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INTRODUCTION
The process of oil recovery needs a wide knowledge of engineering and chemistry.
Starting with drilling to completion and finally the different stages of recovery (EOR) use
various materials and additives to improve the productivity of the reservoir. Many
additives are gelling polymers that increase viscosity and elasticity which help prevent
typical issues such as borewell collapse, cut-off sedimentation, loss circulation, etc. The
plugging performance of such systems are also of the utmost interest and depend on
the gelation kinetics. However, each reservoir shows its characteristic properties in
terms of formation type, porosity, temperature, and salinity, which can make it
challenging to find the right system for the right reservoir. Thus, additives must be
adapted for each site. Moreover, during exploitation the conditions can change, e.g.
porosity or temperature, and reactivity is needed to adjust the used materials.

Drilling and drill-in fluids – Zero-shear viscoelastic behavior
Innovate new loss circulation materials by encapsulation
Cement setting for casing – adjust additives, such as superplasticizers
Improve EOR polymers – determine the gelation kinetics under realistic conditions

Straightforward

Optimization

Efficiency

HOW IT WORKS
Rheolaser Master is based on Diffusing Wave Spectroscopy
(DWS), a multiple light scattering technique. Light is
backscattered by scatterers in the sample. The
microstructure motion inside the sample (droplets,
crystallites, etc.), causes an interference pattern (Speckle
Image). Variation of this image in time is directly related to
the mobility of the scatterers. (figure 1). The faster the
Speckle Image changes in time, the higher the mobility of the
microstructure. Mean Square Displacement (MSD) curves
contain the viscoelastic information. Short straight lines (red
curve) indicate liquid behavior, whereas curves with a
plateau, the so-called elastic plateau (pink curve), indicate gellike or solid-like behavior.

A typical result is shown in Figure 2. Mean Square Displacement
(MSD) curves contain the viscoelastic information. Short straight
lines (red curve) indicate liquid behavior, whereas curves with a
plateau, the so-called elastic plateau (pink curve), indicate gel-like
or solid-like behavior. The data can be interpreted as a function of
viscoelastic parameters (elasticity, viscosity, and solid-liquid
behavior). An integrated algorithm allows for the calculation of the
gel point in a 1-click process.

Figure 2: Mean Square Displacement (MSD) curves.

Figure 1. Schematical representation of the measurement set-up.
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(Enhanced) Oil Recovery
Introduction to Oil Field Work

RHEOLASER MASTER
Oil Field Work Flow

1. Drillin/
Drill-in

Once the oil field is mapped, following steps are usually
performed in the exploitation of an oil field:
Drilling/ Drill-in
Completion
Oil recovery (Stage 1 & 2)
Enhanced oil recovery (Stage 3)

Results at a glance

2. Completion
3. Oil recovery
(Stage 1 & 2)

4. Enhanced
oil recovery

Figure 3. Evolution of Elasticity Index (EI) of 4 sol-gel reactions at 20°C.

1.Drilling fluids and additives
1a. Viscosity recovery of drilling muds under zero shear.
The aim of drilling and drill-in is to efficiently create a well while preventing issues
such as borewell collapse, cut-off agglomeration, lost circulation etc. Specific drilling
EI
fluids or muds are used to prevent these issues. Drilling
muds are typically shear(nm -2 )
thinning, allowing for proper flow during pumping, but an increase of viscosity at rest.

EI
(nm -2 )

1a. Viscosity recovery of drilling muds

1b. Traditional loss circulation materials (LCM) are flaky particles, which may cause
formation damage. A new approach to LCM is based on a gelling polyacrylamide
system with controlled release of the crosslinker by encapsulation. The gelation
kinetic can be tuned as function of crosslinker concentration, core viscosity or
temperature.

1b. Innovation of new lost circulation materials

2. Completion is the step that follows drilling and consists of securing the borewell
during exploitation. Amongst other materials, special cement is often utilized for this
step. The setting time and the cement elasticity can be tuned by the addition of
superplasticizers (special polymers). Two systems are shown with different cement to
water ratio.

2. Setting kinetics of cements for bore completion

The first and second stage of recovery uses either the natural pressure of the oil field or maintained pressure by injecting water or
gas to recover up to 40% of the oil.
4. Finally, Enhanced Oil Recovery (third stage) is used to obtain up to 60% of the oil. In
this step, a mixture of polymers, alkaline soaps and water are injected to reduce the
interfacial tension and to solubilize the oil out of the porous rocks.

4. Optimization of EOR polymer systems
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(Enhanced) Oil Recovery
1a. Optimization of Drilling Muds
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INTRODUCTION
Drilling fluids or muds are suspensions of micron-sized particles such as clay. They
are usually non-Newtonian and their viscosity depends on shear stress.
During Pumping, the viscosity decreases rapidly, allowing cooling, cut-off
transportation. During drilling-stops, maintenance, etc, the circulation of the drilling
muds is stopped, decreasing the shear rate to zero. As a result, the viscosity
increases rapidly, allowing the maintain of cut-off in suspension and to prevent
agglomeration. An effective technique to tune the recovery of viscosity is to add
additives, such as nanoparticles [1].

