
                                                                        ELMİ ƏSƏRLƏR •  PROCEEDINGS  •  НАУЧНЫЕ ТРУДЫ      

58

2014 №3

In order to solve problems associated with acidizing the oil reservoir in K1S2 «Tuha» oilfield, the 
paper analyses the petrologic feature of the reservoir stratum and the character of the clay mineral 
based on the special geologic feature of the reservoir stratum. The rock samples consist of different 
minerals and have been chosen to react with 15%HCl, 12%HCl+3%HF and 10%HF+8%HBF4. 
The mechanism of acid sensitivity has been evaluated. Results show a medium to strong acid 
sensitivity for the reservoir to hydrochloric acid with a sensitivity index of 17.63% to 30.79%. The 
acid sensitivity index of the reservoir to 12%HCl+3%HF is 52.87% to 60.84%. This is the strongest 
acid sensitivity. The acid sensitivity index of the reservoir to 10%HF+8%HBF4 is -21.3% ~ -23.3% 
indicating no acid sensitivity. The primary cause of the acid sensitivity is due to the presence of 
various common clay minerals. In order to realize the effect of increasing acidification in K1S2 
«Tuha» oilfield, the geological characteristics of the research should be strengthen and the results 
used to simulate the effect on production.
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Introduction
The porosity of the «Tuha» K1S2 reservoir is 

between 9.3% and 23.86%, and the average porosity 
is 16.69%. The permeability of the 36 samples is 
between 0.53×10-3 μm2 and 76.2×10-3 μm2, and the 
average permeability is 21.69×10-3 μm2. In addition, 
the permeability of the 5 samples is between 
101×10-3 μm2 and 300×10-3 μm2. In general, the stratum’s 
porosity is medium and the permeability is low.

Petrologic feature
Based on the study of the rock thin section in K1S2 

reservoir, the research area mainly contains calcium as 
shown in table 1. The clastic fragment contains 27.3% of 
quartz, 17.2% of potassic feldspar, 7.8% of plagioclase, 
13.9% of magmatic and 31.3% of pyroclastic rock. The 

clastic particles in subround ,subangular and selected 
separately are mainly consist of arentilla and silt, 
and the grain size is between 0.06 and 0.25 mm. The 
contact form is mainly in the whisker way with little 
in the dot line, the grain is under the grain support, 
and the pore porosity is 5%.

The rock is mainly porously cemented with calcic, 
and the cemented component contains 2.25% of 
chalybeate clay, 4.3% of calcite, 4.3% of anhydrite, 
1.5% of analcime. The pore is filled with calcite, 
analcime and anhydrite. The chalybeate clay is spread 
in thin membrane, and some of the rock’s split is filled 
with anhydrite. The subangular and subround grain 
are commonly under corrosion. The grain is small 
and selected separately. The intergranular pore and 
micropore are well-developed and connectedness is 

hole 
section,

m

Detrital material of terrigenous origin, % Interstitial material, %

quartz potassic 
feldspar

plagio-
clase

magmatic 
rock

athrogenic 
rock chalybeate calcite anhydrite analcidite

1735.07~
1735.18 27.7 16.9 7.2 14.5 31.3 2 1 8 2

1735.75~
1735.93 28.4 18.5 6.2 14.8 29.6 2 9 2 2

1737.64~
1737.76 33.3 18.5 9.9 11.1 24.7 3 2 2 2

1738.61~
1738.74 30.1 18.1 8.4 12.1 28.9 2 2 1 2

1741.89~
1742.00 27.4 17.9 7.1 13.1 32.1 1 1 12 1

1742.73~
1742.85 16.9 11.3 5.6 16.9 46.5 1 26 1.5 0.5

Table 1 
The analysis of rock composition in Red south 2-25 Well
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good. The microbe and 
spalled joint are inside of 
the visible grain. A little 
of mixed-layer mineral 
of illite and smectite in 
schistose and curly hairy 
are spread over the 
surface of the grain.

