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Kimrogessie ci1oBa:

o6paboTka Npr3ab0iHON 30HBI
nJjacra, GUIbTpaliOHHasA KOPKa,
Opelikep, OpelikepHas CHCTEMBI,
XeJIaThl, KOMILJIeKcooOpa3oBaTey,
3H3VIMBI, IIPOHUIIAEMOCTD,
(IJI/IJI]:TpaL(I/IOHHO—eMKOCTHbIe
CBOﬁCTBa, IIEpBUYHOE BCKPHITUE
1acTa, 6MONoJIMMepHble PaCTBOPEI,
OCBOEHHE CKBAXHH, CKBaXXUHHbIE
GuIbTPHL.

In the course of well construction, deterioration of the natural reservoir properties of the formation is inevitable. A dense low-
permeability filter cake formed on the surface of the bottomhole formation zone at the stage of completion contributes to a
decrease in the reservoir properties of the rock, and hence the productivity of the well. In addition, the cake can contribute to
the plugging of structural elements such as the well screen or inflow control devices, thereby also exerting a negative impact on
the flow rate. In most cases, the impossibility of achieving the required cleaning of the bottomhole zone during well completion
in the future leads to the need to use expensive repeated operations and overhaul, chemical and mechanical methods of cleaning
the bottomhole formation zone. The development of technologies for the complete removal of the formed filter cake from the
borehole walls is a necessary task.

The paper considers the water-based biopolymer solution of the primary opening of the productive formation and presents its
component composition and parameters. A method is described for studying the effect of breaker systems on a polymer-mineral
filter cake under high-pressure conditions using filter press HT-HP, and a method for determining the dissolving capacity of
individual components of the system (chelate and enzyme). Based on the results of this study, the optimal composition of the
breaker of the enzyme-chelate base was selected, after the action of which the most complete destruction of the crust
constituents was observed. The results were evaluated by comparing the dissolving power of calcium carbonate when exposed to
different chelates. The enzyme alpha-amylase was used as a starch breaker. The efficiency of the composition was confirmed by
the change in the filtration-capacitive properties of ceramic discs before and after processing in comparison with foreign
analogues of breaker systems.

B nporiecce CTPOUTENILCTBA CKBAXKHUHBI yXyJIIEHUE €CTeCTBEHHBIX KOJIJIEKTOPCKUX CBOMCTB IUIacTa HendbexHo. OGpasyomascsa
Ha NOBEPXHOCTH NPH3abOIHOI 30HHI IJIACTA IUIOTHAsA MaJIoNpoHuIaeMas GuibTpanuoHHas kopka (PK) Ha cTaguy OCBOeHUs
CIOCOOCTBYET CHIDKEHUIO GUJIbTPAlMOHHO-eMKOCTHBIX CBOVICTB ITOPOJIBI, a 3HAYUT U NPOAYKTUBHOCTH CKBaXUHEL [ToMUMO 3TOrO
KOpKa MOXET CIIOCOOCTBOBATh 3aKyNOPHBAHMIO TaKUX 3JIEMEHTOB KOHCTPYKIMH, KaK CKBAXUHHBIM GUIBTP WIM YCTPOHCTBA
KOHTPOJIA NIPUTOKA, TEM CaMBIM TaKXe OKa3blBas HeraTHMBHOE BJIMAHME Ha AeOUT. B GoJIbIIMHCTBe CiyyaeB HEBO3MOXHOCTH
JOCTIDKEHUsA TpeOyeMOH OYMCTKU NPU3a0OIMHON 30HBI NPH OCBOEHWM CKBAXWHBI B AaJIbHeHIIeM BeJeT K HeoOXOAUMOCTHU
NPUMEHEHHUsI JJOPOrOCTOAIMX IOBTOPHBIX ONlepaliiii M KaluTaJbHOMY PEMOHTY, XUMUYEeCKHX M MeXaHUYeCKHX CIOoCo00B
ounctky [I3I1. Pa3paGoTKa TEXHOJIOTMI IIOJIHOTO yjajieHus chopMupoBaBlleics (UIBTPAIIOHHON KOPKU CO CTEHOK CTBOJIA
CKBaXUHBI SBJIAETCSA HEOOXOIUMOU 3afaveil.

