B [JOBbl4A

POCHE<Tb
i A .

OpraHnsauysi 3OMEKTUBHOM 3aLLNTbI
CKBaXKMH OT COJIEOT/IOMKEHN XUMUNYECKUMM
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OtcueT nepuoga aobbiun «60AbLLOW» HedTV B
BocTouHon Crbupu cnpaBen/MBo HauMHaThb C BBOAA

B MPOMBILLIEHHYO SKCMTyaTaumio BepXHeHOHCKOro
HedTerasokoHaeHcaTHOro MectopoxxaeHus (BHHIMKM),
PacnoONOXEHHOrO Ha cesepe VpKyTCckom obnacTu.
COBMECTHO C pasBuT1EM NPon3BOACTBa Ha BHHITKM
CTanm akTyasbHbIMM MPOLECCHI, OCTIOXKHSIOLIME
TexHooro [obblbn Hed T 1 rasa. OgHUM U3 HX

ABNIAETCA CONe0bpa3oBaHe B HehTerasoBbIX CKBaKMHAX.

B M1poBOM NpakTuke OHO NpeacTaBneHo pasHbIMU Mo
XVMNHYECKOMY COCTaBy BUAAMW COSIEN: CyNbdaTamu,
KapboHaTamu, cynbdhuaamm, xnopuoamn. Ha BHHITKM
npeobnagatoT xnopuaHele conv B Buae rannta (NaCl) u
cynbdarHble comm B Buae runca (CaSO,x2H,0).

Ha dhopmmposaHme conesbix OTAOXKeHWN Ha BHHITKM
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Introduction

You could say that the first major day of oil production in
Eastern Siberia was the first batch of oil produced from
the Verkhnechonskoye Oil and Gas Condensate Field
(VCNG), which is located in the north of the Irkutsk Oblast.
But as the VCNG development progressed, processes
limiting the oil and gas production cropped up.

One of the major issue was scale formation in the oil and
gas wells. The most common oilfield scales are salts
of varying chemical composition: sulfates, carbonates,
sulfides, and chlorides. The VCNG scales are mainly
halite (NaCl) chloride salts and gypsum (CaSO,x2H,0)
sulfate salts.

The salt deposit formation at the VCNG field is driven by
its exceptional geology and geochemistry [1-3]:
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B/IMSIOT YHUK&STbHBIE FEOIOMNHECKME N FEOXVIMUHECKNE

ycnosusa [1 - 3J:

* Hu3kas (+12°C) nnactosas Temneparypa daonia,
MOHMXKAOLLAACH Ha yYCTbe A0 -5°C 3a CYET BblOEEHVS
rasa 1 BANSiHUS MHoroieTHeMepasbix nopog, (MMIN);

® HM3KOE MiacToBoe AasneHue (150 atm Ha KpOBIO
nnacTa) — cpeagHee No MECTOPOXKAEHMIO (B HEKOTOPbIX
CKBaXKMHAX HDKE OaBMEeHNst HacbIleHns — 148 atm.),
JaBneHVe Ha 3a60e PadoTatoLLMX CKBaXKMH
—90-135 artm., oasnerne Ha yctbe — 25-30 atwm;

® BbICOKas MVHEpa3aLs NMnacToBoM Bk, PACCOsI0B
XJIOPWAHOrO KaubLieBoro coctasa — Ao 500 r/ome 1
naoTHoCThO 1,29 — 1,30 r/ems;

® 3aCOJIOHEHNE KOJIIEKTOPA (3aMOJTHEHNE MOP Fa/IUTOM
00 50% 1 6o51ee) 1 ero paccoIOHEHNE MpK
dunbTpauun B nnacte
3aKaumBaeMom NPECHOM BOAbI
CUCTEMbI MOAAEPXKaHNS
NNacToBOro AasneHvs [4].

OcHoBHOM 06beM O00bIHM HEDTH
Ha BYHI'KM ocyliecTtenseTcs

13 TEPPUrEHHbIX NIacToB
BEPXHEYOHCKOro ropmaoHTa B4,
B4,, B4, , BeHackoro Bospacra.

Coneob6pasoBaHue B BUOE
XxJlo0puaoB

Xnopwapl oTnaratoTcs B
HETAHBIX CKBaXKUHAX OT YCTbs

Puc. 1. Kpuctannbl rannta ns CKBaXKMHbI
Fig 1. Well halite crystals

e Low (12°C) reservoir fluid temperatures dropping to
-5°C at the surface that is induced by gas evolution and
permafrost effects

e Low reservoir pressure, 1.5 MPa average at the top of
the reservoir (14.8 MPa in some wells which is below
the bubblepoint); bottom hole pressure of 9-13.5 MPa
and wellhead pressure of 2.5-3 MPa in the flowing wells

e High salinity (up to 500 g/dm?3) of reservoir water and
1.29 — 1.30 g/dmé for chloride calcium brines

¢ Reservoir salinity (50% or more of the pore space
plugged with halite) and salinity dilution when the
injected fresh water of the reservoir pressure
maintenance (RPM) system permeates the formation [4].

The major oil production at VCNG is from the terrigenous
formations of the VCh,,

VCh,, VCh, , Vendian
Verkhnechonskoye horizons.

Chloride Scaling

Salt deposits in the oil wells
exist from the surface to the
bottom hole area (BHA) and

are mainly sodium chloride

or halite [2]. The fundamental
difference between the halite
deposit compared to standard
conditions, is the fact that when
there is low water content in the
produced water-in-oil emulsion,

00 NMpr3abonHoOM 30HbI MnacTa u
NpeAcTaB/ieHbl XopuaoM HaTpus - ranutom (NaCl) [2].
[MPVHUMAANBHBIM OTAIMHMEM OT «O0bI4HBIX>» YCIOBUIA
OTJIOXKEHVISA raynTa SBNSIETCHA HU3KOE COoAEp»KaHne Boabl

B 00bIBAEMOW BOAOHEDTSAHOM 3MYNIbCUM, U3 KOTOPOW
NPOUCXOOUT coneobpasosaHve OT 1%, Toroa Kak B
paboTe [5] MpUBOASATCA CBEAEHMS O TOM, YTO BbiNaaeHve
XJI0PYO0B BOSMOXXHO TOJIbKO U3 06PaTHOW 3MyIbCUN
(HedbTb B BoAg). OgHako Ha BHHI'KM kpucTansbl ranmra B
MUKPOMOPME MPUCYTCTBYIOT Aake B 6e3B0AHON HETK [4].
JTabopaTopHbIMK UCCNeqoBaHNAMI Ha HeDTENPOMbICE
ObIn BbISBEHBI CKB2XKMHBI C COOEPXKaHeM ramta fo
10000 mr/am® B 6essogHon Hedn (0,03%).

