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OJIBIIIMHCTBO MECTOPOXAcHUN PO
Pa3pabaTeIBAECTCSA C NOAAEPHKAHUEM IIJIACTOBOTO
pasiieHus (III1]I). DTO 03HAYAET, YTO B
CHUCTEME Pa3pabOTKU NPUMEHSIOTCS JOOBIBAIOUIUE U
HAI'HETATEJIbHbIE CKBA’KUHDL Yepe3 HArHETATE/IbHbIE
CKBA’KUHBI 3AKA4YMBACTCA YA€ BCEI'O CTOYHAS BOAA —
CMECH MOITYTHO JJOOBIBAEMO BOZBI (IO TOBAPHOI)
Y BOJIbI C IOBEPXHOCTHBIX UCTOYHUKOB (OOBIYHO
pecHON). Takoe CMeNIEHUE TPUBOJUT K CMEIICHUIO
PABHOBECHS U BBIIIAICHUIO OCaJIKOB. Boob111€e, Kak
TEXHUYECKOE cocTogHue cucreM [1I1/], Tak u KauyeCcTBO
BOJIbI, IPUMEHAEMON MPHU 3aKAYKAX, ABJITIOTCS
OTPOMHOM ITPOGJIEMOH, CTOSIIIIEH HA CETOJHANTHUI
JEHb IIepe/l IPOMBINUIEHHUKAMU. B BOZIE IIPUCYTCTBYIOT
MEXAHUYECKHE TPUMECH, HE(PTENPOAYKTHIL, COJIH,
BBIIIAJAIOIIUE B OCAKH, A TAKKE COAECPKUTCA OUYECHb
MHOI'O MOHOB TPEXBAJIEHTHOI'O JK€JIE3d U3-34 KOPPO3UU
HEMTENPOMBICIOBOI'O OOOPYAOBAHMS, B IEPBYIO OYEPEb
HACOCHO-KOMIIpecCOpHBIX TPy6 (HKT). D12 BOAA, monaaas
B ILJIACT, 3aTPA3HAET IPHU3A00NHYIO 30HY CKBaKUHHI (TI3C)
U CO BDEMEHEM 3aKYIIOPHUBAET IIACT, YTO IIPUBOIUT K
CHHKEHUIO €I0 He(PTEOTIAu M.
CaMas pacrpOoCTpaHEHHAA TEXHONOIUA OYUCTKHU [1311
HATHETATEJIbHBIX CKBA’KUH — KUCJIOTHAS OOpPAOOTKA
(KO) conmsaHom KUCIIOTOH, KOTOPAA IIPUMEHAETCH B
KapOOHATHBIX IIACTAX, U TPA3EBON KUCIOTON (COYETAHUE
COJIAHOM U IIJIABUKOBOW) — B TEPPUI'CHHBIX IVIACTAX.
ComngaHasa KUCIOTA MOXKET 3(PPEKTUBHO PACTBOPATH
KapO6OHATHBIE TOPO/IBL U YBETUYUBATD IIPOHUIIAEMOCTD
TIACTA.
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he majority of oil fields in the Russian
Federation are developed using reservoir
pressure maintenance (RPM). This means
that only producing and injection wells are used
in development system. Injection wells are used
to pump foul water — the mixture of produced
water and water from surface sources (usually it
is fresh). Such a mixing causes balance shift and
precipitations. Generally, both technical state of
RPM systems and the quality of water used for
injection is a serious problem for operators. This
water contains mechanical impurities, oil products,
precipitating salts and a large number of ferric
iron ions that appear due to corrosion of oilfield
equipment (first of all, the tubing). This water goes
to formation that results in the contamination
of bottomhole zone, wellbore damage and, as a
consequence, in oil recovery reduction.

The most widespread technology for bottomhole
formation zone cleanout of injection wells is acid
treatment. Hydrochloric acid is used for carbonate
formation treatment, and mud acid (combination
of hydrochloric and hydrofluoric acids) is applied
for terrigenous formation treatment.

Hydrochloric acid can effectively dissolve
carbonate strata and increase in-place permeability.

Hydrochloric acid well treatment method
is based on the ability of this acid to dissolve
carbonate strata composing a formation. Mainly it is
limestone and dolomite:



MeTo/1 COMIHOKUCIOTHBIX O6PA60TOK CKBAKHUH
OCHOBAH Ha CIOCOOHOCTHU KHUCJIOTHI PACTBOPATH
KapOOHATHBIE TIOPO/IBL, CIATAIONUINE MIJIACT,
OPEUMYIIECTBEHHO U3BECTHSAK U JJOJIOMUT:

CaCO, + 2HCl— CaCl, + CO, + H,0,

CaMg(CO,), + 4HCl — CaCl, + MgCl, + 2CO, + 2H,0.

