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Haubonee wuporo npumenaemotl
MexHoN02Uel UHmMeHCUPUKaLuL 000bI1LL
Y271e8000P0008 B0 BCEM MUPE ABNACTNC
nposeoerie Kuca0mmoti 00PaAdoOmKu niacmd.
TIpu nposederui Kica0mmoutx 06pabomorx
naacma wupoxoe pacnpocmparierue
NOMYUUNO NPUMEHEHIUE KOJUNIOOUHLOBLX
ycmarosork. Icnons306arie 2ubKoll HacoOCHO-
Komnpeccoproti mpyoo. (THKT) no3zeonsem
obecneuums 3PPHeKmuUeHoe pasmeu,erHue
KUCTIOMHBLX COCMABOE 8 HenoCHeoCmeeHoll
onusocmiu 0m nepPoParUOHHbLX KAHAL08,

a maxice OCYuecmeunto CeLeKmueHoe
8030€11CmEUe Ha BblOCICHHbBLe 20PUSOHINDL

8 CyHae COBMECMMHOLL IKCHILYAMAUULL NILACITNOE
C pasaurnsimu GUALIMPAUUOHHO-eMIKOCITIHBIMU
XapaxmepucmuKamul.

MeTopgonorusi NOAroToBKU U NpoBeaeHUs
paboT no KucnoTHon obpaboTKe Nnacra
C NpUMeHeHuEeM KONTIOOUHra

AHaIII/ISI/IpYH OIIBIT BEAYIIUX CCPBUCHDBIX

KOMIIAHUH B HE(PTEra30BOIM OTPSICIN, MOXKHO CAENATh
BBIBO/I, YTO JJI1 YCIIEIITHOI'O BBIIIOJIHEHN A KUCJIOTHOM

06pPabOTKHU MJIACTA C IIEIBIO UHTECHCU(PUKATIITUHN
IIPUTOKA YITIEBOJOPOIOB B CKBAXKUHY IIPEK/IC BCET'O

HCO6XO,HI/IMO ONPCAC/IUTD TUII ITIOBPCKACHU A I1J1aCTa

MMEHHO 11€JI€BON CKBAKUHBI, /]AJIe€ PA3PAO6OTATH
pELEnTyPY COCTABOB /IJIsI PACTBOPEHUS 3TOT'O
TOBPEXCHUS U TEXHOJIOTHUIO TPOBECHUS PAOOTHL.

OnpeneeHHue THIIA IOBPEKACHH A ILJIACTA

Ha HaganpHOM 3TaIie MO/I'OTOBKHU IIJIAHA
paboT HEOOXOAMMO BBIICHUTD IPUYHHY
HEYIOBICTBOPHUTEIBHOM PA6OTHI CKBA’KHHBL
17151 TOrO IPOBOINTCS COOP M AHAIN3 JJAHHBIX
10 CKBAKMHE-KAH/IU/IATY, 4 TAKKE IT0 COCETHUM
CKB)KMHAM H4 3TOM MECTOPOXIACHU.

Ha 3Tare c60opa v aHA/IN3a TAHHBIX 10 CKBAKITHE
BBITTOJIHSICTCS:
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Matrix acidizing is the most widely
used well stimulation technology
worldwide Coiled tubing units
gained widespread currency
when doing acid treatment.

Using coiled tubing (CT) enables
effective placement of acid blends
in proximity to perforations and
carrying out a selective treatment
of the target intervals in case of

a simultaneous operation of the
production intervals with different
reservoir properties.

Methodology for Preparation and Handling
Acid Treatment Using Coiled Tubing

When analyzing the experience of the leading
service oil and gas companies, it can be concluded
that for the successful implementation of acid
treatment to enhance hydrocarbon inflow into the
well, first of all, one is required to: Identify the type of
formation damage of the target well, further design
handling technology and acid mixture with additives
to dissolve the damage.

Determining the Type of Formation Damage
At the initial stage of operation plan preparation,

one is required to determine the cause of

unsatisfactory well performance. For this purpose,
data acquisition and analysis on the well candidate
and neighboring wells is to be done.

Unavoidable steps at this stage:

« analysis of well drilling process;

« analysis of logging data in the openhole, analysis of
logging data interpretation results, including table
of layers analysis;

* re-interpretation of logging data in open hole,
calculating the porosity, permeability, water
saturation, picking target intervals, picking water-



* AHAJIN3 XO[a OyPEHUS CKBAKUHBI;

e aHau3 JaHHBIX [YIC B OTKPBITOM CTBOIJIE,
pesynbraroB unrepnperanuu I'MC, B TOM yucie
aHaJIU3 TAOJIUIIBI IJTACTOB,

e iepenHTepnpeTanua faHHbix [MC B
OTKPBITOM CTBOJIE, BLIYUCJICHUE IIOPUCTOCTH,
IIPOHULIAEMOCTH, BOJOHACHIIIEHHOCTH,
BBIJICJICHUE LIEJIEBBIX UHTEPBAJIOB, BbIJC/ICHUE
BOJOHACHIIIEHHBIX TOPU3OHTOB;

* iepenHTepnperanud gaHubix F'MC u IINC,
IIPOBEAEHHBIX HA 3TAIIE KCIUIYATAL MU CKBAXKUHBI,

* QHAJIM3 JAHHBIX 10 MECTOPOXKIEHUIO.

ClelyeT OTMETHUTB, UTO 106 TEXHOJIOTUUIECKAA
onepanus B CKBAXXKUHE (OypeHHE, IEMEHTHPOBAHHE,
nepdopanus, IKCIIyaTallus, PEMOHT,
WHTEHCU(PUKALNA) IOTEHIIUAJIBHO BBICTYIIAET
MIPUYUHOM ITIOBPEXKAECHUA.

PaccMoTpuM OCHOBHBIE MEXAHU3MBbI
BO3HUKHOBEHUS IIOBPEXKACHUI IIPU TAKUX
onepanuax, Kak OypeHue U IIEMEHTUPOBAHHUE.
OUIBTPAT PACTBOPA MOXKET IIPUBOAUTD:

* K OOPa30BAHHIO IOJIUMEPHOU KOPKHU (CM. pUC. 1 1
pasgen dIpoMBIBKA HHTEPBAIA HEPHOPALTUU
1 KOJIOHHBI HKT NIEHHBIM PACTBOPOM»);

* K U3BMEHEHUIO CMAYMBAEMOCTH IIOPO/BI,

* K HA0YXAHHIO U AUCTIEPTUPOBAHUIO IVINH;

* K MUI'DALUU TOHKHUX YACTHULL JUCIIEPIUPOBAHHON
IIOPO/JBL.

Kpowme Toro, TBepaas pasa pacTBOPA BBI3BIBAET
NPOHUKHOBEHUE U 3AKYIIOPKY ITOPOBBIX KAHAJIOB
Y CUCTEMBI ECTECTBEHHBIX TPEIIUH YACTUIIAMU
YTKETUTEINA (HAIIPUMED: OAPUT, MPAMOPHAS
KPOIIKA), IJIAMA, KOJIbMATUPYIOMUX AT€HTOB
(HamIpuMep: OPraHUYECKUE MATEPHUATIBI, MPAMOPHAS
KPOIIKA) (CM. pa3zein «/1eaMyIbrupyonun pacTsop
JUISI THBEPTOPHOM HE(PTEIMYIIbCUN»), YACTUL],
LIEMEHTA.

IpOHMKHOBEHME 6YPOBOI'O UJIU LIEMEHTHOT'O
pPacTBOpPA KAK €IMHOIM CUCTEMBI B ILJIACT SABIAECTCA
CEPBE3HBIM ITOBPEXKAECHHUEM IIACTA U MOXET
noTpedoBars 605€€ 1I1yO6OKOIo BO3JEUCTBUS,
TAKOI'O KaK I'M/IPABJIMYECKUI PA3PBIB IUIACTA UIH
MHOTI'OCTAaUMHOM OO6pAOOTKH C HECKOJIBKUMU
LUKJIAMM YJAJIEHUA PA3JIMYHBIX BUZOB
IOBPEXACHU.

