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4 MECTOPOXK/ACHUAX 3aaiHON CUbupu

HAa 3aBEPHIAIONIEN CTAJUU PA3PAOOTKHU

CHMKAIOTCS (PHUIIBTPALTUOHHO-EMKOCTHBIE
xapakTepuCTUKu (PEC) NpOAYKTUBHBIX IJIACTOB,
YXYALIAIOTCS NPOAYKTUBHBIE XAPAKTEPUCTUKHU
CKkBaxuH. /151 BOccTanoBineHuss PEC nmimacra
IPUMEHSAIOTCS (PUBUYECKUE, XUMUYECKHE U
(PU3UKO-XUMHUUYECKUE METOIBI 0OPAOOTKHU
npu3a00nHON 30HbI IacTa (I13IT).

Ha mecTopoxaeHussax 3anagHor Cubupu,

B YACTHOCTU, HA HE(PTETA30KOHEHCATHBIX
MECTOPOX/CHUAX ceBepa TIOMEHCKOI 0b61acTy,
HauOOJIbIIEE PACTIPOCTPAHEHUE TOTYYUIN
CIEIYIOUINE METObI: KHCIIOTHBIE OOPabOTKY,
YCTAHOBKM KUCJIOTHBIX U EJIOYHBIX BAHH U
MIPOBEJIEHUE TH/IPABINYECKOTO PA3PhIBA IJ1ACTA
(TPID).

OpHUM 13 3(PPEKTUBHBIX METOJOB YBEIUYCHUS
HEPTETA300TAAYN IPOAYKTUBHBIX IIJIACTOB
apngercs IPIT. Ho 13-32 aHOMa/IbHO HU3KUX
IJIACTOBBIX AABJIEHUH, BHICOKOM OOBOAHEHHOCTH
MNPOAYKTHUBHBIX IUIACTOB U OJIM3KOTO 3AJIETAHUSA
KPAEBBIX U ITOJOMIBEHHBIX BOJl HA CKBAXKUHAX
HosA6pbCKOM IPyHITbI MECTOPOXKICHUM JAHHBIN
METO/ HE HAIIEJI IIMPOKOIo MPUMEHEHUH [1].

HawnoboJsee maasamuM Ipu3adbofHyIo 30HY IJ1ACTa
CITIOCOOOM ABIAETCA KUCIOTHAA OOPAbOTKA,
CBA3AHHAA C 3aKA4YMBAHUEM B IIEP(POPAITMOHHBIE
OTBEPCTUA CTBOJIA CKBA’KUHBI COJITHOM KHUCJIOTBI
(HCI) nnu cMecu CONSTHOM U IJIAaBUKOBOM KHUCJIOT,
TAK Ha3bIBAEMOI IMTMHOKUCAOTEI (HCI + HF). [Tpu
KHUCJIOTHOM OOPAB6OTKE MPOUCXOIUT PACTBOPEHHE
cybcTanumni, 3arpasuaomux [1311, 13-32 KOTOPBIX
npoucxoaut curxenne OEC [2].

KonneHnTpanusa KUCIOTHI B PACTBOPE OOBIYHO
NPUHUMAETCA PABHOM 10+15%, 9TO CBA3AHO C
OIIACHOCTBIO KOPPO3UOHHOI'O PA3PyLICHUS TPYyO
U O0OPYIOBAHMSL. [IJINTEIBHOCTD IPOBEJCHU S

70 Ne 4 (046) Jleka6ps / December 2013

he final stage of development of Western

Siberia fields has seen degradation of

porosity and permeability properties (PPP)
of producing formations along with overall well
productivity. Various physical, chemical and
physical-chemical methods of bottom-hole area
(BHA) treatment are applied in order to restore the
formation’s PPP.

The most popular methods used at Western
Siberia fields, and namely at oil and gas condensate
fields of Tyumen Region, include acid treatment,
acid and alkaline soaking, and hydraulic fracturing
(HF).

HF is one of the most efficient methods of
boosting oil and gas production of producing
formations. However, due to abnormally low
formation pressure, high water content in
producing formations and close bottom water
occurrence in the wells of Noyabrsk cluster of fields
this method has not been widely applied [1].

Acid treatment is the most harmless method
for the bottom-hole area. It involves injection of
hydrogen chloride (HCI) or a mixture of hydrogen
chloride and hydrogen fluoride, the so-called mud
acid (HCIH+HF), into the perforations in the well
bore. Acid treatment dissolves substances that
invade the BHA and cause PPP degradation [2].