B paGote paccmaTpuBaeTcsA GHOIOJIMMEPHBIN PacTBOP HMEPBUYHOIO BCKPBITUA NPOAYKTHUBHOIO IIacTa Ha BOJHOH OCHOBeE,
MpYBeJileH KOMIIOHEHTHBIH COCTaB M ero mapamerphl. OmnucaHa MeTOAMKa HCCIe[OBaHUA AeHCTBUA OpeiikepHBIX CHCTeM Ha
MOJIMMEpP-MUHEPaJIbHYI0 (DUIBTPALMOHHYI0 KOPKY B YCJIOBHUAX BBICOKOrO JaBieHHs Ha ¢uibTp-npecce HT-HP, a Takxe
MpyYBeJileHa MeTOAMKA OINpeJieJieHHs pacTBOPAIOIIell CIOCOGHOCTH OTAEJbHBIX KOMIIOHEHTOB CHUCTeMbl (Xesiata M 3H3uMa). ITo
pesyJibTaTaM JaHHOTO MCCJIe0BAHUA aBTOPaMu GbLI T0J00PaH ONTHMAaJIbHBIN cOCTaB Opelikepa SH3MM-XeJIATHOU OCHOBBI, 1OCJIe
JAeiicTBUA KOTOpOro HabsofaeTcs HauboJiee IOJHOE paspylleHHe COCTABJIAIIUX (UIbTPALMOHHON KOpPKU. Pe3ysbTaThl
OLIEHMBAJIUCh HAa OCHOBAaHUM CPAaBHEHUA PaCTBOPAIOIEH CIHOCOGHOCTH KapOoHaTa KajbLUA NPU BO3AEHCTBUM Pa3JIMYHBIX
XeJslaToB. B kauecTBe paspymuresia Kpaxmasa ObUI NPOTECTUPOBAH 3H3UM asbda-amuiaza. dddeKTUBHOCTh paboOTHl cocTaBa
MOATBEPX/leHa Ha OCHOBAHUU M3MeHeHUsA QUIbTPAllMOHHO-eMKOCTHBIX CBOMCTB KePaMUUYEeCKUX AUCKOB 0 U MocJie 06paboTKy B
CpaBHEHUHU C 3apy0eXHBIMH aHaJIoraMu GpeliKepHBIX CHCTEM.
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Introduction

In the process of opening a productive formation, the
deterioration of natural permeability of the reservoir is
inevitable due to the drilling mud impact on the
bottomhole zone [1-3]. However, formation of a dense
filter cake on the reservoir surface minimizes the impact
of the drilling mud on the reservoir [4, 5]. But at the stage
of development, especially in long horizontal wellbores
[6-8], the filter cake acts as a barrier resulting in a
decrease in the rock permeability [9, 10], well filters
plugging [11, 12] and, as a consequence, in decreased well
productivity [13-15]. In this regard, a crucial task is to
develop such process fluids composition and such
technology of their application, which would ensure
removal of the filter cake when used in an open wellbore.

Recently, both foreign [19-21] and Russian [22-24]
service companies have actively developed a trend of
filter cake washing out or destruction by special
compositions in order to maximize the hydrodynamic
well-reservoir connection [16-18]. This is due to the
need to carry out work in the bottomhole zone of
horizontal well sections with installed filters, inflow
control devices, etc., which are prone to plugging. It is
also necessary to consider the filter materials that are
chemically attacked by the compositions. That is, process
fluids should not have a significant impact on the filter
and at the same time should be effective in destroying all
the components that form the filter cake, while not
harming the productive formation [25, 26].

It is worth noting that the use of process fluids to break
the filter cake helps to facilitate inflow stimulation, which
is especially important for wells with drawdown
constraints [11, 27, 28].

The problem of productive formation damage control
by breaking the filter cake is relevant for wells of
the Vostochno-Messoyakhskoye field [29].

Research procedure

Laboratory research was carried out in the
laboratory of the Mining University Well Drilling
Department in two stages. As a result, the most effective
composition was selected for destruction of the filter
cake formed when a primary opening solution was
exposed to the bottomhole zone.

At the first stage, the performance of three foreign
destroying liquids was studied and evaluated. The purpose
of this stage was to study the impact of destroying liquids
different in their nature on the corresponding critical
components of the filter cake [30] and selection of the
most optimal and effective components of the developed
destroying liquid.

The tasks of the first stage included:

1. Preparation of the solution for the productive
formation opening. The optimal drilling fluid for
productive formation opening should contain only the
components that are easily dissolved and dispersed during
well development [25, 31, 32]. Clay-free biopolymer
systems most fully meet the well flushing requirements,
including ones with horizontal wellbores, and are actively
used in drilling practice due to minimal negative impact
on the bottomhole formation zone [33-35].