IIpy MIaHUPOBAHUH IIPOBEJIEHUA TAKUX PAOOT,
Kak niepdopanud u KPC, ciegyer IOMHUTD, 9TO
KUJIKOCTD nnepgopanmn/KPC 10/5kHAa 6BITh
COBMECTHMA C IOPOAOH U INIACTOBBIMU (DIIONLAMU
Y BO3MOKHBIM (PUJIBTPATOM OyPOBOI'O MJIN
LIEMEHTHOI'O PACTBOPA.

KuHcay pacipOCTPAHEHHBIX IIOBPEKICHHUH,

0O0YCJIOBJIEHHBIX KHIKOCTHIO Tepdopamum/

KPC, oTHOCATCA:

* 06pa30BaHME ITOJMMEPHOM KOPKH (pUC. 1);

* U3MEHEHUE CMAYUBAEMOCTHU IIOPOABI;

* HaOyXaHUE U JUCIICPIUPOBAHUE IJINH;

* MUI'DALUsS TOHKUX YACTHLL JUCIIEPIrUPOBAHHOMN
IIOPO/ABY; }

saturated horizons;

* re-interpretation of logging data and well testing
data conducted at the stage of well operation;

« field data analysis.

It should be noted that any operation in a well
(drilling, cementing, perforation, production,
well workover, stimulation) can cause a potential
formation damage.

Let us consider the basic mechanisms of damage
while drilling and cementing. Drilling mud and
cement filtrate may result in:

« formation of a polymer cake (see Fig. 1. and p.
Washing-out perforation interval and tubing with
foam solution);

» changing in rock wettability;

* clay swelling and dispersion;

 migration of dispersed rock fine particles.

Pucynox 1 - O0-
pa3sey oezpaou-
poeasweii noau-
MePHOU nienKu
HA OCHOGBE KCaH-
mana

Figure 1 -

A sample of the
degraded poly-
mer xanthan film

Moreover, the penetration of the solid phase causes
plugging of the pore channels and the system of
natural fractures by weighting agent particles (e.g.
barite, marble chips), slurry, bridging agents (e.g.
organic materials, marble chips) (see p. Demulsifying
solution for the inverter oil-in-water emulsion),
cement particles.

Penetration of drilling mud or cement mortar as a
whole system into a reservoir is a severe damage and
may require a deeper treatment such as hydraulic
fracturing or multi-stage treatment with several cycles
of removing various kinds of damage.

When planning operations such as perforation
and well workover it should be kept in mind that
perforation fluid/well workover fluid should be
consistent with the rock, formation fluids and
possible filtrate of drilling mud or cement mortar.

Among the widespread damage caused by

perforation fluid/ well workover fluid are:

« formation of a polymer crust (see Fig. 1);

* changing in rock wettability;

* clay swelling and dispersion;

» migration of dispersed rock fine particles;

« formation of emulsions with formation fluids and
filtrate of drilling mud or cement mortar (see Fig.2
and p. Demulsifying solution for the inverter oil-in-

water emulsion); }
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* 0OpPa30BAHME SMYJIbCUH C INIACTOBBIMUA
dmongaMu U (PUIBTPATOM OYPOBOTO U/HUIH
LEMEHTHOI'O PACTBOPOB (CM. PUC. 2 U1 pa3Jel
«/1€eaMYJIbIUPYIOIIUI PACTBOP [JIs1 UHBEPTOPHOU
HEPTEIMYIBCUNY);

* 00pPa30BAHNE HEPACTBOPHUMBIX OCAJKOB (CM.
pasgen JIpoMbIBKA MHTEPBAIA NEPHOPALTUN U
KkonoHHBI HKT NEHHBIM PACTBOPOM»);

* IPOHUKHOBEHUE U 3AKyNIOPKA MTOPOBBIX KAHAJIOB
U CUCTEMBI ECTECTBEHHBIX TPEIIWH YaCTULIAMH,
KOTOPBIE NPUBHECEHBI B CKBAXKUHY C IOBEPXHOCTU.

Jna npeaynpeskIeHHus JBYX IIOCAETHUX
BH/IOB IMIOBPEKICHU M HEOOXOIHMO
IIPOH3BOAHTE KOHTPOJIb PEAT€HTOB BO

BpeMA IIPHTOTOBJICHHA PACTBOPOB

KOHTPOJHPOBATH <IHCTOTY» O0OOPYAOBAHHU A,

KOTOPOE HCNIOJIb3YyeTCA AJIA IIPHUTOTOBICHHU A

pacTBOpPOB. HCTOYHHKAMU IIOBPEKICHHH IIPH

JAHHBIX PA0OTAX TAK3KE BBICTYIIAKOT:

* YaCTUIBI TOPHOM TOPOABL, KOTOPBIE TPOHUKAIOT

U 3AKYTIOPUBAIOT IOPOBBIE KAHAJIBI U CUCTEMBI

€CTECTBEHHBIX TPEIHNH;

KOMHOAKTU(PUKALUA TOPOABI IPU ITEPHOpPALINY;

* HEPA3PYUIEHHBIN I'€JIb/3MYJIbCHS, KOTOPAs
IIPUMEHAIACD IS BDEMEHHOTO OJIOKMPOBAHU A
IJ1ACTA IIPU IVIYIIEHNH (CM. PUC. 2 ¥ pa3Jeil
«J1e3MyJIBIUPYIOUKA PACTBOD IJI1 MHBEPTOPHOU
HEPTEIMYIBCUN).

I1pH 3KCIITyaTAIUK CKBAXKUHBI MUT'DALINA
TOHKHX YACTHULL TOPOJBI MOXKET BBI3BIBATh
34KYIIOPKY IIOPOBBIX KAHAJIOB H/WJIK CUCTEMBI
€CTECTBEHHBIX TPEIMH. TaKKe yXyZIeHne
PabOTBI CKBAKUHBI MOXKET OBITh CBSI3AHO C
OPraHUYECKUMH OTIOKEHUAMHU (TTapa(HUHBI,
aCc(aIbTEHDI), HEOPTAHUYECKUMHU OTIIOKEHUAMU
(consamu Jkee3a, Kaabliusa U MATHU A, KAJINA, HATPUS,
NPEUMYIIECTBEHHO KAPOOHATAMU U XJIOPUJAMU,
KOTOPBIE XOPOUIO PACTBOPUMBI B KUCTIOTAX).

B pesynbrare NpOBEJEHHOIO AHAJIN3A JAHHBIX
MO CKBAKUHE JJO/KHA OBITh YCTAHOBJIEHA IIPUYHHA
HEYZOBJICTBOPUTEIBHON pabOThI CKBAXKUHBL. ECin
3TA IIPUYHHA CBA34HA C KOJIbMaTal el 6iIMKHEN
30HBI (NOpAKA 1-2 M) IPpU3aA00HHOM 30HBI IVIACTA
(TI3IT), TO TaKas CKBAKUHA — IIOTCHIIMAJIbHBIH
KAHAWUAAT IS IPOBEJEHU S KUCIOTHON OOPAOOTKHU.

Pa3pa60‘rKa peuenTtypbl KMCJIOTHOrNO CoCtaBa

Ha cnepyiomem aTane HEO6XOJUMO B PE3YILTATE
JIa6OPATOPHBIX UCCIEJOBAHNUH YCTAHOBUTb, SIBJISICTCS
JIY BBIABJIEHHOE NOBpexaeHue [13I1 pacTBOPUMBIM
B KaKOH-IMOO KHCJIOTE UJIU CMECHU KUCTOT. Ecitn
3TO TAK, TO CJIEAYET IPUCTYIIUTD K PA3pA0OTKE
PELENTYPBI KUCJIOTHOI'O COCTABA C YY4ETOM I'€0JIOIO-
TEXHUYECCKUX YCJIOBUH JAHHOM CKBAXKUHBL

Kak 11paBuJio, ecjiy KOJUIEKTOP IPEACTABIICH
KapOOHATHOM NOPOJOU (CM. pa3/eibl «3aME/IIICHHBIN
KHMCJIOTHBIN COCTAB /17151 OOpAOOTKH KAPOOHATHOT'O
KOJUJIEKTOPA ITPU BBICOKOU IIJIACTOBOM TEMIIEPATYPE>
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« formation of insoluble precipitates (see p. Washing-
out perforation interval and tubing with foam
solution);

 penetration and plugging of the pore channels
and the system of natural fractures by particles
inadvertently injected from the surface.