Acid concentration in the solution is usually set at
10+15 % to reduce the risk of corrosion in pipes and
equipment. The duration of BHA acid treatment
depends on multiple factors, including:

* bottom-hole temperature;

» origin of rocks the producing formation is
made of;

» chemical and mineralogical composition

of reservoir rocks;

* chemical composition and concentration of
filtrates in the solutions the BHA was treated with.



KHCJIOTHOM 06pa6oTku 1311 3aBUCHUT OT MHOTUX

(PaKTOPOB, TAKUX KAK:

e TEMIIEPATYpPA HA 3360€ CKBAXKUHBIL;

* I'€HE3UC OPOJ IPOAYKTHUBHOI'O IIACTA;

* XUMHWYECKUU U MUHEPAJIOI'MYECKUU COCTAB
IIOPOABI-KOJIJIEKTOPA;

* XUMHUYECKUI COCTAB U KOHIIEHTPALIHA
(PUIIBTPATOB PACTBOPOB, BO3AEUCTBOBABIINX HA
T13I1.

HMHTEHCU(PUKALNSA IPUTOKA C UCTIOIb30BAHUEM
IJIMHOKUCJIOTHI IPOBOJUTCS CJIEYIOIINM OOPa30M:
CKBaKMHY 3aIOJTHAIOT KUCJIOTHBIM PACTBOPOM,
poaasanBaioT pactsop B I13I1 n1pu repMmeTusanun
YCTbsl CKBAXKWH 3aKPBITUEM 33/IBUKKHU. [Tocie
OPOJABINBAHUA PACTBOPA CKBAKUHY OCTABJIAIOT MO/
JABJIEHUEM JUISI PEATUPOBAHHUA KUCIOTBI C IOPOJAMHU,
CJIAraIOIMMU NPOAYKTHUBHBIN ILUIACT. JJINTEIbHOCTD
TEXHOJIOI'MYECKON BBICTOMKH KMCJIIOTHOI'O
PacTBOPA B yCIIOBUAX CEHOMAHCKOM 3aJI€KH1 JOJIKHA
COCTABJIATD HE MEHEE 2+3 4.

OCHOBHBIM HEJOCTATKOM HCIIOJIb30BAHUA
IJIMHOKHUCJIOTHI ABJISIETCA €€ BO3ACHCTBUE HE
TOJIBKO HA 3arpA3HAIomue senectsa B [13I1, Ho u
Ha LIEMEHT ITIOPOBI-KOJIEKTOPA C ITOCICAYIOLUM
€r'0 Pa3pylIEHUEM IIPU BBI3OBE IIPUTOKA U PA6OTE
CKBAKHMHBIL. AHAJIOTUYHOE JICHCTBUE HAOIIOTACTCS
U IIPU BO3AEHCTBUH COIAHOM KHUCIOTHI HA
Ccn1aboCHEMEHTHPOBAHHBIA KOJIJIEKTOP CEHOMAHCKHUX
OTJIOKEHUI.

VIMEHHO TaKUE OCIOKHEHUA HAOTIOAAI0TCA
MOCJIE COJITHOKMCJIOTHOM U/ INIMHOKMCJIOTHOMN
MHTEHCU(PUKALIMU IIPUTOKA B CKBAKHMHAX,
BCKDBIBIINX CEHOMAHCKHE OTJIOKEHNUS,