OTNOXEHVSA raninTa B CKBXKMHAX PasnnyatoTcst No

CTRyKTYpe:

® MPU HUSKNX 3HAYEHNSIX 0BBOOHEHNS AOOLIBAEMOW
HedbTV OT 1% 00 10% OTNOXKEHMS NPeaCTaBEHDI
KpucTanaamm xaopuaa HaTpus, aacopompoBaHHbIMM
acasibTEHOCMOJIMCTONAPaVHOBLIMY OTJIOXKEHUSMM
(ACT1O) Ha cTeHKax rybrHHO-HACOCHOro 0OoPYA0BaHNS
WX SKCMNyaTaUMOHHOW KOMOHHBI, puvic. 1. Havbonee
4acTo (POPMUPOBAHNE KPUCTAUIOB ranmTa
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salts precipitate. While the
paper by Kashchavtsev and Mishchenko [5] says that
chlorides form only in inverse emulsion (oil in water). Yet
the halite crystals at VChNGKM are present even in dry oil
(0.03% water content) as micro-grains [4].

Halite deposit structures vary in the wells.

¢ \When the water cut of the produced oil is low (from 1
to 10%), the deposits are the sodium chloride crystals
which are adsorbed by the resin, asphaltene, and
paraffin deposits on the walls of the downhole pumps
or casing strings (Fig. 1). The halite crystals were
most frequently observed to form in the production
wells where it proved cumbersome remove the high
density brines. High concentration brines accumulate
at the bottom hole in perforated or open zones with low
permeability and porosity [2].

e When the water cut of the produced oil is high (from 10
to 99%) the deposits gets dense (Fig. 2). The source of
halite is two types of produced water. The first type is
the fairly strong (E. V. Pinneker’s classification) natural
formation brines. The brine chemical composition is
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Habro0aI0Ch HA (DOHTAHVPYHOLLIMX CKBaXKHAX,

N3 KOTOPbIX 3aTPYAHEH BbIHOC PACCOJSI0B BbICOKOM
NNOTHOCTU. KOHLEHTPUPOBAHHbIE PaCCOsbl
HaKan/IMBatOTCS HA 3a00€ CKBADKVH B «IJTyXMX>»
VHTEPBAIaX U B OTKPbITLIX MHTEPBAIAaX C HU3KMM
PUNBTPALMOHHO-EMKOCTHbIMW CBOMCTBaMM [2].

® MPU BbICOKNX 3HAYEHNSIX OOBOAHEHMS 40OLIBAEMOM
HedpTn OoT 10% 00 99% OTNOXKEHWSA CTAHOBATCS
MJIOTHBIMU, pUC. 2.

VIcToYHMKamMK ranuTta sBAstoTCs MonyTHO-A06bIBaeMble
BOAb! ABYX TMMNOB. [epBbIi TN NpeacTaBeH BeCbma
KPENKMMK (MO Knaccudukaumm

E.B. NuHHeKepa) nnacToBbIMA
NPUPOOHBLIMM PAcCOIaMM.
XNMNYECKNIA COCTaB PacCcos10B

no NpeobnagatoLLM NOHaAM ’
XNOPWUAHBIN KaNbLUMEBbLIN C
MuHepanuaaupen 0o 50 oo 500
r/oM® 1 nnoTHocThto go 1,3 r/cm®
[1, 2]. BTopown Tvn npeacTaBneH
TEXHOMEHHbIMW XNTOPUOHLIMU
HaTpueBbIMX Bogamu. OHM
06pasyoTca BCneacTame
PaCCOIOHEHNS 3aKa4BaeMON
BOJOWV TEPPUrEHHbIX N1acTOB
BEPXHEYOHCKOI0 rOpU30HTa,

Puc. 2. I'noTHbIE OTIOXKEHUS FrayUTa U3 CKBaXKVHBI
Fig 2. Dense well halite deposits

calcium chloride based on the most prevalent ions
with a salinity from 50 to 500 g/dm?® and a specific
gravity up to 1.3 g/cm? [1, 2]. The second type is
production induced sodium chloride water. It forms
when the salinity of the terrigenous formations of the
Verkhnechonskoye horizon, whose pore space

is occupied with halite, is diluted by injected water.
Eventually the salinity of injected water rises from 50-
70 to 365 g/dm?® and its specific gravity goes up to
1.2 g/cm? (the first year of water breakthrough to the
well). The mixing of such water in the formation
heightens halite formation if there is a geochemical
barrier. Sodium chloride does not only occur in the
wells but also in the bottom
hole area [2, 6, 7].

The only efficient halite
removal technique currently
used at VCNG is a normal
and cross-over water wash
combined with hot oil wash.
The technique for fresh water
well treatment to prevent
halite formation can be further
improved by adding the
chelates, HEDP (1-Hydroxy
Ethylidene-1,1-Diphosphonic
Acid) or ATMP (Amino

MEXMOPOBOE MPOCTPAHCTBO
KOTOPbIX 3aN0/IHEHO ranuToM. B pesynbTare
MUHEPaNM3aLMs 3aKkaqnMBaeMbIxX BO, YBEINYMBAETCS

¢ 50-70 po 365 r/gm3, a NNoTHOCTb BO3pacTaeT [0

1,2 r/cm® (MepBbIV rog, MPOpPbIBa BOA, B CKBAXKMHY).
CMellleHre OaHHbIX BOA B MacTe Npy HaaMymm
rEOXMMMYECKOro Hapbepa NPUBOAUT K MHTEHCUdUKALIN
ranMtoobpasoBaHng. OcaXgeHe XNopucToro

HaTPWs MPOUCXOANT HE TOJIbKO B CKBEXKVHE, HO U B
npwaaborHon 30He NnacTa [2,6,7].

