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Abstract
Introduction. The efficiency of matrix acidizing of the bottom-hole formation zone depends on many
factors, the chief being the reservoir properties.
The research aim is to assess the effect produced by the formation reservoir properties on the result
of hydrochloric acid treatment. Experiments simulating carbonate formation acid treatment were
carried out.
Methods. The experiments were carried out using the UIK-1 core analysis apparatus. Carbonate cores
with different porosity and permeability were selected. Some of the experiments modeled permeability
reduction as a result of bottom-hole formation zone contamination with drilling mud.
Results. The research has shown that during low permeability reservoirs acidizing, permeability
increases to a greater extent than during high permeability cores acidizing. In low permeability cores,
the acid solution mainly forms new channels, while in high permeability cores the expansion of existing
ones mainly occurs. In the present paper, the equivalent surface area of the acid-formed channels was
estimated. When acidizing low permeability cores, the equivalent area of the channels is larger than
when acidizing high permeability cores. The outcome of acidizing of the core samples with impaired
porosity and permeability and contaminated with model drilling mud is comparable to acidizing of low
permeability samples not contaminated with drilling mud.
Conclusions. Acidizing of low permeability reservoirs leads to a greater increase in permeability.
The equivalent area of acid-formed channels is larger than that of high permeability cores treatment.
This reveals that the impact of acid on low permeability reservoirs is more effective.
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Introduction. The main process occurring at well bottom-hole zone acidizing is the
dissolution of reservoir carbonates. Penetrating reservoir pores, acid expands them and
forms long narrow wormholes. The main outcome of matrix acidizing is the improved
permeability of channels and microcracks in the bottom-hole zone of wells. This raises
oil and gas wells productivity.

The latest researches in the field of well acidizing are mainly focused on assessing and
analysing the mechanism of acid reaction with carbonates in-situ. Those researches
analysed the impact of acid solutions injection rate on rock properties, observed the
structures of channels formation, and determined the optimal injected amount and other
parameters [1-12].

The original state of the bottom-hole formation zone influences significantly the
efficiency of acidizing. Initial permeability, formation fluid properties, permeability
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volume, and the level of contamination with drilling mud are important properties.
Several experiments were catried out to determine the impact of permeability on acidizing
efficiency.

Methods. The experiments were carried out using a constant flow installation adapted
for hydrochloric acid solutions. Solution tanks and tubes were made of stainless steel.
Digital differential pressure manometers controlled pressure during liquid filtration. An
automatic burette was used to measure the volume of liquid traversing the sample and
prevent acid ejection. The hydro confining pressure of 10-20 MPa was maintained.

Table 1. Design of experiment
Ta0auna 1. Ilinan 3xcnepuMenTta

. . Fluid that Simulating
Experiment Porosity Permeabzl lity, saturates the contamination Sample type
no- Hm sample with drilling mud
1 0.080 0.07 Formation + -
water
0.080 0.28 Oil + -
3 0.090 1.50 Formation - High
water permeability
4 0.070 0.20 Formation - Low
water permeability
5 0.010 1.62 Oil - High
permeability
6 0.060 0.15 Oil - Low
permeability

Six experiments were carried out on displacing formation fluids out of the core samples
with the carbonate content of 80-100%. Experiments 1 and 2 initially simulated
contamination with model drilling mud based on 0.15% polyacrylamide solution (PAM).
After that core sample no. 1 was saturated with formation water, while core sample no. 2
was saturated with oil. Then an acid solution was pumped through both samples up to
ejection.

During experiments 3 and 5 high permeability samples were saturated with formation
water and oil correspondingly. In experiments 4 and 6 low permeability core samples
were saturated with formation water and oil correspondingly. Acid solution was then
pumped through all samples. The design of experiment is presented in table 1.

NaCl solution with a density of 1100 kg/m? (experiments 1, 3, and 4) was used as
model formation water. Kerosene with a density of 796 kg/m? and a viscosity
of 1.24 MPa - s was used as model oil (experiments 2, 5, and 6).

All liquids were pumped in one direction. Due to the small size of the core samples,
the change in permeability slightly depends on the direction of filtration.

Results. In experiments 1 and 2, hydrodynamic mobility was determined by filtering
about 3 pore volumes of formation fluid through the samples with constant speed until
stabilization. After that, not less than 3 pore volumes of model drilling mud were pumped.
In all the experiments, constant filtration speed was maintained; fluid flow rate was
0.135 cm’/min. Then hydrochloric acid (12%) was injected until the samples developed
an end-to-end channel. According to Darcy’s law and the obtained data, the hydrodynamic
mobility &/p was determined.

