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Introduction

The problem of saltwater leakage from a critical
point of the wellbore in key layers of the Gachsaran
Formation has been reported in a significant number of
wells drilled in Kupal and Maroon oil fields [1]. This
leakage is observed in the regular examinations from
the liner lap or casing shoe after displacing the fluid
inside the well with mud by the necessities of the next
hole section. Leakage problems from the liner lap or
casing shoe embedded in the top of reservoir zones due
to the failure of wellbore isolation from pressurized
layers containing gas or brine is a serious threat to the
well and the drilling crew [2]. In which a micro-scale
marginal space is provided for unwanted gas invasion,
the micro-annulus phenomenon is created for technical
reasons and inherent properties in cement. It is very
important to achieve zonal isolation by cement and
separating different layers in general during the life
of a well and even after abandoning it [3]. Suppose
the cement slurry is properly displaced during the
pumping operation inside the well and placed in the
annular space behind the casing formation. In that
case, it can play its primary role in separating the layers
from each other in the well [4-6]. However, changes in
wellbore conditions or the tectonic regime activities in
the underground space can transfer sufficient effective
stresses to the wellbore structure and threaten or destroy
the integrity of the cement sheath [7]. As a result of
the loss of wellbore integrity and zonal separation, the

Accepted: November/15/2021

well is now connected to different layers. This problem
will be associated with consequences such as the gas
migration through the cement, unintended production
of saltwater, and wellbore casing failure in the presence
of intensified destructive stresses [8]. This research
offers a significant optimization in the wellbore cement
properties in which the cement structure will be able
to meet the desired superior mechanical properties
and provide efficient mechanisms to compensate
and control the occurrence of micro-annulus in the
wellbore cement.

Materials and Methods

Proper design of cement slurry structure is essential
to face and combat such challenges. Recognizing the
origin of the gas migration challenges, requirements,
and proposed solutions to control this problem, four
compounds of cement slurry with normal operational
density containing styrene polymer latex and silica
nanoparticles were formulated and subjected to
standard tests of cement slurry and rock properties
(API 10B). The concentrations of polymer latex
components and silica nanoparticles were changed
to find the optimal ratios in the samples. All the
improved samples were evaluated with an operational
cement slurry as a benchmark sample. The rheological
properties of cement slurries were measured according
to API standard using Fan-35 model viscometer (made
in the USA) to determine cement slurries' dynamic
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and static rheological behavior based on the Bingham
plastic model. A standard filtration apparatus also
measured cement slurry liquid phase loss. According
to the standard process recommended by the American
Petroleum Engineering Institute, mechanical tests
of cement samples were performed according to the
standard process recommended by the American
Petroleum Engineering Institute.

Results and Discussion

The design principles in optimizer materials are
programmed based on obtaining unique properties in
the final product. The effects of polymer latex have
been well demonstrated in improving the rheological
properties and controlling the slurry of cement slurry.
Reducing fluid loss from 42 to 24 ml, eliminating free
water, and thixotropic attribute generation in cement
slurry play key roles in shortening the gas migration
critical time window in the transient phase. The main
concern in gas migration is related to the transient
phase in which the cement slurry changes from liquid
to solid. Shortening this period will reduce the chance
of gas penetrating the cement. Silica nanoparticles in
the hydration phase, by providing organic compound
C38S, cause complete dehydration and strengthen the
mechanical properties of cementitious composites.
The combination of these two optimizer materials has
created a multi-purpose optimization in cement oil and
gas wells.

Conclusions

Appropriate cement slurry design is the only tool
to address the challenges of gas and fluid migration
by eliminating the defect of the cement sheath
separating the underground layers. A new cement
slurry formulation containing styrene polymer latex
and silica nanoparticles was designed and subjected to
the standard slurry and cement stone tests. The results
of these tests show the improvement of mechanical
and rheological properties for cement slurry. The use
of silica nanoparticles causes the development and
complete performance of the hydration process of
cement. It reduces the porosity and permeability of
hardened cement samples compared to the benchmark
cement sample by creating stronger and more compact

cement crystal structures, ultimately decreasing the
probability of the gas and fluids migration through the
cement bulk.

Nomenclatures
C38: Alite is an impure form of tricalcium silicate

References

1. Shadizadeh SR, Kholghi M, Kassaei MHS (2010)
Experimental investigation of silica fume as a
cement extender for liner cementing in iranian oil,
Gas Wells, 7, 1: 42-66

2. Boukhelifa L, Moroni N, James SG, Roy-Delage
L, Thiercelin MJ, Lemaire G (2004) Evaluation of
cement systems for oil and gas well zonal isolation
in a full-scale annular geometry, In IADC/
SPE Drilling Conference, Society of Petroleum
Engineers.

3. Thiercelin MJ, Dargaud B, Baret JF, Rodriquez
W J (1998) Cement design based on cement
mechanical response, SPE Drilling and
Completion, 13, 04: 266-273.

4. Carpenter RB, Brady JL, Blount CG (1992) The
effects of temperature and cement admixes on
bond strength, Journal of Petroleum Technology,
44, 08: 936-941.

5. Carter L G, Evans G W (1964) A study of cement-
pipe bonding, Journal of Petroleum Technology,
16, 02: 157-160.

6. Plank J, Tiemeyer C, Buelichen D, Echt T (2014)
A study of cement/mudcake/formation interfaces
and their impact on the sealing quality of oil
well cement, In IADC/SPE Asia Pacific drilling
Technology Conference, Society of Petroleum
Engineers.

7. Hao H, Gu J, Huang J, Wang Z, Wang Q, Zou Y,
Wang W (2016) Comparative study on cementation
of cement-mudcake interface with and without
mud-cake-solidification-agents application in oil
and gas wells, Journal of Petroleum Science and
Engineering, 147: 143-153.

8. ZhangJ, Weissinger EA, Peethamparan S, Scherer
GW (2010) Early hydration and setting of oil well
cement, Cement and Concrete Research, 40, 7:
1023-1033.