EpvHcTBEHHAA athdhekTUBHAS TEXHONOMNS yaoaneHns
ranvra, npumeHsgemMas Ha BHHI'KM B HacTosLwee
BpEMS, 3TO NpsiMble 1 0BpaTHbIE MPOMbBIBKN HEPTAHBIX
CKBaXXMH BOLOW B KOMIJIEKCE C MPOMbIBKaMM
ropsyen HebTblo. Pagsutme TexHoNormm obpaboTKu
CKBaYKMH MPECHOM BOAOWV ANs NpeaoTBpalLleHs
0bpaz3oBaHns raaMTa BO3MOXXHO NMyTemM AobaBeHns

B BoAy komMnnekcoHoB O3OMK (1-rmapokcu-
aTuAaeH-gndochoHoBas kucnota) i HTO
(HUTPUATPUMETUNEH(DOCHOHOBAS KNCIOTA).

Ba>kHO OTMETUTb, 4TO HEOBXOAMMOCTL MPOMBIBOK C
006aBNEHNEM KOMIMIEKCOHOB K TEXHOIOMMHYECKMM
YKMOKOCTSM CTaHOBUTCS HEOOXOOMMbIM B YCIOBUSIX
BbICOKOW MUHepanuaaumm Bog,. [py 3TOM C NOMOLLBIO
KOMMJIEKCOHOB B 06pabaTtbiBaeMbix CKBaXKMHax 6yaeT
OCYLLECTBNATLCA OOMNOSIHUTENBHOE NHMMBUPOBaHWE
coneobpazoBaHuin (ranuT, rnc, KanbuuT). B cnyyae
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Trimethylene Phosphonic
Acid). Most importantly, washing with the chelates
added to the process liquids is essential for high salinity
water. The chelates further inhibit scale (halite, gypsum,
and calcite) formation in the wells treated. A currently
effective amount of the inhibitor (chelate) is added to
water for normal wash of the electric pumping unit
(ESP) or a 5% aqueous solution is prepared for cross-
over wash. A combined use of both the chelates and
20% aqgueous caustic soda provides for removal of the
hydrated gas deposits in the annular space through
heat emission during substance mixing.

If the produced water in the well is entirely production
induced, the number of water washes decreases with
a decrease in the salinity of injected water because of
the salt removal from the sandstone rock formation.
The experiments conducted on the Verkhnechonskoye
horizon sample showed that the amount of water
required for its complete salinity dilution is equal to the
rock pore volume times 62 — 161 [2]. For example, 3-4
fresh water washes were done monthly in the X010
well at a produced water salinity of 1.19 g/cm? in early
2012 while only one wash per month was required at a
produced water salinity of 1.095 g/cm? as early as

in 2014.

Large fresh water squeezes are done in wells with

www.rogtecmagazine.com
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NpsSMOon 06paboTKM YCTAHOBKM MHIMBUTOP (KOMMIEKCOH)
nobaBnsieTcs B Bogy B 06beme TekyLLen ahdheKkTUBHON
[O3MPOBKM, B C/yHae 0BpaTHOM 06paboTKM rOTOBUTCS
5% BOOHbIN pacTBOp. Kak cuHepretnieckunin ahdexkT ot
MPUMEHEHNS KOMMIEKCOHOB COBMECTHO € 20% BOAHbIM
PaCTBOPOM KayCTUYECKOW COAbl, MPOVUCXOOUT yaaneHne
06pa30BaBLUNECH ra30rAPATHBIX OT/IOXKEHUI B
ME>XXKOJTOHHOM MPOCTPaHCTBE 3a CHET BbIAENEHUS Tenna
MpU VX CMELLEHNW.

Ecnn nonyTHO-006bIBaEMbIE BOAb! B CKBAXKMHE
ABNSAOTCS «YUCTO» TEXHOMEHHbIMU, KOIMYECTBO
MPOMBIBOK BOAOW YMEHBLLAETCS CO CHYDKEHNEM
MUHEpanmMsaLmm 3akadmBaemMon Bodpl U3-3a yaaneHus
COIN N3 NPOAYKTUBHOIO

niacTta necYaHnkos. B
3KCMNEPUMEHTaX, NPOBEeaeHHbIX
Ha KepHEe BEPXHEHYOHCKOro
FOPW30HTA, YCTAHOB/IEHO, YTO
019 NOSTHOIrO ero PacCOIOHEHUS
HeobXoaNMbIN O6BEM MPECHOMN
BOAbl COCTaBWA OT 62 o 161
obbema nop [2]. Hanpumep, ans
CckBaXKMHbI X010 npu NAOTHOCTH
nonyTHO-Ao6bIBaeMbix Bog, 1,19
r/cm® Ha Hadyano 2012 r. ropa
nponsBoaMNNCH 3-4 NPOMbIBKM
nMpecHoW BOOoOM B MecsL. B
2013 r. BbInonHanmMeb 1-2
MPOMBIBKM B MeCsiL, a y»ke B 2014

Puc. 3. Kpuctannbl rvnca ns ckeakuHbl BHHITKM
Fig 3. VChNGKM well gypsum crystals

halite deposits in the BHA that help to restore the well
production level. The first case of halite re-depositing
in the BHA was observed for the P-X7 well when

the previous HCI (6%), hot water and oil washes of
the downhole pumping equipment failed to restore
the well operating parameters. The liquid rate went
down from 300 to 80m3/day while productivity index
dropped from 80 to 10 m3/(day-MPa). Following the
temperature and pressure data interpretation the BHA
was washed with 60m? of water that restored the well
standard production level and flow rate [2]. To prevent
hydrate formation during water wash in the wells

with low injectivity or ESP capacity (up to 90m?), the
wash should be with 10% aqueous hydrate solvent
inhibitor (90-95% methanol
content). This solution prevents
both hydrate formation and
water freezing in the cold
Verkhnechonskoye wells by
raising the freezing point of
water to -6°C.