To prevent the latter two kinds of damage,

one is required to control over reagents

while preparing solutions and the “purity” of

equipment used to prepare solutions. Sources

of damage are also:

* rock particles that penetrate and plug pore channels
and the system of natural fractures;

» rock compactification when perforating;

* unbroken gel/emulsion used to temporarily block
the reservoir when killing a well (see Fig. 2 and p.
Demulsifying solution for the inverter oil-in-water
emulsion).

During production stage, migration of fine rock
particles can cause pluging of the pore channels
and/or system of natural fractures. Also reason for

Pucynok 2 — O6pa-
3ey ycmouuueoii
amynscun, Komopasn
oopa3zoeanaces npu
é3aumooericmeuu
scuoxocmu KPC ¢
«HeYOaUHBIM» KUC-
JIOMHbIM cOCmasom
Figure 2 — A sample
of a stable emul-
sion formed within
well workover fluid
interaction with
«failed» acid compo-
sition

well performance deterioration can be related to
organic sediments (paraffins, asphaltenes), inorganic
sediments (salts of iron, calcium and magnesium,
potassium, sodium; mostly carbonates and chlorides
that are well acid soluble).

Following well data analysis, the cause for
unsatisfactory well performance is to be clarified. If
the reason is due to colmatation of the near-field zone
(about 1-2 m) of the bottom-hole area (BHA), this
well is a potential candidate for the acid treatment.

Development of Acid Composition
Formulation

The next step is to establish based on laboratory
tests whether the revealed BHA damage is soluble
in any acid or mixture of acids. If that is the case,
acid composition formulation is to be developed
considering geotechnical conditions of the well.

By and large, if a reservoir is represented by
carbonate rock (see p. Retarded acid composition to
treat carbonate reservoir at high reservoir temperature
and p. Acid formation treatment — 209 m?



u «KucsiorHas o6paborka miacra — 209 m?
KHCJIOTHOT'O PACTBOPA»), TO H60J1e€ 3P(PEKTUBHBIM
OyZeT BApUAHT IIPOBEACHUA KUCIOTHON OO6PAOOTKY,
KOTOPAasi HAIIPABJIEHA B IIEPBYIO OYEPEIb HA
PACTBOPEHUE CAMOU MOPO/IbI KOJIJIEKTOPA, U
BBITPABJINBAHUE HOBBIX KAHAJIOB IPOBOJIUMOCTH

B 06XO0/1 CyIECTBYIONIETO NOBPEXKACHUS. B ciyuyae
TEPPUTCHHOT'O KOJJIEKTOPA HEOHXOAUMO
Pa3pabaTeIBaTh PEUENTYPY KUCIOTHOT'O COCTABA U
TEXHOJIOTUIO O6PA6OTKHU, HAIIPABJIECHHYIO UMEHHO Ha
CaMO MOBPEKACHUE, TAK KAK PACTBOPUMOCTb CAMOH
HOPOABI B KUCJIOTAX HU3KASL.

IIpu INIAHUPOBAHUH JIA0OPATOPHBIX
HCCIEIOBAHUI HEOOXOIHMO MIPETYyCMOTPETh:
* pPa3zpabOTKy PENENTYP PAOOUNX KUIKOCTEH;

* MOJIETUPOBAHHNE B3ANMOJICHICTBUS PAOOUYNX
JKUJIKOCTEH C BO3MOXKHBIMU KOJTbMATAHTAMH,
TUIACTOM U TIJIACTOBBIMU (DJTIOH/IAMU;

* TECTUPOBAHHUE HA COBMECTUMOCTH PA6OIUX
SKUJIKOCTEH C TVIACTOBBIMU (DITIOUTAMH.

Ipu pa3paboTKe peHEenTyp padounx

KHJIKOCTEH YIHTBIBAIOTCA HHINBUYAIbHEIC

OCOOEHHOCTH KAKIOM CKBAKHHBI.

B cocTaB paGoYHX JKHIKOCTEHN B

3aBHCHMOCTH OT BBIABJICHHBIX IPHIYHH

HEYJOBJIETBOPHUTEIBHOM PAGOTHI CKBAKHHEBI

€€ Ire0JIOrO-TEXHHIECKHX OCOOEHHOCTEH MOT'Y T

BXOJHTBH:

* KHUCJIOTHI (COIAHAA/TINIABUKOBA/ OPrAHUYECKA);

* 3aMEIJINTENN KUHETUKHU PACTBOPEHNS,

* MHI'MOUTOPBI KUCJIOTHOM KOPPO3UH;

* MOAU(PUKATOPBI PEOJIOTUYECKHUX CBOUCTB PA60UNX
pacTBOPOB;

* J[TAB (MOHOT€HHBIE U HEHOHOT'€HHBIE);

* CIICIIMAJIbHBIC /IEAMYIBIUPYIONINE PEATCHTBI

* peareHTHl [ KOHTPOJISI COC/IMHCHUI JKETIe3a,

* MHI'MOUTOPHI HAOYXAHUS IVIMH.

J711 IpOBEIEHS KUCIIOTHON OO6pabOTKHU
HEOOXO/IMMO YE€TKO YCTAHOBUTD XaPAKTED
ITOBPEK/ICHUSI, PACTBOPHMOCTb [TOBPEK/ICHUS B
KHCJIOTE, [€0JIOTO-TEXHUYECKYIO BO3MOXHOCTD
y/IaJICHUSI IIOBPEXK/ICHUSI 6€3 PUCKA MHUIIMUPOBATD
06pa30BaHNE HOBOI'O TOBPEXACHU . OCHOBHBIMU
JEUCTBYIONIMMU KOMIIOHECHTAMU B PACTBOPE MOL'YT
SIBJISTTBCSI COJISIHASI KUCJIOTA, INMTMHOKUCIOTA, CMECH
OPraHUYECKUX KUCJIOT, 4 TAK)KE UX KOMOHMHAITHM.

Pa3zpa6oTKa TexHONnoruv npoeegeHns paéor
1 NoAroToBKa fieTaNbHOro NnaHa pabor

[MpaBWIBHO Pa3pabOTaAHHAS IPOrpaMMa JOOABOK
U TEXHOJIOTUS IPOBEJCHUSI O6PAOOTKU MTO3BOJISIET
MHUHHMHU3UPOBATH PUCKU YXYIIEHUSA PAOOTHI
CKBAKMHBI OT IPUMEHCHU S KUCJIOTHOT'O COCTABA.

Ha 3Tane moaroToBKH JETAJIBHOIO IIAHA
PadoT pa3padaThIBAETCA KOHIICIIITHS IVIAHUPY-
€MBIX padOT, KOTOPAsi BKIIOYAET B CEO:

of acid solution), the more effective will be the acid
treatment, which is primarily aimed at the dissolution
of the reservoir rock and etching new conductance
channels bypassing the existing damage. If sandstone
reservoir, one is required to develop acid composition
formulation and treatment technology aimed at the
very damage, as acid solubility of the rock is low.

When planning the laboratory tests it shall be

provided:

 development of treatment fluid formulation;

» modeling of interaction between treatment fluids
with possible colmatants, formation and formation
fluids;

e compatibility testing of treatment fluids with
formation fluids.

When developing treatment fluids
formulations, individual characteristics of
each well are to be taken into account. The
composition of treatment fluids depending
on the revealed causes of the poor well
performance and its geotechnical features may
include:

» acids (hydrochloric/hydrofluoric/organic acids);
e dissolution kinetics retardants;

e acid corrosion inhibitors;

* fluid rheology modifiers;

* surfactants (ionic and non-ionic);

* special demulsifying agents;

* reagents to control over iron compounds;

* clay swelling inhibitors.

