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Water Conformance Control
The major issue in water-flooded oil reservoirs

Challenges
Poor sweep efficiency and excessive water production

The main causes
Reservoir heterogeneities, e.g., high permeability layers

Remedy
Water conformance control methods:
Mechanical methods
Chemical methods {
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In-depth treatment
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Primary requirements for applied gel system

The injected chemi - A kaline Sodium Silicate
» be able to flow deep Into the reservoir along water path
Water-like viscosity prior to gelation

> be injected in large amount
Inexpensive

» be safe for the environment
Environmentally friendly

» plug the desired distance within the reservoir
Controllable gelation time

» withstand high temperature of the reservoir
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Sodium silicate (Na-silicate) gel system

Was first proposed for reservoir profile modifications by Mills (1922).

Widely applied in reservoir treatments (mostly near wellbore),
especially in the North Sea, e.g. Statfjord and recently Snorre.

. + —_ — +
(Si0,), Na,O Na O\ /O Na

-~ Si.
n=3.35 o0~ T

Structure of
silicate monomer

Monomers and dimers may aggregate by addition of acid or inorganic salts.
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Sodium silicate (Na-silicate) gel system
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To investigate alkaline Na-silicate gel system for application as a
water conformance control method. Since placement of the chemical
IS dependent on its gelation kinetics:

v'The main factors which affect Na-silicate gelation kinetics are addressed
using accurate bulk measurements (rheological measurements).

v It is tried to enable predicting the gel setting time under reservoir
conditions, e.g., temperature, salinity ....
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Gelation kinetics

Viscosity (Pa-g)
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4.5 wt% Na-silicate, pH 10.30, at T=20 °C and zero salinity.
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Gelation kinetics
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Gelation kinetics
Effects of Na-silicate content and pH
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Gelation kinetics
Effect of salinity
0.8 i
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4.5 wt% Na-silicate at T=20 °C

{,~ gel time at zero salinity and room temperature
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Synthetic sea water composition

Component Concentration (M)

NaCl 0.4
Na,SO, 0.024
NaHCO; 0.002
KCl 0.01
MgCl, 0.044
CaCl, 0.013
Total 0.495
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Gelation kinetics
Effect of divalent ions
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Precipitation
Effect of divalent ions

Adding 25wt% sea water in
4.5 wt% Na-silicate solution

2 (=Si0"Na*) + MgCl, - 2=Si0"Mg*" + 2NaCl

2 (=Si0"Na*) + CaCl, » 2=Si0"Ca® + 2NaCl

Na-silicate solutions prepared with 20 times diluted

SW showed no precipitation.
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Gelation kinetics
Effect of temperature &
N
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Gelation kinetics
Prediction method
Na-silicate
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Na-silicate gelation rheology

Effect of high shear rate before gelation time
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Na-silicate gelation rheology

Effect of high shear rate after gelation time
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M

» Na-silicate shows water-like viscosity prior to gelation, i.e., good injectivity into the
reservoir.

» Na-silicate content, pH, formation water salinity (especially divalent cations) and
temperature affect Na-silicate gelation kinetics.

» A simple graphical method was suggested to roughly estimate the combined effects of
different factors on the gel time.

» Metal silicate precipitation is not observed in the case of mixing Na-silicate with LSW
(25-fold diluted sea water). LSW is a option for pre-flushing in the field applications.

» Imposing temporary high shear rates before the gel time (high shear rate in the wellbore
area) accelerates the setting time and must be considered in field applications.
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