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Abstract 

Nowadays such methods of well stimulation as acid treatment 

or hydraulic fracturing are widely used in the oil and gas 

industry when completing production wells as well as putting 

them on production. 

Currently the acid treatment is very often used to remove 

clogging of formation pay zone after such process operations 

as drilling or killing the well before workover. 

The article is devoted to the selection of acidizing 

composition for the use in terrigenous reservoir rocks with 

low permeability with increased carbonate content and high 

formation temperature. For making the treatment of this type 

of reservoir rocks it is very important to prevent the setting of 

low soluble bottom sediments such as CaF2 (calcium 

fluoride). Thereby it is required to carefully select the 

concentration of fluorine-containing agents for adding into 

developed acidizing composition. 

The laboratory tests showed dependence of dissolution 

velocity and rate of the quartz glass and marble on time. The 

analysis of such dependence for acidizing compositions was 

based on organic acids (formic) and ammonium bifluoride 

compared with the standard mud acid. We considered 

dependences of the ability to suspend of insoluble calcium 

fluoride acidizing compositions from their concentration in 

the composition of an organic acid (formic) and ammonium 

bifluoride. We found out that injection of organic acid 

(formic) into composition can increase acid reaction time that 

will help to increase treatment area of the formation pay zone 

compared to a standard mud acid. 

Keywords: acidizing composition, ammonium bifluoride, 

terrigenous reservoir, formic acid, acid treatment of the well. 

 

INTRODUCTION 

Recently the methods of oil and gas formation stimulation 

which were previously belonged to inflow stimulation have 

increasingly been used for completing production wells, as 

well as putting them on production. One of such methods is 

the acid treatment conducted after drilling or well killing. The 

purpose of formation pay zone treatment is to eliminate its 

clogging which can occur after filtering drilling fluids and its 

filter cake into the reservoir during penetration, filtering 

cementing slurry during cementing the casing while secondary 

penetration of the reservoir and filtering killing-fluids during 

workover operations. This question is examined in [3], and 

our studies have been devoted to analyze solutions. 

The standard approach to the choice of formation pay zone 

stimulation is based only on the net oil pay zone. The most 

efficient technology to stimulate the well must first of all be 

selected on the basis of pay zone contamination type. The 

following parameters of the formation must be also taken into 

consideration: temperature, permeability and porosity, grain 

size and mineralogy of the rocks, the chemical content of 

formation fluids [4]. 

Hereby we describe the development of acidizing composition 

that is aimed at improving treatment of low-permeable 

terrigenous formation with kaolinite and carbonate cement (in 

amount up to 25%) and high formation temperature (95°C), 

after use of drilling fluids (mud), mixed with xanthan-based 

polymer and carbonate aggregate (marble chips). [4] 

Conventional acidizing using mud acid in low permeable 

sandstones that have high carbonate content is often not very 

successful due to the fact that all of the acid is swallowed by 

carbonates and clays in the near-well area. Moreover there 

exists a risk of building up hardly soluble sediments of 

calcium fluoride after the reaction of hydrofluoric acid with 

calcium-containing rocks. To avoid these problems sometimes 

strong mineral acids such as HCl are completely or partially 

replaced on weak organic acids such as formic acid or acetic 

acid. These organic acids have low concentration of hydrogen 

ions in solution compared to the reaction with HCl and the 

formation response is slower [7]. Strong acid in solution with 

weak acids prevents their decomposition. Thus the reaction of 

weak acid molecules is postponed as they start with  

neutralizing the strong acid and only after it start interacting 

with the rock.  Therefore often acetic and formic organic acids 

are used [8]. The formic acid is widely used due to 

decomposition constant (1,77 ∙ 10-4 mol/dm3) is much higher 

than that of acetic acid (1,75 ∙ 10-5 mol/dm3) that can reduce 
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the amount of secondary fluorine-containing sediments. Thus 

organic acids and their water solutions combine two 

conditions that are good for reservoir quality: prolonged 

response time from carbonate rocks and increased surface 

activity on different solutions phase. Obviously the most 

appropriate is to use them as a perforation fluids at the 

secondary completion stage, primary anti-clogging additives 

used for formation pay zone, a deep impact on the low-

permeable formations, as well as ion stabilizers Fe3+ added 

into the acidizing composition [2]. Ammonium bifluoride is 

used instead of  hydrofluoric acid due to its smaller class of 

danger and maintainability. But the most important thing is 

that hydrofluoric acid is generated in portions during 

hydrolysis of ammonium bifluoride. This leads to decrease of 

the acid neutralization rate and allows it in its active state to 

penetrate deeper into the formation. This property of the 

acidizing composition is especially important when 

maintaining productive formations with high temperature. 