Acid treatment requires establishing the nature
of damage, damage acid solubility, geological and
technical feasibility of damage removal without
risk to initiate the new damage. The main active
components of the solution can be hydrochloric
acid, mud acid, mixtures of organic acids and
combinations thereof.

Development of Job Handling Technology
and Preparation of a Detailed Operation Plan

Well-designed program of additives and treatment
technology minimize risks of well performance
deterioration caused by applying acid composition.

Concept of activities scheduled is to be
developed at the stage of preparing a detailed
operation plan and includes:

calculations of mechanical and hydraulic loads on
coiled tubing, tubing string and production casing,
including the coiled tubing weight (when round-
trip operations in treatment fluids, including gas
and nitrogen);

calculations of coiled tubing elongation due to
mechanical stress, thermal expansion and under
the pressure;

modeling of pumping of treatment fluids into coiled
tubing and calculations of pressure distribution
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* PACYEThl MEXAHUYECKUX U TU/IPABINYECKIX
Harpy3ok Ha 'HKT, kononny HKT u
SKCILTyaTAIJMOHHYIO KOJIOHHY, B TOM YHCJIE BEC
I'HKT (1pu CIyCKO-NOABEMHBIX ONEPALUAX B
PabOUYMX KUJIKOCTSAX, BKJIIOYAS 30T U I'a3);
pacuerts! yanmuHenus THKT Bciencreue
MEXAHUYECKOT'O HATIPSIPKEH U, TETIJIOBOT'O
PpaCIIMPEHHNS U NTOJ] BO3/ICICTBUEM [IABJICHUS,

* MOJIEJIMPOBAHHUE 3d4KAYKU PAOOUHUX (PIIONIOB
B 'HKT 1 pacyeTsl pacnpeeieHUs 1aBACHUSA
o 'HKT, HKT u OK npu pasnu4yHbIX
TEXHOJIOT'MYECKUX PEKMMAX 3dKAYKHU JIJIS KAXKIOTO
3TaIa BBIIOJIHEHHUSA PAOOT;

* MOJEJHMPOBAHUE THJIPOAUHAMUKH ILJIACTA IS
BBIOOPA ONTUMAJIBHBIX 3HAYEHUIT OObEMOB
PacTBOPOB, TPOU3BOAUTEIBHOCTH HACOCHBIX
AIPEraToB, BEJIMYUHBI PENPECCUI/IENIPECCUN HA
ILIACT.

I1pu pa3paboTKE PEHENTYDP PAOOUUNX KUJKOCTEN

U TEXHOJIOTUH OOPAOOTKH HEOOXOIUMO CIEJOBATH

MPaBUILY:

IIoBpesKIEeHHE OIIpeeIsieT BEIOOP OCHOBHBIX

JEHCTBYIOIIUX PEATEHTOB H TEXHOJIOTHIO

00pabOTKH, 2 T€0JIOTO-TEXHUYECKHE YCIOBUA B

CKBa>KHHE OIIPEJEIAIOT IIPOrPAMMY JO0ABOK,

4 TAKKE MOI'YT IIOBJIHATH HA TEXHOJIOTHIO

00pabOTKH.

IIpuBeneEM HECKOJIBKO IPUMEPOB PA6OT, KOTOPBIE

OBLJIN IPOBEJEHBI KOMITAHUEN «PETHOH».

[Jesmynbrupyiowmm pactesop Anq
UHBEepPTOpPHOMN HepTEeIMYNbCUN

ITpu nposegennu KPC B kauecTBe padouer
JKHJIKOCTU UCIIOJIb30BAJIACh UHBEPTOPHAS AMY/IbCUS
HA YIVIEBOJAOPOAHOIM OCHOBE C MPAMOPHOI KPOIIKOH
B POJIM KOJIBMATaHTA-610KaTOpa. [Tocie ocBoeHus
CKBaKHMHA HE BBIIIA HA OKU/JAEMBIN 1EOUT.
OCHOBHBIE XaPAKTEPUCTUKU CKBAXKUHBI CJIEYIOIIHE:
* I1EJIEBOM TOPU3OHT — NIECYAHHUK,;

* 1IEJIEBOI HHTEPBAT — 5526—5586 M™;
* IJIACTOBAsA Temieparypa — 132 °C;
* [IJIACTOBOE AaBjieHuE — 27,9 MI1a.

s 06paboTku [13C, TPOMBIBKY UHTEPBAJIA
nep@Oopani U YCTAHOBKU BAHHBI O]

JIaBJIEHHEM OBLIIN PA3Pa00OTAHBI KOMILJIEKCHBIE
COCTABBI, KOTOPBIE NO3BOJAIOT 3(PPEKTUBHO
pa3pymaTb SMyJIbCHIO, OUUINATh KOJIBMATAHT OT
YIJIEBOAOPOLHOM MJIEHKU U PACTBOPATHh MPAMOPHYIO
Kpomiky. [IprMeHeHne 230Ta MO3BOINUIO IPOBECTH
MPOMBIBKY CKBA>KHHBI [IE3MYIBI U PYIOIIHUM COCTABOM,
HE CO3/1aBast PENPECCUIO HA IIJIACT, U 9PPEKTUBHO
332 KOPOTKOE BPEMS OCBOUTD CKBAKMUHY. OCHOBHBIE
XAPAKTEPUCTHUKU TEXHOJIOIUH IPOBEJEHUSA PAOOT
CIIEQYIOIIE:
* 0OBEMBI PACTBOPA — 5 M?;
* MAKCHMaJbHOE JIaBJICHUE 3aKa4Kku — 21 MI1a;
* IPOU3BOJUTEIBHOCTb HACOCHBIX ATPETATOB:

— [IPHU 3aKa4Ke a30Ta — 10—-35 M?/MuH;

— IIpU 3aKa4dke xxugrocrer — 70—100 j1/MuH;
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along coiled tubing, tubing and production casing
under different technological modes of pumping
for each stage of job;

* reservoir hydromechanics modeling to select the
optimal values of solutions volumes, pumping
units performance, magnitude of the reservoir
repression/depression.

When developing treatment fluids formulations
and treatment technology, follow the rule:

Damage determines the selection of the main
active reagents and treatment technology,
geotechnical conditions in the well determine
program of additives and may also affect
treatment technology.

Below are some examples of operations that have
been carried out by Region.

Demulsifying Solution for the Inverter
Oil-in-water Emulsion

A hydrocarbon-based inverter emulsion with
marble chips as a bridging agent was used during well
workover. After being developed, the well failed to
reach the expected flow rate. The main characteristics
of the well are:

* Target horizon sandstone

e Target interval — 5526—5586 m
* Reservoir temperature — 132 °C
* Reservoir pressure — 279 MPa

Complex formulations have been developed for
BHA treatment, washing-out perforation interval
and bath installation under pressure, which
effectively destroy the emulsion, clean colmatant
from hydrocarbon film and dissolve marble chips.
Using nitrogen allowed washing-out wells with
demulsifying composition without creating reservoir
repression and efficient well development in a short
time. Key characteristics of job:

* Solution volumes — 5 m?
* Maximum injection pressure — 21 MPa
» Performance of pumping units

— while injecting nitrogen — 10—-35 m®/min

— while injecting fluids 70—100 1/min
» Treatment time — 24 h

As a result of job done well flow rate grew by 25%.

Washing-out Perforation Interval and Tubing
with Foam Solution
The main causes of damage are: several accidents
while drilling led to a long filtration of drilling mud
(see Fig. 3), perforation fluid was inconsistent with
well conditions, which caused sludge formation. Well
main characteristics are:
» Target horizon sandstone
« Target treatment interval — 5,561-5,571 m,
5,576-5,597 m
* Reservoir temperature — 139 °C
* Reservoir pressure — 35 MPa
Region proposed to use a combination of foam



* BpeMs OOPabOTKU — 24 u.
B pesynbrare NpOBEJEHHOM paOOTHI AEOUT
CKBaKHHBI YBEJIMYMIICS HA 25%.

