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ABSTRACT

Purpose. More efficient production of hydrocarbons from weakly consolidated sandstone reservoirs using improved method.
Modification of the equipment according to the geological characteristics of the reservoir and the mode of production.

Methods. Perforation is performed with two different types of charges (DP & BH), after that the modified gravel pack
equipment is run in hole.

Findings. The combination of double perforation and the application of modified gravel pack allows for more efficient
hydrocarbons production from weakly consolidated reservoir without occurrence of sand in the flow, thus extending
the production life of the oil and gas field with this type of problem in production.

Originality. Application of improved method in hydrocarbon production from weakly consolidated reservoirs, which
has shown improvement of production parameters.

Practical implications. The technical and economic indicators of this method show the feasibility of its application to
weakly consolidated reservoirs, allowing higher production of wells, thereby increasing the profitability of the field,
and thus its lifetime. It is applicable to all weakly consolidated reservoirs, with proper design of gravel pack and ana-
lysis of geological properties of reservoirs.

Keywords: weakly consolidated reservoirs, modified gravel pack, prosper analysis, economic evaluation, Pannonian

basin system

1. INTRODUCTION

Inflow of sand into the wellbore from the weakly
consolidated sediments impairs the desired oil and gas
production and is a major problem for surface produc-
tion system. The emergence of sand in the tubing is a
serious impediment which reduces production of oil
and gas while the presence of sand in the surface system
poses a threat to connecting pipelines and gathering
transportation system. Methods for controlling the sand
inflow can be divided into: conventional and gravel
pack. Gravel pack is a method of setting a barrier which
prevents undesirable inflow of sand from the reservoir
into the wellbore.

The choice of the preferred sand-control method de-
pends mostly on installation costs and the degree of instal-
lation success in a particular area. Installation of gravel pack
in the well causes problems, e.g. reduction of productivity
index. Gravel pack represents an obstruction in the wellbore
and as such affects the oil and gas production.

Factors influencing the flow of sand are: depth of
reservoir, reservoir pressure, permeability, formation
compaction, formation damage, reduced pressure and
sand reservoir properties. When installing gravel pack, it
is important to select clear fluid for performing workovers.
The selected fluid must be compatible with the reservoir
fluid for the sake of stabilizing the borehole walls, pre-
venting the collapse and permanent da-mage of the for-
mation. On weakly consolidated sandstones of field C,
wells are not able to produce sand primarily due to the sur-
face system. That is why the problem of sand inflow must
be solved by installation of modified gravel pack.

The basic problem of gravel pack is the cost of installa-
tion and lack of equipment. Hence modified version of
gravel pack was created just for reservoirs of Sava Depres-
sion. With modified gravel pack, costs have been reduced
and a very high level of installation is achieved. A combined
perforation was first done in the well J-160 with the deep
penetrating (DP) charge and bigger hole (BH) charge before
installing gravel pack. The results are presented below.
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2. THE GEOLOGICAL DESCRIPTION
OF THE AREA UNDER STUDY

The oil and gas field C investigated in this paper is lo-
cated in the Croatian part of the Pannonian Basin System
in the western part of Sava Depression (Fig. 1).
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Figure 1. Location of the oil and gas field C (blue) within the
Pannonian Basin System (modified after Royden,
1988; Malvié, 2003)

The geographic location of the oil and gas field C is
about 90 km south-east of Zagreb. The lowest part of the
terrain represents a valley in the southern part of the field
at the height of 120 m, while the highest point in the north-
eastern part of the field is 231 m, which accounts for
height difference of 111 m. The relief is characterized by
steep slopes. According to the reservoir classification
(Brod, 1945; Veli¢, 2007), the reservoirs of oil and gas C
belong to a group of layered, folded reservoirs, con-
strained by the tectonic screen. Reservoirs on field C are
formed from Upper Miocene and Lower Pliocene depo-
sits. The reservoir “N” of field C is made of gray and grayish
sand and weakly consolidated sandstone covered with
gray soft clay and sandy marl. The average porosity of re-
servoir “N” is 27%, with a sandstone content of more than
70%, while the remaining part is silt. The average mineral
CaCOs content in reservoir sediment is more than 25%.
The previous data refer to the typical Lower Pontian sand-
stone of the Sava depression, with two important values
that indicate both the genesis (Malvi¢, 2012; Malvi¢,
2016) of sandstone and its reservoir properties. The first is
a large proportion of silt, as this sandstone is classified as
silty sandstone. Secondly, the large part of the calcite par-
ticles inside the matrix, which proves that the material
originates from Eastern Alps (Malvi¢, 2012; Malvié,
2016). But it also makes the main cementation material in
such sandstones, which can result in the formation of po-
rosity via dissolution. Geological correlation section be-
tween wells J-129 — J-160 for the studied reservoir “N” is
shown in Figure 2.
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Figure 2. Geological correlation section between wells