This increases the radius of treatment of the productive 

formation around the wellbore [8]. 

 

METHODOLOGY 

Method to determine the ability of acidizing compositions to 

suspend the calcium fluoride sediments. 

During acidizing terrigenous reservoirs in the interaction of 

fluorine-containing components (hydrofluoric acid, 

ammonium fluoride and bifluoride) with samples of carbonate 

rocks may build up a low soluble sediments of calcium 

fluoride and clog filtering channels. Also the sediments may 

build up due  to reaction of the acidizing composition with  

drilling fluids agents, where carbonate chips are mainly used. 

As the result the permeability of pay zone is reduced and 

consequently the flow rate of hydrocarbons is decreasing in 

the wells. 

Therefore prior to acidizing terrigenous reservoirs it is 

necessary to study the composition of the minerals contained 

in it. To find out which part comprise carbonates and then 

determine the ability of test compositions to suspend 

sediments of calcium fluoride. 

These studies must be carried out under laboratory conditions 

before applying the acidizing composition in the field, as the 

wrong choice of acidizing technology may lead not to the 

restoration or increasing of pay zone permeability –but to poor 

reservoir properties [9, 1]. 

The methodology described in [9, 1] was taken as the basis for 

the current studies. 

The authors used the marble discs (diameter of 3 cm and a 

height of about 1 cm), the surface area of which is determined 

by formula: 

       ,                                                         (1) 

where    S – surface area of marble disk, m2; 

r – disk radius, m2; 

h – disk height, m2. 

After measurements of the key geometrical parameters of 

disks, they were washed with the distilled water and dried up 

in a heating chamber to get constant mass. The last stage of 

preparation of disks was their cooling in an eksikator during 2 

hours. 

Simultaneously filters «Blue ribbon» brand were also dried in 

a heat ing chamber to get constant mass, and then was cooled 

in an eksikator during 2 hours. Upon completion the prepared 

disks and filters were weighed on laboratory scales to four 

decimal places 0,0001 g. 

Then acidizing composition in amount 2,5 times more than 

the surface area of disks used in the course of the research was 

added into 3 plastic phials. The phials with acidizing 

composition were placed in a heating chamber with the agreed 

temperature for 60 minutes for warming up of acidizing 

composition up to the tested temperature. Further marble disks 

were placed in each of phials and samples were tested for set 

temperature during 60, 120 and 180 minutes accordingly. 

The marble disk, after exposure in acidizing composition, was 

washed with 0,5 N solution of sodium hydroxide and the 

distilled water, dried in a heating chamber to get constant 

mass, then was cooled in an eksikator during 2 hours and 

weighed. Loss of mass of the disk was determined by formula: 

,                                                  (2) 

where  – loss of mass of disk, g; 

 – the mass of disk prior to the experiment, g; 

 – the mass of disk after the experiment, g. 

 

The used acidizing composition was filtrated and the filter 

which then dried in a heating chamber up to the constant mass 

and was cooled in an eksikator during 2 hours. The dried-up 

filter was weighed then the mass of sediment of calcium 

fluoride was calculated by formula: 

,                                             (3) 

where  – mass of  calcium fluoride sediment, g; 

 – the mass of filter prior to the experiment, g; 

 – the mass of the filter after the experiment, g. 

At the final stage of the experiment we used the formula 4 that 

showed how acidizing compositions were able to maintain 

solution of calcium fluoride and dependence of ability to 

suspend  acidizing composition sediments on time. 

,                                              (4) 

where  – the ability of solution to suspend sediments , %; 

 – the amount of the dissolved rock, g; 

 – the mass of calcium fluoride sediments, g. 
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Methods to determine  dissolution velocity of quartz (quartz 

glass). 

In this experiment we used the plates with dimensions of 

25x10x1 mm made of glass slide manufactured as per GOST 

9284-75. The surface area of the plates was calculated by 

formula: 

,                                     (5) 

where  – length, height and width of the plate, 

respectively, m. 