OCOOEHHO I/I€ TOPOAA-KOJIJIEKTOP IIPEACTABIEHA

Cc1ab60CHEMEHTHPOBAHHBIM, DBIXJIBIM ITECYAHUKOM.
71 yCTpaneHusa OCJI0KHEHNU N ITOC/IE KUCIOTHBIX

06paboTOK I13I1, BBI3BIBAIOIIUX PA3PYIICHHE

C1a60CHEMEHTHPOBAHHBIX [IOPOJ-KOJIJIEKTOPOB,

BCJIEACTBHE YETO B CKBAXKUHAX HAYUHAIOT

06PA30BBIBATLCA KABEPHDI, HAKATLIIUBATHCSA

[IECYAHO-ITIMHUCTBIE IIPOOKHU HA 3200€, IPOUCXOAUT

A0Pa3UBHBIA U3HOC BHYTPHUCKBAXXKUHHOT'O

060PYAOBAHYS, OB IIPEIJIOKEH

WHTEHCU(PUIIUPYIOMINI COCTAB HA OCHOBE JIMMOHHOM

KUCJIOTBL
[ tog6opa pelenTyp KUCJIOTHBIX PACTBOPOB

IIPOBOJUJIUCE JTAOOPATOPHBIE UCCIEJOBAHUA

10 U3YYEHHUIO PACTBOPHUMOCTH IECYAHOT'O

KepHa B 12,5%-11 TMMOHHOIM KMCJIOTE

(C oCIEAYION UM YBEJIUYECHHUEM KOHIIEHTPALIUU

110 20,0%). DKCIIEPUMEHTBI ITOKA3AJIH, YTO ITOCIE

06pabOTKH OOPA3LIOB KEPHA IMMOHHOM KHCJIOTOH

KO3 MOUITMEHT BOCCTAHOBIEHHNA IPOHULIAEMOCTHU B

HEKOTOPBIX CJIy4asiX COCTABUII OKOIO 100% (Tadnuiia 1).
HecMoTps Ha HEGOIBIIIOE KOJTUYECTBO

IKCIIEPUMEHTOB, MOXKHO YK€ CEf4aC

KOHCTATHUPOBATD, YTO 3P(PEKT, MOJIyIEHHBIIN

technologies

Production stimulation using mud acid is
performed as follows: the well is filled with an acid
solution; the solution is then squeezed into the
BHA with the well head tightly sealed by closing
the valve. Once the solution is squeezed into the
BHA, the well is left under pressure to allow the
acid to react with the rocks that constitute the
producing formation. In case of a Cenomanian
deposit, the duration of exposure to the acid
solution must be at least 2+3 h.

The main drawback of mud acid treatment is
that it affects not only the invading substances
in the BHA but also the cement of the reservoir
rocks causing its destruction during production
stimulation and well operation. A similar effect is
observed when hydrogen chloride is used to treat
a semi-consolidated reservoir of Cenomanian
deposits.

These complications can be generally observed
after hydrochloric or mud acid stimulation of
production in wells drilled in Cenomanian
deposits, particularly when the reservoir rock
consists of semi-consolidated soft sandstones.

To mitigate post BHA acid treatment
complications that result in destruction of
semi-consolidated reservoir rocks causing well
cavitation, accumulation of sandshale bottom
plugs, and abrasive wear of down-hole equipment,
we suggest using a citric acid based stimulating
solution.

Laboratory tests were conducted to select
optimal acid solution recipes. The main objective
was to study the solubility of a sandstone core in
a 12.5% citric acid (the concentration was then
increased to 20.0%). Experiments revealed that in
some cases citric acid treatment of core samples
caused permeability restoration factor to reach
100% (Table 1).

Even a relatively small number of experiments
was enough to conclude that the effect achieved
by treating production facilities at LLC Gazprom
Dobycha Noyabrsk fields is caused by ferruginous
sediments invading the reservoir rocks. Citric acid
treatment of these sediments leads to formation
of solid chelates (citrated of II- and III-valent iron)
that exhibit good water solubility and can be
easily extracted from the formation. Ferruginous
sediments can be both — oxides (Fe,O, — FeO -
Fe,0,) and hydroxides [Fe(OH),, Fe(OH),] of I1-
and II-valent iron.

As far as chemical reactions are concerned, citric
acid reacts as follows:

— with iron oxide (II):

HOC(CH,COOH) ,COOH +FeO —

[HOC(CH,COO) ,COOH]Fe + H,0
— with iron oxide (III):

2HOC(CH,COOH) ,COOH + Fe,0, — >
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IpU 0OPABOTKE SKCILTYATALTUOHHBIX OOBEKTOB [HOC(CH,COO) ,COOJFe + 3H,0

MecTtopoxaeHuit OO0 «'a3npoM 1066192 HOAOPBCK», — with iron hydroxide (II):

OOBICHSIETCS TEM, UTO 3ATPA3HSIONUM JIEMEHTOM HOC(CH,COOH) ,COOH + Fe(OH), —

IOPOA-KOJIJIEKTOPOB ABJIAIOTCA JKEIE30HECYIUE [HOC(CH,COO) ,COOH]Fe + 2H,0O

ocajku. ITpr 06paboTKe 3TUX OCAAKOB IMMOHHOM — with iron hydroxide (III):

KUCJIOTOM O6PA3YIOTCS IPOYHBIE XETATHBIE 2HOC(CH,COOH) ,COOH + Fe(OH), —

KOMIUIEKCHI (UUTPAaThl II- 1 I1I-BaJIEHTHOIO JKene3a), [HOC(CH,COO) ,COOJFe + 3H,0

KOTOPBIE XOPOIIO PACTBOPAIOTCS B BOJE U JIETKO In addition, citric acid facilitates chemical

VAATSIOTCS U3 I1aCTA. JKeJIe30HeCyIue OCaIKU bonding of calcium and magnesium ions within

MOT'YT ObITh IPENCTABIEHBI KaK Okcuziamu (Fe,O, — the drilling fluid.