1. Drillin/
Drill-in
2. Completion
3. Oil recovery
(Stage 1 & 2)

4. Enhanced
oil recovery

Table 1. Gelation times and final gel strength of sol-gel samples at 30°C

Fast

No dilution

Sensitive

Figure 3 shows the evolution of the Solid-Liquid-Balance (SLB) as a
function of time. This parameter indicates if a sample is more liquidlike or more solid-like. A SLB value higher than 0.5 is liquid, whereas a
SLB lower than 0.5 is characteristic for solids. The measurement was
started right after shaking (shear) of the sample. The drilling mud
without additive (black) required almost 4 minutes to reach solid-like
behavior. During the 4 minutes, the viscosity was quite low, making the
cut-off susceptible to agglomeration or settling, which may cause
issues, when drilling resumes. By increasing additive concentration,
the time for recovery decreases. At a concentration of 1% and higher,
the sample is never liquid-like, a potential problem for pumping of the
drilling muds.
A good compromise for sufficient low viscosity during shearing and
fast recovery at rest is the sample with 0.5% of additive. Solid-like
behavior is reached after 1 minute.

liquid
solid

Figure 3: Viscosity recovery of drilling muds at zero shear [1].

CONCLUSION
6 measurement position for rapid
characterizaton
Zero shear viscosity
Disposible cells

[1] Pryazhinikov, M. Rheological and microrheological Study of Microsuspension with Nanodiamonds.
In Topical Issues of Rational UIse of Natural Resources; Vladimir Litvinenko, 2019; Vol. 2, pp 883–886.
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(Enhanced) Oil Recovery
1b. Innovative loss circulation materials (LCM)

INTRODUCTION
1. Drillin/
Drill-in

Drilling muds are expensive liquids, and the loss of these materials in the porous
surrounding of a borewell directly impacts the price of the oil. To avoid loss
circulation, usually granular or flaky materials are used to plug the pores. However,
this may also induce formation damage if these particles enter the reservoir. A new
approach consists in using gelling systems based on polyacrylamide crosslinked with
AIBA, similar to those used in the enhanced recovery stage. For an efficient loss
circulation material, the system must gel in the right place at the right time. This
depends on the well temperature, which has a direct impact on the reaction kinetics.

2. Completion
3. Oil recovery
(Stage 1 & 2)

4. Enhanced
oil recovery

Table 1. Gelation times and final gel strength of sol-gel samples at 30°C

Fast

No Dilution

Sensitive

To tune this gelation time, cross-linker AIBA can be
encapsulated in a core-shell structure (Figure 4). By adapting
AIBA concentration and core viscosity, the release is controlled
[2]- Figure 5 shows the evolution of the Elasticity Index (EI). The
higher this index is, the higher the elasticity of the sample.
Without crosslinker AIBA (black curve), the EI does not increase,
indicating the system is not gelling. Without encapsulation (red
curve) the reaction occurs rapidly with an increase in less than
1 hour.

Shell

AIBA

Core
Figure 4: Core-Shell structure for the
encapsulation of AIBA [2]

70°C

Figure 5: Gelation kinetics at 50°C [2]

90°C

120°C

Figure 6: Gelation kinetics at 70°C. 90°C and 120°C [2]

In the samples which incorporate AIBA and encapsulation, the
kinetics depend on concentration and core viscosity. The higher
the concentration of the crosslinker, the faster the reaction. At
50°C, an impact of the core viscosity is observed. By increasing
the temperature (Figure 6) the reaction speed can be
increased. At 70°C, the viscosity impacts the reaction rate,
however, at 90°C, the core viscosity has no impact at all. At
120°C, the reaction rates of all systems are very close.

CONCLUSION
6 measurement position for rapid
characterization of gelation parameters
Easy and precise determination of the
gel point
Wide temperature range

[1] Pryazhinikov, M. Rheological and microrheological Study of Microsuspension
with Nanodiamonds. In Topical Issues of Rational UIse of Natural Resources;
Vladimir Litvinenko, 2019; Vol. 2, pp 883–886.
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(Enhanced) Oil Recovery
2. Tune cement setting with superplastisizers
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INTRODUCTION
After drilling, the borewell must be secured to prevent collapse. Amongst others
materials, the use of cement is known as an effective solution to stabilize the
borewell. As for the lost circulation materials, the setting time, and the mechanical
strength of the set cement is of importance to secure the well successfully.
Superplastisizers (SP) are an efficient option to tune these parameters.
Superplastisizers are polymers, which are hyperbranched or comb-like. They
interfere directly in the setting process [3].
.