A standard formulation of the primary opening
solution used in the Vostochno-Messoyakhskoye field was
selected for testing. The composition and assignment of
each reagent are shown in Table 1.

The solution was prepared by introducing reagents
in a certain sequence: KCl, starch, biopolymer, carbonate,
and simulated cuttings, with thorough mixing. Crushed

Table 1

Component composition of the primary opening solution

Reagent Concentration, % Reagent purpose
KCl 4 Density regulator
Biopolymer 0.4 Gelling and structure-forming agent
Starch 1.5 Water loss regulator
CaCoO, 8 Bridging agent
"Sludge" 2% Drilling cuttings simulation

Note: *2 % of solid phase (as simulated cuttings) is the
maximum permissible solid phase content for primary opening
solutions, which has no impact on the increase in repression and
strength properties of the filter cake.

core of the productive formation of the Vostochno-
Messoyakhskoye field was used as sludge. Then the solution
was left for at least 16 hours, during which structural
opening of the biopolymer took place. The characteristics
of the biopolymer solution are shown in Table 2.

2. Filter cake formation by means of an HT-HP filter
press (Fann) on paper discs (Fig. 1). After 16 hours, the
solution was stirred for 5 minutes and placed in the cell of
the HT-HP filter press for 30 minutes (at room
temperature and pressure of 2 MPa) to form a filter cake.

3. Holding the formed filter cakes in the breaker
system. The formed filter cake was placed in a container
with the preprepared breaker (according to the procedure
of the manufacturer) and left for 24 hours. At least three
filter cake destruction tests were carried out for each
composition of the destroying liquid.

4. Evaluation of the obtained result. After 24 hours,
the cake was removed, and then a quick test was carried
out for the presence of starch and calcium carbonate
by interaction with 5% iodine solution and 10 %
hydrochloric acid solution, respectively. A change in
the color of the iodine solution to violet (blue) indicated
the presence of starch in the filter cake. A violent
reaction with hydrochloric acid indicated the presence of
calcium carbonate.

The purpose of the second stage of laboratory tests is to
study the permeability of ceramic discs that simulate the
formation, after treatment with a destroying liquid
composition to record changes in their filtration and
capacity properties.

After selecting the component composition of the
breaker, the efficiency of the studied compositions under
high pressure conditions was assessed. The research was
carried out according to the following procedure:

1) rheological parameters and density of the drilling
mud were measured;

2) a filter cake was formed on an HT-HP device
(ceramic disc 10 um, temperature 22 'C, time 30 min);

3) then the filtration cell was disassembled and the
filter cake was photographed;

4) the filtration cell was reassembled and a ceramic disc
with the previously formed filter cake was placed in it;

5) the destroying liquid composition was poured into
the cell, and then heat aging occurred at 23 C and
pressure of 110 psi for 24 hours;

6) the HT-HP cell was disassembled after 24 hours
and the disc with the filter cake residues (if any) was
photographed;

7) the presence of starch and calcium carbonate on
the disc was determined;

8) the cell was reassembled (turning the disc with the
filter cake down) and the flow time of 300 ml of engine oil
was measured at a pressure of 300 psi (or the filtrate
volume was measured during 30 minutes of filtration);

9) the filter cell was disassembled, the filter disc was
removed, and the presence of starch and calcium carbonate
on the disc was determined by means of quick tests.
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Table 2
Biopolymer solution parameters
Density, F 30 min, . Isolut, Ispec, 1b/
Parameter kg/m? ml Gel 10 sec  Gel 10 min R600 R300 R6 R3 MPa*s 100 f2
Value 1080 4 11 14 43 32 9 7 11 21

Laboratory Research (Main Part)

At the first stage of laboratory research, three foreign
filter cake breakers were tested. After keeping for 24 hours
in the destroying liquid, quick tests were carried out
for the presence of main contaminating components in
the filter cake, i.e. starch and calcium carbonate. The
most effective breaker for the filter cake destruction
was the composition based on chelate and enzyme
compounds, which is also confirmed by the analysis of
available literature [36, 37].

When using this breaker, complete destruction of the
cake is achieved over a specified period (Fig. 2, a). Other
two foreign-made breakers based on organic and
inorganic acids fulfill their function partially: the filter
cake is not completely destroyed, and there are "residues”
of its components (Fig. 2, b).

The next step of the research was chelate and enzyme
selection for the developed liquid.