MNpombiBKa MHTEepBana nepcgopaunm
n KoNnoHHbl HKT neHHbIM pacTBOpoM

OCHOBHBIE IPUYUHBI IIOBPEXKAECHUM CJIEAYIOLINE:
HECKOJIBKO aBAPU IPU OYPEHNUU IPUBEIH K
JUINTENBHON (pUIbTpanuu 6ypoBOro pacTBOPA
(puc. 3), ’KUAKOCTD IIeppopanuu 611
HECOBMECTUMOI C YCJIOBUAMM B CKBAXKUHE, UTO
CIIPOBOLIMPOBAJIO OOPA30BAHME OCAAKA. OCHOBHBIE
XAPAKTEPUCTUKHN CKBA’KUHBI CJIEAYIONUE:

* [1EJIEBOIM TOPU3OHT — NIECYAHHUK,;
* [EJIEBOM MHTEPBA 06PA6OTKH — 5561-5571 M,

5576-5597 M,

* IUIACTOBAA TeMIieparypa — 139 °C;
e IIJTACTOBOE JIaBjeHue — 35 MIIa.

s 06paboTku [13C, TpOMBIBKY UHTEPBAJIA
nep@opani U YCTAHOBKYU BAHHBI IO/ IABJICHUM
KOMITaHUEN «PErnoH» OBLIIO NIPEIJIOKEHO
UCIOIB30BATh KOMOMHALIUIO IEHHBIX PACTBOPOB
M KUJKOCTEN. [IpMEHEHNE IEHHBIX PACTBOPOB
MO3BOJIUJIO IPOBECTU MIPOMBIBKY CKBAXKHHBI
JIO Y TIOCJIE YCTAHOBKH KMCJIOTHOI BAHHBI, HE
CO3/1aBast PENPECCUIO HA TIJIACT B YCIOBUAX
IJTYOOKOTI'O 3aJIETAHU A LEJIEBBIX TOPU30HTOB,
OTKPBITBIX ITEP(POPAUEN, C IITTACTOBBIMHU
JaBJIEHUSAMU HIKE THIPOCTATUYECKOIO JABJICHUA.
J71s1 Co3maHus CTA6MIIBHOM IIEHBI B YCIIOBUAX
BBICOKOU TEMIIEPATYPHI IPHUMEHSJICA CIIEIIUAJIBHO
Pa3pabOTaHHBIN COCTAB U3 HECKOIBKUX [TAB
(puc. 4). Kpome 31010, UCrojab30BaHHE IIEHbI
MO3BOJIUJIO CYIECTBEHHO COKPATUTD KOJIMYECTBO
430Ta I IPOBEAEHHUA JAHHBIX pa60T. OCHOBHBIE
XAPAKTEPUCTHUKU TEXHOJIOI MU IPOBEJEHUSA PAOOT
CIEAYIONIUE:

* OO'BEMBI PACTBOPOB:

— JIJ1s1 IPOMBIBKU ITIEHON — 120 M3,

— 711 IEHOKUCJIOTHOM IPOMBIBKY — 2 M

— IJISI KUCJIOTHOM BAHHEL — 3 M2,
¢ MAKCHMaJIbHOE JIaBJICHUE 3aKayku — 20 MI1a.

* [IpON3BOAUTENBHOCTb HACOCHBIX AI'PETATOB:

— [IPHU 3aKa4Ke a30Ta 10-25 M?/MuH;

— [IpU 3aKadKe xxugrocren — 70—-100 1/mum;
* BpeMst 06paboTKU — 46 4.

3amepsieHHbIN KUCNOTHbIN COCTaB AnA
006paboTkun Kap6oHaTHOro KONNEeKTOpPa Npun
BbICOKOM N/1IAaCTOBOM TemriepaType

Jlo Hagasa pabOT CKBAXKUHA CTAOUIBHO paboTana C
JIEOUTOM, HHIKE OKH/1AeMOTr0. OCHOBHBIM (DAKTOPOM
ITOBPEJK/ICHUS TIJIACTA SIBJISIETCSI UCITOJIb30BAHUE
pacTBOpPA, B COCTAB KOTOPOI'O BXO/AM/IN: GHONIOINMED,
KOTOPBIN Pa371araeTcCst IIPU BBICOKOH TEMIIEPATYPE,
06pa3yst INICHKY Ha IIOBEPXHOCTHU TTOP, ¥ 6APUT,
KOTOPBIN UCIOJIB30BAJICS B KAYECTBE YTSKCTHTEIISL.

L () (@:10)% TOPHU3OHT — N3BCCTHSIK; }

Pucynox 3 -
Oopa3sey oezpaou-
posagswmezo npu
NAACMOBbLX
YCR06UAX PUb-
mpama 6yPo60zo
pacmeopa

Figure 3 — A sample
of degraded under
Jormation condi-
tions drilling mud
Siltrate

solutions and fluids for BHA treatment, washing-
out perforation interval and bath installation under
pressure. Using foam solutions allowed washing-
out well before and after the acid bath installation
without creating reservoir repression in deep-lying
target horizons opened through perforation with
reservoir pressures below hydrostatic pressure.

To create stable foam under high temperatures,

Pucynox4 - Oopa-
3ey, cmaouIbHOLL
neHst 01A npoeeode-
HUA 0OPadbOmMoK 6
CKGANCUHAX C Bbl-
COKOUL n1aCmoe60i
memnepamypoii
0o 150°C

Figure 4 — A sample
of stable foam for
well treatments un-
der bigh formation
temperature up to
150°C

the company used a specially designed of several
surfactants composition (see Fig. 4). Moreover, using
foam allowed substantial reduction in the amount of
nitrogen to handle operations. Key characteristics of
job handling:

Solution volumes for:
¢ washing-out with foam 120 m3
» foam-acid washing-out 2 m?
e acid bath 3 m?

— Maximum injection pressure 20 MPa

— Performance of pumping units
» while injecting nitrogen 10-25 m?*/min
» while injecting fluids 70—-100 1/min

Treatment time 46 h

Retarded Acid Composition To Treat
Carbonate Reservoir at High Reservoir
Temperature

Prior to job commencement, the well consistently

showed the flow rate below expectations. The
main factor of formation damage is using solutions }
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* 1IEJIEBOI MHTEPBAT O6PA6OTKH — 5143-5260 M

(117 m);

* [UIaCTOBAs TeMueparypa — 145 °C;
* [JIACTOBOE AdaBJIcHUE — 76 MIIa.

11 pacTBOPEHUA ITOJIMMEPHOU IVIEHKU C
TTIOBCPXHOCTHU ITOP MOPOABI 1 BEITPABIVUBAHU A
HOPO/BI A1 yIAJIEHU OApUTA KOMITAaHUEH «Pernon»
OBLI Pa3pabOTaH COCTAB KMCJIOTHOI'O PACTBOPA /LIS
06pPabOTKU KAPOGOHATHBIX KOJUIEKTOPOB (PHC. 5—06),
CKOPOCTb PEAKIIMU KOTOPOI'O B 82 pa3a MEHbIIIE
CKOPOCTHU peakuuu 15%-ro pacTsopa COJIIHOU
KHUCIOTHL. OCHOBHBIEC XaPAKTEPUCTHUKN TEXHOIOT U
MPOBEACHUS PAOOT CIEAYIONIHE:

* 06'bEM KHUCJIIOTHOT'O PACTBOPA — 23 M
* MAKCHMaJIbHOE JIaBJICHUE 3aKa4KU — 43 MI1a;
* IIPOU3BOJUTENBHOCTD HACOCHBIX aTPEraTOB:
— IIPH IIPO/IABKE PACTBOPA B IIJIACT —
50-60 1/MuH;
* BpeMs OOPAabOTKH IIACTA — 8 4.