FeO - Fe,0,), Tak u rungpokcupamu [Fe(OH),, Fe(OH),] Citric acid is injected into the BHA in case of

II- 1 ITI-BaJIEHTHOT'O JKEJIE3a. poor reservoir conditions using a coiled tubing
BsaumopnericTeue JIMMOHHOM KUCJIOTDI IIPOXOAUT unit (see figure 1).

O CJIEAYIOUIEH PEAKIINU: With the coiled tubing (CT) run in the hole

— c okcupamu xenesa(ll): 2—5 m below the perforation interval, the well is
HOC(CH,COOH) ,COOH + FeO — [HOC(CH,COO) flushed with service water [3, 4].

,COOH]JFe + H,0; The volume of acid to be piped in is determined

— c okcyuamu xxenesa (III): based on the process fluid filtrate invasion depth
2HOC(CH,COOH) ,COOH + Fe, O, — and ranges from 0.4 to 1.0 m? per 1 m of effective
[HOC(CH,COO) ,COO]JFe + 3H,0; perforated thickness (Table 2).

— crupoxcuioM xenesa (II): Acid solution is squeezed into the formation
HOC(CH,COOH) ,COOH + Fe(OH), — using a cement or acid pumper [5]. The workflow
[HOC(CH,COO) ,COOH]Fe + 2H,0; includes the following elements [6]:

— C rUJPOKCUIOM xene3a (11): ¢ X-mass tree inspection, wellhead tie-in and
2HOC(CH,COOH) ,COOH + Fe(OH), — hydrotesting of the delivery line;
[HOC(CH,COO) ,COO]JFe + 3H,0. ¢ checking well circulation by making it
KpomMe Toro, TMMOHHAs KUCI0TA CHOCOOCTBYET operate within the annular space between the

CBA3BIBAHUIO HOHOB KaJIBLIHS U MATHUSA B OYyPOBOM production string and the CT;

pacTBope. ¢ injecting the estimated amount of the solution
TeXHOJIOTNYECKUN NTPOLIECC 3AKAYNBAHUSA (with the annulus open) and using displacing

JIMMOHHOM KUCTIOTHI B T13I1 IpOBOAUTCS B } fluid to bring it to the perforation interval; the }

Taonuua 1 — Pe3yasmamuot npo6e0eHHbLX IKCNEPUMEHMAILHBLX UCCAEO0EAHUTL
Table 1 — Results of experimental studies

K X,
noclfze 710C K
3aKaUUBaAHUSA 3
Hauanonasn SARAUUCATUA HCUOKOCTIUL nocse Koagppuruernm
Cocmag ons 8000bL U obpabomxu Cmeners
Ne Cocmas < | nporuyaemocmo o 2y ueHus U & B80CCIMAHOBNCHUA
Wi pacmeopa KucrommoL K, mrxm? Mo g e 10-murymroii Kucromou SR NPOHULACMOCIIUL,
Solution o6pabomxu ?’m' tioil CYULKU, MM i) o CYULKU, MK KepHa, % o ’
/ ; KM : . %
v Acid treatment P, K, P 4 K, Core invasion . .
Wl composition . permeability K, ) ) 3 . o Permeability
solution 2 ° after water o~ . after acid degree, % ) : A
um? s after killing fluid restoration factor, %
injection and I treatment and €
10-minute Yy i drying, um?
drying, jim? 10- minute £
SHED drying, um?