Clay mineral feature
Clay mineral compo-

nents: The rock sample 
in K1S2 reservoir has 
a low content of clay 
of 4.47%, belong to 
clean sample. Based on 
the X-ray diffraction 
analysis, the research 
area doesn’t contain 
montmorillonite alone. 58.08% of the clay mineral 
is illite-montmorillonite mixed-layer with 70% of 
montmorillonite, 22.5% of goeschwitzite, 11.6% of 
chlorite and 7.8% of kaolinite. The research shows 
that the bed of interest contains such a little amount of 
montmorillonite that the water sensitivity of reservoir 
is not strong. In addition, with a lot of illite, kaolinite 
and thin pore throats, the particulate is easy travel 
and thus it causes velocity sensitivity damage. High 
content of chlorite is the potential factor of damaging 
the reservoir.

Clay mineral attitude: The chlorite is mainly 
developed in oval leaf and bobble aggregate, and the 
leaf is thick with a length of 6~9μm. The former is 
attached to the surface of the grain in pectinate, while 
the latter is mainly filled in the pore. Meanwhile, 
chlorite particles make up the micritic pore. They do 
not only increase the surface area but also make it 
hard for the fluid to get through the pore throat.

The illite spreads on the grain. The attitude which 
divides the big pore pass into small ones stretch to 
the pore throat along the grain surface, which will 
lead to the decrease of permeability. At the same time, 
the illite micritic aggregates in ribbon will disperse 
further when the external fluid comes. It will lead to 
the particle migration and block the pore. 

The interstratified illite/montmorillonite widely 
spreads in the reservoir which is attached to the 
surface of grain. Kaolinite observed in book aggregates 
structure under SEM(scanning electron microscope) 
that mainly fills the pore, but most single crystal 
become imperfect after the corrosion.

Acidic sensitivity evaluation: The analysis of 
formation water sample of Hongnan 3-5 well (tabl.2) 
indicates that the formation water is of CaCl2 type, 

with salinity of 12989 mg/L. To ensure the consistency 
of the results of laboratory experiments with field 
application, the formation water of reservoir in K1S2 is 
used for the experiment.

Acidic sensitivity evaluation experiments: 
According to the SY/T5358-2010, the research chooses 
hydrochloric acid, mud acid and fluoboric acid in the 
experiment to get to know the acidic sensitivity and 
the compatibility of the acid fluids [1].

1. hydrochloric acid sensitive experiment
As shown in figure 1, the simulative formation 

water and 15%HCl are used  to react with the 12#, 
3-2#,50# drilling core. 

The results show that as follows. The acidic 
sensitive index of 12#core is 17.63%, and there exists 
medium to strong acidic sensitivity. The index of 
3-2#core is 30.79%, and there exists strong acidic 
sensitivity. The index of 50#core is 22.73%, and there 
exists medium to strong acidic sensitivity. It shows 
that medium to strong acidic sensitivity exists for 
reservoir to 15%HCl, and HCl could not be used to 
acidize reservoir. 

2. Soil-sensitive acid-sensitive experiment
As shown in figure 2, the simulative formation 

water and 12%HCl+3%HF are used to react with the 
21-1# and 52# drilling core. The results show that: 

1. The acidic sensitive index of 21-1#core is 60.84%, 
and there exists extremely strong acidic sensitivity. 

2. The index of 52# is 52.87%, and there exists 
extremely strong acidic sensitivity. 

3. The acidic sensitivity of reservoir to 
12%HCl+3%HF is extremely strong, and the mud acid 
can not be used to acidize.