Sulfate Scaling

The gypsum sulfite deposits
are present in the oil wells
from their mouth to BHA
when water cut exceeds 30%
[3]. Gypsum occurs as the 0.5
- 1.5 mm transparent brown
crystals (Fig. 3). There are no

r. 1-Ha NPOoMbIBKa B MECSLL, MpW
MJIOTHOCTU MOMyTHO-A06bIBaemon Bodb! 1,095 r/cms.

Ha ckBaKMHax C OTNOXEHWSMU rannTa B Npu3abonHom
30HE Mniacta Npon3BoaaTcs 60/1bLLIEOOBEMHbIE
MPOMbIBKM MPECHOM BOAOW C «NPOAaBKOM» Ha NAacT,
KOTOpPbIE MO3BONSKOT BEPHYTH MPOLYKTUBHOCTb
CKBaKMHbI. Ha ckBaxkMHe P-X7 6bln 3adhnKCUpoBaH
nepBbI Crydar NepeoTnoxeHnd ranura s M3[7,
paHee NPoBEAEHHbIE MPOMbIBKN F1yBUHHO-HACOCHOIO
0bopyaoBaHNS CONAHOM KMcnoTonm (6%), ropsden
HedTbO 1 BOOOW HE BOCCTAHOBUIM PEXKMMHbIE
napameTpbl paboTbl CKBaXXMHbI. Bbl10 0TMEYEHO
CHWXKEHWe gebuTa xunakoctn ¢ 300 go 80 M3 1
KoahumumeHTa NnpoayKTuBHOCTM ¢ 8 0o 10 m%/atm.
Mocne nHTepnpeTaummn gaHHbIX TEPMOMOHOMETPUN
(TMC) 6blna nposeneHa npombieka M3 npecHon
BOAOW B 06beme 60 M3, KOTopas No3BosIa BEPHYTb
PEXMMHbIE MPOOYKTUBHOCTb U AEOUT CKBaXKUHbI [2].

[ns npepoTBpalleHns rmapatoodbpasoBaHys BO
Bpems NpoBeeHVs MPOMbIBOK BOOW Ha CKBaXkMHaxX
C HU3KOW MPUEMUCTOCTBIO UM MasibiM rabapuTom
YOUH (0o 90 M%) npombiBku npon3eogdat 10 %
BOJHbIM PacTBOPOM PacTBOPUTENSA-UHIMbUTOPa
rmgpaocobpasoBaHusd (CogeprkaHne meTaHona
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gypsum deposits in the VCNG
wells, their BHA, or high or low pressure water lines
in the RPM system.

According to the field tests and this simulation [3], gypsum
in the VCNG production wells is produced by mixing
production water with a high sulfate ion concentration

(up to 600mMg/dm?) and calcium chloride formation brines
with a sulfate ion concentration of 0 — 154mg/dm?® and

a calcium concentration up to 115g/dmé. The source of
the sulfate ion is the VCNG water wells. Fresh water for
the RPM system is produced by water wells from the
bicarbonate geochemical area of the Upper Lena suite
and the sulfate geochemical area of the Upper Lena and
Litvintsev suite base. The dynamic liquid level in some
of the wells decreases with water supply depletion,
which adds to the BHA drawdown and shrinks the
piezometric surface of the Upper Lena aquifer system.
As the piezometric surface of the Upper Lena suite
reduces down to the evel below, the Litvintsev suite
piezometric surface level (the sulfate geochemical area)
the saline sulfate water upsurges to the VCNG water
wells [3, 8]. In other wells with a depth exceeding

90 m (120-300m) the ground water is inherently
characterized by a high sulfate ion concentration (up to
2,500mg/dm3).

www.rogtecmagazine.com



POCCUA, MOCKBA, LUBK «3KCNOLEHTP»

OB HEDPTEIA3

¥ 22 @ 17-9 MEXXAYHAPOHASA BbICTABKA

17-20 anpena 2017

ObOPYAOBAHUWE U TEXHOJIOTUN
ANA HEOGTETA30BOIr0O KOMIUJIEKCA

Mpun noaaepke:

,‘.

MuHuctepctBa 3Hepretukmu Poccuiickon ®epepaunu

S¢ OKCIMOLIEHTP

MOCKBA




B [OBblHA

.
& JOHA CTND S EH R

BopoHehTAHON KOHTaKT
Oil-water contact

CkBaxuHbl - Wells:

no6biBatoLasi 6e3 ConeoTnoXeHNn
Production well with no scale deposits
nobbiBaroLLas ¢ OTIOXKEHUSMU ranunTa
Production well with halite deposits

& DBo6biBaIOLLARA C OTIOXEHNAMU runca
Production well with gypsum deposits
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3 & 30Ha TeKyLLEero «akTMBHOrO CONEOTIIOKEHNS
TLR: A 1 Current active scale depositing area
W F: B JLE =l s .

e e
w2 8% agma BT nopsR
- 4 - [

=~ 30Ha NepcneKTVBHOMO CONEOTIONKEHNS
Prospective scale depositing area

——— 3oHa otnoxenus ranuta s N3l
Halite deposit area in BHA

MnoTtHocTb Bopd, r/cm®
Water specific gravity, g/cm3

5 3OHA QTN MEHHR 138
1.30
135
1.20
1.15
110
105
1.00

Puc. 4. Cxema oTnoxxeHust conen rinca B ckeadkiHax BHHITKM ot 16.01.15 .
Fig 4. Gypsum salt deposit diagram for VChNGKM wells as of January 16, 2015

90 - 95%). daHHbIn pacTBOp NpefoTBpaLLaeT Kak
OTNOXEHMSA TMapPaToB, Tak 1 3amMep3aHne Bodbl B

«XONOAHbIX» BEPXHEHYOHCKNX CKBaXXMHaAX, MoOBbILLIAA
Temneparypy 3amep3aHnsa Bogpl o -6 °C.

