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Sandstones Acidizing

The goal of sandstone matrix acidizing is to remove siliceous particles such as

formation clay, feldspar, and quartz fines that are blocking or bridging pore throats.

This is accomplished by injecting acid formulations containing hydrofluoric (HF) acid

or its precursors, as HF is the only common acid that dissolves siliceous particles

sufficiently.

Standard treatments include pre-flush and/or post-flush stages of HCl acid to minimize

the potential for calcium fluoride and other secondary precipitation.



Acid system for Sandstones

Sandstone Formations

Quartz

Feldspars

Clays

Carbonates

Oxides

Sulfide



Acid selection for Sandstones



Reservoir Mineralogy

Heterogeneous

Clay minerals

Chlorite content

Feldspars (Na, K)

Swelling clays

Acid-sensitive clays (Illite)

Cementing material



Reservoir Mineralogy



Laboratory Tests of Reservoir Materials

Mineral acids (HCl)

Mud acids (HCl/HF) 

Mud acid/organic acids

Retarded HF acids *

Aluminum chloride

Boric acid

Phosphonic acid

Single acid system

* IPTC-18571-MS



Chemicals in Use for Matrix Acidizing

 Acids

 Mineral dissolution (surface or the whole grain)

 Mobilization of mineral grains by decomposition of the rock structure

 Chelating agents

 Precipitation inhibitor

 Complexing ions in the fluid

 Reducing reactivity of specific mineral surfaces (ion exchange processes, 

adsorption)

 Additives

 Corrosion inhibitor

 Iron control

 Clay controller

 … and much more

Keep in mind!

Chemical compatibility with

• Reservoir fluid

• Minerals of the host rock

• Minerals of the fracture fillings

• Temperature

• Pressure



Laboratory Tests of Reservoir Materials

Testing the compatibility of acids and additives on reservoir material
 (cores, cuttings, fluid and if possible of the damaging material)

Characterization of the reservoir mineralogy before and after treatment
 Laboratory analyses: XRD, XRF, SEM, DTA, Thin section analysis…

 Cores, cuttings

Acid response curves
 Change of permeability by injection of acid and additives into a core

(P/T conditions of the reservoir)

Compatibility issues
 Reservoir fluid analyses

 Treating fluid - Reservoir fluid mixtures

 Dissolution experiments for investigation possible secondary and tertiary reactions

Stimulation of a core 

sample with Mud Acid

12% HCl and 3% HF



Wormhole in Sandstone



Modelling of Sandstone Acidizing

 Porosity Model 

 Permeability model 

 Precipitation model 

 2-mineral model

 2-acid, 3-mineral model 



Porosity Permeability Model

The porosity at a position x and a time t can be

calculated as lA, where l is the average length of a

pore, and A is the cross-sectional area. The total

number of such pores in a unit volume is h dA, and

the porosity is the sum of all such voids volumes per

unit volume.

If the initial porosity is know before acidizing:
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Porosity Permeability Model

The porosity at a position x and a time t can be

calculated as lA, where l is the average length of a

pore, and A is the cross-sectional area. The total

number of such pores in a unit volume is h dA, and

the porosity is the sum of all such voids volumes per

unit volume.

Permeability is given by:
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Porosity Permeability Model



Porosity Permeability Model -Example



Porosity Permeability Model



Precipitation of Reaction products

 The most common damaging precipitates that may occur in sandstone

acidizing are calcium fluoride (CaF2), colloidal silica (Si(OH)4),

ferric hydroxide (Fe(OH)3) and asphaltene sludges.

 Calcium fluoride is usually the result of the reaction of calcite with

HF, according to: CaCO3 + 2HF  CaF2 + H2O + CO2

 Calcium fluoride is highly insoluble, so the precipitation of CaF2 is

likely if any calcite is available to react with the HF. Inclusion of an

adequate HCl preflush ahead of the HCl-HF stage prevents the

formation of CaF2.



Precipitation of Reaction products

 Contact of the crude oil by acid can cause the formation of

asphaltenic sludges

 The tendency for precipitation reactions to occur in

acidizing is predicted with comprehensive geochemical

models of the chemical reactions between aqueous species

and the host of minerals present.

 The most common type of geochemical model used to

study sandstone acidizing is the local equilibrium model.



Precipitation of Reaction products



Precipitation of Reaction products



Sandstone Acidizing



Sandstone Acidizing

 Typical acid treatment in sandstones consists of the injection of an

HCl preflush, with 50 gal/ft of formation a common preflush volume,

followed by the injection of 50 to 200 gal/ft of HCl-HF mixture.

 A post-flush of diesel, brine or HCl then displaces the HCl-HF from

the tubing or wellbore.

 Once the treatment is completed, the spent acid should be immediately

produced back to minimize damage by the precipitation of reaction

products.

 A sandstone acidizing treatment design begins with the selection of

the type and concentration of acid to be used.



Sandstone Acidizing

 The volumes of preflush, HCl-HF mixture and post-flush

required and the desired injection rate(s) are considered next.

 All acid treatments, the placement of the acid is an important

issue—a strategy to ensure that sufficient volumes of acid

contact all productive parts of the formation should be carefully

planned.

 The types and amounts of additives to be used in the treatment

must be determined on the basis of the completion, formation

and reservoir fluids.



Sandstone Acidizing


