Abstract
Research Subject: Application of hydrogel for well plugging can be considered as a new
technology. The required time for formation and strength of the hydrogel in the well conditions
(temperature, salinity and pressure) are the main challenges in the application of polymeric
hydrogels in the temporary plugging of the well for repairing. The polymer and crosslinker
concentration were two effective parameters at the hydrogel gelation time. Increasing of these
two parameters leads to increase the viscosity and formation rate of hydrogel.
Research Approach: In this work, hydrogel sample containing 23000 ppm of polyacrylamide
and 3795 ppm of Chromium acetate (III) as a crosslinker with a gelation time of two hours and
structural strength and thermal stability at 90 °C for further studies was synthesized. After
selecting the appropriate sample, silica nanoparticles were used to improve the strength of
hydrogel. The energy and crystallinity were evaluated by DSC and XRD, respectively. SEM
images showed that a homogeneous network of filler was formed in hydrogel. Laboratory wells
over a period of one week were used to evaluation of hydrogel ability to tolerate a constant
pressure of 20.7 MPa in the desired period. Using the compression test at low strain, the
structural characteristics of the hydrogel, such as the molecular weight of the polymer chain
between the joints were determined. Swelling behavior and temperature effect on kinetics of
hydrogel swelling in different solutions of distilled water, tap water, formation water and oil and
its strength in laboratory well conditions were investigated.
Main Results: The adhesion test of hydrogel to the metal wall showed that the hydrogel
adhesion force of hydrogel including the silica nanoparticles was much higher (more than 3.5
times) than pure one. Based on the swelling test results, the sample retained its strength in
different environments. In addition, by increasing the strength of the hydrogel, it's swelling in
distilled water and tap water decreased by 200%. Based on the results obtained in this study, a
hydrogel sample with 0.24 wt% of silica nanoparticles with structural strength and thermal
stability at 90 °C with a degradation time of three hours is proposed as a preliminary proposal for
field studies.
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Conclusions

The hydrogel was prepared by the hydrolyzed polyacrylamide (HPAM), chromium acetate
crosslinker and silica nanoparticles. It was observed that increasing the silica nanoparticles
reduced the viscosity of gelant at B-time, which results pumping easily into oil well. The

swelling characteristics and network parameters such as js «vg & determined the optimum
C

crosslinker and filler concentration. The results showed that using 9 wt.% of silica nanoparticles
in hydrogel was caused the number of tie points between each entanglement increased more than
20 tie points and the elastic modulus increased more than 5,000%. The lifetime and strength of
hydrogel increased significantly with these results. The swelling characteristics were obtained.
The results showed that the adequate amount of nanoparticles that improved the hydrogel
structure was 9 wt.%. According to the results, this system is recommended for a further review
of hydrogel using in workover operation of oil well.
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