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Kuiouesvie cnosa:

KUCIIOTHAst 00paboTka,
KapOOHATHBIN KOJUICKTOP,
COJISIHAsT KMCIIOTA, KMCIOTHBIN
COCTaB, MECTOPOXKICHUS
Tlepmckoro kpast, 3 PpEeKTHBHOCTH
KHCIIOTHBIX 00paboTOK,
peHTreHOTOMOTpaduIeCKIe
UCHBITaHUs, CTPYKTYpa
IIyCTOTHOTO NIPOCTPAHCTBA,
KapOOHATHOCTh, HEPACTBOPHMBIH
0CaJI0K, YCIICIIHOCTh KHCIOTHBIX
00paboTOK, THAPOANHAMUYECKHE
uccne0BaHust, Kodp HuIeHT
HPOJYKTHBHOCTH, IPOHUIIAEMOCTh
npu3aboiiHO#t 30HBI MIacTa,
[POHUIAEMOCTD YIaJICHHO 30HBI
acra.

Acid treatments are among the most common methods to enhance deliverability of productive wells running on carbonate
deposits. Such treatment at the oil fields of OOO LUKOIL-Perm, which are conventionally divided into the Southern,
Northern and Nozhovskaya groups depending on their location in the the Perm Region, is complicated by the particular
features of the deposit geology, difference in the mineralogical composition of rocks, and properties of formation fluids. To
determine the optimal formulation for acid treatment of carbonate deposits for each group of fields, the field application of
three most used compositions: DN-9010, FLUXOCORE-210 and NPS-K, was reviewed. During the research, the particular
features of the reservoir void structure were studied using X-ray tomography, the mineralogical composition of rocks was
determined using KM-04M carbonate metering device, the proportion of successful treatment jobs with each of the acid
composition was identified and their efficiency was assessed based on changes in well productivity and the reservoir flow
parameters after treatments, obtained from the interpretation of hydrodynamic research data. As a result of the field data
analysis, it was established that the number of jobs resulting in the target oil production growth using FLUXOCORE-210
and NPS-K compositions in carbonate sediments of the Southern, Northern and Nozhovskaya oil field groups slightly
exceeded the number of successful acid treatments using DN-9010 composition, which was confirmed by hydrodynamic
research data where the highest efficiency of NPS-K and FLUXOCORE -210 was identified in comparison with DN-9010.
The highest efficiency of NPS-K acid composition was observed at carbonate deposits of Southern and Nozhovskaya
groups of fields, while FLUXOCORE -210 showed the best results in the deposits of Northern group of fields.

