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5. Materials

1. Background

7. Preliminary Results
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productive life of these reservoirs. CTWF 1s an enhanced oil recovery technique where brines of SWAC: SW with 4% Ca?* content = g |
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brine salinity and increase in the concentration of potential determining ions: Mg**, Ca*" and SO,* ||[xray source ol D ® " Pore Throat Diameter (micron) v
can l.ead to an increase in oil recovery of up to .3OA> via Wettablhty. glteraﬂqn (Zhang, P. et al., 2007, sw /10, SW/100 SESSTLE-DROP CONTACT ANGLES
Fathi, S.J. et al., 2010). Conversely, other studies reported no additional oil recovery due to CTWEF N . s .
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alteration and ultimate recovery under dynamic flow conditions, such as those encountered during fitlietbiloint | ol Ol
enhanced o1l recovery applications. Our ability to successfully implement CTWF at the field scale 1s
currently limited by inadequate understanding of the physico-chemical mechanisms affecting fluid-
solid 1nteractions at the pore-scale and their impact on fluid displacement and o1l recovery at the
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Six brines are prepared in-house to investigate the effect of injected brine ion
composition on the performance of CTWEF. The reference brine is seawater (SW).
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macro-scale. Therefore, we propose an integrated experimental and numerical investigation to - ° The overall salinity is kept constant among all brines. 1tis 13 achieved by
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Mineralogy of the micro-core i1s consistent with the mineralogy of the macro-
- core, as evident from the XRD results. This allows mapping of pore-scale
] observations to core-scale recoveries.

. Indiana limestone 1s a good candidate for implementing the proposed integrated 5
coretlood experiment B y experimental study, due to the large fraction of pores of diameters >10 microns as
for a given brine: % 20 40 €0 80 100 120 140 160 180 evident from the mercury intrusion porosimetry (MIP) results.

Some o Aging process successfully changes the wettability of carbonates to a more oil- 00150
wet state as evident from the sessile drop contact angle measurements. In J| « 170
addition, higher TAN o1l leads to more o1l-wetness due to aging.

Adding 4x the amount of sulfate to seawater leads to wettability alteration to a
more water-wet state compared to seawater (as shown 1n the sessile drop contact
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1. Investigate the effect of salinity, 1on composition, and [Direct pore-scale measurement}_[ Kr and Pc }_[ Macro-scale effect}

on oil recovery.

temperature on oil recovery from oil-wet carbonate rocks. of wettability alteration. Equation of State

= How? Coreflood Experiments.

9. Work in Progress

1- Develop the contact angle calculation algorithm to accommodate complex carbonate pore structures.
2- Produce contact angle distributions for CTWF using different brine compositions, and relate to core-scale oil recoveries.

Calculated

2. Investigate the eff.e.ct of sah.mty, %on comp osition, and f Better understanding of oil- ) 3- Model wettability alteration as a manifestation 1n relative permeability using a Kr state function approach: angle measurements).
temperature on wettability alteration using In-situ 3D contact L brine-rock interactions. Wettability Rock structure The validation case shows that the in-situ contact angle algorithm successfully 30 _’®
| —— captures the contact angles as shown on the right [5]. This i1s promising since the 0o »°
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angle measurements. -
= How? Micro-Coreflood Experiments. l \

Optimum brine Better predictive
3. Relate pore-scale measurements (1.e.: contact angles) to design. | capability.

core-scale oil recovery.
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changes in relative permeability (Kr). Oz 11 : the crude oil used for all the experiments conducted in the project.
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validation case has a resolution which can be achieved using the current micro- 0 30 60 90 120 150 180
coreflood experimental setup (~ 2.5 microns). Theoretical/Actual Angle