ConeobpasoBaHus B BUOE cyfbcdatoB

Otnoxerus cynbaros B Buae rinca (CaSO,x2H,0)
OTMEYatoTCst B HEDTSAHbIX CKBaDKMHAX OT YCTbst 40
NpU3abOoMHOM 30HbI NMacTa ¢ 06BOAHEHNEM HETN OT
30% [3]. T'mnc npencTasieH Npo3paqHbIMn OypbIMM
Kpuctautnamm ot 0,5 0o 1,5 mm, puc. 3. B HarHeTaTenbHbIX
CKBaXKMHax, B 1x [13[1, a Takxe B BOOOBOOAX BbICOKOIO U
HM3KOro OABMIEHNSI CUCTEMbI NOAAEP>KAHMS MIaCTOBOroO
nasneHna rmnc Ha BHHIMTKM He oTnaraetcs.

ObpaszoBaHe runca B 4OObIBAKOLLIVIX CKBKMHAX Ha
BYHIKM npoucxoguT npyt CMeLLEHNM 3aKa4BaeMbIX BOL,
C BbICOKMM COAEPXKaHMEeM Cybar-noHa — 0o

600 Mr/ am® ¢ XNopWaHBIMU KaslbLVEBbLIMN M1aCTOBLIMM
paccosiamm ¢ coaepXxaHmeM cynbdar-noHa ot 0 o

154 mr/ oM n kanbumsa oo 115 r/gm®. JanHbIn npouece
[0KasaH Kak NPOMbICSIOBbIMM HabMtOAEHUSMM 3a PaboToN
CKBXXMH, TakK 1 MOAE/IMPOBaHMEM Ha MPOrPaMMHbIX
npoaykTax [3]. VICTOYHMKOM CynbdaT-moHa SBnstoTCA
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The PAO VCNG Upstream Chemistry Team developed
and introduced a rapid test to identify future oil wells
with gypsum formation based on which a gypsum
salt deposit diagram was produced (Fig. 4). The test is
rooted in specific gravity fluctuation types and salinity of
the produced water. Thus a linear decrease in produced
water’s specific gravity or its high value (1.3g/cm?) does
not lead to gypsum depositing. While a sharp drop in
specific gravity from 1.3 to 1.1-1.4g/cm? indicates a
probable gypsum formation [7].

The research results of ground water interaction
specifics in the Verkhnechonskoye horizon support
identification of the current active and expected scale
depositing area in the diagram that facilitates operation
of the inventory of problematic wells. The field data
shows that water interacts most actively in deposit
area 3 (see Fig. 4), where the is water present in the
reservoir portion, and in zone 1, in which there may be
limited reservoir formation waters. [9]. Interaction in
area 2 is attributed to a conductive fault between the
graben and the second VCNG fault block. Areas 4-6
are prospective as they contain a water part of

the deposits.
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BOO03ab0pHble CkBaXKMHbI BHHITKM. [Jo6bl4a NpecHbIX
BOA, A1 CUCTEMbI MOAAEP>KAHUS NAACTOBOIO
0aBfIeHVst OCYLLLeCTBNAETCS BOA03abOPHbBIMU
CKBaXXUHaMW 13 rMapokapboHaTHOM reOXMMNYECKom
30Hbl BEPXOJIEHCKOW CBUTbI U CY/ibGaTHOM
FEOXVMNYECKOW 30HbI MOAOLBLI BEPXOJIEHCKOM

N NMNTBUHLIEBCKOM CBUT. Ha YacTn U3 H1X B
npouecce UCToWEHNA BOJ03ab0OpOB NMPONCXOAUT
CHV>KEHME AMHAMUNYECKOrO YPOBHS XXUAKOCTH,
N3-3a 4Yero yBemumBaeTcs genpeccus B I3[

N CHUXKaeTCs NbE30OMETPUYECKAS NOBEPXHOCTb
BEPXONIEHCKOrO BOAOHOCHOrO Komnaekca. Npu
CHV>KEHUN MbE3OMETPUYECKON MOBEPXHOCTY

B BEPXOJIEHCKOW CBUTE 00 OTMETOK, MEHbLUINX
NbEe30NOBEPXHOCTU JINTBUHLEBCKOIO KOMMJeKca
(cynbaTHasa rmgporeoxmMmnyeckas 3oHa),
Hab1l00aeTCa MHTEHCUBHOE BOCXO4sLLee
OBVDKEHME MUHEPATN30BaHHbIX CyNbMaTHbIX BOA

B BOO0O3abopHble ckBaxnHbl BHHITKM [3,8]. B
OPYron 4acTu CKBaXKUH, Yry6aeHHbIX Huke 90 M
(120-300M), nog3eMHble BOAObI M3HAYASIbBHO UMEOT
BbICOKOE cofepxaHue cynbdaT-noHa (oo 2500 mr/

ame).

Lnsa BblOeNEeHNS 30H aKTUBHOIO MMNCOOTIOXEHUS
oTOeNOM NPOMbICI0BON XuMumn TTAO «BYHT »

ObI21 paspaboTaH U BHeAPEH B NPOM3BOACTBO
9KCMNPECC MeTO, BbISIBIEHUS MPOrHO3HbIX CKBaXXWH
C rmncoobpasoBaHMeEM, Ha OCHOBE KOTOPOro
paspaboTaHa cxema OT/IOXKEeHNs CoNnen runca,

puc. 4. CaM MeTo[, OCHOBaH Ha Tunax U3MeHeHns
MIOTHOCTU N MUHEpanM3aLnmn NonyTHO-400bIBaeMbIX
BOA. Tak NIMHENHOEe CHMDKEHME MNNOTHOCTW NOMYyTHOWN
BOAbl UM ee BbICOKME 3HaYeHud (1,3 r/cm®) He
NPUBOAAT K OT/IOXKEHWIO rUnca, B ciyvae, ecnu
Ha4yanoCb BHE3anHoe CH>XXeHune naoTHocTu ¢ 1,3 fo
1,1-1,4 r/cm3, 3TO CBUAETENBCTBYET O BO3MOXXHOM
rmncoobpasoBaHun [7].