Kucnorasie 00pabOTKH SBIAIOTCS OJHHM M3 Haubojiee pPaclpOCTPAHEHHBIX METOHOB IIOBBIICHHS NPOXYKTHBHOCTH
JOOBIBAIOIINX CKBAXHH, SKCILTYaTHPYIOIIMX KapOOHATHbIC OTIOXeHMS. IIpoBeleHHe NaHHOTO poja MEPONPUATHIl Ha
Heranbix Mectopoxaennsaix 000 «JTYKOMJI-TIEPMby, yciosro moapasaensiomuxcst na FOxuyro, CesepHyio u
Ho>O0BCKYIO TPYIIIBI B 3aBUCUMOCTH OT PACHOJIOXKEHHS Ha TEPPUTOPHH IIepMCKOro Kpas, OCIOXKHSACTCS 0COOCHHOCTAMH
T€0JIOTMYECKOr0 CTPOCHHs 3alleKel, pa3IMuMeM MHHEPAJOrMYecKOro COCTaBa TOPHBIX IOPOJ M CBOWCTB ILIACTOBBIX
¢dumrongo. C Henplo onpejeneHus Hanbosee ONTUMAIBHOW PELENTyphbl [JIs KHCIOTHOTO BO3JEHCTBHSA Ha KapOOHATHBIE
OTJIIOKEHHS KKJIOH TPYNIbl MECTOPOXKIEHHMH pPacCMOTPEH NPOMBICIOBBIH ONBIT NPUMEHEHHs Tpex Haubosee
ucnonb3yemblx komnosunuit — JIH-9010, ®JIAKCOKOP-210 u HIIC-K. B xoae paboThl HM3y4eHbl OCOOCHHOCTH
CTPYKTYpBI ITyCTOTHOTO IIPOCTPAHCTBA KOJUIEKTOPOB C IIOMOLIBIO METOJIOB PEHTIE€HOBCKOH TOMOrpaduu, onpeneieH
MUHEPAJIOTHYECKUH COCTAaB TOPHBIX MOPOJ € ToMoublo KapOoHatomepa KM-04M, BbizeneHa J0718 yCIEHIHBIX
MEpOINPUATUH € KakJbIM M3 KMCJIOTHBIX COCTaBOB M IIPOBEIEHA OLEHKA MX 3((PEKTHBHOCTH HA OCHOBAHMM H3MEHEHHs
MPOYKTUBHOCTH CKBAKHMH M (PMIIBTPALOHHBIX MAPaMETPOB ILIACTa Mocjae 00paboTOK, MOTyYEHHBIX IIPU HHTEPIPETAINH
MaTepuaioB THAPOAMHAMHYECKMX HCCIeOoBaHMHA. B pesynprare ananmsa NpOMBICIOBBIX JaHHBIX YCTAHOBJICHO, YTO
KOJINYECTBO MEPONpPHUATHH, JOCTUTHYBIIUX IIAHOBOrO HpupocTa aebuta Hedty, ¢ komnosuuusamu GJIIAKCOKOP-210 u
HIIC-K B xapOoHaTHbIX oTiOXkeHUsX FHOxkno#, CeBepHoit n HoxoBCcKoH Ipymnm MecTOpOXKICHHH HECKONBKO MPEBBIIACT
KOJINYECTBO YCIEIIHBIX KMCIOTHBIX 00paboTok cocraBoM JTH-9010, 4To moaTBepKAaeTcs NaHHBIMH THAPOJMHAMHYECKHX
HCCIIEOBaHMi, TAe Takke BbiAeneHa HanbOombmas s¢dextnBHocTs Kommosuimii HIIC-K u OIAKCOKOP-210 mo
cpasrenuto ¢ JJH-9010. Hanbonbiuas sddexruBHOCT KucnoTHOro cocraBa HIIC-K oTmedeHa Ha kapOOHATHBIX 3aJexKax
IOsxnoit 1 HoxoBckoii rpynn MecTopoxaeHuii, B To Bpems kak komnosunus @JIAKCOKOP-210 neMoHCTpUpYeT Tydnine
pe3yNbTaThl B OTI0KEHUSIX CeBEPHOM IPyIIIbl MECTOPOKIEHHUM.
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Introduction

There is a global tendency of decline in oil
production from terrigenous reservoirs, which
results in the increased bringing into development
of hard-to-recover reserves mostly located at
carbonate deposits. To improve the efficiency of
oil field development in these conditions, various
measures are taken to enhance the deliverability of
productive wells and to increase the rate of
recoverable reserves production [1-5].

Acid treatment is one of the most commonly
used methods of flow stimulation in carbonate
deposits. It is a method of oil production
stimulation, which is based on the increase of
existing inflow channels and creation of new ones
through rock dissolution by acid [6—11].

Carbonate minerals actively interact with most
inorganic and organic acids. Hydrochloric acid
solutions with a concentration of 10-15 % wt are
normally used for acid treatments, due to its high
solvency, bulk production and low cost [12, 13].

However, application of pure hydrochloric acid
can be affected by the increase in the field
equipment corrosion rate and the wellbore damage
by reaction products, as well as formation of stable
oil emulsions [14-18]. In this respect,
hydrochloric-acid-based complex compositions
with a range of special additives, including
retarders, stabilizers, corrosion inhibitors and
solvents for the acid treatment of productive
formations, have got widespread use in the oil
industry [19, 20].

Selection of optimal acid composition is the
principal task in planning successful acid treatments
[21-25]. Positive result of acid treatment directly
relies on the compliance of the selected composition
with the geological and physical features of the
deposit, including thermodynamic conditions and
mineralogical composition of treated rocks and
saturating fluids [26-30].

This research examines the field application
experience of the acid compositions most
commonly used in the Perm Region for the
treatment of bottomhole zones of productive
wells in order to enhance their deliverability:
DN-9010 (NPP Devon, Kazan), FLUXOCORE-210
(AO Polyex, Perm) and NPS-K (OOO NefteProm

Service, Perm) in carbonate deposits of Southern
(Vereiskian, Bashkirian (Bashkirian-Serpukho-
vian), Tournaisian deposits), Northern (Bashkirian-
Serpukhovian, Tournaisian (Tournaisian-Famen-
nian) deposits) and Nozhovskaya (Tournaisian
deposits) field groups.
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Fig. 1. Boundaries of field groups
on the map of Perm Region

Geological and Physical Features
of Carbonate Deposits in Perm Region

Most oil fields in the Perm Region are being
developed by OOO LUKOIL-PERM. They can be
conventionally divided into three large groups —
Southern, Northern and Nozhovskaya, with their
boundaries shown in Fig. 1.

