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Abstract

In this study, carbonate water injection is examined as an effective
solution to address carbon emission concerns as a specific technology. In
addition to increasing oil recovery, injecting carbonated water into
porous media opens a new avenue for reducing greenhouse gases and
promoting environmental sustainability. This study comprehensively
covers the use of carbonated water to enhance oil recovery, adsorption,
and carbon storage in hydrocarbon reservoirs. Furthermore, recent
advances in this field, parameters affecting fluid-fluid and rock-fluid
interactions in porous media, as well as the synergy of compounds with
various techniques to increase oil recovery, have been examined.
The results indicate that the combination of carbonated water injection
with other additives significantly improves oil recovery. However, this
analysis reveals that recent research lacks an investigation into
the effects of carbonated water injection on pore structure. Overall, this
approach can effectively address both the issues of increasing oil
recovery and carbon dioxide storage, making this process economically
justifiable.
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1. Water Alternating Gas (WAG)
2. Simultaneous Water-and-Gas (SWAG)
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Figure 1. Pressure-temperature phase diagram of carbon
dioxide[28].
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. Carbon
. - — . Secondary oil .
Experimental condition Injection scenario roduction roduction dixide
P P storage
(%)
Carbon dixide gas 49%-53% 5%-11% 16.97. -23.7/.
Temperature= 293-308 °K
FrEITE= BT Liquid Carbon dixide 50% 23% 39.91.
Porosity= 0.23%-0.25%
* Permeability= 2500md- Supercritical 53% 20% 36.77. (37]
320md,
Irreducible water saturation=
0.18-0.26 Carbonated water 54% 15% 41.3].
.. 2.71
Pressure= 14.8 Mpa Carbon dixide - 71.5% -85.7% meaatons
Porosity= 0.255% H
. Permeability= 1600md 77.6% [38]
Irreducible water saturation= ..
0.193-0.240 Water-saturated carbon dixide - 3.8 megatons
Qinjection= 0.5 cm®.min? 91.2%
Continuous carbon dixide - 65% -
UGHIES L= 140_ 3 Water alternating carbon dixide - 62% -
Pressure= 2500 psi
Porosity= 0.165%-0.168%
. Permeability= 10.4md- [39]
10.55md
Irreducible water saturation= Hybrid smart carbonated water - 70% -
0.28-0.29
Qinjecuon: 0.05 cm3.min*
Temperature= 100 °F 1 poret"oo'lug‘e Cf‘rt}‘l)” ‘(’j'_x'de ¥ 61.461. 9.4/ -
Pressure= 2500 psi extended watertlooding
* Porosity= 0.2368 1 pore volume carbonated water + L40]
Permeability= 142md _ carbon dixide + extended carbonated 61.467. 167. -
Qinjection: 25, 50 cmémin? water
Pure carbon dixide (Core held in 13.47 40% pore
Temperature= 100 °F horizontal orientation) ; volume
Pressure= 2500 Mpa
Porosity= 0.117 Pure carbon dixide (Core held in i 17.6% pore 51.7% pore
* Permeability= 12.3md vertical orientation) volume volume [41]
Qini_emjl)": 2.5 cm?.min* Water-saturated carbon dixide (Core 16.6% pore  52.7% pore
Sa“_n'ty: 1_600 ppm  of held in horizontal orientation) volume volume
sodium chloride Water-saturated carbon dixide (Core 18.5% pore 57% pore
held in vertical orientation) volume volume
* Sandstone; ** Carbonate.

Table 1. Carbonated water injection compared to other reported carbon dioxide injection scenarios.
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Figure 2. Mechanism of oil recovery in carbon dioxide injection
in oil reservoir[47].
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Step 1
CO, flows directly from the
fractures/vugs

Step 2
CO, enters into rock under the pressure gradient
= CO; carries oil from the fractures/vugs into the matrix
+ CO, makes oil swell, causing oil out of the matrix

CO,ch rries

\ oil into rock

CO, flows “into rock and
pushes oil out of rock/

Step 4
CO,; pressure reaches equilibrium
inside and outside of the rock

= oil production based on gradient
concentration driven diffusion

« oil in bulk CO; is swept through
fractures to production well

Step 3

CO; enters into rock, oil migrates to bulk CO, in fractures
by swelling and lower viscosity

[FA]JAATs Jasns jo cdh CdbjLs yo (0 5S aessu sla IS g jles ¥ JS

Figure 3. Mechanisms of carbon dioxide in oil recovery in porous media[49].
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Figure 4. Ionic carbonated water injection exchange process[53].
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Figure 5. The approach of different carbon dioxide injection processes in the process of EOR.
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Table 2. Field reports of carbonated water injection in the United States[63].