ILIISI KOHTPOJIA CKBA>KWHBI ITPU BBITIOJTHCHUHN
pa6oT ¢ THKT oCcymiecTBas1aCh NapajuieabHaAs
34Ka4YKa PaboU€ei ) KUJKOCTU B KOJIBIIEBOE
IPOCTPAHCTBO MexAYy KOIOHHOM HKT u 'HKT
C IPOCCETNPOBAHNEM BBIXO/ISIITIETO ITIOTOKA.
Hcrionb30BaHUE 3AME/IJIEHHOT'O KUCIOTHOT'O
pacTBOpA MO3BOJIUJIO CYIIECTBEHHO YBEIUYIHUTD
06'bEM KHCJIOTHOTI'O PACTBOPA, HE YMCHBIIASI €TO
PaCTBOPAIONIYIO CIOCOOHOCTH, U, KAK CIEACTBHE,
YBEITUYUTD IMyONUHY OOPA6OTKHU IIACTA.

IIpoBeeHUE TaHHOU 06PA6OTKU IMTO3BOJIHIIO
YBEIUYUTD J€OUT CKBAKUHBI HA 52%.

KucnotHas o6paboTtka nnacra-209 m?
KMCNOTHOIO pacTBoOpa

o Hayana paboT CKBAKUHA Ppa60TAIa METOJJOM
HaKOIJICHMS JaBJieHUs 10 9,3 MIla. B reueHue
JUINTEIbHOU UHTEHCUBHOM 9KCIUIyaTallu1
CKBAKMHBI IPOU3OILJIO HAKOIIJIEHUE COJICBBIX
OTJIOKECHUI B SKCILIyATAIIMUOHHOMN KOJIOHHE 1
1311, a TaK>K€ YaCTUL, HOPO/IBI B TIOPOBBIX KAHAAX
U TPEMHUHAX KOJUJIEKTOPA C ECTECTBEHHONU
Pa3BETBJIIEHHOM CUCTEMOU TPeIuH. OCHOBHBIE
XAPAKTEPUCTUKU CKBAXKUHBI CJIEIYIONTUC:

* 11€JIEBOM TOPU3OHT — U3BECTHSIK;
* IICJICBOI HHTEPBAT O6PAGOTKH — 2568—2991 M

(423 M),

* TIACTOBAsI TEMITeparypa — 67 °C;
* [IJIACTOBOE AaBjicHuE — 13,2 MI1a.

JJ151 CENEKTUBHON OO6PAOOTKU 1IE€JIEBBIX
UHTEPBAJIOB IJIACTA JOCTABKA KUCIOTHBIX
PAaCTBOPOB IPOU3BOAMIIACH TOPUUSAME IO 20 M3 B
PAa3JIMYHBIE UHTEPBAJIBI (PUIBTPA. 1151 TIOBBIICHU S
3PPEKTUBHOCTHU CEIEKTUBHON OOPAOOTKHU
HPUMEHSIIACh TEXHOJIOT UL YEPEIOBAHM S TAUECK
3areJIEHHOU U HE3ATEJICHHOMN KUCTIOTHIL.
¢ O6'bEM KHMCJIOTHOT'O pacTBOpa — 209 M3,
¢ MaKCHMAaJIbHOE JaBJICHHE 3aKa4YKU — 24 MIIa.
¢ TIpOU3BOJUTENBHOCTb HACOCHBIX AIPETATOB:
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Pucynok 5 — Oo6pa3suwi
MOO0eCNBHOZ0 KePHa
ons onpeoenenun
napamempos Kune-
muxu pacmeopenusn
paspadomannozo
3aMmeo0N1eHH020 Kuc-
JIOMHOZ0 COCMasa

8 Jcaponpounom
KOPPO3UOHHO-CMOTL-
KoM cmaxane 8bLco-
Komemnepamyprozo
mepmoxumunecKozo
peaxmopa

Figure 5 — Samples of the simulative core to deter-
mine the parameters of the kinetics of dissolution
of the designed retarded acid composition in beat-
proof and corrosion-resistant cell of bigh tempera-
ture thermochemical reactor

e

Pucynox 6 — Oopasey,
no6epPxXHoOCmumo-
>, L 0N 0enbH020 KepHua no-
. : clle mooeauposanus
- é3aumooeticmeusn
. ~ ' paspabomannozo
3aMeoNneHnozo Kuc-
JIOMHOZ0 COCMAsa
npu naaAcmossvLx
ycarosusnx

Figure 6 — A sample
: of the simulative core
surface after mod-

', -
¥

eling interaction of the retarded acid composition
under formation conditions

composed of: biopolymer that decomposes at high
temperature with forming a film on the surface of the
pores; barite used as a weighting agent.
* Target horizonlimestone
e Target treatment interval 5,143—-5,260 m (117 m)
¢ Formation temperature 145 °C
« Formation pressure 76 MPa

To dissolve polymer film off the surface of the
rock pores and etch the rock to remove the barite,
Region developed acid solution composition to treat
carbonate reservoirs (see Fig. 5 and Fig. 6), which
spending time is 82 times less compared to the
spending time of 15% hydrochloric acid solution. Key
characteristics of job handling:
* Acid solution volume — 23 m?
* Maximum injection pressure — 43 MPa
» Performance of pumping units

— while punching solution into the formation —

50-60 I/min

» Treatment time — 8 h

To control over the well when operating with coiled
tubing, the company implemented simultaneous
injection of brine into the annular space between the
tubing and coiled tubing with output throttling. Using
retarded acidic solution significantly increased acid
solution volume without reducing its solubility, and, as
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— OPU NPOJABKE PACTBOPA B 11aCT — 400 J1/MHUH.
e Bpems 06paboTKu my1acTa — 9 9.

[IpoBeICHUE TAHHOU 06PA6OTKU MTO3BOJIHIIO
MHOJYYUTb HOCTOSHHBINA IPUTOK I'a3a IPU pabodyeM
JlaBjaeHuu Ha ycThe 10 MITa.

IIpeicTaBI€HHAS BBIIIE METOAOJIOTUS ITIOJITOTOBKU
KOHIIEOITUU PAOOT MOXKET OBITh UCHIOJIb30BAHA U JIJIsI
JPYTHX TUIOB PA60T C HPUMECHEHHEM KOJITIOOWHTA.
Kak npumMep paccCMOTPUM paboTy 11O BOJIOU3OISIIIUA
U paboty 1o ycranoske T'HKT B kauecTse 1P TOBOMI
KOJIOHHBL

Bopousonauusa B CKBaXKUHe C ABYXPAAHbIM
ﬂI/IdJTOM C MCNOJib30BaHNEM MMKpOLUEeMeHTa
Ha yrneBonoponHoﬁ OCHOBe€

ITocne BBIHYXJEHHON OCTAHOBKHU IKCILIYAaTALIUHU
TOPU3OHTOB HAJ| TAKEPOM B CKBA’KHUHE C ABYXPALHOMN
xonoHHo! HKT 3 13 4-X MHTEPBAIOB Hepopauu
OOBOAHUIMNCH (PUC. 72). DHEPIUH IIJIACTOBOT'O
(rronia BEPXHETO U3 YKA3AHHBIX HHTEPAJIOB
nep@opanu 661710 HEAOCTATOYHO /15 BHIHOCA BCEH
MOCTYHAIOLIEN B CKBAXKUHY XKUJKOCTU. CKBAXKUHA
3aMOJTHIIACH HAJI TAKEPOM MIACTOBOM KUJKOCTBIO
JIO YCThsI, CO3/1aBAsI TEM CAMBIM AaBAPUUHO-ONACHYIO
CUTYAIINIO PA3TEPMETUZALUH ITAKEPA U OCTAHOBKH
BCEM CKBAKHUHBI HA JJIUTEIbHBINA KATTUTAJIbHBIN
PEMOHT.

1 mpoBeieHus PaboT IO BOJOUBOIALIUNA
KOMITaHUEN «PErnoH» OBLIIO NIPEIJIOKEHO
YCTAHOBUTB IEMEHTHBIN MOCT IO/ JJABJICHUEM JIJI51
NPOJABKH TAMIIOHA>KHOI'O MATEPHUAJIA HA OCHOBE
MUKPOLIEMEHTA C YITIEBOJOPOSHON OCHOBOU B
OGBOAHEHHBIE MHTEPBAJIBI TEP(POPALIUN.

