 4 9 4
pI7K R FF N
CO, Injection scheme Constant injection rate Constant inejction
COENT R 0.25Mt/yr per well pressure of 40Mpa
Brine Extraction scheme constant extraction pressure of 1Bar
RI7KFFRK T F EEHKENA—PRSE
Simulation Run Time Simultaneous CO, injection and brine extraction for
LA E] (yr) 100 years and monitoring for 100years
Simulation Tool
TOUGH2 _ECO2N_MP
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3. Results -- constant rate part
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¢Results ressure response

.................................................................................................................................................... Y

Figure 3: Pressure response of different
CO; injection and brine extraction cases
varying with time for the constant injection
rate mode.
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The combination of CO: injection and
brine extraction can effectively regulate
the pressure buildup of storage formation
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Figure 4: (a)Spatial distribution of pressure for 9 brine extraction wells and 4 CO;
injection wells case after 85 years’ simultaneous brine production and CO; injection.
(b) Spatial distribution of pressure for 4 brine extraction wells and 9 CO: injection
wells case after 100 years’ simultaneous brine production and CO; injection.
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Figure 5: (a)Spatial distribution of gas saturation for 9 brine extraction wells and 4 CO»
injection wells case after 85 years’ simultaneous brine production and CO; injection. (b)
Spatial distribution of gas saturation for 4 brine extraction wells and 9 CO; injection
wells case after 100 years’ simultaneous brine production and CO: injection.
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¢Results - brine production

Brine extraction capacity per well (m3/d)
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Till 100 years, the total brine production of 4 brine wells case, 9 brine wells case and
the combination case of 4 brine wells with 9 CO; wells is up to 55.7M m?, 65.2M n?’,
and 282M m’, respectively accounting for 1.17%, 1.33% and 6.74% of the total brine
volume in the storage formation. Due to the convergence problem, we only get the data
of 85 years for the 9 brine wells and 4 CO; wells case. Till 85 years, the brine
production is 247M n’, accounting for 6.11% of the total brine volume.
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The leakage recharge occurs
between the storage formation and the
overlying geological units due to the
excessive pressure gradient.

The combination of brine extraction
and CO, injection can effectively mitigate
the vertical cross flow from top to down.
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Figure 7: Comparison of volume ratios between water change of storage formation and
total brine production for different brine extraction and CO: injection cases.
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3.Results -- constant pressure part
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Under the constant injection pressure case, the brine production capacity of single
well is greatly enhanced for 9 brine wells and 4 CO, wells case, with the average daily
production capacity up to 1500 m3/d. The total brine production amount after 79 years
reaches up to 368Mm? accounting for 8.75% of the total brine volume. There is no
significant improvement for 4 brine wells and 9 CO, wells case, however, as the pressure
Is elevated 2MPa compared to the constant injection rate mode.
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Figure 9: CO: injection rate per well (a) and total CO> injection capacity of all injection
wells (b) varving with time for the constant injection pressure mode.
CO, injectivity is significantly improved, with the injection rate up to 28kg/s for
9 brine wells and 4 CO, wells case and the total storage capacity up to 252Mt after
79yrs' simultaneous brine extraction and CO, injection, which is 7.8 times compared
to the only CO, injection case.
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Figure 10: (a)Spatial distribution of gas saturation for 9 brine extraction wells and 4 CO;
injection wells case after 79 years’ injection. (b) Spatial distribution of pressure for 4
brine extraction wells and 9 CO: injection wells case after 100 years’ injection.
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Figure 10: (c)Spatial distribution of gas saturation for 9 brine extraction wells and 4 CO,
injection wells case at 200 year after injection. (d) Spatial distribution of pressure for 4
brine extraction wells and 9 CO: injection wells case at 200 year after injection.
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3. Results -- comparison
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¢Results - comparison

Scheme ;EFRA R 9B4AC Q : 9B4C P - 4B9C Q 4BO9C P
Simulation Run Time - 29 100 100
TR IE] (yr)

CO, Injection Capacity 85 252 225 235
COEANEE (M) (2.6) (7.8) (7.0) (7.3)
Brine Total Production 247 368 282 290
7K BFHFHE(Mm3) (4.4) 6.6) 1 (5.0 (5.2)
Well Pressure Buildup !
SEAFENREMpa) | e 9
Pressure Recovery NA 30 1 35 6 36.3
1= EEIRE (Mpa)
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4. Conclusion




- The combination of CO, injection with brine extraction
can effectively regulate the region pressure balance of
the formation.
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* The combination of CO, injection with brine extraction
can significantly enhanced the production of brine
extraction wells and keep it at a stable value.
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« The combination of CO, injection with brine extraction
can effectively prevent tzhe leakage recharge between
the geological units.

e CO /E)\ 5 I-_7J<9:

R ANA Y

o

RFEEREI\ A ARt fr i F 5 T lE]




« The scheme of constant pressure injection is much
superior to the one of constant rate injection.

* The combination of 9 brine extraction wells and 4
CO, injection wells with the constant pressure
Injection is the best scheme in brine production,

pressure regulation, CO, injectivity and storage
capacity.
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