Selection of Chelate Compound

The chelating agent promotes the formation of metal
ion complexes present in filter cakes formed by drill-in
fluids and in completion fluids [38], especially calcium,
iron, and magnesium ions. It reacts exclusively with
calcium carbonate and does not cause corrosion, as
opposed to acids or oxidizing agents [39].

In order to select the most effective chelating
compound, a study on determination of calcium carbonate
solving power was carried out. This procedure was
proposed by the specialists of Burintekh, Ltd. As part of
the study, three complexing agents (chelates) were tested:
amine-containing (chelate No. 1), phosphorus-containing
(chelate No. 2), and acetic acid salts (chelate No. 3).

The studies were carried out according to the following
procedure: a 10 g sample of chalk was placed in a vessel
with a chelate compound and kept at different pH values
of the medium to study the effect of this parameter on the
reaction behavior. Then the vessel was placed in an oven,
where the liquid was evaporated. Then, the residual mass
of calcium carbonate was estimated by weighing after
interaction with the chelate (m,), and the mass fraction of
substances soluble in the complexing agent (K) was
calculated by the formula (1):

K="y 100 %, 1)
m,

where m, - initial weight of the chalk sample, g; 71, — weight
of chalk after reaction with chelate and drying, g.
According to the results of the completed tests, a high
dissolving ability of the used complexing agents is noted
at various pH values. The highest rate is observed in the
range of pH = 4-7, since the acidic medium promotes
intensive dissolution of carbonates. The amount of
dissolved chalk increases by 9-17 % in the acidic
medium. This can be explained by the fact that in an
alkaline medium, a large amount of OHions contributes
to occurrence of side (undesirable) reactions, interacting
with the original substances and reducing the selective
character of the reaction [40]. In terms of the amount

of dissolved chalk, chelates No.1 and No. 3 surpass
the foreign reagent.

Based on the completed studies, the most effective
chelate in terms of calcium carbonate dissolving power
is a chelate being the acetate (Fig. 3). The mass
fraction of dissolved substances (calcium carbonate)
upon interaction with this chelate was 92 % at pH = 4-7
(84 % at pH = 7-10).

Selection of Enzyme (Starch Destroying Liquid)

An enzyme is a complex three-dimensional protein
molecule produced by living cells. When interacting with
starch molecules, the enzyme breaks them down into
ordinary carbohydrates and sugars (it is a catalyst for the
starch hydrolysis), while disrupting the integrity of the
filter cake and increasing the efficiency of well
development [41].

Poor availability, as well as rather high price of
enzymes on the reagent market, became the determining
factors when making a selection of a starch destroying
enzyme. Analysis of literature sources [42-44] showed
that the starch destruction is most efficiently carried out
by a special enzyme — alpha-amylase. Alpha-amylase is a
complex organic compound of a protein nature, a
biological catalyst. Interaction of starch with alpha-
amylase is accompanied by hydrolysis, which results in
the formation of monosaccharide chains [41].

In laboratory conditions, the effect of alpha-amylase
on the starch contained in the filter cake was tested.
The formed filter cake was placed in a container with
the enzyme and kept at various temperatures and pH
values. After removing the filter cake, a starch test
was carried out: the assessment was made based on
the color change of the iodine solution when
interacting with filter cake components. The presence
of starch gives a blue coloration of iodine, and the
absence of it — brown.

In the course of laboratory tests of enzymes, it was
revealed that the destruction of starch occurs most
effectively at a reaction temperature of 50-75°C -
complete removal of starch from the disc surface is
observed. At lower temperatures the enzyme is only locally
destroyed, and at temperatures above 90 °C it begins to
coagulate, which means it loses its ability to act on starch.
In this case, the enzyme is not only ineffective, but also
becomes a source of reservoir contamination [45]. Also,
enzymes do not function at pH values above 10.

The main components of the filter cake breaker were
selected based on the results of the first stage studies. They
were salts of acetic acid as a solvent for calcium carbonate,
and alpha-amylase as a starch breaker.

The second stage of the research involved pressure
testing of three foreign breakers and a breaker developed
in this work. All tests were carried out on the HT-HP filter
press according to the foregoing procedure.

In addition to testing breakers at a pressure of 110 psi
(for 24 hours), tests were carried out when the breaker
was left for 24 hours at a cell pressure of 500 psi — the
closest one to the bottomhole pressure in laboratory
conditions as per API guidelines. The research results are
shown in Table 3.