Geological and physical characteristics of
carbonate deposits of the Southern (SFG),
Northern (NFG) and Nozhovskaya (NoFG) field
groups are given in Table 1.
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Table 1
Geological and Physical Characteristics of Carbonate Deposits at SFG, NFG and NoFG
Parameter SFG NFG NoFG
Covi |Cab (Cob-Cis) Cit C2b-Cls |Clt(CItD3fm)] D3fm Clt
. 832-1269 853-1500 1327-1816 1267-1853 1603-2270 1997-2001 1390-1685
Average Deposit Depth, m
1039 1200 1587 1617 1997 1999 1568
Initial Formaﬁonpressure, 9,8-15,6 10,2-16,2 14,0-19,4 13,7-21,3 17,2-26,2 18,2-20,7 16,3-16,9
MPa 11,4 12,3 16,6 18,1 22,7 19,5 16,6
Qil Bubble PointPressure, 5,3-9,5 5,1-12,8 5,1-15,1 10,6 -17,3 11,5-16,5 11,0-14,4 8,6—-12,1
MPa 7,7 9,1 10,8 14,1 14,5 12,7 9,9
Gas Content. mt 9,8-78,5 9,9-107,0 | 15,8—138,0 | 44,9-201,3 | 63,6—291,6 | 141,0-185,6 | 6,6—14,4
> 33,1 40,7 73,1 102,6 134,9 163,3 9,1
Reservoir Oil Viscosity, 2,4-29,9 1,4-34,7 1,2-68,9 0,9-10,9 0,7-4,0 L1-1,3 38,6-87,5
mPa-s 9,0 13,1 11,4 2,3 L5 1,2 63,8
Paraffin Content. % 2,8-4,9 2,4-5,4 1,5-4,6 2,7-5,4 3,0-6,0 3,9-4,6 1,9-4,0
’ 3,9 3,9 3,2 4,0 4,6 4,2 3,0
) 13,0-19,0 | 12,0-19,0 10,0-15,0 10,0-16,0 8,0-12,0 9,0-11,0 14,0-18,0
Porosity, % 15,5 14,6 12,2 12,4 9,7 10,0 15,4
B 5 0,016-0,438 | 0,016-0,497 | 0,003—0,655 | 0,008—0,078 | 0,004—0,117 | 0,029—0,039 | 0,032—0,706
Permeability, 0,105 0,090 0,093 0,037 0,032 0,034 0,224
o ) 0,5-5,3 0,2-16,1 0,4-21,0 4,1-21,4 1,8—26,6 19,8—24,2 3,6-8,3
Compartmentalization, units 3.4 5.4 8.1 1.7 8.3 22.0 6.2

Note: numerator is a range of indicator values; denominator is a mean value.

The deposits feature a complicated geology
structure, with a significant compartmentalization
of the section and rather low permeability. The
SFG oils are paraffin oils, with high viscosity and
medium and high gas content, the NFG ones are
paraffin oils with low viscosity and high gas
content, and the NoFG ones are paraffin oils with
high viscosity and low gas content.

Carbonate reservoirs of the Perm Region have
different structure of void space [31], which can be
studied using X-ray tomography methods [32-37].
Three-dimensional models of the void space
structure of core samples are given in Fig. 2.

Based on the conducted studies it was determined
that in the southern part of the region, there is a
predominance of pore structure without distinct vugs
and fractures (Fig. 2, a). In the northern part of the
region, the structure of the void space is more
complex, with zones of natural fracturing and vuggy
porosity (Fig. 2, b), micro-fracturing (Fig. 2, c¢),
uniform (Fig. 2, d) and non-uniform porosity (Fig. 2, e).