PesynbTaTbl n3y4eHns 0CoObeHHOCTEN
B3aMMOLENCTBUS MOA3EMHbIX BOL BEPXHEYOHCKOIO
FOPU30HTa NO3BOIAIOT ONPEAETNTb Ha CXEME

30HbI TEKYLLErO «@KTUBHOIO» 1 MPOrHO3HOIo
CONEOTNIOXKEHWS, YTO MOMOraeT «MpPaBUIbHO»
paboTaTb C OCOXKHEHHBIM (DOHAOM CKBaXKWH.
CornacHo NpOMbICNIOBLIM AaHHbIM, Hanbosee
aKTUBHOE B3aMMOLENCTBME BO, NPOUCXOANUT B 30HE
30T/IOXKEHUI CM. pUC. 4, FAE B 3a/1€XXM NPUCYTCTBYET
BOOHas 4acCTb, a TakXke B 30He 1, rae BepOSTHO
HaM4Me OrpaHUYeHHbIX 3aeXXen NaacToBbIX BOA,

[9]. B 30He 2 B3aumogencTeme NpoOnNCXoamT n3-3a
HaNM4Msa NPOBOAALLErO pa3siomMa Mexay rpabeHom u
BTOPbIM TEKTOHMYECKUM 610KOM BHHITKM. 30HbI 4,
5, 6 ABASIOTCA NEPCNEKTUBHbBIMU, TaK Kak CyLLeCTBYeT
BOASHAs YacTb 3asIexMu.
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Hydrochloric acid treatment to prevent gypsum depositing
is not used at VCNG because of low subsurface
temperature (about 9°C at the bottom hole and up to

5°C at the surface). Gypsum deposits in the downhole
pumping equipment and well are removed by 20%
aqueous caustic soda (NaOH) with a removal efficiency
of 90%. The back pressure valve is removed in advance
on the ESP installation. If gypsum builds up inside the
capital string or liner a 20% aqueous caustic soda

alkali soaker is preliminarily installed before bottom hole
cleaning during well servicing. This measure means
that the saw tooth or drill bit tool can penetrate at

least twice the rate in the trouble section of the string.
20% aqgueous caustic soda is injected for dispersion to
dislodge gypsum deposits in BHA with a subsequent
BHA treatment with 12% aqueous hydrochloric acid to
remove water insoluble resultants of alkali and gypsum
reaction represented by quick lime, Ca(OH),.

The HEDP or ATMP chelates (a minimum active
substance concentration of 40%) as scale inhibitors
are used to prevent gypsum depositing in the
downhole equipment. A scale inhibitor is employed

on the entire problematic inventory to an extent of
100%. The inhibitor is fed to the well by a continuous
injection to the annular space with a chemical batching
unit (UDR). The process efficiency is monitored by
tracking the downhole equipment operation and
analyzing well and ESP operation. Further, a wellhead
sampling is done to identify the residual phosphonate
concentration in produced water. Currently the issue
of gypsum depositing in the production well BHA is
settled. Laboratory research was conducted, and the
units for feeding scale inhibitor to the reservoir (10%
aqueous ATMP in 2% aqueous muriate of potash) were
developed. Introduction of efficient chemicalization at
VCNG increased the average time between failures for
the inventory of the scale problematic wells from 282
days in 2014 to 537 days in 2015.

Judging from the operating experience at VCNG
located in a remote area in the Extreme North, the
major issue of chemicalization in this area is a high
cost of chemicals. This is caused by a complicated
logistics and calls for having a safety stock in the event
of chemical short delivery. A practical solution to the
issue is to set up commercial chemical production
directly in the field. It will aid in cutting down logistic
costs, curbing the risk of low quality chemical delivery
with reduced active component content, and tightening
process control of commercial chemical production by
the company. Use of summarized chemicals with water
as a solvent will further shrink the commercial chemical
unit cost. A mobile 40-foot containerized, automated
chemical activation package (MAKAR) can be used to
prepare chemical liquids [10] (Fig. 5).
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B cBs3M ¢ HU3KMK
CKBa>KUHHbIMI
TemnepaTypamu

(Ha 3aboe 11 +9°C,
Ha ycTbe 0o -5°0)
06paboTKM CONAHOWM
KncnoTon ang
npenynpexaeHus
rMNCOOTNIOXKEHUS

Ha BHHIKM He
NPUMEHSIOTCS.
OTnoXeHus runca B
rNyBUHHO-HACOCHOM

obopynoBaHuu (MTHO) n

CKBaXXMHE yOansaTCs
¢ nomoubto 20%-ro
BOLHOIO pacTeopa
KayCTU4eCKom

coabl - NaOH
(59hhekTnBHOCTL
yoanenus 90%).
MpenBapuTenbHO
npu MOHTaXe

YOLUH nckntovatot
obpaTHbIN KnanaH.
[Mpv Nog3EMHOM
PEMOHTE CKBa>KMH,
€C OT/IOXKEHNE
rMnca npon3oLsio Ha

1 6 16 7 5 1513 8 14 3 4 7 2 10 8 9121

Puc. 5. TexHonorndeckas cxema MAKAP

1: emMkoCTb 8M® Ha TEH30AaTUMKAX; 2: EMKOCTb C ABYMS aneKTpoMeLlankamm 8me Ha
TeHaoJaTumMKax; 3: ByHKep A5 Chily4dnx XumpeareHToB 2m2 ¢ BopoLumikon - LLIO-2; 4:
OYyHKeP 019 Cyxux xmmpeareHToB 1mM3 ¢ BopoLumnkon - LL-1; 5: eMKOCTb A8 XUMNYECKNX
nobaBoK 2m°; 6: 0AHOBUHTOBOW Hacoc cepui AJTHB; 7: BEHTUNSTOP LEHTPOBEXHBIN (2 LLUT.);
8: BEHTUAATOP ObLLENnepeMeEHHbIN (2 LWT.); 9: 610K ynpaBieHnst Ha 6a3e MPOMbILLIEHHOTO
koMnbtoTepa; 10: NeYb anekTpuyeckas; 11: ansenb-reHepatop; 12: orHetywmntens; 13:
EeMKOCTb 3arpy3o4dHas (2 WT.); 14: NogbeMHbIN MexaHaMm; 15: Hacoc LeHTPOoDeXHbIN LIHCK
25/10; 16: Tennoas 3aBeca.