Jlumonras
Kucroma 233 13 - 2,19 - 94
Citric acid

Jlumonras
Fe(OH), Kucaoma 2,23 1,82 1,63 22 27 98,7
Citric acid

Jlumonras
Kucaoma
Fe(OH), Docgpon C12 246 2,08 1,79 2,09 272 85,0
Citric acid
Fosfol C12

Jlumonnas
Kucaioma
Fe(OH), OIl1-10 236 2,14 1,64 1,99 30,5 84,3
Citric acid
OP-10
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TIpogomxenue TaGuuis 1
Table 1 continued

technologies

Bioxan
KCCB
Cacl, Jlumonnas
2/ Ol1-10 Kucaoma
Booa Docgpon C12
Bioxan Citric acid e 275 026 175 89,0 614
SWL Fosfol C12
Cacl,
OP-10
Water
Bioxan
KCCB
Cacl, Jlumonnasn
2/k OI1-10 Kucaoma
Booa Docgpon C12
Bioxan Citric acid Z5) 21 0,09 1,56 964 624
SWL Fosfol C12
Cadl,
OP-10
Water
Bioxan
KCCB
CaCl, Jlumonnasn
2/k OI1-10 Kucaioma
Booa Docgpon C12
Bioxan Citric acid 2,53 1,76 0,09 1,02 96,4 403
SWL Fosfol C12
Cadl,
OP-10
Water
Bioxan
KCCB
Gl Jlumonnas
2/Kk OI1-10
Booa Kucaoma
e OIT-10 277 2,92 1,09 285 102,9
Citric acid
N0 OP-10
CaCl,
OP-10
Water
Bioxan
KCCB
CacCl
2/ 0 H-2 10 Jlumonras
Boda Kucaoma
Bi OI1-10 234 1,95 0,1 1,85 95,7 79,1
toxan Citric acid
Swi OP-10
Cadl,
OP-10
Water
Bioxan
KCCB
Cacl,
oIl 1o | Jwonnan
Jooa OI1-10 16 119 007 L2 956 B0
ioxan s
SWI Citric acid
cac, OP-10
OP-10
Water
KCCB
Aor Jlumonras
g Kucaoma
@i’,}’f’ OI1-10 19 157 03 192 84,2 101
Citric acid
o OP-10
Sulfacell
Water
KCCB
At Jlumonmras
Cynvpayenn
Booa KUcroma
SWI @ogﬁoxz C]2 212 2,02 0,71 2,01 66,5 94,81
DEG Citric acid
Sulfacell Phosphole C12
Water
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CBSAI3U C HU3KHUMH IUIACTOBBIMU YCJIOBUAMHU C injection rate must be minimal and is not to
UCIIOJIb30BAHUEM KOJITIOOMHI'OBOI YCTAHOBKU exceed 2 h/p;
(puCyHOK 1). * closing the annulus and squeezing the solution
IIpu cnymeHHOM THoKou Tpyoe (I'T) Ha 2—5 M HUXKE into the formation.
MHTEPBAJIA NEPPOPALIUU IPOMBIBAIOT CKBAXKUHY The required amount of displacing fluid is
TEXHHUYECKOI BOJOI [3, 4]. determined using the following formulas:
O6’pEM 3aKAYMBAHNS KUCJIOTHI OIIPECIISICTCS U3
pacdeTa INyOHUHBI IPOHUKHOBEHHU S (PUIBTPATOB V=V +Vi, €Y)
TEXHOJOTMYECKUX JKHUIKOCTEN U coCcTaBageT ot 0,4
710 1,0 M® Ha 1 M 3(pPEKTUBHON TEPHOPUPOBAHHON where V — displacing fluid volume, m? V.. — CT
TOJIIIMHBI (Ta61U11A 2). volume, m% V,,, — wellhead tie-in volume, m?.

3a/1aBIMBaHME KUCJIOTHOI'O PACTBOPA B IUIACT

IIPOBOUTCS C IIOMOIIBIO IIEMEHTUPOBOYHOI'O TN

KHCJIOTHOTO arperara [5]. CxeMa NpoBeJeHH PA0OT

COCTOUT B CJICAYIOIIEM [O]:

* IIPOBECTH OCMOTP (POHTAHHOM APMATYPHI,
006BsI3aTh YCThE CKBA’KUHBI K OTIPECCOBATH
HATHCTATCIbHYIO JIMHUIO;

* IIPOBEPUTH HATNYHNE IUPKYIALNN B CKBAKHIHE
IIyTEM IIEPEBO/IA €€ HA PA6OTY IO KOJIBILIEBOMY
IPOCTPAHCTBY MEXY TUPTOBOHN KOJIOHHOMN U I['T)

* IIPU OTKPBITOM 32TPYOHOM IIPOCTPAHCTBE B
I'T 3aKa49aTh PACYETHOE KOTUYECTBO PACTBOPA
1 IOBECTH JIO NHTEPBAIA TepPOPAITUH
MIPOAABOYHOM JKHJIKOCTBIO; CKOPOCTD
3AKAYMBAHHWA JOJIKHA OBITh MI/IHI/IMaIII)HOﬁ, HC
6onee 2 1/c;

* 3AKPBITh 3ATPYOHYIO 34JBUKKY U IIPOAABUTH
PacTBOP B ILJIACT.