 

At first the plates were washed with distilled water and wiped 

with acetone, then dried in a heating chamber to get constant 

mass. After preparation the plates were weighed on laboratory 

scales to four decimal places 0,0001 g. 

After that lifting bars with quartz glass were suspended in 6 

plastic phials with covers so that they didn't touch either walls 

or phial’s bottom. Acidizing composition heated to tested 

temperature was added into every phial that had also been 

heated for an hour before the experiment. The amount of 

acidizing composition exceeded the surface area of a plate by 

2,5 times.  

The plates were exposed at tested temperature during 5, 15, 

30, 60, 120 and 180 minutes. 

After exposure of plates in acidizing composition they were 

taken from phials and washed with 0,5 N solution of sodium 

hydroxide and distilled water, dried in a heating chamber up 

to the constant mass and weighed. 

Dissolution rate of quartz glass was calculated by formula: 

 

,                                                       (6) 

where  – dissolution rate of quartz glass, %; 

 – the mass of plate prior to the experiment, g; 

 – the mass of plate after the experiment, g. 

 

Dissolution velocity of quartz glass was calculated by 

formula: 

,                                                                 (7) 

where  – the mass of plate prior to the experiment, g; 

 – the mass of plate after the experiment, g; 

t – experiment time, h; 

S – plate surface area, m2; 

V – dissolution velocity of quartz glass, g/(m2 h). 

 

As the result we received dependences of dissolution rate and 

velocity of quartz glass by acidizing  composition on time. 

 

Methods to determine dissolution velocity of carbonate (a 

marble disk). 

In this experiment we used marble disks which surface area 

was calculated by formula 1. 

The marble disks were prepared similarly to above-stated 

methods to determine the ability of acidizing compositions to 

suspend sediments of calcium fluoride.  

After preparation marble disks were weighed on laboratory 

scales to four decimal places 0,0001 g. Then the acidizing 

composition with amount of 2,5 times more than the surface 

area of disks was added in 6 plastic phials which were used in 

the research. The phials with acidizing composition were 

placed in a heating chamber with the established temperature 

for 60 minutes, for warming up of acidizing composition up to 

the tested temperature. Further the marble disk was placed in 

each phial, and tests of structure with disks were exposed at 

tested temperature during 5, 15, 30, 60, 120 and 180 minutes 

respectively. 

After exposure of  marble disks in acidizing composition they 

were washed with 0,5 N solution of sodium hydroxide and 

distilled water, dried in a heating chamber up to the constant 

mass, then was cooled in an eksikator during 2 hours and 

weighed. Determination of mass loss of a marble disk was 

made by formula 2. 

Then dissolution rate and velocity of carbonate by acidizing 

composition was calculated similarly by formulas 6 and 7. As 

the result we received dependences of dissolution rate and 

velocity of carbonate by acidizing  composition on time. 

 

RESULTS 

As the acidizing composition was selected for a terrigenous 

formation, at the initial stage experiments were made by 

ability of acidizing composition to dissolve quartz (quartz 

glass). Standard concentration of the acids used in the field 

have been prepared for this purpose, but the part of 

hydrochloric acid (50%) was replaced on formic acid in them, 

and ammonium bifluoride was used instead of fluoric acid. 

The first 4 studied compositions represented on acidizing an 

equivalent of 3% (1,5% HCl + 1,95% HCOOH), 6% (3% HCl 

+ 3,9% HCOOH), 8% (4% HCl + 5,2% HCOOH) and 10% 

(5% HCl + 6,5% HCOOH) hydrochloric acid with 1% of a 

ammonium bifluoride (NH4F*HF) in each. Also to make 

comparison we took acid that is often used in-fields and 

contains 10% HCl + 1,5% HF + 0,5% citric acid. The 

temperature of experiments was 95°C (the maximum value of 

temperature common to the majority of fields of the Western 

Siberia). 

As the result we received dependences of dissolution rate and 

velocity of quartz glass by acidizing  composition on time. 