Formation water 
of hongnan 3-5 well

Ion content, mg/L
Na+, K+ Ca2+ Mg2+ Cl- SO4

2- hCO3
- CO3

2- Oh-

4517.7 486.0 23.1 7710.4 211.3 40.9 0 0

Table 2 
Analysis data of formation water sample of hongnan 3-5 well

Fig.1. The acidification permeability before and after contrast used 15% hCl
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3. Acid-sensitive experiment of fluoroboric 
acid acidification system

Fluoroboric acid acidification system is composed 
of a conventional acid HCL and retarder acid HBF4. 
Fluoroboric acid (HBF4), a retarded acid, can conduct 
slow hydrolysis to generate HF, its reaction rate is less 
than conventional mud acid,  under the test conditions 
of 50 oC ~ 60 oC, the rate of reaction of fluoroboric acid 
with quartz is less 70% ~ 85% 
than conventional mud acid, 
that with clay is reduced 
by 45%, and thus, before 
exhaustion, the acid liquor 
and penetrate into a larger 
range of the oil reservoir. In 
addition, HBF4 also causes 
clay particles to produce 
chemical coagulation. 

Coagulated particles 
are cemented in place, and 
can effectively prevent the 
particle migration due to 
excessive fluid flow rate of 
formation. 

The core formation 
water was selected for the 
fluoroboric acid sensitive 

experiment. It was found 
that during the displacement 
process, there were certain 
variations in permeability, 
and particle migration 
occurred. The experimental 
results (fig.3) show that the 
reservoir in K1S2 has not 
posed acid sensitivity to the 
fluoroboric acid acidification 
system, and the fluoroboric 
acid acidification system 
of a different concentration 
has improved the reservoir 
permeability, indicating 
that the reservoir can be 
considered to be acidified 
with the fluoroboric acid 
acidification system. In this 
study, a static test method is 

used to determine a reasonable HBF4 concentration, 
and HBF4 of different concentrations is used for the 
acid sensitivity evaluation experiment, the change 
to the core permeability before and after acidification 
is determined, and acidification effects, costs and 
other factors are used to determine a reasonable use 
concentration of fluoroboric acid. The results (Table 3) 
show that: 10% HCL + 8% HBF4 acid sensitive index 

Fig.2. The permeability contrast before and after 
the acidification used 12%hCl+3%hF

Fig.3. The permeability contrast Before and after 
the acidification used 10%hCl+8%hF

Acid 
concentration,

%
Core 

number 
Displacement 

speed,  mL/min
Before  

acidification 
Ki

After  
acidification 

Kacd

Acid sensitivity 
damage rate Dac

10%HCL+4% HBF4

6-2# 0.25 12.31 13.85 -12.5%
7# 0.25 5.21 5.89 -13.1%

10%HCL+6% HBF4

26# 0.25 7.72 9.09 -17.7%
9-1# 0.25 14.20 16.67 -17.4%

10%HCL+8% HBF4

23# 0.25 5.22 6.33 -21.3%
17# 0.25 8.72 10.76 -23.3%

10%HCL+10% HBF4

19# 0.25 6.61 8.27 -25.1%
30-2 0.25 9.50 11.96 -25.8%

Table 3 
Experimental data of fluoroboric acid acidification system of different concentrations
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is -21.3% -23.3%, the acidification effect is very good, 
10% HCL + 10% HBF4 acid sensitivity index, above 
25%, has increased, but the increase is not significant. 
Therefore, it is appropriate for the concentration of 
HBF4  to be 8% -10%, but in consideration of the 
cost savings and other factors, it is recommended to 
select 8%. 

Analysis of acidic sensitivity mechanism: The 
ripidolite and pyrite in K1S2 reservoir are most 
sensitive to HCl in Tuha oilfield. Fe(OH)3 produced by 
the reaction between HCl, siderite, hematite, ferroan 
calcite, ankerite, blackmica and magnetite blocks the 
duct [2]. The acidic sensitivity of hydrofluoric acid 
is mainly related to silicate and carbonate mineral. 
The calcite, dolomite and many other carbonate 
are very sensitive to HF. The CaF4 produced by 
these mineral and Hydrogen oxidation silicon gel 
hydration produced by the reaction between feldspar, 
microcrystal quartz, zeolite, clay minerals, glimmer 
and hydrofluoric acid may block the duct easily [3].