Fig 5. MAKAR process flow

1: Tank (8m?) on load cells; 2: Tanks with two  electrical agitators (8m?) on load cells; 3: Bulk
chemical agent silo (2m?) with agitator ShD-2; 4: Bulk chemical agent silo (1m?) with agitator
ShD-1; 5: Chemical additive tank (2m?3); 6: APNV Series single screw pump; 7: Centrifugal fan

BHYTPEHHEW CTEHKE

(2 pcs); 8: General ventilation fan (2 pcs); 9: Industrial PC for control; 10: Electric oven; 11:

SKCMyaTauoHHON Diesel generator; 12: Fire extinguisher; 13: Hopper (2 pcs); 14: Hoisting device; 15: Centrifugal
KOJTOHHBI NN pump TsNSK 25/10; 16: Air curtain

XBOCTOBWKA,

npensapuTensHO

nepen HopManusaumnen

32605 CTaBAT LIENO4YHY0 BaHHY 13 20%-ro pactasopa
KaycTuyeckol coapl. [JaHHas onepaumst CyLeCTBEHHO
(MMHMMYM B 2 pasa) yBeNnM4MBaeT CKOPOCTb MPOXOOKM
VHCTPYMEHTA (3y64aTon KOPOHKM UNK 0onoTa) no
OCNIOXXHEHHOMY Yy4acTKY KOJIOHHbI. NS yaaneHus
oTnoxeHun runca B M3 npon3BoaaT 3akady

20%-ro BOOHOIO pacTBopa KayCcTU4eckomn coapl

Ha pacceunBaHue, ¢ NocneayoLLen ob6paboTKom

M3 12%-HbIM PaCTBOPOM CONSHOW KUCNOTbI OIS
yaaneHus BOOOHepacTBOPUMbIX MPOAYKTOB peaKkLmm
Leno4Yu un runca, npencTaBeHHbIMU HEralweHom
n3BecTbio - Ca(OH),.

[na npenoTBpaLLeHns OT/IOXKEHNIA MMica B NOrPY>KHOM
0bopyAOBaHUM MCMOMb3YKTCS HIMOUTOPSI
CONEOTIOXKEHUI HAa OCHOBE KommiekcoHoB O3OPK

1 HT® (NnpoueHTHOE codepKaHmne akTUBHOWM OCHOBBI

— He MeHee 40 %). TupakmpoBaHne NHrmbuTopa
CONEOOTNIOXKEHUIN MPOU3BOANTCS HA BCEM OC/IOMHEHHOM
doHae co 100 % nokpbiTvem. MNogava nHrméuTopa

B CKBaXKMHY OCYLLIECTBNSIETCS METOAOM MOCTOSHHOW
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Field trials of the proprietary scale inhibitor formulations
developed specifically for the VCNG process and
geological circumstances are scheduled for 2016.
Commercial chemicals will be prepared in the field with
water used as a solvent for the summarized chemicals.
Several chemical injection technologies including
continuous injection to the well annular space by UDR and
BHA squeezing will be tested. It will kick off a new stage
of chemicalization in the mechanized inventory of the
Verkhnechonskoye Oil and Gas Condensate Field.

Carbonate Scaling

Currently the carbonate buildups occur at VCNG as a
slight calcite (CaCQO,) scaling (less than 1 mm) on the
downhole motor surface and as contamination in the
oil well production. Carbonate depositing at VCNG may
aggravate in its fourth development stage as water cut
of the well inventory swells to 90%. Such scaling in the
downhole equipment and BHA can be removed with
6% and 12% aqueous hydrochloric acid respectively.
Carbonate scale forming is most effectively prevented by
the HEDP scale inhibitors.
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3aKaykuM B 3aTPyOHOE NPOCTPAHCTBO C MOMOLLbIO
YCTaHOBKM 003unpoBaHns peareHTa (YOP). KoHTponb

3P HEKTUBHOCTY TEXHOIOMMN OCYLLECTBSETCS NMyTEM
MOHUTOPWHIra paboTbl NOA3EMHOro 060PYa0BaHNS,
aHanm3aa paboTbl CKBaXKMHbI 1 YOL|H. [JonoaHuTensHo
NpOM3BOONTCH OTOOP YCTHEBLIX MPOD OJ/19 ONpeaeseHNs
OCTaTOYHOro CoaepxaHmst HPocdoHATOB B MOMYyTHO-
nobbiBaeMblx Bofax. B HacToslLee Bpemst peLlaeTcs
npobsiema oTnoXxxeHnd runca B M3 gobbiBatOLLMX
CKBaXXMH. [1poBefeHbl TabopaTopHbIe NCCNEA0BaHNS

1 paspadoTaHbl MOOyNMN 3a4aBKK MHMMBUTOPAa
CONEOTNOXKeHUM B NnacT (Ha ocHoee 10%-HOro BOAHOrO
pacTteopa HT® B 2% -HOM BOLHOM pacTBOPE Kaum
xnopa). BHeopeHne athdekTUBHON XMU3aLmMn Ha
BYHIKM nosBoamMno noBbICUTb CPEOHIO HAapaboTKy Ha
OTKa3 OCJIOXKHEHHOIO CONAMU (POHOA CKBaXKUH C 282
CcyTOK (B 2014r.) oo 537 cyTok (B 2015r.).