In experiments 3 and 5, high permeability core samples were used. Into sample no. 3
model formation water was injected, while into sample no. 5 model oil was injected. After
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that the acid solution pumped in. Experiments 4 and 6 were carried out similarly to
experiments 3 and 5 but with the use of low permeability core samples.

Under the condition of core samples contamination with model drilling mud,
the hydrodynamic mobility fell by more than 10 times as compared to the initial value. It is
due to filtration channels diameter reduction as a result of polymeric structures adsorption
on the surface of channels and pores which reduce the hydrodynamic mobility.
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Fig. 1. Hydrodynamic mobility change
Puc. 1. I3MeHeHre ruApOANHAMUYECKONH HOABHKHOCTU

Mobility reduction simulates temporary insulation of the formation when it is
contaminated with drilling mud. Recovery and permeability improvement of the core
samples were carried out with the hydrochloric acid solution. As the acid solution was
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Fig. 2. Acid solution volume before it is pumped through the sample
Puc. 2. O6beM KHCIOTHOTO pacTBOpa JI0 MPOphIBa KHCIOTHI CKBO3b 00pasert

injected, the hydrodynamic mobility increased. After having injected several pore
volumes of acid, the hydrodynamic mobility increased significantly as a result of the end-
to-end channel development.
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Analysis and discussion. From the experimental results, the efficiency of
hydrodynamic mobility recovery by hydrochloric acid treatment was assessed. As can
be seen in fig. 1, the lower the value of the initial permeability, the more intensively the
hydrodynamic mobility increases under acidizing. It does not depend on whether
the core permeability was originally low or it was reduced due to contamination with
drilling mud.

Table 2. Channels surface area
Ta6muua 2. Ilnomaab MNOBEPXHOCTH KAHAJIOB

Experiment no. VIV pore 1/Da Da S, cm?
1 7.63 0.43 2.3300 1.374
2 14.36 0.38 2.6300 1.704
3 1.38 0.68 1.4788 0.216
4 5.02 0.48 2.0800 0.495
5 1.30 0.74 1.3500 0.190
6 8.29 0.46 2.1700 0.516

It is also noted that in water-saturated cores, the effect of hydrodynamic mobility
increase is stronger than in oil-saturated cores. It is due to the different character of liquids
wettability in a porous medium.
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Fig. 3. Dependence between end-to-end channels surface area and permeability
Puc. 3. ITnomans NoBEpXHOCTH CKBO3HBIX KaHAJIOB

The efficiency of acidizing was also assessed by the injection rate per pore volume
of acid solution to create end-to-end channels. Works [9, 10] were the first to direct
attention to that. It can be seen from the experimental results that when treating the
low-permeability samples, end-to-end channels develop under the larger injection
rate per pore volume of acid solution injection, which promotes reservoirs deep
processing (fig. 2).
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In works [8-10], the dependence between the injection rate per pore volume

(VIV,or) and the Damkeller number was determined. It is described by equation:
Da = S—k,
0

where S is the equivalent area of channels surface, cm?; k is the constant of the chemical
reaction rate, cm/min; Q is the acid feed rate, cm3/min.

To assess the equivalent area of the end-to-end channels, the Damkeller ratio can be
used. Based on the injection rate per pore volume of the injected acid solution until the
development of an end-to-end channel, for each experiment, the Damkeller number and
the equivalent area of channels surface were determined. The results are presented in
table 2 and fig. 3.

As can be seen from fig. 3, the end-to-end channels which have been developed in the
low permeability samples, possess a large equivalent area. It is related to the fact that
there is some correlation between the permeability and the diameter of the pore channels.
The diameter of the high permeability samples is larger, therefore in high permeability
formations the major part of the acid solution is consumed to extend the existing pore
channels, while the formation of the new ones is less effective as compared to the low
permeability formations [10].

Summary. Reservoir properties of the low permeability core samples were improved
greater than of initially high permeability cores, under otherwise equal conditions. Low
permeability formations acidizing requires a relatively large amount of hydrochloric acid
solution. It is because the acid volume is mainly consumed to develop new channels
rather than extend the existing ones. The equivalent area makes it possible to assess the
efficiency of acidizing and the development of end-to-end channels. In low permeability
samples, the equivalent area of channels is significantly larger proving high efficiency of
low permeability formations acidizing.
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MogeaupoBanne KHCJIOTHOH 00pad0oTKH KapOOHATHBIX IIACTOB
€ Pa3HBIMH KOJUIEKTOPCKUMH CBOICTBaAaMM

Joppman M. B.1, CentemoB A. A.!
! Cesepublii (ApkTrueckuil) Gpenepanbabiii yausepcuTeT M. M. B. JlomoHoCcOBa, ApxaHreibek, Poccust.

