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2 Connate water

3 Surface Active Agents (surfactant)
4 Acid Number

> Primary production process

¢ Immiscible gas injection

7 Secondary recovery
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Carbonate Scales:
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Ca* + O3~ = CaC0, |
Mg?*t + C03~ = MgCO; |

Hydroxyl Scales:
Ca’** + 20H™ = Ca(OH), {
Mg?**t + 20H™ = Mg(OH), |

Silicate Scales:

Ca?t + Si03~ = CaSiO; |
Mg?*t + Si0%¢~ = MgSiO; |
Fe?* + Si03~ = FeSiO5 |

Sulfate Scales:

Ca?* + 502~ = Cas0, |
Mg?*t + 502~ = MgS0, |

Silicic Scales:

2H+ + Si03_ == H25l03 l
4H+ + Si04_ = H4_Sl04_ l
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(Sheng ' 2010) ASP 6L® o)j).a e o d"))" LS'L‘M“J 0‘5.0 )JOLG.A\-Y de?

Total Injection,

Preslug ASP Slug Post-slug_] PV (%)xConcentration(%o)
C;;e PV(%) P(%) PV(%) A(%) S%) P%) PV(%) P(%) A s P
1 32 125 03 012 283 0.06 40 9.6 5.54
2 37 131 032 014 308 0.11 4847 11.84 8.57
3 375 015 451 1.2 026 0.22 54.12 11.73 10.44
4 48 1.2 027 018 20 0.08 57.6 12.96 10.24
5 552 12 03 0.2 66.24 1656  6.62
6 375 015 454 102 018 014 20 0.08 46.31 8.17 8.56
7 4 014 50 154 021 018 20 0.14 77 10.5 12.36
8 5 01 40 150 038 0.09 10 0.05 60 15.20 4.6
9 97 02 309 120 03 017 5 015 37.08 9.27 8.07
10 34 140 03 013 15 01 47.6 10.2 5.92
Avg 524 015 418 128 028 015 186 0.1 53.44 11.53 8.08
(Sheng , 2010)\-v Jadz 0 ead Cewd S8 sl laws o)lge slasal, b gl I V=Y Jgus
Case Field References
No.
) i . Wang et al. (1997c¢); Gao et al. (1996);
1 Sa-Zhong-Xi, Daging Li et al. (1999b)
L . Wang et al. (1997c¢); Han (2001); Wang et al.
2 Xing-5, Daging (2006b)
3 Xing-2-Xi, Daging Wang et al. (1998a)
4 Bei-1-Xi, Daging Wang et al. (1999b)
5 Dei-2-Dong, Daging Wang et al. (2001a); Zhao et al. (2005a)
6 Xing-2-Zhong, Daging Li et al. (2003); Wang et al. (2006b)
7 Bei-2-Dong, Daging Wan et al. (2006)
. Song et al. (1995); Wang et al. (1997b); Qu
8 Gudong, Shengli etal. (1998)
. Yang et al. (2002c); Cao et al. (2002); Chang
9 Gudao, Shengli et al. (2006)
Gu et al. (1998); Delshad et al. (1998);
10 Er-Zhong-Bei, Karamy Qiao et al. (2000); Han (2001); Chang et al.

(2006)
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Abstract

Nowadays, both reduction in oil resources and efficiencies of reservoirs caused a
need for Enhanced Oil Recovery methods. Primary and secondary methods
approximately have no effect on these kinds of reservoirs. Consequently, tertiary
recovery like CEOR (Chemical Enhanced Oil Recovery) seems to be the only
practical approach to improve oil recovery. One of the CEOR methods to tackle
these problems is ASP flooding which can be really helpful in some types of
reservoirs. It should be noted that a large number of reservoirs are carbonates
which have a great deal of trapped oil. Therefore, these reservoirs could be a good
candidate to be employed for this method. The main goal of this thesis is finding
a proper formulation of ASP in a typical limestone carbonate by means of
experimental methods. Two kinds of core samples with high and low
permeability were used in these experiments which the high permeable and low
permeable rocks were prepared from the outcrop of Babakoohi in Fars Province
and a reservoir in south of Iran, respectively. The crude oil was prepared from a
reservoir in south of Iran. The brine TDS was around 40000 ppm which the

dominant ions were Na*, Cl" and SO,%. In relation to a proper formulation of

Alkaline-Surfactant (AS), a combination of CTAB and a nanoparticle (TiO,) as
surface active agent and NaHCOj alkaline were used. In order to gain the proper
formulation of AS and concentration of its components, a number of diverse
experimental tests were conducted. Vacuum pump was used to saturate the cores
with brine and at last they were flooded by core flood apparatus to reach the
connate water saturation and initial oil saturation. After this process, core samples
were prepared for imbibition process in 40 days of aging process in a sealed
pressure vessel at 60 °C and 2000 psia. Totally, imbibition tests were conducted
at three different temperatures (25, 40 and 60 °C). To obtain the adequate AS
formulation, at first step the mixtures lonely were examined. At next steps,
mixtures at constant salinity and temperature were tested. Again, the testing
process continued at constant salinity and different temperatures. At last,
nanoparticle effect was analyzed. In conclusion, it was observed that temperature
increase promotes production growth as we only use modified brine or a typical
AS combination. Nanoparticle without different ions usage can cause an
acceptable oil production, AS in comparison with solely surfactant usage can
increase recovery factor and oil production rate in secondary recovery and AS
modified formulation also was succeed in oil production as the tertiary recovery.
Keywords: Carbonated Oil Reservoirs, Chemical Enhanced Oil Recovery,
Polymer, Surfactant, Alkaline, Salinity, Temperature and Oil Recovery
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