IMpumenenune 'HKT nMo3BOINUIO PA3MECTUTD
YKA3aHHBIN LIEMEHTHBIA PACTBOP HEIIOCPEACTBEHHO
HAIIPOTUB 1IEJIEBBIX UHTEPBAJIOB IEPPOPALTUU.
brarogaps TuareapHO pa3padoTaHHOU TEXHOIOTUHN
34Ka4YKU U IPUTOTOBJIEHUS IEMEHTHOT'O PACTBOPA
YAATIOCh U36€EXKATD 3ACTHIBAHUA LIEMEHTHOT'O
pactBopa B 'HKT 1 6€3011aCHO IPOU3BECTU NOABEM
I'HKT Ha NOBEPXHOCTS.

@60 x4,48 P-110°

2563 m

= 0T
' 3620m
3623 m
Pucynox 7 — Cxema CK8adNCunvl
00 u nocae npogedeHusn paoom
woin godou3onAuuU
wssw  Figure 7 — Well schematic
before and after

waterproofing operations

a consequence, increased formation treatment depth.
As aresult of job done well flow rate grew by 52%.

Acid Formation Treatment - 209 m?of Acid
Solution

Before job commencement, the well operated
through pressure accumulation up to 9.3 MPa.
Prolonged intensive using of the well caused the
accumulation of salt sediments in production
string and BHA, as well as rock particles in the pore
channels and reservoir cracks with natural branched
crack system. Well main characteristics are:

* Target horizon — limestone

e Target treatment interval — 2,568-2,991 m (423 m)
« Formation temperature — 67 °C

* Formation pressure — 13.2 MPa

Placement of the treatment acid fluids was
carried out portionwise of 20 m3 into various filter
intervals for selective treatment of target intervals.
Improvement of selective treatment effectiveness was
due to technology of alternating batches of gelled and
non-gelled acid.

* Acid solution volume 209 m?
» Maximum injection pressure 24 MPa
* Performance of pumping units
— while punching solution into the formation
400 1/min
» Treatment time 9 h

This treatment enabled to receive a constant gas
flow under flowing surface pressure of 10 MPa.

The above methodology can be used for other types
of operations using coiled tubing. Let us consider as
an example waterproofing operations and installation
of coiled tubing as production string.

Water Shutoff in the Well with Two-row Lift
Using Hydrocarbon-based Micro Cement

After the forced shutdown of horizons above the
packer in the well with double string, the three of
four perforation intervals watered out (see Fig. 7a).
Formation fluid energy of the upper of the above
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[IpoBeZIcHHBIE PA6OTHI IIPUBEJIU K TPEKPAIIEHHIO
IMOCTYIUIEHUS BOJIBI B 3aTPYOGHOE MPOCTPAHCTBO HAJL
ITAKEPOM U IO3BOJIMJIM BOCCTAHOBUTD CTAGHUIBHYIO
PaboTy CKBAXKHUHBI C MHTEPBA/IA ITephOpaAIIUH HAJL
ITAKEPOM.

3akaH4YMBaHUEe CKBaXXVH C UCMOJIb30BaHUEM
FHKT B kavyecTBe N TOBON KONMOHHbI

BonbpIoe KOMM4eCcTBO MECTOPOXKIECHUN B YKPAUHE
HAXO/ATCS HA 3ABEPIIAIONIEH CTAAUN PA3PA0OTKY,
KOTOPAsl XapaKTEPU3YETCI HU3KUM ILIACTOBBIM
JlaBJICHUEM (JICOUTOM) U, CJIEAOBATEIBHO, HUBKUMH
YCTBEBBIMU JABJIECHUAMU. DTO, B CBOIO OUEPEND,
OPUBOAUT K HEBO3MOKHOCTH BEIHOCA XKUJKOCTHU U3
CKBa’KHUHBI U3-33 HEJJOCTATOYHON CKOPOCTH NOTOKA
(ronaa 1, Kak CJIe/ICTBUE, K HECOOXOAUMOCTU
4aCcTOro (Pa3 B HECKOJIBKO JHEN) IPUHYIUTEIBHOI'O
yaaneHusa (IIPOAYyBKA A30TOM HJIN I'd30M) JKUJKOCTH
u3 I13C. B pajie cnydaeB penmeHnueM TaKOU
pOO6JIEMBI MOXKET SIBJSITHCSI 3aMEHA KOJTOHHBI HKT
Ha KOJIOHHY TPyO MEHbIIETO AuaMeTpa. OJHAKO
3TO TPEBGYET JOIOTHUTEIbHBIX BDEMEHHBIX U
(PMHAHCOBBIX 34TPAT HA MOOUIU3ALUIO IIEPCOHAIA
U 000pyI0oBaHUSs, MOHTAX cTaHKa KPC, CITO HKT,
JIEMOHTAX U AEMOOUIU3AITHIO.

PeasibHON a/1bTEPHATUBON 3AMEHBI KOJIOHHDI
HKT saBnsercs ucnons3doBanue THKT — Velocity
String (nnu Reeled Completion). (Velocity String —
CcU(POHHAA KOJIOHHA).

TexXHONIOrus 3aKAHYMBAHUS CKBAXKUH Velocity
String mo3BossAeT NOAAEPKUBATD YCTHEBOE JABJICHHE
Ha YPOBHE, HEOOXOAVMOM JIJ11 HENTPEPBIBHOI
PabOThI CKBA’KUHBI HA MUIEN( IMIPU CKOPOCTU IMTOTOKA
dona B NOA3€EMHOM JIM(PTOBOM OOOPYIJOBAHUH,
NOCTATOYHOMU /JI BBIHOCA KUJKOCTH.

[IpenmymecTBa 3TOU TEXHOJIOTUH 110 CPABHEHUIO
¢ 3aMeHoM KoJoHHBI HKT 3aK1109a10TCs B TOM,
4TO OH4 ITO3BOJIAET SKOHOMUTD BPEMS U CPEJICTBA
Ha MOOUIN3a1HI0 060pyaoBaHus, crryck 'HKT
B CKBAKMHY, 3dKAHYUBAHHE U IEMOOUIUZALUIO
060pyoBaHUA. BCE 3TH ONEpPAInU B C/Iy4dae
3aKAHYUBAHUA CKBA’KUHBI C UCIIOJIb30BAHUEM
I'HKT 3aHUMAIOT OT TpEX JHEH. ClelyeT TaKXe
OTMETUTB, YTO yCTAHOBKA Velocity String MmoxeT
NPOM3BOAUTHCA HA HE3AIVIYIIEHHON CKBAXKHUHE, YTO
MOJIOKUTENBHO BiHseT HA cocTossHUE PEC nopoisl
KOJIJIEKTOPA.

B KayecTBE MIUTIOCTPALMU PE3YIBTATOB
NIPUMEHEHM ONNMCAHHOMN BBIIIE TEXHOJIOTUH
npusejeM npumep ucnonbzosanust 'HKT B kauecTse
JUPTOBOX KOJIOHHBL.

Jo nposejeHus paboT CKBAXKUHA paboTana
HECTAOUJIBHO — BO BPEMS PA0OTHL C pAbOYUM
nasierueM 60 at™. TIpu 3TOM BBIXOJ JKUAKOCTH U3
CKBAKHHBI COCTABII 10 0,2 M3 sxuikocTu. Hepes
3—5 gHEN HEOO6XOAUMO OBUIO IIPOAYBATDH CKBAXKUHY,
U IIPU KAKJO0H IPOAYBKE BBIXO/ JKMJIKOCTU U3
CKBAKHHBI COCTABJISI B CPEAHEM 4 M? )KUIKOCTH.

[Tocse npoBeAeHUs padboT 1€OUT Ia3a COCTABUII
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perforation intervals was not enough to remove all
the fluid flowing into the well. The well was filled
with the formation fluid above the packer up to well
head, thus creating a dangerous emergency situation
of packer depressurization and well suspension for a
long time to be restored.

To handle waterproofing operations, Region
proposed to install a cement bridge under pressure
to press through grouting material consisting of
hydrocarbon-based micro cement into flooded
perforation intervals.