According to the comprehensive analysis of SEM 
and pore structure, the mechanisms of K1S2 acidic 
sensitivity are as follows. 

1. The reservoir contains large amount of chalybeate 
and aluminiferous mineral such as chlorite, calcite and 
ferroan calcite. 

2. HCl and mud acid can ruin the chlorite crystal 
structure. 

3. Fe2+, Mg2+ and Al3+ drift away and go into the 
formation water. 

4. Fe2+ turns into Fe3+ under the oxidizing condition. 
With chlorite and other mineral corroded by the 
acid fluid, the concentration of H+ decreases and 
the pH value increases. When pH is more than 2.2, 
Fe(OH)3, Al(OH)3 and Mg(OH)2 produce the reaction 
block the pore throat and decrease the permeability. 
K+ is replaced by Na+ and Ca2+ under the effect of 
continuous acidic flows. The illite layer expands and 
the deciduous particulate blocks the thin pore throat 
[4]. The reaction between rock and acid fluid not 
only produce sediment, but also ruin the illite and 
interstratified illite/montmorillonite mineral as well 
as paragenesis and authigenic clay minerals produce 
formation fines. Therefore, the secondary precipitate 
and formation fines produced by the acidic sensitivity 

mineral and destabilize the structure of pore and 
interstitial material are another cause of K1S2 reservoir 
acidic sensitivity damage.

In the course of reaction, fluoroboric acid 
acidification system produces the hydrolysis reaction, 
and generates HF continuously so that the clay 
minerals (e.g. kaolinite, illite) corrode continuously, 
generating potassium fluoborate and other non-
damaging byproducts, while allowing the migrated 
clay or granules to be stable, without speed-sensitive 
effects. The chemical reaction is as follows: 

HBF4+H2O→HBF30H+HF
HF+Al2Si4O16(OH)2→H2SiF6+AlF3+H2O
HF+CaAl2SiO8→CaF2↓+AlF3+SiF4↑+H2O
SiO2+4HF→SiF4↑+2H2O

The clay exposed to fluoroboric acid may lose 
the ion exchange and expansion to a certain extent.  
Fluoroboric acid can have local chemical reaction with 
silt and clay, extract the aluminum from the dissolved 
silt and clay and substitute it with boron, generating 
borosilicate. Borosilicate forms a frame structure 
by cementing undissolved grained soil particles so 
that the undissolved formation particles tend to be 
stabilized. 

Because HBF4 reaction is slow, and has a strong 
ability to dissolve clay, and a strong ability to inhibit 
the migration of clay particles, reduce the clay cation 
exchange capacity and suppress clay swelling, with 
less damage to the reservoir. In the fluoroboric acid 
acidification system, 10% hydrochloric acid is selected 
mainly to maintain the H+ concentration in the system 
at a high level, and hydrochloric acid and its acidified 
product form a buffer solution so that the acid liquor 
is maintained at a lower pH range to prevent the 
occurrence of Fe(OH)3, Al(OH)3, AlF3 and CaF2 and 
other sediment. Because fluoroboric acid decomposes 
in aqueous solution slowly to generate hydroxyl 
fluoroboric acid (HBF3OH), it has some function of 
retarding and stabilizing clay swelling. Therefore, 
the fluoroboric acid retarder system is suitable for 
increasing yield and injection of oil-water wells with 
higher shale content and containing chlorite and other 
acid sensitive minerals.

Conclusion
1. The reservoir mainly consists of aphanocrystalline and aphanitic arcosic lithic sandstone. The 

clastic grain is in subround and subangular, and separation selectivity is good. The main grain is 
arentilla and silt. The size is 0.06 to 0.25 mm. The main contact method is whisker contact with 
a little of dot/line contact. The reservoir is particle-supported. The average plane porosity is 5%.