Carbonate content is an essential parameter
directly affecting the acidizing efficiency and
characterizing the content of carbonate salts, such as
calcite and dolomite, in the rock [38]. To determine
the content of carbonate minerals in the rocks of the

SFG and the NFG, laboratory tests were carried out
using a special carbonate metering device KM-04M
(Table 2). The rocks of the Tournaisian (Tournaisian-
Famennian) and Famennian stages of the NFG and
the NoFG were not studied in the absence of
samples. The description of core samples in the field
development design and engineering documentation
indicates that deposits of the Tournaisian stage (as in
the case of Nozhovskoye field) are represented by
algal/lumpy and organogenic/detritic limestones, and
of the Tournaisian-Famennian and Famennian stage
(as in the case of Unvinskoye and Gagarinskoye
fields) — by detritic/lumpy and clastic limestone with
a negligible amount of dolomite.

The carbonate deposits of the SFG feature a
significant content of insoluble residue represented
by argillites, quartz and siltstones, which is a factor
reducing the efficiency of acid treatments. The
carbonate content in the Tournaisian deposits is
generally higher than that of the Bashkirian
(Bashkirian-Serpukhovian) and Vereiskian deposits.
In the NFG carbonate deposits, a high content of
calcite is identified, while dolomite prevails in the
rock formation of the Bashkirian deposit of the
Ozyornoye field, which complicates the acid
treatment process [39, 40].
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Fig. 2. Structure of void space of carbonate reservoirs in the Perm Region: a — pore structure of the southern part
of the region (as illustrated by Osinskoye field); b — fracturing and vuggy porosity (as illustrated by Gagarinskoye field);
¢ — micro-fracturing (as illustrated by Ozyornoye field); d — uniform porosity (as illustrated by Magovskoye field);
e — non-uniform porosity (as illustrated by Unvinskoye field)

Table 2

Rock Carbonate Content at Oil Fields in the Perm Region

. . Component Content, %
Field Deposit - - -
Calcite | Dolomite | Insoluble Residue
SFG
Baklanovskoye Cyb 57.3 2.7 40.0
Batyrbayskoye Cyb 56.1 2.9 41.0
Dorokhovskoye Cit 96.2 0.3 3.5
C,b 60.3 0.1 39.6
Ilyichevskoye 2
Cyvr 89.3 0.0 10.7
Kazakovskoye Cit 84.1 5.0 10.9
C,b 88.8 0.0 11.2
Kokuyskoye 2
Cit 89.7 0.0 10.3
Moskudyinskoye Cyvr 43.6 23 54.1
Osinskoye C,b-Cys 55.2 2.5 42.3
Pavlovsk C,b 87.1 4.1 8.8
avlov
ovskoye Cit 89.8 28 7.4
Sosnovskoye Cit 97.9 0.0 2.1
Chaykinskoye Cit 91.1 0.0 8.9
C,b 86.0 0.0 14.0
hurakovsk
Churakovskoye Cit 85.4 0.0 14.6
Shumovskoye Cyb 52.1 2.1 45.8
NFG
Gagarinskoye C,b-Cys 86.5 9.2 4.2
Magovskoye C,b-Cys 87.1 1.3 11.6
Ozyornoye C,b-Cis 10.8 77.1 12.1
Sibirskoye C,b-Cys 92.3 04 7.3
Unvinskoye C,b-Cys 89.5 0.7 9.8
Yurchukskoye Cob-Cs 93.7 1.3 5.0
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Application of DN-9010, FLUXOCORE -210
and NPS-K Acid Compositions

The data on 476 acid treatments with DN-9010,
FLUXOCORE -210 and NPS-K compositions at the
Vereiskian, Bashkirian (Bashkirian-Serpukhovian),
Tournaisian (Tournaisian-Famennian) and Famen-
nian deposits of the Perm Region fields were
accepted for research. The formulation of the acid
compositions under study is given in Fig. 3.

All the acid compositions contain surfactants
that provide high permeability of acids in the
productive layer due to a significant drop in the
rate of interaction with the rock, and effective
inhibitors of hydrochloric acid corrosiveness,
which reduce its negative impact on oilfield
equipment.

DN-9010 FLUXOCORE -210 NPS-K

Hydrochloric acid
aqueous solution

Hydrochloric acid
aqueous solution

Hydrochloric acid
aqueous solution

[

Corrosion Corrosion Corrosion
inhibitor inhibitor inhibitor
[ [ [
Surfactant Surfactant Surfactant
[ [ [

Solvent Other high-efficiency Iron
olven targeted additives stabilizer

Fig. 3. Formulation of acid compositions
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Fig. 4. Distribution of treatments
with different acid compositions at carbonate
deposits of the Perm Region

DN-9010 acid composition was used at the
fields of the Perm Region from 2003 to 2016, with
a total of 224 acid treatments performed.
FLUXOCORE-210 and NPS-K compositions were
brought into use in 2011 and 2014, respectively,
and are being actively used, including 136 acid
treatments with NPS-K and 116 with
FLUXOCORE -210, overall.