Using coiled tubing enabled to place the said
cement slurry directly in front of target perforation
intervals. Carefully designed technology of injection
and preparation of cement slurry made it possible to
avoid cement slurry jelling and lift coiled tubing to
the surface in a safe way.

Operations done resulted in water flow
discontinuation into the annulus above the packer
and enabled to restore well smooth operation with
perforation interval above the packer.

Well Completion Using Coiled Tubing as
Production String Velocity String

A large number of Ukraine’s fields are at the final
stage of development, which is marked by low
reservoir pressure (flow rate) and therefore low
wellhead pressure. This in turn leads to the inability
of fluid removal out of the well due to insufficient
fluid flow rate and, as a consequence, to the need
for frequent (every few days) forced fluid removal
(nitrogen or gas purging) out of BHA. In some
cases, the solution to this problem may be tubing
substitution for pipe string of smaller diameter. This
however requires more time and additional financial
resources to mobilize personnel and equipment,
workover rig installation, tubing round-trip
operations, dismantling and demobilization.

The real alternative to tubing substitution is using
coiled tubing (CT) — Velocity String (or Reeled
Completion).

Velocity String well completion technology enables
to maintain wellhead pressure at the level required
for continuous well operation under fluid flow rate
in the underground lift equipment that is sufficient
to remove fluid.

The advantage of this technology compared to
tubing substitution is that it saves time and means
to mobilize equipment, allows coiled tubing landing
into the well, completion and demobilization
of equipment. All of these operations in case of
well completion using coiled tubing take 3 days
and more. It should also be noted that Velocity
String installation can be made in non-killed well,
which positively affects porosity and permeability
properties of reservoir rock.

To illustrate the results of the application of the
above technology, let us give an example of using
coiled tubing as production string.



35 TBIC. M?/CYTKH, U BBIXO[] JKUJAKOCTU U3 CKBAXXUHBI
cocTtasnAeT npubauzuteapHo 1 m? (0,1 M Bogsl 1
0,9 M?Ta30BOT0O KOHIEHCAT4). CKBAXKUHA PAOOTAET
CTAaOUJIBHO U B IPOJYBKAX HE HYXKJAE€TCS.

Kak BU/THO U3 IPEJICTABICHHOIO 0630p4,
MIPUMEHEHHNE KOJITIOOWHTA IPU IPOBEANECHUH
KHUCJIOTHBIX O6Pa60TOK NO3BOJISIET IOBLICUTD
3PPEKTUBHOCTD OOPAOOTKHU 34 CYET TOYHOT'O
Pa3MEIEHU KUCJIOTHBIX COCTABOB B UHTEPBAJIE
nospexaeHud I[13I1 1 oCymecTBUTD CEEKTUBHYIO
06pPabOTKY MEHEE MPOHUIAEMBIX YIACTKOB ILJIACTA.
Kpome TOro, npeIcTaBIEHHASI METOIOJIOTUA
HOAIOTOBKU KOHIENITUYU OOPAOOTKH ITO3BOJISIET
CYIIECTBEHHO MOBBICUTD YCIIEITHOCTD U
PE3YIBTATUBHOCTD KUCJIIOTHBIX OOPa60TOK 32
CYET NPABHUJIBHOTO BBIOOPA CTPATETUH 6OPBOBI C
MOBPEXKIECHUEM HA OCHOBAHHUH BCECTOPOHHETO
U3YYEHUS IPUYHH, KOTOPBIE IPUBEIU K YXYAIIEHUIO
IKCIUIYATALIUOHHBIX X4PAKTEPUCTHUK 1IEJIEBOU
CKBa’KUHBL [TpU 3TOM IETATIBHOE JTAOOPATOPHOE
HUCCJIENOBAHUE IJIAHUPYEMBIX COCTABOB PA0OOYNX
JKUJKOCTEM, BKJIIOYASI KUCJIOTHBIE PACTBOPHL,

U UX B3AUMOJICHICTBUE C KEPHOM, BBIABJIEHHBIM
MOBPEXKIECHUEM, IIJIACTOBBIMU (DIIOUAAMHU 1
NPOAYKTAMU NPEABIAYITUX O6PAOOTOK, B TOM YHUCIIE
(PUIBTPATOM OYPOBOTO PACTBOPA U KHUAKOCTEN KPC,
MO3BOJIAET MUHUMHU3UPOBATh PUCKHU YXYAIIEHUA
(PHUIBTPALTUOHHO-EMKOCTHBIX CBOUCTB IJIACTA B
PE3YABTATE KUCIOTHOU O6PA6OTKU. ©

Hawa cnpaska

KomMnaHus «PermoH» — AHaMMYHO Pa3BUBatOLLASACS

MeXZyHapogaHas rpynna KOMnaHun, NMpefocTaBnsioLLas

MOMHbIN CNEKTP YTy Mo OypeHuto, KanuTanibHOMY

PEMOHTY M BOCCTAHOB/IEHWIO CKBaXXWH, MHTEHCUDUKALN

L00bI4N YrNIEBOAOPOAOB BO BCEM MUPE.

KomnaHus «PernoH» ocHoBaHa B 2003 roay. PenyTtaums

KOMMaHMM Kak HaJieXXHOro napTHepa NpoBepeHa

BpeMeHeM 1 obecrneynBaeTcs BbICOYANLLNM

npoceccMoHanM3MoM NepcoHana, coonogeHnemM

MUPOBBLIX CTAHAAPTOB KayecTBa 1 Ge3onacHoCTy,

NpUMeHeHeM MHHOBALMOHHbIX TEXHONIOM I

N COBpeMeHHOro obopyaoBaHusl.

HaunHas ¢ 2009 roga Bce Npon3BOACTBEHHbIE NMPOLLECChI

NpoxoAaaT B MOSIHOM COOTBETCTBMWN C MUPOBbLIMMU

CTaHpapTaMu, YTO MOATBEPXKAAIOT MeXAyHAPOAHO

NpU3HaHHbIe cepTUUKaTbI:

e |SO 9001 - Cuctema MeHea)XMeHTa KayecTBa;

e |SO 14001 — CnctemMa 3KONOrM4eckoro MeHeg)KMeHTa;

e OHSAS 18001 — Cuctema MeHeaXXMeHTa Tpyaa 1
NpPOM3BOACTBEHHOW DE30MacHOCTU.

Before job commencement, well operation was
unstable - while operating with flowing wellhead
pressure of 60 atm. At that, fluid output out of
the well was up to 0.2 m?. After 3 to 5 days it was
necessary to blowoff the well, fluid output out of the
well averaged 4 m? per each blowoff operation.

Following job completion, gas flow rate was 35
m?/day, liquid output out of the well is about 1 m?
(0.1 m?of water and 09 m? of gas condensate). Well
operation is stable and requires no kicking.

As can be seen from the overview performed, using
coiled tubing when acid treatment can improve
treatment efficiency due to precise placement of
acidic compounds in BHA damage interval and
carry out selective treatment of less permeable
layers of the reservoir. Moreover, the methodology
to prepare treatment concept can significantly
increase the successfulness and effectiveness of
acid treatments by selecting the proper strategy of
damage combating on the basis of a comprehensive
study of the reasons that led to a deterioration of
the operating characteristics of the target well. At
that, a detailed laboratory study of the expected
compositions of treatment fluids, including acid
solutions, and their interaction with a core, damage
revealed, formation fluids and products of previous
treatments by, in particular, drilling mud filtrate and
well workover fluids, minimizes risks of deterioration
of the reservoir properties following acid treatment. ©

Our Reference

Region is a dynamically developing inter-
national group of companies providing full
range of services in drilling, well workover,
well reworking and well stimulation world-
wide.
Region was founded in 2003. The company'’s
reputation as a reliable partner was time-
proved and is ensured by staff high profes-
sionalism, compliance with international qual-
ity and safety standards, applying innovative
technologies and advanced equipment.
Since 2009, all business processes are in full
compliance with international standards as
confirmed by internationally accepted certifi-
cates:
e |SO 9001 - Quality management system;
* |SO 14001 — Environmental management

system;

OHSAS 18001 — Occupational Health and

Safety Assessment Scheme.
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OUR SPECIAL GUEST
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