O6'pEM IPOJABOYHOM JKUIKOCTH OIIPEAEISCTCS IO

dopmynam:
1 —I'T; 2 —augpmosas KoNoHHA; 3 — 3a001; 4 — urnmepea
V=V _ + 1 nepgopauiil; 5 — KUCIOMHbILL Pacmeop; 6 — npodYKmuUEHbLL
—Vrr VO6B.7 ( ) naacm; 7 — npooasouHas #HUOKoCnsb
D
6 . 3. 1 — CT: 2 - production string; 3 — bottom-hole; 4 — perforation interval;
7€ V — 00beM IPOAABOYHOM JKUJKOCTH, M V.. — 5 — acid solution; 6 — producing formation; 7 — displacing fluid
3. .
06beM KOOHHbI I'T, M%; Pucynox 1 — Texnonozuuecrkas cxema KUCA0MHOLL
Vs, — OObEM OOBA3KU HA YCTHE, M?. 00pabomKu CEHOMAHCKO20 CrAdOCUeMeHmupo-

6AHHOZ0 npoaynmueuozo naxacma

Figure 1 - Piping and instrumentation diagram for
Vi, =0,785-d?, -1, 2 acid treatment of a semi-consolidated Cenomanian
producing formation

rae ! — puna I'T, M; d,, — BHyTpeHnHui quamerp I'T,

M.
Ve =0,785-d? -/, (2)
CKOpPOCTB IPOAABANBAHUS PACTBOPA B ILIACT
JIOJKHA OBITh MAKCUMAJIbHO BO3MOKHOM, JABJICHUE where /- CT length, m; d,  — CT internal
3AKAYMBAHUA HE JOJIPKHO IIPEBBIIIATD JABJICHUEC diameter, m.
T'U/IPOPA3PBIBA IJIACTA, OOBEM KHUCIOTHOI'O PACTBOPA
[t 06paboTku 311 crnegyeT OnpeaeisaTh paiuycoM The rate with which the solution is squeezed
IUTAHUPYEMOTO BO3ACHCTBUSL into the formation must be as high as possible, the
INocne 3aBepuieHus PaboT MO KUCIOTHON injection pressure cannot exceed the hydraulic
06paboTKe usBeueHue I'T U3 CKBAKUHEBI fracturing pressure and the volume of acid
MPOBOANTCS CO CKOPOCTBIO He BhIIIE 0,3 M/C, solution for BHA treatment must be determined by
IIPU 3TOM HEOOXOAUMO OCTOSIHHO CIEAUTD 32 the planned treatment radius.
MOKA34TEJISIMU UH/IMKATOPA BECA, HE IONTyCKaAs Once acid treatment is complete, the CT must be
3aTKEK UHCTPYMEHTA. pulled out from the well at the rate of under
INocne nogbema I'T 3akpbIBaeTCA OypepHas 0,3 m/s; one must also constantly monitor the
33/IBUXKKA U IPOBOIUTCS IEMOHTAK OOOPYJIOBAHU S weight indicator readings to prevent tight pulling.
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KOJITIOOMHT'OBOH YCTAHOBKU B TPAHCIIOPTHOE With the CT pulled out, the crown valve must be

nosioxxenue. Ha 6yepHOIt 33/IBI>KKE MOHTUPYETCS closed and the coiled tubing unit disassembled for

Oy epHBIT (hy1aHEL, BCIIOMOTraTEIbHOE easy transportation. A tree cap is then mounted on the

060PYJOBAHUE JEMOHTUPYETCSL. crown valve, and all auxiliary equipment is removed.
IIpu paboTe B YCIOBUAX HU3KUX TEMIIEPATYD When CT operates at low ambient temperature

OKPY2KAIOMIETO BO3/[yXa BBITOJHAIOTCA MEPOIIPUATUSA > measures are taken to prevent its freezing: the CT is >

Tabauya 2 — 3a6ucumocms 065eMHO20 PACX00a Peazenma Ha eOUHUUY MOIUWUNHBL NAACTA OMm Paduyca
oopaoomxu 1311 npu pasauunori nopucmocmu 20PHOE 1OPoosvL

Table 2 - Dependence of reagent volume flow rate per formation thickness unit on the BHA treatment radius
and varying rock porosity