J-129 — J-160 for the studied reservoir “N”

The thickness of the reservoirs is similar (ca. 20 m) in
the observed wells. Between the wells, there is no signi-
ficant folding or faulting that is essential for producing hy-
drocarbons from this reservoir. Because of the relatively
low depth (<1000 m), the compaction of the
reservoir is weak, which puts hydrocarbon production
from these deposits at high risk of solid particles penetra-
tion into the production fluid.

3. INSTALLATION OF MODIFIED
GRAVEL PACK (MGP)

Before installing the modified gravel pack (MGP), the
borehole needs to be cleaned with a scraper. After cleaning,
the DDN/GR/CCL diagrams are recorded and the column is
calibrated. The TCP perforator on the working line of the tu-
bing is used for perforating intervals. Perforation is repeated
with two different types of charging: DP and BH (Fig. 3).

(a) (b)

Figure 3. Types of charging: (a) DP charge; (b) BH charge
(Perforating Basics..., 2009)

DP charge is characterized by deep penetration, but
smaller entrance hole in the casing wall (produces a
0.55” hole diameter and 17.3” of penetration), while BH
charge creates a bigger hole, but much less penetration
in the rock (produces a 1” diameter entrance hole which
is 8.8” long) (Perforating Basics..., 2009). In this way
perforation with two types of filling was first performed
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on the weakly consolidated sandstone reservoirs of field
C in the J-160 well. The size of the injected propane is
20/40 mesh. It manages to prevent the sand from entering
the borehole, though silt-sized particles do not do the job.
Particles of silt in the flow can be separated in the surface
system of the field C.

Before activating TCP perforators, it is necessary to
determine the desired depression by clipping. The wor-
king string on which MGP is placed needs to be washed
with acid (type PT-15). Washing is done in two stages:

1) indirect washing with acid (1 volume of tubing) +
+ formation water (1 volume of casing);

2) direct circulation with formation water (2 volumes
of casing), afterwards the acid is neutralized in the neu-
tralization tank.

If necessary, filling tier material is washed down to the
bottom and twice checked. After washing with acid, bent
sub is run in hole and further checked down to the hole
depth. When required, it is washed down to the bottom and
possibly twice checked via filling borehole from reservoir
materials. The packer is run in hole directly above the per-
foration, and pre-pack operation begins. The injectivity
test was performed by injecting the fluid that is most com-
patible with the reservoir material (in this case it was die-
sel) in combination with the sand. If the pre-pack succeeds
(injectivity test passed), preparatory work is performed
prior to MGP run in hole. Preparatory work refers to re-
scrubbing the well with a bent sub and junk mill. The MGP
run in hole equipment is shown in Figure 4.
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Figure 4. MGP underground equipment

Run in hole MGP equipment was followed by the
injection of sand and diesel in the proportion of a given
calculation. The combination of diesel and sand is injected
into reservoir at a certain pressure and capacity, and is
pressed with treated filtered water. After injection, several
hydraulic checkups are required for 24 hours to determine
sand precipitation. The installed MPG equipment discon-
nects the MGP connectors and is removed from the bore-
hole. TSC sealing head is run in hole and exa-mines its
imperviousness. The production equipment is run in hole
and the well is put in production.
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4. PROSPER ANALYSIS