Oil recovery before
carbonated water

Oil recovery before
carbonated after

Permeability

Reservoir Porasity
depth
K&S project 39624 17.6%
Writ project NA 16%
Post oak project NA 17%
White and Baker project 533.4 21%
Dome project 563.88 14.5%

injection injection
56 md 30 (bbl/day) 2300 (bbl/day)
44 md 15(bbl/day) 420 (bbl/day)
43 md 300 (bbl/day) 870 (bbl/day)
24 md NA NA
22 md 7-10 (bbl/day) 448 (bbl/day)
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Figure 6. Potential of oil recovery using (a) carbonate nanofluid[71]. (b) Surfactant injection, carbonated water injection, activated
carbonated water injection, water-Alternating-Gas Injection, and activated carbonated water Alternating Gas Injection.
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Figure 7. Comparison of oil recovery using fluids[72].
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Figure 8. The impact of carbon dioxide on interfacial tension of oil/carbonated water.
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Table 3. Summary of the carbonated water potential.

Incremental production Carbon dioxide storage

Secondary Tertiary Secondary Tertiary

Experimental condition carbonated carbonated carbonated carbonated

water water water water
injection injection injection injection

PV A o — o508 g S yire

Temperature= 70
Pressure= 1697
[11] * Porosity= 0.255 - 77.6%-91.2% - 3.8 megatons - [92]

Permeability= 1600
Qinjection: 05
Temperature= 60
Pressure= 2000
°API=33.8, 22.2
Porosity= 0.146% -
0.162%
Permeability= 57.02 39.4% - 10.7% -

[ ] = °API=33.8, 22.2 56.6%°, 13.6%*, 4.2% - 4.8%"°
Irreducible water 51.4° 12.6%"
saturation=0.318
Salimity= 40000-100000
ppm
Density= 0.8277, 0.902
Oil viscosity= 4.2, 26.8
Temperature= 100
Pressure= 3100
Porosity= 0.2583% -
0.2622%

] faal Permeability= 96.21 39.90% 26.50% 15.3% 28% - [94]
Irreducible water
saturation=0.164-0.1694
Salimity= 59046 ppm
Oil viscosity= 0.83
Pressure= 2000
Temperature= 38
Qinjectign: 20 cc.hr?
Porosity= 0.16% -

weap  019% 9.5%,

m= Density= 0.730 : 17.6%* . 3000mol . [95]
Salimity= 59046 ppm
Permeability= 850, 1300
Irreducible water
saturation=0
Pressure= 2321
Temperature= 20
Qinjection: 1.2 cc.hrt
Porosity= 0.17% -

] e g;?::/:y: 35507 ppm 36.1% 20.3% 10.8% 39.7% - [96]
Permeability= 0.62,
0.326
Irreducible water
saturation=0.426,0.43

46.7% - 51.2% -

53.4%7, 24.8° 60.3% (3]
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Experimental condition

Pressure= 2000
Temperature= 60
°API=33.8

Porosity= 0.096%
Density=4.168
Salimity= 3963 ppm
Permeability= 0.901
Oil viscosity= 0.8277
Irreducible water
saturation=0.15
Pressure= 1200
Temperature= 130
°API=32.7

Porosity= 0.28%

[T1] *x Density=1.38
Salimity= 5000 ppm-
1000ppm
Permeability= 22
Qinjection= 1

Pressure= 2000
Temperature= 38
Porosity= 0.16%-0.19
Qinjection: 20 CC.hI'-1 59%3,
pH=3.2 69%"
Permeability= 1300

Oil viscosity= 0.65

Qinjection= 2m®.day*

*% f, nf

m 18%

68.4% -
71.6%

* Sandstone; ** Carbonate; ® Experimental; "Simulation; ***Experimental + Simulation; PWF=Production by water flooding; Superscripts
“a” and “b”: Water wet and Mixed wet; Superscripts “f” and “nf”: Fractured and nofractured

Incremental production Carbon dioxide storage

Secondary Tertiary Secondary Tertiary
carbonated carbonated carbonated carbonated
water water water water
injection injection injection injection

56% (f)-
0, 0, -
92% 88% 45500 [97]
- 11.8%-8.6% - 64%-68% [98]
4%, 9%" = 49%°, 44%P 55 [99]
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