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Abstract

Investigating the effect of oil well cement composition on the cement sheath
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Abstract

Oil and gas wells are drilled to provide a secure path for petroleum production. These wells are
usually cased and cemented to establish a long-term integrity during the life of the well. After
drilling each section, the cement is pumped and placed between the casing and underground
formations to secure the position of the casings. The increasing demand of energy has been pushed
the companies to drill and develop wells in more hostile conditions in terms of pressure and
temperature. In these circumstances, the well integrity problems are more challenging.
Maintaining the integrity of the oil and gas wells, which is largely dependent on the characteristics
of the cement, can prevent irreparable damage to the environment. In order to maintain well
integrity, cement sheath must have low porosity, low permeability, sufficient bond strength at the
contact surfaces, and suitable rock mechanical properties to withstand the induced stresses along
the useful life of the well. In this research, cement compositions based on Portland cement, silica
flour and magnesium oxide were developed and experimentally tested to evaluate their ability of
well integrity provision. Tests were performed on raw materials, cement slurry and set cement
samples. These tests included measurements of slurry density, slurry free fluid, set cement
porosity, permeability, bond strength, compressive strength, and Young's modulus. The results
showed that with the addition of silica fluor, the porosity and permeability of set cement decreased
t0 9.76% and 0.037 mD respectively, and with the addition of magnesium oxide, the bond strength
and Young's modulus increased to 503.4 and 418.32 MPa respectively. Also, the results showed
that the addition of these materials leads to a reduction in the cement compressive strength. The
obtained results were mainly due to the different characteristics of dry raw materials. Silica flour
and magnesium oxide have smaller particles in comparison with Portland cement. These smaller
particles have larger specific surface areas, which leads to a reduction of free fluid content in the
slurries. On the other hand, the smaller particles may fill the void space of larger cement particles,
and therefore less porosity and permeability are expected in the compositions.

Keywords: Cement, Integrity, Bond strength, Porosity, Permeability, Compressive strength.
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