PROSPER is a well performance, design and optimiza-
tion program which is part of the Integrated Production
Modelling Toolkit (IPM). Prosper (Petroleum Experts (Pe-
tex), license: INA d.d.) is designed to allow the building of
reliable and consistent well models, with the ability to ad-
dress each aspect of well bore modelling; PVT, Vertical Lift
Performance (VLP) and Inflow Performance Relationship
(IPR) (Okotie, Ikporo, & Ovuem, 2015). Prosper provides
unique matching features, which tune with PVT, multiphase
flow correlations and IPR to match measured field data, al-
lowing a consistent well model to be built prior to future use.
The first step in the calculations in PROSPER is to define
the system and wells, and the presence of fluid in the reser-
voir (Ko3¢ak Kolin, Korenjak, & Cikes, 2009). The required
inputs for this type of model are: reservoir permeability, for-
mation thickness, drainage area and wellbore radius. Produc-
tivity index (PI) is one of the important characteristics of a
well’s inflow performance which depends on the reservoir
and fluid properties (Okoro & Ossia, 2015). IPR and VLP
curves for the well J-160 equipped with modified gravel
pack is shown in Figure 5.

This well is producing oil from reservoir N. Model for
IPR curve is Darcy. A single flowing bottom hole pressure
and surface test rate is used to calculate the IPR below the
bubble point. From this IPR the rate and bubble point pres-
sure are used to evaluate the PI for the straight-line part of
the inflow above the bubble point. PI for the well J-160 is
0.8621 sm*/day/bar, and absolute open flow (AOF) is
37.18 m/day (Fig.5). Average value of PI for wells
equipped with modified gravel pack in reservoir N is
0.4475 sm*/day/bar, AOF is 22.04 sm*/day and flowing
bottom hole pressure (FBHP) is 40.58 bar. Sucker rod
pump pressure estimation data is shown in Table 1.

Table 1. Sucker rod pump pressure estimation data

Gas gravity

; ; 3
Oil gravity, kg/m 895.57 (sp. Gravity) 0.81
Pump depth, m 845.32 Water cut, % 10.50
Fluid level Casing producing,
producing, m 461.00 BARg 18.80
MD point perfo- 972.00 Liquid production 16.68

ration depth, m

rate, sm*/day

Producing intervals are at depths between 972 and
1005 m. To calculate FBHP, it is necessary to have the
following data: producing fluid level and casing pressure.
In this case, fluid level is 461 m and casing pressure is
18 bar (Table 1). The calculated FBHP is 48.12 bar. The
difference between flowing bottom hole pressure in the
well without gravel pack and in the well with gravel pack
is about 20 bars. Production of the well after completion
with gravel pack is higher than before gravel pack:
01=16.7 m*/day, Q,=14.95 m*/day, Q, = 1050 m*/day,
WC =10.5%, and GOR = 70.

5. ECONOMIC EVALUATION

Input data for economic analysis are: price of oil and
gas (BP Annual Report..., 2017), costs of Artificial Lift
Systems (Tennessen, 2002), costs of separation (Ivsinovic,
2018) and injection (Iv§inovi¢, 2017) of formation water,
investment costs (capital workovers, well measurements
etc.), and other costs (miners’ wages etc.).
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Prossure (BARg)

SUMMARY DATA

B— - VLP Pressure Fluid 0il
B - PR Pressure. PT Method Black Oil
Separator Single-Stage
Emulsions No
Hydrates Disable Warning

Water Viscosity Use Default Correlation
‘Water Vapour No Calculations
Viscosity Model Newtonian Fluid
Steam Option No Steam Calculations
Flow Type Tubing
‘Well Type Praducer
Artificial Lift Sucker Rod Pump
Predicting Pressure and Temperature {on land)
Temperature Model Rough Approximation
Range Full System
Completion Gased Hole
Sand Control Gravel Pack
Inflow Type Single Branch
Gas Gonina No
SYSTEM SENSITIVITY ANALYSIS - Input Data
Top Node Pressure 6.2 (BARg)
Water Cut  10.3 (percent)
Total GOR 70 (Sm3/Sm3)
Bottom Measured Depth 971.965 (m)
Bottom True Vertical Depth 971,985 (m)
INFLOW PERFORMANCE DATA (OIL WELL)

Infiow.