The application of acid formulations was
distributed across carbonate deposits of the SFG,
NFG and NoFG as given in Fig. 4. A considerable
part of acid treatment jobs at productive formations
with DN-9010, FLUXOCORE-210 and NPS-K fell
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Fig. 5. Successful acid treatments at carbonate
deposits of The Perm Region: @ — DN-9010;
b —FLUXOCORE-210; ¢ — NPS-K
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upon the deposits of the SFG (55 %) and
the NFG (42 %), mainly Bashkirian (Bashkirian-
Serpukhovian) and Tournaisian (Tournaisian-
Famennian) deposits. Tournaisian deposits of the
NoFG accounted for 13 acid treatments only, of
which six with NPS-K and seven with DN-9010.

Fig. 5 provides a diagram illustrating the
proportion of successful acid treatments, i.e. the
treatments that have reached the target oil
production growth, with the compositions under
study. The least successful was the acid treatment
at the Tournaisian deposits of the NoFG with the
DN-9010 composition, which accounted for 57 %
jobs only. Application of the NPS-K composition
under the same conditions delivered the target
growth for all the jobs performed (100 %).
Furthermore, positive practice of acid treatments
with FLUXOCORE-210 at the NFG deposits shall
be noted, with 78-90 % of jobs successful.

The number of successful jobs with NPS-K and
FLUXOCORE-210 compositions is generally
higher than those with DN-9010 (up to 1.75 times),
which suggests their better correspondence to
geological and physical features of complex
carbonate deposits in the Perm Region.

Efficiency of Treatment with DN-9010,
FLUXOCORE-210 and NPS-K Acid
Compositions

To characterize the results of oil production
stimulation measures, the so-called process efficiency
indicators are most commonly used, including oil
production growth rate, additional oil production and
duration of the effect [41-43]. However, for the theory
and practice of oil field development, the study of the
efficiency of measures based on changes in well
productivity and flow properties of the formation
[44, 45] is of great interest.

Table 3
Change in Well Productivity Index after Acid Treatment
SFG NFG NoFG
Deposit Number of Kpo/Kp1 Number of Ko/Kp Number of Ko/K
Treatments, nos. unit fractions Treatments, nos. unit fractions. Treatments, nos. unit fractions
DN-9010
1,03-2,60
Cyvr 4 T - - - -
Cyb 15 0,08-5,17 0 0,59-5,64 B B
(C,b—C;s) 2,20 2,47
Cit , 0,60-4,19 10 0,37-8,91 3 0,49-2,97
(Cit-Dsfim) 1,83 2,14 1,65
0,09-13,90
D;fm - - 13 T - -
FLUXOCORE -210
Cyb B 3 64 0,37-23,31 a B
(C2b-C;s) 2,35
Cit 3 0,43-1,32 6 0,49-10,80 B B
(Cit-Dsfm) 0,76 3,33
0,34-13,03
D;fm - - 5 —_— - -
3,32
NPS-K
1,00—-13,40

Cyvr 7 T - - - -
Cyb . 0,57-17,84 3 0,82—-4,38 a 3
(Cyb-Css 2,42 2,88
Cit » 0,44-7,05 3 B 3 5,12-30,55
(Cit-Dsfm) 2,03 15,52

Note: Ky, K, are well productivity indices after and before acid treatment; K,/K},; is change of well productivity index as a
result of acid treatment (numerator is a range of indicator values; denominator is a mean value).

ISSN 2224-9923. Perm Journal of Petroleum and Mining Engineering. 2020. Vol.20, no.1. P.72-87




78 ISSN 2224-9923. Bectuuk I[THUITY. I'eonorusi. Hedrerazoroe u ropHoe aesno. 2020. T.20, Nel. C.72-87

In connection with the foregoing, the results
of acid treatments carried out on wells running
on carbonate deposits of the Perm Region were
evaluated based on the interpretation of
hydrodynamic research materials. For this
purpose, all pressure (level) build-up curves
obtained on productive wells shortly before and
after the acid treatment were used: total of 356
tests, or 178 pairs, which, as it should be stated,
covers only 22.2 % of the jobs performed with
the compositions under study at the SFG, 56.4%
at the NFG, and 46.2 % at the NoFG. The
hydrodynamic research data were interpreted
using KAPPA Workstation software product
(Saphir NL module), deterministic moments of
pressure, and the integral method of Barenblatt,
Borisov, Kamenetsky, and Krylov [46]. As it
was established, the results of acid treatments

differ quite strongly depending on the applied
composition (Tables 3-5).

