Improving Acidizing Operations
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Abstract :

A novel technology (electrokinetics) is proposed to improve acidizing
operations in penetrating formations, i.e., how to increase the penetration
distance. Aqueous solutions of hydrochloric acid (usually 15%) are pumped
into the carbonate formations to enlarge the pores and pre-existing
fractures. However, the penetration distance of acid is very short. By
applying D.C. current, one can drive the acid for long distances into the
formation being acidized.
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1

Introduction

Stimulation of carbonate reservoirs is achieved chieﬂy by acidizing treatments [1], [2], [7], [8]. Acids may be injected into pores and pre-existing fractures or at hydraulic fracturing rates depending upon the results desired. The
acid dissolves the carbonates (limestones/dolomites), enlarging the pores and
increasing the width of pre-existing fractures. This gives rise to an increase in
permeability. The principal acid commonly used is hydrochloric (HCl), which
is pumped through tubing.
In the case of acidizing through pre-existing fractures, with increasing width of
fractures, (1) the speciﬁc surface area decreases, (2) the spending time increases,
and (3) the penetration distance increases.
The main problem in acidizing is the fact that the radial distance the acid will
penetrate until being spent is short, especially in tight carbonates.
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Figure 1 Schematic diagram of electrokinetic double layer (I: Immobile Double Layer,
II: Mobile Double layer, III: Free water, IV: Velocity Proﬁle) as envisioned by the authors.
Solid curved line – velocity proﬁle in a capillary. P = D.C. current power supply. Rock is
negatively charged.

As shown in Eq. (1), in order to increase ra, either t or qi should be increased.
As the experimental data obtained by the writers indicate, the injection rate qi,
can be increased considerably by application of D.C. current (electrokinetic effect,
Figure 1) [3], [4]. The application of D.C. electrokinetics in Abu Dhabi carbonate
reservoir rocks was proven to be very promising by the authors [5].

2

Discussion

On assuming a homogeneous formation and that the volume of acid injected is
equal to the pore volume invaded [qit = pΦh (ra2 − rw2 )] , the radial distance the acid
will penetrate until being spent, ra (ft), is equal to;
qit
+ rw2
pfh

(1)

0.0936 qi t
+ rw2
pfh

(2)

ra =
ra =

where :
qi = acid injection rate (bbl/min); t = spending time (sec); φ = fractional porosity;
h = formation thickness (ft); and rw = wellbore radius (ft).
In the case of uniform penetration of acid, the reaction rate declines uniformly
with decreasing acid concentration. The weight of carbonate dissolved per increment of distance penetrated declines uniformly until the acid is completely spent.
With stronger acid, the spending time decreases.
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In the case of matrix acidizing, with enlargement of pores, (1) the speciﬁc surface
area decreases, (2) the velocity decreases, (3) spending time increases, and (4) the
penetration distance increases.
When the imposed electrical potential gradient (E) is in the same direction as
the pressure drop, the ﬂow rate increases:
qt =

A k Δp A k e E
+
mL
mL

(3)

where:
qt = total volumetric rate of ﬂow (electrokinetic plus hydrodynamic); k = hydrodynamic permeability; A = cross-sectional area; L = length of porous media;
Dx
, is the electrokinetic permeability;
Δp = pressure drop; μ = viscosity; k e =
4pF
F = formation resistivity factor (Archie’s); D = dielectric constant ; and ξ = zeta
potential.
If Eq. 4 is presented in a dimensionless form by normalizing the ﬂow rates and,
thus, eliminating the viscosity, area and length terms:
qt
k E
= 1+ e
qi
k Δp

(4)

(qt − qi ) k e E
=
qi
k Δp

(5)

and

where:
qi = initial hydrodynamic stabilized ﬂow rate.
Equation 5 shows that an increase in the ﬂow rate is dependent upon the zeta
potential, dielectric constant, brine concentration, Darcy permeability, and pressure drop. This equation also suggests that as the hydrodynamic permeability
decreases, the percent increase in ﬂow rate due to electrokinetics will become
more signiﬁcant. It should be remembered, however, that viscosity decreases
with increasing temperature due to the application of an electrical potential. In
tight formations, ke may exceed k considerably. The feasibility of the application of
D.C. current in carbonate reservoir rocks with acids was demonstrated by Haroun
et al. [5].

3

Deployment System for Enhanced Acidizing

As shown in Figure 2 , using electrokinetics, it is necessary to deploy an anode in
the well adjacent to the formation being acidized, and a nearby cathode either at
the surface or in the adjoining well. The electrokinetic ﬂow will occur from the
anode towards the cathode, thereby acidizing the target formation, enabling the
acid to move faster and deeper into the formation in a guided fashion [6], [9]. The
DOI: 10.7569/JSEE.2013.629514
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Figure 2 Electrodes arrangement for acidizing operation.

two electrodes (anode and cathode) must be connected by cables to the Direct
Current power supply located at the surface. The acid must be injected with corrosion inhibitors into the formation; however, the aluminum anode will also serve
as a sacriﬁcial anode.

4

Conclusions

The proposed technology (electrokinetics) to improve acidizing operations is
indeed a breakthrough. By applying D.C current, the volumetric rate of ﬂow
increases, which, in turn, increases the penetration distance of the acid before it is
being spent. Without application of D.C current, the penetration distance is usually very short, especially in tight rocks.
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