HEAPOMOJIb3OBAHUE
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a . b

Fig. 2. Laboratory studies using a breaker: a —filter cake
after using a breaker based on chelates and enzymes; b — paper
filter with filter cake residues after organic-acid-based
breaker application
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Fig. 3. Mass fraction of substances soluble in chelating
reagents at room temperature and different pH levels

Fig. 4. Discoloring of the iodine solution, indicating
the presence of starch in the filter cake

The results obtained for engine oil filtering through
a ceramic disc (after holding the filter cake in a breaker
liquid) are compared with the filtration of the same
engine oil through a disc without filter cake and a
disc with its filter cake not broken. Comparison of
these values allows us to make a conclusion about
the breaker fluid effectiveness in the disc filtration
properties recovery.

During testing, it was noted that at 500 psi in
the filter press cell the starch and calcium carbonate
test was positive, and therefore the filter cake breaker
system did not work. A pressure increase in the working
medium prevents the release of carbon dioxide which
is formed as a result of the interaction between
chelate and calcium carbonate, and finally complicates
the chemical reaction, since its rate decreases
extremely [46, 47].

Evaluation of the breaker system effectiveness in
filter cake destruction was carried out on the basis of
comparing the values of engine o0il consumption
through ceramic filters:

1) a ceramic disc without cake formed: it is possible to
evaluate the formation permeability not disturbed by
primary opening solution by the flow rate through
this filter disc;

2) a filter disc with the filter cake untreated with
the breaker - it is possible to evaluate permeability
deterioration due to the use of the primary opening
solution;

3) a ceramic filter with the broken filter cake by means
of a breaker system.

In the course of the tests, the time of 300 ml of
engine oil flowing through a ceramic disc without filter
cake (at a pressure of 300 psi in the HT-HP filter press
cell) was measured — 3 min 20 s, while the flow rate was
1.5 ml/s. The flow rate through a ceramic disc with the
formed filter cake was determined in the same way
(without the filter cake breaker systems). Filtration
volume of 300 ml of engine oil per 30 min was 0.4 ml -
the flow rate was 0.000222 ml/s.

Comparison of the values of the engine oil flow rate
through ceramic discs will make it possible to evaluate
the reservoir filtration properties and quality of the
formation—-well communication channel (Table 4).

Based on the values of engine oil flow through
ceramic discs, an increase in engine oil flow rate due to
the breaker systems application indicates their
effectiveness. The flow rate changes 8-14-fold when
using foreign filter cake breaker systems and 4.5-fold
when using the developed composition (see Table 4).

Conclusion

Based on the results of the laboratory studies analysis,
the effectiveness of the existing polymer-mineral filter
cake breaker systems is worth noting.

The components of the developed breaker system
selected in the process of research, namely chelate and
enzyme, have demonstrated their effectiveness. The best
result in terms of the ability to dissolve calcium
carbonate was shown by chelate constituting acetic acid
salt. In turn, alpha-amylase was chosen as the starch
breaker, which demonstrated a good destructuring
effect on the polymer.

The developed composition of the enzyme-chelate base
destroys the polymer-mineral filtration cake - the filtration
properties of the ceramic disc are improved 4.5-fold.
The composition needs to be improved to increase the
performance indicators at least up to the level of foreign
manufacturers or higher.

HEAPOMOJIb3OBAHUE
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Table 3
Results of the second stage of the research
After holding in the cell ~ Engine oil After holding ) Engine oil Afitgri]l;lg(l)(él)irng Eng(i)rllsn(;'iel ;ifltgfte
Breaker (22 °C, 500 psi) vo]ﬂglr:t:ﬁer in the cell (22 'C, 110 psi) f11tratief tx(/;lume conditions (22 C) 30 min through FC
starch test CaCO, test 30 min, ml  starch test Caco, test 30 min, ml  starch test  CaCO, test mﬁfé:ﬁgi Vr\glt h
No. 1 + + 1.2 + - 5.6 + -
No. 2 + + 0.75 + - 3.2 + -
No. 3 + + 0.8 + - 5.4 + - 0.4
Developed
composition + + 0.55 + - 1.8 + -

Note: FC - filter cake.

Table 4
The flow rate of engine oil when using various media
Engine oil flow rate (Q) through the ceramic disc, ml/s
Breaker the srf;ig?ygs tem with filter cake untreated by the breaker system without filter cake on the filter

Foreign 1 0.0031

Foreign 2 0.00178

Foreign 3 0.003 0.000222 1.5

Developed composition 0.001
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