2. The rock sample in K1S2 reservoir has a low content of clay of 4.47% belong to the clean sample. 
The research area doesn’t contain montmorillonite alone. 58.08% of the clay mineral is illite-
montmorillonite mixed-layer with 70% of montmorillonite, 22.5% of goeschwitzite, 11.6% of 
chlorite and 7.8% of kaolinite in the research area, respectively.

3. The acidic sensitivity index of HCl to reservoir is 17.63% to 30.79%, and there exists medium to 
strong acidic sensitivity. The acidic sensitivity index of 12%HCl+3%HF to reservoir is 52.87% to 
60.84%, existing extremely strong acidic sensitivity. The acidic sensitivity index of 10%HCl+8%HBF 
to reservoir is -21.3%~-23.3%, without any acidic sensitivity.

4. The primary causes of the acidic sensitivity are the commonly developed clay mineral, various 
styles and attitudes clay mineral in the K1S2 reservoir. Before the acidification, we should recognize 
the study on acidic sensitivity and acid fluid to choose acidized the formula which is compatible 
with the reservoir. 
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Обоснование применения кислотных жидкостей 
на объекте K1S2 нефтяного месторождения «Туха»

Ж.К.Ванг, Ф.Х.Ли
(Чунцинский Университет Науки и Технологий)

Реферат

В целях решения проблем, связанных со слабым эффектом от кислотной обработ-
ки пласта на объекте K1S2 нефтяного месторождения «Туха», в статье анализируются 
литологические особенности пласта-коллектора. Были выбраны образцы породы, состо-
ящие из различных минералов, для проведения реакций с 15%HCl, 12%HCl+3%HF и 
10%HF+8%HBF4. Оценен механизм реагирования пласта к этим кислотам. Результаты 
исследований продемонстрировали, что показатель чувствительности пласта к соля-
ной кислоте составил от 17.63% до 30.79%, т.е. от средней до сильной чувствительности. 
Показатель восприимчивости пласта к 12%HCl+3%HF менялся от 52.87% до 60.84%, что 
свидетельствовало о самой сильной чувствительности пласта, а показатель восприимчи-
вости к 10%HF+8%HBF4 менялся от 21.3% до 23.3%, что свидетельствовало об отсутствии 
какой-нибудь чувствительности. Показано, что причиной высокой чувствительности к 
кислоте является присутствие глинистых минералов.

«Tuha» neft yatağının K1S2 obyektində turşu 
məhlullarının tətbiqinin əsaslandırılması 

 
Z.Vang, F.Li

(Çuntsin Elm və Texnologiyalar  Universiteti)

xülasə

«Tuha» neft yatağının K1S2 obyektində layın turşu ilə işlənməsinin nəticələrinin zəif 
olmuşdur və bu məqalədə həmin problemin həlli məqsədi ilə, lay-kollektorun litoloji 
xüsusiyyətləri təhlil edilir. 15%HCl, 12%HCl+3%HF və 10%HF+8%HBF4 ilə reaksiyalar 
aparmaq üçün müxtəlif minerallardan ibarət süxur nümunələri seçilmişdir. Layın bu turşulara 
qarşı reaksiya mexanizmi qiymətləndirilmişdir. Tədqiqatların nəticələri layın xlorid turşusuna 
qarşı həssaslıq göstəricisinin 17.63% dən 30.79% dək təşkil etməsini, yəni turşuya qarşı 
həssaslığın orta səviyyədən yüksəyə doğru olmasını göstərmişdir. 12%HCl+3%HF qarşı layın 
həssaslıq göstəricisi 52.87%-dən 60.84%-dək dəyişmişdir ki, bu da layın yüksək həssaslığını 
sübut edir, 10%HF+8%HBF4 qarşı həssaslıq göstəricisi isə 21.3%-dən 23.3%-dək dəyişmişdir 
ki, bu da heç bir həssaslığın olmadığını göstərir. Göstərilmişdir ki, turşuya qarşı yüksək 
reaksiyasının səbəbi gilli mineralların mövcudluğudur. 
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