Type Single Branch
letion Gased Hole

89 (BARg)

372 (deg C)

103 (percent)
70 (Smasm3)

Drainage Area 70000 (m2)
Dietz Shape Factor 02

Liquid Rate (Sma/day)

Wellbore Radius 0.06983 (m)
skin 1
Gravel Pack Permeability 30000 (md)

Figure 5. IPR and VLP curves for well J-160

The input quantities of hydrocarbons in the calculation
are taken from the PROSPER analysis (see the previous
flow for

chapter). The realized economic well

J-160 is shown below (Fig. 6).
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Figure 6. Realized economic flow for well J-160

At the end of the fourth quarter of 2016, the well
J-160 paid off the costs of capital investment. The net pre-
sent value of USD 862000 was achieved, with a discount
rate of 10%. Internal Rate of Return (IRR) for this well is
1.93, with a discount rate of 10%. The main economic in-
dicators in this case have turned positive and highly prof-
itable in short time, which justifies investments into this
type of well equipment.

6. CONCLUSIONS

The combination of double perforation and the appli-
cation of modified gravel pack allows for more efficient
production from weakly consolidated reservoir without
the occurrence of sand in the flow, thus extending the pro-
duction life of the field C.

PI for the well J-160 is 0.8621 sm*/day/bar, and AOF is
37.18 m’/day, which is significantly higher than indicators
of the previously applied methods on reservoir N.

In the case of well J-160, return on investment took
less than four months, with net present value of USD
862000, and internal rate of return 1.93.

The technical and economic indicators discussed in
this paper prove the feasibility of applying this method to
weakly consolidated reservoirs, allowing for higher pro-
duction of wells, thereby increasing the profitability of the
field, and consequently the field lifetime.
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OTPUMAHHS BYTJIEBOJHIB 31 CIABO3HEMEHTOBAHUX HNIIIAHUX
KOJIEKTOPIB Y XOPBATCBHKIA YACTUHI MIAHHOHCBHKOI'O BACEHHY

W. Isminosiy, B. [Tnetemr, M. Mapinia

MeTta. Y J0CKOHAJICHHS TEXHOJIOTIT BUIOOYTKY BYTJICBOAHIB 3 YpaXyBaHHIM I'€OJIOTIYHUX XapaKTEPUCTUK KOJICK-
TOpiB Ha OCHOBI MOJIEpHi3allii o0nagHaHH TpaBifHOTO HAOWBAHHS JUIS ITiABUIEHHS €(EeKTUBHOCTI poOOTH eKCIlTya-
TaliiHUX CBEPIIOBUH.

Metoauka. J[ist 1oCATHEHHS MOCTABICHOT METH JOCIIKYBAIUCS JIaHi Te0JI0TiYHOT PO3BIAKK HAPTOra30BOro MoJIs
“C” mix cBepmioBiHamu J-129 i J-160. [{i1st umx ymoB y cBepuioBuHi J-160 OyJia Briepiie BukoHaHa nepdopaiiisi 3 1soMa
THIIaMU 3aIIOBHEHHS Y 3LEMEHTOBAHUX MILIAHUX KOJIEKTOpax HadToraszoBoro mois. s MoaenroBaHHS poOOTH CBEpI-
JIOBUHH BHKOpHUCTOBYBaBcs nporpamuuii komruiekc PROSPER (Prosper Petroleum Experts (Petex), license: INA d.d.).
OOrpyHTYBaHHS JOLIJIBHOCTI BIIPOBAKEHHS 0018 THAHHS MPOBOMIIOCS IIISIXOM TEXHIKO-€KOHOMIYHOT OI[iHKH.