13 Npon3BoaCcTBEHHOIO OMbITa SKCMyaTaumum
BYHI'KM, Haxopguierocs B TpyaAHOOOCTYNHOM
panoHe KpanHero CeBepa, MOXXHO ONpenennTb
OCHOBHYO NMPo6eMy XMMU3aLmn 3TO pernoHa —
BbICOKasi CTOMMOCTb peareHToB, 06yCioBneHHas
CJTO>XKHOW NTOMUCTUHECKOW CXEMOW, 13-3a Yero
BO3HMKAET HEOOXOOMMOCTb CO30aHNSA CTPAXOBbIX
3anacoB Ha Cly4al HeOMOCTaBKM peareHTa.
B03MOXHbIM peLLIEHNEM SBNSETCS OpraHn3aLms
MpOoM3BOACTBa TOBAPHbIX (DOPM XUMNYECKMX PEareHToB
HENoCcpPeaCcTBEHHO Ha HEPTENPOMBICE. OTO MOMOXXET
MUHVMU3MPOBATb JIOMUCTUYECKME N3OEPXKKM, PUCK
MOCTaBKMN HEKAYECTBEHHOIO peareHTa ¢ 3aHVKEHHbIM
COLEPXaHNEM aKTUBHbIX OCHOB 1 YCUNUTb KOHTPO b
3a NPOM3BOACTBOM TOBapPHOWN (DOPMbI XMMNYECKOTO
peareHTa co CTOPOHbI KoMnaHun. B cBoto ovepenp
MNCMNOJIb30BaHNE NETHVX (POPM peareHTa, PacTBOPUTEIEM
B KOTOPbIX CMY>XXWUT BOAA, 3HAYNTESTbHO CHU3UT
yAENbHYIO CTOMMOCTb TOBapHOM (DOPMbI peareHTa.

[N IpUroTOBNEHVIS XKMAKNX XUMUHECKNX PEeareHToB
MOXET MPUMEHATECA MOBUSIbHBIN aBTOMAaTU3NPOBAHHbIN
KoMMnekc aktreaumm peareHToB (MAKAP) Ha 6a3e 40
dyHTOBOrO KOHTEMHEPa [10], puc. 5.

B 2016 r. nnaHnpyeTcs NpoBeOEHNE OMbITHbIX-
MPOMbICIIOBbIX UCTbITAHNIA COBCTBEHHBIX COCTABOB
NHIMBUTOPOB COSEN, pa3padboTaHHbIX CNeUMasIbHO A1
TEXHOMOMYECKMX U reoniornyeckmx ycnosmn BHHITKM.
ToBapHble POPMbI peareHToB ByayT rOTOBUTLCA

Ha HedpTENPOMbICIIE, B IETHUX (DOPMax peareHra
pacTBopuUTENeEM ByOeT CAYXUTb Boda. [nanmnpyeTcs
NCMbITaHNe HECKOJIbKX METOAOB 3aKaqKu peareHTa,

B TOM 4MCIe NMOCTOSHHAA 3aKaqka B 3aTpybHoe
MPOCTPAHCTBO CKBaXKVHbI C MOMOLLBO YIP 1 «3anaBka»
B Mpu3aboviHyto 30Hy miacta. 3To 6yaeT HOBbIM
3TanoM pasBUTUS XMMN3aLMK Ha MEXaHN3NPOBaHHOM
dhoHae BepXxHEHOHCKOro HehTEra3oKOHOEHCATHOO
MECTOPOXOEHUS.
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Summary

Hydrocarbon production chemicalization at all process
stages is, at this point, one of the most paramount and
efficient ways to ensure operability of the downhole and
surface equipment. The Verkhnechonskoye Oil and Gas
Condensate Field is one of the earliest remote large scale
oil production projects in the Extreme North of the Eastern
Siberia with no extensive infrastructure. Accordingly, the
successful production and scientific experience of scaling
control accumulated during VCNG operation can be used
to develop the new far-flung oil and gas fields in Extreme
North including the Russian Arctic Shelf.
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ConeobpasoBaHus B BuOe kapboHaToB

B HacTosLLEee BpemMsa OTNOXeHMS KapboHaToB
BcTpedatoTcd Ha BUHI'KM B BYae HE3HAYNTETbHOIO
HaneTa kanbuutos (CaCO,) meHee 1MM Ha
NMOBEPXHOCTU MOMPY>KHOMO 3/1EKTPOABUraTENS

(M30), Takke OHWM MPUCYTCTBYKOT B KA4eCTBe
MEXaHNYEeCKMX NpUMecel B NpoayKLnmn HedTAHbIX
CKBaXXMH. YBe/IM4YeHne MHTEHCUBHOCTM OTIOXKEHWM
kapboHaToB Ha BepxHevoHckoM HITKM BO3MOXXHO
NPOV30oMAET Ha YeTBEPTOWN CTagun pa3paboTky Npu
pocTe 06BOAHEHVS hoHaa ckBaxnH 00 90%. YoanaTs
OAaHHbIE OT/IOXKEHUSI B MOMPY>XHOM 060pya0BaHNN
MO>XHO ByAeT ¢ MoMOLLBK 6 %-HOrO BOOHOMO
pacTBopa CoNnaHown KncaoThl, B M3 - ¢ nomoLeo 12
%-Horo. MpenynpexaaTb OTNOXEHUS KapboHaTOB

3 PEKTMBHEN BCETO C MOMOLLBIO HIMOUTOPOB
CONEOTIOXKEHNN Ha ocHoBe O3MK.

3aknoueHue

Xnmmnaaumst MPor3BOACTBEHHBIX MPOLECCOB 400bIHM
YrneBoAOPOO0B Ha BCeX STanax nponssoacTsa B
HacTosiLLee BPeEMS SBSIETCS OAHUM U3 TNaBHENLLINX

1N Hambonee 3PEKTVBHbIX HAaNPaBIEHWN

nogaep»xaHus paboToCnocOBHOCTY NOrPYXKHOrO

N Ha3eMHOro obopyaoBaHus, a BepxHeyoHckoe
HehTerasokKoHAEHCATHOE MECTOPOXAEHWE ABAETCS
OHNM 13 NEPBbIX KPYMHbIX YAaneHHbIX MPOEKTOB

no gobblde HedhTK B ycnoBusax KpamHero cesepa
BocTouHom Crburpu 6e3 pasBnTon MHOPacTPYKTYPbI.
[Mo3TOMY MOAOXKUTENBHBIN NPOVN3BOACTBEHHbIN 1
Hay4HbI ONbIT MO 60pPbOE C CONEOTNIOKEHNSAMU,
HakoneHHbIM Npy akcnayaTaumm BUYHITKM MoXeT 6bIiTb
MNCNONb30BaH NpU padpaboTke HOBbLIX TPYAHOOOCTYMHbIX
MECTOPOXAEeHNN HehTW 1 rada Ha KpanHem Cesepe

1, B TOM 4mcne, APKTNYECKOM Lienbdhe Poccuimckom
®epepaunn.
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