To determine the change in well productivity
after exposure (see Table 3), the values of
formation pressure before and after the treatment
were calculated by the product method [47].
The maximum increase in the productivity index
after acid treatments with DN-9010 composition
was established at the NFG Famennian deposit
(by 3 times, on average, based on 13 pairs of tests),
FLUXOCORE-210 — at the NFG Tournaisian and
Tournaisian-Famennian deposits (3.3 times), NPS-
K — at the NoFG Tournaisian deposit (15.5 times).
Decrease in well productivity was observed at the
SFG Tournaisian deposits after application of
FLUXOCORE-210 composition (by 1.3 times),
which might be caused by a number of factors to
be discussed further.

Table 4
Change in BHZ Permeability Index after Acid Treatment
SFG NFG NoFG
Deposit Number of Kgnzo/Kgnzi Number of Kgnzo/Kgnzi Number of Kgnzo/Kgnzi
Treatments, nos. unit fractions Treatments, nos. unit fractions Treatments, nos. unit fractions
DN-9010
0,69—-2,56
Cyvr 4 I,T - - -
Cyb s 0,06-5,61 0,60-5,16 B B
(C,b—Cs) 2,28 2,62
Cyt ; 0,75-10,66 0,37-8,99 3 2,50-8,35
(Ct—Dsfm) 3,00 2,95 5,43
0,09-14,33
Dsfm - - 13 —_— - -
3,34
FLUXOCORE -210
C,b B B 64 0,16—27,02 B B
(C,b—C)s) 3,19
Cit 3 0,28-0,52 6 0,16 -53,75 B B
(Ct-D3fm) 0,37 11,02
0,19-10,15
Dsfm - - 5 T - -
NPS-K
0,84-13,26
CZVr 7 T - - - -
C,b ; 0,23-13,75 3 0,98-14,6 B B
(C,b—C)s) 3,44 7,90
Cit s 0,39-38,57 B B 3 3,58-20,59
(Cyt-Dsfm) 2,06 10,40

Note: Kpuz, Kpnzi are BHZ permeability indices after and before acid treatment; Kgyzo/Kpnyz) is change of the BHZ permeability

index as a result of acid treatment (numerator is a range of indicator values; denominator is a mean value).
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According to the comparative analysis of
hydrodynamic studies, in addition to the change in
the permeability of the bottomhole zone (Table 4),
the fact of change in the permeability of the
farfield zone was established (Table 5). There are
several possible reasons for this phenomenon: the
acid composition both dissolves calcite in the
healed fractures, which results in bringing into
development of the earlier undrained areas of the
deposit by the area and/or the section, and
penetrates deeply, as well.

Within the scope of this research, it is only
possible to state that the permeability of the
farfield zone (FFZ) has changed, without
identifying the specific factors that caused it.

After acid treatments at carbonate deposits of
the SFM and NoFG, the largest increase in the

BHZ permeability was observed after the
application of NPS-K composition: 2.1-5.8 and
10.4 times, respectively. FLUXOCORE-210 acid
composition is more effective for the NFG; its
application increased the BHZ permeability by
2.5-11.0 times. The application of this compo-
sition at the Tournaisian deposits of the SFG
resulted in decrease in the BHZ permeability by
2.7 times on average, based on 3 pairs of tests.

The NPS-K composition is mostly effective at
increasing the permeability of FFZ in the
conditions of the carbonate deposits of the SFG
and NoFG: by 1.6-5.7 and 9.3 times, respectively,
while FLUXOCORE-210 proved effective at the
NFG, except for the Famennian deposits with a
decrease in the FFZ permeability by 1.2 times,
based on 5 pairs of tests.