Pegpepam
Beeoenue. Dghppexmusnocme kucromuoi oopadomxu npusabouHoOU 30Hbl NAACMA 3A8UCUN O MHO2UX
Paxmopos, enasHbLIMU U3 KOMOPLIX AGIAIOMCA PUILIMPAYUOHHO-EMKOCMHbLE CEOUCMEA NIACMA.
Lenv. Oyenxa enusanus GuabmpayuoOHHO-eMKOCIMHbIX CEOUCME NIACHA HA PE3YAbIMAM CONAHO-KUCIOMHOU
obpabomxku. Jlns 5mo20 nposeoeHvl Onvlimbl, MOOEIUPYIOUjUe NPoyecc KUCIOMHOU 00pabomKu niacma.
Memoodwl. Onvimvl npo8oOUnUCH HA ycmaHoske ucciedosanus kepha YUK-1. [nsa uccreoosanus oviau
6bIOpaHbL KApOOHAMHbIE KEPHbI C PA3TUYHBIMU DUILIMPAYUOHHO-eMKOCMHbIMU ceolicmeamu. dacmb
ONbBIMO8 NPOBOOUNACL € MOOETUPOBAHUEM YXYOULEHUS NPOHUYAEMOCIU BCe0CEUe 3aSPA3HEHUS
npu3abouHotl 30Hbl naacma OypoesviM PAcmEopPOM.
Pesynvmamui. B pesynvmame nposeoeHHbIx ONblmog onpedeneno, 4mo yeenuieHue npoHuyaeMocmu npu
KUCIOMHOU 00pabomKe HUSKONPOHUYAEMBIX KONIEKMOPO8 NPOUCXOOUm 6 Oonbulell cmeneHu, uem
npu 06pabomke BbICOKONPOHUYAEMBIX KEPHO8. B Huskonponuyaemvix KepHAX KUCIOMHbIL PACMBOP
npeumyujecmeenHo 06pazosvieaem HOeble KAHAbl, M020d KAK 6 BbICOKONPOHUYAEMbIX 6 OCHOBHOM
APOUCXO0UM pacuiupenue yxice Cyujecmeylowux. B xode pabomei oyenena K8UBANEHMHAA NAOWAOb
N0BEPXHOCMU KAHANI08, CPHOPMUPOBAHHBIX KUCTOMHBIM pacmeopom. IIpu obpabomie HUSKONPOHUYAEMbIX
KEPHO8  IKBUBALEHMHAA NIOWAdb KAHAN08 Oonblde, ueM Nnpu  KUCIOMHOM B030elcméuu Ha
8bICOKONPOHUYaemble KepHbl. Kucnomuas obpabomka KepHO8 ¢ YXYOUIEHHLIMU QUALIMPAYUOHHO-
EMKOCIHbIMU  C8OUCMBAMU NPU  3A2PASHEHUU MOOenblo OYPO8020 pacmeopa umeem pesyivbman,
conocmasumblii ¢ 06pabomKoll HU3KONPOHUYAEMbIX 00PA3Y08, He 3a2PAZHEHHBIX OYPOBLIM PACMEOPOM.
Bui6oowi. Ilpu xuciommoii 06pabomke HUSKONPOHUYAEMBIX KOIIEKMOPO8 NPOUCXOOUM  VEeludeHue
npoHuyaemocmu 6 Oonbuell Cmeneny, U IKGUBALEHMHASA NIOWAOb KAHANOS, 00PA308AHHBIX KUCIOMHbIM
pacmeopom, 601bute 8 CPABHEHUU C AHATOSUYHBIMU NOKA3AMENAMU NPU 06pabONKe 8blCOKONPOHUYACMbIX
KepHOo8, umo nokasvleaem 0onee BbICOKYIO IPHEKMUSHOCMb  KUCIOMHO20 — 6030€liCmeus.  Ha
HUSKONPOHUYaemble KOEKMOpbL.

Knrwoueevle cnosa: xuciomnas 06pa60m;<a; qucio ﬂaMKeﬂJzepa; I’l/lOM/;a()b Kanauiose, npoHuyaemocms,
CKOpOCmb peaKyuu.
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