Pe3yabraTu. Po3po0ieHo koMOiHOBaHY TEXHOJIOTIIO nepdopyBaHHS CBEPUIOBHH 13 MOJIEPHI30BaHUM TIpaBiiiHUM
HaOMBaHHAM y CJIa003IEMEHTOBAHKX MMOPOAAX. BUKOHAHO MOJEIIOBaHHS MPOLECY pOOOTH eKCIUTyaTaliifHOi CBEpIO-
BUHM 3 MOJICPHI30BaHUM I'paBifHUM HaOMBaHHAM B nporpamMHomy nakeri PROSPER ans 3apaHux yMoB Ta BU3Hau€HO
HaWBaXXJIMBILIl TEXHOJIOTIUHI TapaMeTpu: 1HAEKC MPOAYKTUBHOCTI, HAIPHY XapaKTepPUCTHKY, aOCOIIOTHUH 1e0iT cBepa-
JIOBWHHU, Ta30BUH BMicT HadTH Ta iH. [IpoBeeHa eKOHOMIYHA OIliHKA 3aIIPOTIOHOBAHOI TEXHOJIIOT1, SKa MMoKa3aa Mo3H-
TUBHI pe3yNbTaTH Ta BUCOKOIMPHOYTKOBICTH 3aCTOCOBYBAHOTO THITY OOJIaIHAHHS, [0 BUIIPABAOBYE NOIUIBHICTD BKJIA-
JICHHSI IHBECTHUIIIH /17151 3a00IraHHs MCKYBaHHS CBEPIOBHH.

HayxoBa HoBu3Ha. [lossirae y 3acTocyBaHHI BIOCKOHAJIEHOI TEXHOJIOTIi OTPUMaHHS BYTJIEBOJIHIB 31 clla0031eMeH-
TOBAHUX IOPI, IO BiAPI3HAETHCS Bia BIZOMHUX OUIbIIT e()eKTHBHUMHU TEXHOJIOTTYHMMH IIOKa3HUKaMH BUPOOHHIITBA.

IpakTnyna 3HauuMicThb. [IporioHOBaHa TEXHOJOTIS 32 TEXHIYHMMH W E€KOHOMIYHMMH acleKTaMu € HalOiuIbIn
NPUIHATHAM C11I0cO00M BU100yTKY BYTJIEBOJIHIB 31 Cl1a0031IEMEHTOBAHHMX MTiIIIAHUX KOJIEKTOPIB, L0 CIIPHSIE M1 IBULICHHIO
NPOJAYKTHUBHOCTI CBEPJIOBHH, 30UIBIICHHIO PEHTA0CIBHOCTI PO3POOKH POIOBHIIA T TEPMiHY HOro ekcrutyararii. Jlana
TEXHOJIOTIS1 MOXE 3aCTOCOBYBATHUCS /10 BCIX POJOBHII 31 C1a0031IEMEHTOBAHOIO CTPYKTYPOIO MOPiJ] P NPaBHIIbHINA KOH-
CTpYKLUII rpaBiiiHol HaOMBaHHS.

Knrouosi cnosa: cnabosyemenmosani niwgani konekmopu, mooeprizosana epagitina Hadbuska, PROSPER ananisz, exo-
Homiuna oyinka, Ilannoncoxuil 6aceiin

MNOJYYEHHE YI'JIEBOJOPOJI0OB N3 CTABOCHEMEHTHPOBAHHBIX TIECHAHBIX
KOJUIEKTOPOB B XOPBATCKOM YACTHU TAHHOHCKOI'O BACCEMHA

N. UBmmuoBuy, B. Ilnerem, M. Mapunuu

Hesn. CoBepleHCTBOBAaHHE TEXHOIOTHH TOOBIYH YTIIEBOIOPOAOB C yUETOM I€OJIOTHUECKUX XapaKTEPUCTHK KOJIIEK-
TOPOB Ha OCHOBE MOJCPHHU3AINH 000pYyIOBaHH TPAaBUHHOW HAOWBKY IJIS MOBBIMIEHUS () (HEKTUBHOCTH PabOTHI HKC-
IUTYaTalIOHHBIX CKBaXHH.

Metoauka. /Iy 1OCTHXEHNS IOCTaBICHHON LIeTH HCCIIEA0BAINCH JaHHbIE T€0JIOTHYECKON pa3BeJKH HeTera3oBoro
nosist “C” mexny ckBaxkuHamu J-129 u J-160. Inst atux ycnoBuit B ckBaxkuHe J-160 Obuia BriepBble BbINOIHEeHa mepdo-
parysi ¢ IByMsl THITAMH 3aI0JIHCHHS B CJ1a00CIIEMEHTUPOBAHHBIX NIECUaHBIX KOJUIEKTOpax HedTera3oBoro mos. s Mo-
JeTMPOBaHMsl pabOThl CKBAXWHBI HCIOb30Bascsi nporpamMHblii koMiuiekc PROSPER (Prosper Petroleum Experts
(Petex), license: INA d.d.) OGocHOBaHue 11e51€CO00Pa3HOCTH BHEPEHHS YCOBEPIIEHCTBOBAHHOTO 000y I0BaHHSI IIPOBO-
JIMJIOCH ITyTE€M TEXHUKO-IKOHOMHYECKOH OIIEHKH.