(figure 1-2). 
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Figure1. Dynamics of dissolution velocity of quartz glass by 

acidizing compositions at 95 °C 

 

0

1

2

3

4

5

6

7

8

9

10

0 0,5 1 1,5 2 2,5 3

D
is

so
lu

ti
o
n
 r

a
te

 o
f 

q
u
a
rt

z 
g
la

ss
, 

%

Time, h

10 % HCl+1,5 %
HF+0,5 % citric
acid - 1

1,5 % HCl+1,95 %
HCOOH+1 %
NH4F*HF - 2

3 % HCl+3,9 %
HCOOH+1 %
NH4F*HF - 3

4 % HCl+5,2 %
HCOOH+1 %
NH4F*HF - 4

5 % HCl+6,5 %
HCOOH+1 %
NH4F*HF - 5

1

2

3

4

5

 

Figure 2. Dynamics of dissolution rate of quartz glass by 

acidizing compositions at 95 °C 

 

According to the received dependences various content of 

hydrochloric and formic acids influences generally on the 

reaction rate in the course of the experiment. In particular 

dissolution of quartz glass goes more evenly when the 

concentration of acid is increased, but the general amount of 

dissolved quartz glass is almost identical in all cases and 

constitutes about 10% in 3 hours (see the figure 2). The 

traditional mud acid (10% HCl + 1,5% HF + 0,5% citric acid) 

can dissolve the same amount of quartz glass as the solutions 

with 1% of ammonium  bifluoride. 

Thereafter we researched a reaction ability of these 

compositions in relation to a carbonate component of rocks. 

It is possible to make the following conclusions according to 

the received dependences of dissolution velocity and rate of 

carbonate (marble) on time (see figures 3-4). Initially (in 5 

minutes) the standard mud acid containing 10% HCl + 1,5% 

HF + 0,5% citric acid has the biggest velocity of dissolution, 

but in 15 minutes the reaction velocity of this structure 

becomes lower than of the composition containing 5% HCl + 

6,5% HCOOH + 1% NH4F∙HF. Also during the analysis of 

dissolution rate of marble (figure 4) we could observe the 

complete neutralization of a standard mud acid finished in 30 

minutes while the compositions containing formic acid and 

ammonium bifluoride were still active throughout the whole 

experiment (during 3 hours). Thus the standard mud acid can 

be neutralized already in a near well bore area, and waste acid 

products penetrates deep into formation so that the area of 

acid treatment become insignificant. Whereas the 

compositions containing formic acid and ammonium 

bifluoride can provide deeper impact on a pay zone of 

formation in case of acid treatment of terrigenous reservoirs 

with kaolinite and carbonate cement. In case of all this, the 

increase in reaction velocity and a general amount of 

dissolved marble by acidizing compositions No. 2, 3, 4 and 5 

(figures 3-4) relatively each other, can be explained by 

increase of hydrochloric and formic acids concentration. 

These acids are the most reactionary and active in relation to 

carbonates. 
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Figure 3. Dynamics of dissolution velocity of marble by 

acidizing compositions at 95 °C 
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Figure 4. Dynamics of dissolution rate of marble by acidizing 

compositions at 95 °C 

 

Results of researches of the ability to suspend sediments of 

insoluble calcium fluoride in acidizing compositions are 

presented in the figure 5. It is noted that the acidizing 
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composition containing 1,5% HCl + 1,95% HCOOH + 1% 

NH4F∙HF has the smallest ability to suspend  sediments (no 

more than 60%) of calcium fluoride after 3 hours. The 

compositions containing 3% HCl + 3,9% HCOOH + 1% 

NH4F∙HF and 4% HCl + 5,2% HCOOH + 1% NH4F∙HF have 

the ability to suspend sediments of insoluble calcium fluoride 

of 78% and 80% respectively. The ability of standard mud 

acid (10% HCl + 1,5% HF + 0,5% citric acid) to suspend 

sediments of insoluble calcium fluoride in acidizing 

composition is equal to 79%. The composition containing 5% 

HCl + 6,5% HCOOH + 1% NH4F∙HF has shown the best 

result – the ability to suspend sediments of insoluble calcium 

fluoride in acidizing composition is equal to 83%. Thus the 

increase in the ability to suspend sediments of insoluble 

calcium fluoride in acidizing composition No. 2, 3, 4 and 5 

(figure 5) can be explained by increase in content of 

hydrochloric and formic acids in their content. 
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Figure 5. Dependence of the ability to suspend sediments of 

insoluble calcium fluoride in acidizing compositions on time 

at 95 °C 

The analysis of the marble disk’s external view exposed to the 

standard mud acid (10% HCl + 1,5% HF + 0,5% citric acid) 

has shown distinct traces of the fluoride of calcium sediments 

(figure 6). By adding organic acid (formic) CaF2 is adsorbing 

on the surface of mineral to a lesser extent, remaining in acid 

structure in a dissolved state. 