Paouyc

Ob6Bem peazernma (M>) npu paznunHorl nopucmocmiut (%) nopoo

o6pacomi, m Reagent volume (m?) depending on rock porosity (%)

Treatment

radius, m

13,0% 15,0% 17,0% 19,0% 21,0% 23,0% 25,0% 27,0%
05 0,10 0,11 0,13 0,15 0,16 0,18 0,19 0,21
06 0,14 0,17 0,19 0,21 023 0,26 0,28 030
07 0,20 0,23 0,26 0,29 032 035 038 041
08 0,26 0,29 034 038 042 046 0,50 0,54
09 033 038 043 048 0,53 0,58 0,64 0,68
1,0 041 047 0,53 0,59 0,66 072 078 084
11 049 056 0,64 0,72 0,72 0,87 0,91 1,02
1,2 0,59 0,68 077 0,86 095 1,04 1,08 113
13 0,69 079 0,90 1,00 1,11 1,22 132 143
14 080 092 1,04 117 1,29 141 1,53 1,66
15 0,92 1,06 1,20 1,34 148 162 1,76 1,90
16 1,00 1,20 136 1,52 1,68 1,84 2,01 2,17
17 1,18 136 1,54 172 1,90 2,08 2,26 245
18 1,32 1,52 173 1,93 2,13 233 2,54 2,74
19 147 1,70 1,92 215 238 2,60 2,83 3,06
2,0 1,63 1,89 2,13 238 2,63 2,89 3,14 339
21 1,80 2,07 235 2,68 2,90 3,18 346 373
2,2 1,97 2,27 2,58 2,88 3,19 349 3,80 4,10
23 2,16 249 2,82 315 349 382 4,14 448
24 235 271 3,08 343 3,80 4,16 4,52 4,88
25 2,54 2,94 333 373 4,12 4.51 4.90 530
2,6 2,75 3,18 3,61 4,03 446 4,88 533 5,52
2,7 2,97 343 3,89 4,36 4,80 5,26 572 6,18
2,8 3,20 3,69 4,18 4,68 5,17 5,66 6,15 6,64
29 343 3,95 449 5,02 5,54 6,07 6,60 713
3,0 3,67 4,23 4,80 537 5,93 6,50 7,06 7,03
3,1 3,92 452 5,13 573 6,34 6,94 7.54 815
32 4,17 4,82 547 6,11 6,75 7.39 8,04 8,68
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TEXHOJIOTHUH

O NPENYIPEXIEHUIO 3aMOpakuBanus I'T, aist uero I'T
IPOAYBAETCA KOMIIPECCOPOM, M CJIMB )KUJIKOCTU U3 I'T
TIPOU3BOJUTCS B EMKOCTD.

purged with an air blower and any liquid coming
out of the CT is drained into a special tank.
Furthermore, the blowout preventer stack,
IIpOBOAAT OCMOTP, IPOMBIBKY U CMA3KY OJ10Ka the sealer and the feeder are inspected, flushed
MIPEBEHTOPOB, FEPMETHU3ATOPA U MEXAHHU3MA NTOJAYH, and lubricated, and the suction manifold valve is
3aKPBIBACTCS 32/]BUKKA BCACBIBAIOIICTO KOJIJIEKTOPA. closed.
Ilocie feEMOHTAXA KOJITIOOMHTIOBOU YCTAHOBKH Once the coiled tubing unit and all auxiliary

U BCIIOMOTATEIBHOI'O O60PYAOBAHUS ITPOBOSTCS
ITOBTOPHBIE I'A30/IUHAMHUYECKHUE UCCIIEJOBAHUS
CKBAKUHBI JIJIS1 OLIEHKU PE3YJIBTATHUBHOCTH PA6OT U
YCTAHOBJIEHUS TEXHOJIOTMYECKOT'O PEKUMA PAGOTEI

equipment is removed, gas-dynamic well

testing is repeated to assess the achieved results,
determine the well’s operating mode and carry out
reclamation activities. The results of the project are

CKBAKUHBI, PEKYJIBTUBAIUS TEPPUTOPUH, U PEIYIBTATHI
pPaboT opopMIAIOTCA AKTOM. ©

documented in a completion certificate. ©

JINTEPATYPA /REFERENCES

1. KycTbiwes A. B., KoHoHoB A. B., YnxoBa T. U [ ap]. TexHNYeckoe COCTOSIHUE U KanuTanbHbI PEMOHT ra3oBbiX CKBaXXWH MECTOPOXAEHUN
000 «Hosbpbckrasgobbiyax» // 063. HbopM.. Cep. PaspaboTka v 3KCnnyaTaLms ra3oBbiX U ra30KOHAEHCATHLIX MECTOPOXAEHUN. —

M.: OO0 «MPL, Taznpom», 2004. - 53 c.