Pe3yabTaTsl. PazpaboraHa KoMOMHNpPOBaHHAs TEXHOJIOTHS Mep(HOPUPOBAHNS CKBaYKHH C MOJICPHIU3UPOBAaHHON Tpa-
BUIHOM HAaOWBKOW B C1ab0OCLIEMEHTHPOBAHHBIX MOPOaxX. BEIMOIHEHO MoJenupoBaHue mporuecca padoThl IKCIUTyaTa-
MOHHOW CKBaXXMHBI C MOJCPHU3UPOBAHHOW T'paBUitHON HabmBKOH B mporpammHoM makere PROSPER st 3amaHHBIX
YCIIOBHH M OTIpEJeIIeHbl BAXKHEHIINE TEXHOIOTHUECKHE TapaMeTphl: WHIEKC IIPOU3BOJUTEIILHOCTH, HAIIOPHAS XapaKTe-
pHCTHKa, a0COTIOTHBIN 1eOUT CKBa)XXMHBI, ra3ocozepskanne HedTr u ap. [IpoBeneHa sSxoHOMHUYECKast OLICHKA MpeAsIarae-
MOH TEXHOJIOTHH, KOTOPasi TOKa3alla MOJIOKUTEIIbHBIE PE3YIIbTAaThl U BEICOKOIOXOIHOCTh MPUMEHAEMOTO TUIa 000py10Ba-
HHUS, YTO OIPAB/BIBACT LIETIECO00PA3HOCTD BIOKEHNS NHBECTULIMI AJIs IPEJOTBPAIIEHHS IECKOBAHMS CKBAKUH.
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Hayunasi HoBu3HA. 3aKiI04aeTcsl B IPUMEHEHUH YJIyYIIEHHON TEXHOJIOTUH MOJY4YEHHs! yIIIEBOJOPOIOB U3 ciiaboc-
HEMCHTHUPOBAHHBIX ITOPOJ, OTIMYaromiasicsa OT U3BECTHBIX 60.]'[66 3(1)(1)GKTI/IBHI)IMI/I TCXHOJIOT'MYCCKUMHU TI0Ka3aTCIIAMU
MPOU3BOJICTBA.

IIpakTnyeckas 3HAYUMOCTD. [Ipennaraemas TEXHOIOTUS MO TEXHUUYECKUM M S3KOHOMHUYECKUM ACIIEKTaM SIBIISIETCS
HaunboJee NpueMIIEMBIM CIIOCOO0M pa3paboTKH 3aexel yriieBoJ0PO/IOB B CIa00CIIEMEHTHPOBAHHBIX ECYAHBIX KOJIJIEK-
TOpAax, YTO CIIOCOOCTBYET MOBBIIICHHIO ITPOU3BOANTEIBHOCTH CKBAXKHH, YBEIMUCHNIO PEHTA0EIbHOCTH pa3paboTKu Me-
CTOPO’K/ICHHS M TEPMUHA €T0 KCIUTyaTaluH. JJaHHas TEXHOJIOTHS MOXKET HPUMEHSTHCS KO BCEM MECTOPOXKICHUSIM CO
CITa0OCIIEeMEHTHPOBAHHOM CTPYKTYPOH ITOPOJI TIPH MPABIIIFHON KOHCTPYKIINH TPaBUHHOIN HAOUBKHL.

Knrouegvle cnoea: crabocyemenmuposanivle necuanvle KONNEKMOPbl, MOOEPHUSUPOBAHHAS 2PAGUIHAS HAOUBKA,
PROSPER ananus, sxonomuueckas oyenxa, Ilannoncxuii 6acceiin
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