Table 5
Change in FFZ Permeability Index after Acid Treatment
SFG NFG NoFG
Deposit Number of Kypzo/Krpz) Number of Krpzo/Krpz) Number of Krpzo/Krpz)
Treatments, nos. unit fractions Treatments, nos. unit fractions Treatments, nos. unit fractions
DN-9010
0,99-3,11
Cyvr 4 W - - -
Cyb s 0,02-14,57 0,55-3,80 B B
(Cob—Cs) 3,05 1,56
Cit ; 0,19-3,36 0,52-9,50 3 0,41-5,03
(Ct-D3fm) 1,22 3,12 2,73
0,10—20,50
D;fm - - 13 T - -
FLUXOCORE-210
Cb . . B 012-287 . .
(Cb-Cys) 3,07
Cit 3 0,25-0,93 6 0,05-51,7 B B
(Ct—Dsfm) 0,57 10,68
0,15-2,15
Dsfm - - 5 BT - -
NPS-K
0,32-23,83
Cyvr 7 S,T - - - -
C,b 7 0,24-3,25 3 0,44-2,61 B 3
(C,b—C)s) 1,62 1,45
Cit s 0,11-7,58 B B 3 3,07-23,99
(Ct—Dsfm) 1,99 9,31

Note: Kgrz, Krpzy are FFZ permeability indices after and before acid treatment; Krpzy/Krpz) is change of FFZ permeability index
as a result of acid treatment (numerator is a range of indicator values; denominator is a mean value).
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As previously stated, after acid treatments of
carbonate  deposits of the SFG using
FLUXOCORE-210 composition, there was a
decrease in flow properties of both bottomhole and
farfield zones and, as a result, of well productivity.
This can be the result of the killing fluid flow into
reservoir, the reservoir damage with products of
acid and rock reaction, or the incompatibility of the
acid composition with formation fluids, which
entails pore plugging with high-viscosity oil
emulsions or solid precipitation from formation
water. To identify specific factors that resulted in
the decrease in flow properties, a set of studies
shall be conducted, including testing of both void
space and core sample flow with simulation of
thermodynamic  conditions  of  productive
formations and saturation of samples with real
reservoir fluids.

According to the analysis of changes in well
productivity and permeability of BHZ and FFZ
after acid treatment with the compositions under
study, it is possible to identify a slightly higher
efficiency of NPS-K and FLUXOCORE-210
compositions in comparison with DN-9010. NPS-
K acid composition shows better results at
carbonate deposits of the SFG and NoFG, while
FLUXOCORE-210 — at the NFG.

Further to the acid compositions under study,
NPS-K1, a new high-potential acid composition by
OO0 NefteProm Service (Perm), is worth noting,
as it allows treatments without involvement of a
well workover crew due to a significantly reduced
corrosion rate, thus reducing the job cost. The
NPS-K1 composition is a reverse hydrocarbon
emulsion, in which liquid hydrocarbons are the
dispersion medium and hydrochloric acid is the
dispersion phase. When in contact with reservoir
oil, the emulsion breaks down into the
hydrocarbon and acid phases, in which case the
hydrocarbon phase clears the bottomhole zone of
paraffin deposits, while the acid phase reacts

directly with the rock, thus increasing the reservoir
permeability. A low number of treatment jobs with
NPS-K1 acid composition at carbonate deposits of
the Perm Region (only 10 jobs in Vereiskian,
Bashkirian and Tournaisian deposits of SFG and
NoFG performed since the end of 2017) does not
currently allow a detailed analysis of its efficiency.

Conclusions

1. Carbonate deposits of the Perm Region are
characterized by a complex geology, diverse
structure of the void space and composition of
the rocks.

2. Acid treatments in carbonate reservoirs are
complicated by their low permeability, significant
content of insoluble minerals (Southern group of
fields), increased dolomitization and natural
fracturing, and vuggy porosity (Northern group of
fields) of reservoir rocks, as well as high viscosity
of reservoir oil (Nozhovskaya group of fields).

3. The number of acid treatments that have
reached the target oil production growth with
FLUXOCORE-210 and NPS-K compositions
exceeds the number of successful treatments with
DN-9010 composition.

4. According to the analysis of changes in well
productivity and permeability of bottomhole and
farfield zones after acid treatments, it is also
possible to determine a slightly higher efficiency
of NPS-K and FLUXOCORE-210 compositions in
comparison  with  DN-9010. NPS-K  acid
composition shows better results at carbonate
deposits of the Southern and Nozhovskaya groups
of fields, while FLUXOCORE -210 - at the
Northern group of fields.

5. With sufficient practice in the application of
NPS-K1 acid composition in the fields of the Perm
Region, its effectiveness shall be analysed
similarly to DN-9010, FLUXOCORE-210 and
NPS-K compositions discussed in this paper.
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