 

Figure 6. External view of a marble disk after its exposure to 

acidizing compositions: 

а – 10 % HCl + 1,5 % HF + 0,5 % of citric acid; б – 5 % HCl 

+ 6,5 % HCOOH + 1 % NH4F∙HF 

Thus the conducted laboratory researches helped to chose the 

compositions for influence of  hydrochloric and formic acids’ 

concentration on dissolution velocity and rate of quartz glass 

and marble, and also for their ability to suspend sediments of 

insoluble calcium fluoride in acidizing compositions for 

further researches. They are 4% HCl + 5,2% HCOOH + 1%  

NH4F∙HF and 5% HCl + 6,5% HCOOH +1% NH4F∙HF. 

The purpose of further experiments was to define the increase 

in concentration of ammonium bifluoride in acidizing 

compositions. The concentration of ammonium bifluoride 

increased twice in the selected compositions then dissolution 

rate and velocity of quartz glass, and also their ability to 

suspend sediments of insoluble calcium fluoride in acidizing 

composition (figures 7-9) were additionally investigated. 

Analyzing the received dependences it is possible to draw a 

conclusion that increase of ammonium bifluoride 

concentration causes the increase of dissolution rate and 

velocity of quartz glass in acidizing composition that is 

natural. At the same time the compositions containing twice 

more than ammonium bifluoride (2%) dissolve on average 

2,2-2,5 times more quartz glass for 3 hours. 
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Figure 7. Dynamics of dissolution velocity of quartz glass by 

acidizing compositions (with the exposure of ammonium 

bifluoride in 1 and 2% solution) at 95 °C 
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Figure 8. Dynamics dissolution rate of quartz glass by 

acidizing compositions (with the exposure of ammonium 

bifluoride in 1 and 2% solution) at 95 °C 
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At the same time increase in ammonium bifluoride content in 

acidizing compositions leads to decrease in their ability to 

suspend sediments of insoluble calcium fluoride in acidizing 

compositions (figure 9). The ability to suspend sediments of 

insoluble calcium fluoride in acidizing composition decreased 

by 17% in both compositions after 3 hours of the experiment. 

Thus the acidizing compositions containing big concentration 

of ammonium bifluoride haven't been recommended for 

further researches as they have lower ability to suspend 

sediments of insoluble calcium fluoride in acidizing 

composition [5, 6]. 
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Figure 9. Dependence of the ability to suspend sediments of 

insoluble calcium fluoride in acidizing compositions on time 

at 95 °C 

 

CONCLUSION 

1) Replacement in the mud acidizing compositions of a 

part of hydrochloric acid on formic acid leads to 

increase in time of their neutralization, and, as the 

result, can cause deeper treatment of the formation pay 

zone in comparison with solution of the standard mud 

acid (10% HCl + 1,5% HF). 

2) The acidizing compositions containing 1% of 

ammonium bifluoride have the same dissolving quartz 

capability during 3 hours (10%), as well as the 

standard mud acid. 

3) Acidizing compositions (4% HCl + 5,2% HCOOH + 

1% NH4F*HF and 5% HCl + 6,5% HCOOH + 1% 

NH4F*HF) have the best ability to suspend sediments 

of insoluble calcium fluoride in acidizing composition 

in comparison with standard mud acid (10% HCl + 

1,5% HF) that can cause decrease possibility of almost 

insoluble sediments (calcium fluoride) to be formed in 

filtration channels of  reservoirs. 

4) Increase in content of ammonium bifluoride in 

acidizing compositions from 1 to 2% leads to increase 

in the dissolving capability of quartz, but at the same 

time the ability to suspend sediments of insoluble 

calcium fluoride in acidizing composition decreases (by 

17%). 

5) Based on the conducted laboratory researches for 

conditions of high-temperature productive formations 

with polymictic sandstones containing a carbonate the 

acidizing compositions containing 4% HCl + 5,2% 

HCOOH + 1% NH4F*HF and 5% HCl + 6,5% 

HCOOH + 1% NH4F*HF are picked up. These 

compositions in comparison with standard mud acid 

(10% HCl + 1,5% HF) will allow to increase depth of  

pay zone treatment and decrease the degree of its 

clogging with hardly insoluble sediments (calcium 

fluoride). 
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