2.Mat. 2451175 P®. E 21 B 43/27, E 21 B 43/22. Cnoco6 0bpaboTkm Npn3aborHoM 30Hbl HU3KOMPOHMLLAEMOro TEppUreHHoro nnacra/

C. A. Ckpbines, E. B. MaHukapoBckui, 4. A. Kyctbiwes u gp. (PD).- N2 2010151580, 3as8.. 15.12.10; ony6n. 14.07.12, Gion. Ne 20.

3. EcuneHko A. U., MeTpos H. A. BnusiHne gobaBok HeoHona A®9-12 Ha cTeneHb pacTBOPEHUSA 3a00MHbIX OTIOXEHUN U KEPHA NPOAYKTUBHbIX
rOpU30HTOB KOMMO3ULMAMU KUCNOTHbIX pacTBopoB. — M.: BHUMOSHT, 1996. - Ne 2. - C. 20-24.

4. Ecvnenko A. U., KanawHes B. B., MeTpog H. A. [1 ap]. MpombiciioBble UCMbITaHUS KOMMIEKCHOM TEXHONOMMU KUCITOTHBIX BO3AENCTBUI Ha
MecTopoxaeHunax AO «HoabpbckHedTeras». — M.: OAO «BHUMNOIHM, 1996.— N2 5. - C. 12-15.

5. P 00158758-199-98. TexHONOrMYEeCKNIN perfiaMmeHT Ha TEXHOSIOMMIO KanuTanbHOro peMOHTa CKBaXXWH Ha AmMbyprckom FKM. — TiomeHb:
000 «TtomeHHUWrnnporas», 1999.-59 c.

6.Plasnpom 2-3.3-515-2010 TexHONOrMm MHTEHCM@UKaLMM MPUTOKA YrIeBOJOPOAOB ra3oBbiX M ra30KOHAEHCATHbIX CKBaXXWH B YCIIOBUAX
aHOMarbHO HM3KOTro NNacTOBOro AaBNEHUS C MOMOLLbBIO KONTIOOUHIOBbIX YCTAHOBOK Ha MeCTOPOXAeHWsX 3anagHon Cubupu. —

M.: 000 «la3znpom akcrio», 2011.-41 c.

Hoporue apy3b:a!

Komanpma «BpemeHu KONITIOOMHI'2» — 3TO ITPO(PECCHUOHAIIBL, KOTOPBIE IOMOI'YT:

[ToATrOTOBUTH PEKIAMHYIO NHPOPMAIIHIO O BAIIIEH KOMIIAHHWH.

CBepCTaTh PEKJIAMHBIN MOJYJIb UJIH OYKJIET.

Hanucarb DpOoAaronuil TEKCT O BALIEH ITPOAYKIIUU UJIH YCIIYTaX.
COoCTaBUTDH BOIIPOCHI /I UMUJIKEBOI'O UHTEPBBIO C PYKOBOAUTEJIEM BAIlICH
KOMITAHUH U OTPEAAKTUPOBATHL BOIIPOCHI HA HUX.

OcCymecTBUTh KBATU(PUITMPOBAHHDIN IIEPEBO/] HA AHIVIMHUCKUI A3bIK BAIIIUX
PEKIAMHBIX Y TEXHUYECKUX TEKCTOB.

OCyHIECTBUTD KOPPEKTYPY U CTUIb-PEAAKTYPY BAIIUX TEKCTOB.

[TpOBECTH MOJHYIO IIPEAIICYATHYIO ITOATOTOBKY BAIINX JIMCTOBOK, OYKJIETOB,
JKYPHAJIOB U T.IL

OKa3aTh KOHCYJIBTATUBHBIE YCIYTH IO PA3PAOOTKE KOHIICIIIIH BAIIETO
KOPIIOPATHUBHOI'O JKYPHAJIA.

O HaMMX BO3MOXHOCTAX Bbl MOXKETE CYIUTD 110 KAYECTBY HOMEPA JKYPHAJIA,
KOTOPBIH IEPKUTE B pyKax!

E-mail: cttimes@cttimes.org
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