1. Drillin/
Drill-in
2. Completion
3. Oil recovery
(Stage 1 & 2)

4. Enhanced
oil recovery

Table 1. Gelation times and final gel strength of sol-gel samples at 30°C

Fast

No Dilution

Sensitive

Figure 7 shows the setting of two systems with a cement/water
ratio of 0.29 (A) and 0.4 (B). The higher the ratio, the higher the
cement content. Each system was studied with increasing
amount of superplastisizers over two hours.
To measure the setting, the Elasticity Index is used. A higher
index value equates to higher elasticity. In the beginning, the EI
is very low as the cement is not yet solidified.

Shortly after the EI increases rapidly, showing the beginning of the
setting. It can be seen, that the setting is delayed with increasing SP
concentration. In addition, increased SP concentration reduces the
final elasticity of the cement, facilitating better handling during
application. Increasing cement concentration reduces setting time.
The impact of the superplastisizer is also reduced.

Figure 7a: Setting kinetics of cement with 0.29 water-to-cement ratio [3]

Figure 7b: Setting kinetics of cement with 0.4 water-to-cement ratio.

CONCLUSION
Screen impact of superplastisizers on the
setting time
Easy and simple measurement of "dirty"
samples
[3] Zhang, Y.; Kong, X.; Gao, L.; Lu, Z.; Zhou, S.; Dong, B.; Xing, F. Cement and Concrete
Research 2016, 79, 291–300. https://doi.org/10.1016/j.cemconres.2015.09.020.
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(Enhanced) Oil Recovery
4. Optimizing EOR polymer systems
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INTRODUCTION
After completion, oil recovery begins. The first stage uses the natural pressure of the
reservoir, which brings the oil to the surface. This allows for the recovery of up to
15% of the oil in the well. Another 15% to 25% can be obtained in the second stage.
This consists of the injection of water and gas into the borewell while maintaining the
pressure. The final 60% of the raw oil must be recovered using different methods.
Enhanced Oil Recovery (EOR), where oil uptake is performed with polymers,
surfactants and alkaline solutions, is often employed to recover 15 to 20% of this
residual oil.
.

1. Drillin/
Drill-in
2. Completion
3. Oil recovery
(Stage 1 & 2)

4. Enhanced
oil recovery

Table 1. Gelation times and final gel strength of sol-gel samples at 30°C

Fast

Screening

Sensitive

Enhanced Oil Recovery (EOR) or chemical flooding uses a mixture of
polymers, surfactants and alkaline solutions. The alkaline and
surfactant solutions reduces the interfacial tensions, which helps to
create a raw oil in water emulsion. Once the oil is solubilized and
extracted from the rock, it can be pumped to the surface. Polymers
are applied to increase viscosity and improve the efficiency of the
process by preventing channeling. Indeed, without the gelling polymer,
the surfactant solution would enter the porous rock using the path of
least resistance (channel). Once, such a "channel" is formed, the
solution is flowing only there, avoiding the rest of the rock formation.
Thus he efficiency is low and less oil is recovered.

Figure 8: Gelation kinetics at different temperatures

As for other steps, the gelation kinetic is of utmost interest. For the
best efficiency, the solution must gel once it is in the reservoir. The
kinetics depend on temperature as well as monomer and initiator
concentration. Figure 8 shows the impact of temperature on the
gelation of an acrylamide/acrylic acid system crosslinked with N,Nmethacrylamide.
Figure 9 shows three different data sets which explore the effect of
the concentration of monomer (top), crosslinker (middle) and initiator
(bottom) on Elasticity Index. The monomer and initiator concentration
have a direct impact on gelation time and final elasticity, whereas the
crosslinker concentration has no impact on the gelation time, and only
slightly affects the elasticity. The 6 measurement positions allow for
the flexibility to mimic the parameters inside the borewell.
Application Note: RHMAS-AN-16_(Enhanced) Oil recovery - 4. EOR polymer optimization
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Figure 9: Gelation kinetics with concentration variation of monomer
(top), crosslinker concentration (middle) and initiator (bottom).

CONCLUSION

6 measurement position for rapid
characterizaton of gelation parameters
Easy and precise determination of the gel
point
Disposible measurement cells

(Enhanced) Oil Recovery
Mesoporous silica materials

RHEOLASERMASTER

1. Drillin/
Drill-in

Rheolaser Master
is a unique tool for
the optimization of
(enhanced) oil
recovery

2. Completion
3. Oil recovery
(Stage 1 & 2)

4. Enhanced
oil recovery

Zero shear viscosity measurement
for evaluation of drilling muds
Disposible measurment cells for
"dirty" samples difficult to clean.
6 measurement positions for screening
of important gelation parameters
Easy interpretation of gel point by a
unique 1-click calculation
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