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Introduction

Water production in oil reservoirs poses significant
challenges, including reduced oil recovery and
increased operational costs. PPG injection has gained
prominence as a cost-effective method to mitigate
these issues by sealing high-permeability zones and
improving sweep efficiency [1]. Unlike in-situ gels,
PPGs offer advantages such as controllable particle
size and concentration, eliminating gelation time
uncertainties [2].

This study focuses on evaluating the effects of PPG
size, concentration, porous medium permeability,
and injection rate on RF and RRF. Understanding
these parameters is critical for designing effective gel
treatments that balance injectability and formation
protection [3].

Materials and Methods

Gel Synthesis: PPG was synthesized using AM,
AMPSNa, and NVP monomers, with MBA as a
crosslinker. The gel was dried, meshed, and swollen in
seawater before injection.

Slim Tube Experiments

1. Saturation: Slim tubes were evacuated and saturated
with distilled water to determine pore volume and
porosity.

2. Permeability Measurement: Seawater was injected
at varying flow rates to calculate permeability using
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Darcy’s law.

3. Gel Injection: Swollen PPG was injected until
pressure stabilization, followed by secondary brine
injection to measure RRF.

4. Parameter Variation: Experiments were conducted
with three gel sizes (41-100 pm), three concentrations
(1000-5000 ppm), four permeabilities (50-500 mD),
and three flow rates (0.01-0.1 cc/min).

Results and Discussion

Gel Size Effect: Larger particles (100 um) exhibited
higher retention and RRF due to increased pore
blockage. Particle breakage was the dominant
transport mechanism for swollen gels exceeding pore
throat sizes.

Concentration Effect: Higher concentrations (5000
ppm) elevated threshold pressure and RRF, attributed
to greater gel volume occupying pore spaces.
Permeability Effect: Lower permeability (50 mD)
slim tubes showed higher injection pressures and RRF,
as gel retention increased in tighter pores.

Flow Rate Effect: Increased flow rates raised pressure
drops but had minimal impact on gel injectability, as
viscous and inertial forces dominated.

Conclusions

This study highlights the critical role of PPG size,
concentration, and porous medium permeability in
determining RF and RRF. Key findings include:
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o Larger gel particles and higher concentrations
enhance RRF but require careful optimization to avoid
injectivity issues.

* Reduced permeability increases gel retention and
injection pressure, emphasizing the need for tailored
gel designs.

* Particle breakage is the primary transport mechanism
for PPGs in porous media.

These insights provide a foundation for optimizing
PPG applications in field-scale water control projects.
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