IToSIy4E€HHBIE B PE3YIBTATE PEAKIIUHN XJIOPUCTBIE
Kanapuui (CaCl,) m maruus (MgCl,) xopouio
PAaCTBOPAIOTCA B BOJAE U JIETKO YA AIAIOTCA U3
NPpU3a60MHON 30HBL BeIieag0mnincs CO, oxasbIBaACT
MOJIOKUTEIBHOE BIMSAHUE, TAK KaK 00/IaJja€T
XOPOMIUMHU HE(PTEBBITECHAIOMUMU CBOUCTBAMH.

CuepuT, BXOJSIIUHN B COCTAB KAPOOHATHBIX
KOJIJIEKTOPOB, B3AUMOJICHUCTBYET C COJIAHOM KUCTOTOU
110 CXEME:

FeCO, + 2HCI — FeCl, + H,0 + CO,.

A TIPOAYKT PEAKLUU — XJIOPUCTOE JXKEJIE30 —
TUAPOJINU3YETCA U BBIIIALAET U3 PACTBOPA B BUJE
aMOP(@HOIo OCaIKA TU/IPATAa OKUCH KEJIE32
npu pH=6,5-7,5.

Peaxnusga rugpoinsa XJIOpUCTOrO XKeie3a
IIPOUCXOAUT I1I0 CXEME:

FeCl, +2H,0 — Fe (OH), | + 2HCL

IIpOAYKT 3aTPA3HEHUS KOJUIEKTOPA — TUAPAT
OKHUCH TPEXBAJIEHTHOT'O JKEJIE3A JIEIKO PACTBOPAECTCA
CONAHON KMCIOTOM C MOJIYYEHUEM XJIOPHOI'O XKEJIe3a,
KOTOPOE, B CBOIO O4Y€PEb, TUPOJIU3YETCA U BbIIIAJAET
U3 PACTBOPA B BUJIE OOBEMHOI'O OCAAKA THAPATA
OKHCHU TPEXBAJIEHTHOTI'O XKeJIe3a yxke npu pH Boime 3.

FeCl, +3H,0 — Fe (OH), | + 3HCL

OJIHAKO IIPU O6PA6OTKE KOIJIEKTOPA MOI'y T
BO3HUKHYTB U IPYTUE CIOXKHOCTH, KOTOPbIE
HEOOXOAMMO YYUTHIBATD IPU NIPOBEAEHUU PAOOT.

B nepByIo ouepenb K HUM OTHOCATCS IPOOIEMBI,
CBSI3aHHBIE C 06pa30BaHUEM 0CaaKOB ACIIO, a

TAKKE CTOUKUX 3MY/IbCUU IIPU KOHTAKTE PACTBOPOB
CONAHOU KHUCJIOTHI C HEPTHIO. U3BECTHO, 4TO

ACTIO Haxo5TCsI B HEPTH B MEJIKOJUCIIEPCHOM
KOJUIOUZHOM COCTOSIHUH, 06PA3ys 34 CUET
MEKMOJIEKYIAPHOI'O B3AUMOJAECUCTBUA YCTONYUBYIO
KOJUIOUAHYIO CTPYKTYPY. DTa CTPYKTYPaA PA3PYLIAECTCA
IPH B3AUMOJEUCTBUH HEPTHU C KUCIOTOM, 4TO U
OPUBOJUT K OOPA30BAHUIO CIUMIINXCSA YACTHIL
ACTIO, BBIITAAAI0MKUX B OCAJOK. KpoMe 3TOro 4aCcTUILhI
ACIIO crtOCO6HBI CTA0UTU3UPOBATH BOJOHE(PTAHBIE
3MYIbCUH.

O6pa30BaHUE OCAJKA U IMYJIbCUI IIPU
B3aMMOJICHCTBUU HEPTHU, COEPKALIEN
6osnbiroe koandecTBO ACITO, C KUCTIOTOU MOXKET
CIIOCOOCTBOBATD KOJIBMATAIIUH IIOPOBOT'O
NPOCTPAHCTBA KOJUIEKTOPA U CHUXKATD
3(PPEKTUBHOCTD OT KUCJTOTHOU OOPAOOTKU.

Heo6X01MMO TAKKE YUUTHIBATh CTOUMOCTD
TexHonoruu KO, nposogumor cunamu opurag KPC
(Ha cErogH 3TO 60JIEE OJHOTO MUJIJIMOHA PYOIIEN),

B KOTOPYIO BXOJUT UCIIOJIb30BAHUE CIIEUATBbHON
TEXHUKU U OIlJIATA padouero BpeMmenu opurazast KPC.

»

technologies

CaCO, + 2HCl — CaCl, + CO, + H,0,
CaMg(CO,), + 4HCl — CaCl, + MgCl, + 2CO, + 2H,0.

Calcium chloride (CaCl,) and magnesium chloride
(MgCl,) obtained in these reactions are water-
soluble and can be easily removed from bottomhole
zone. Evolved carbon dioxide (CO,) makes a positive
influence since it has good oil-sweeping properties.

Siderite, one of the constituents of carbonate
reservoirs, interacts with hydrochloric acid in the
following way:

FeCO, + 2HCl — FeCl, + H,0 + CO,,

Reaction product — ferrous chloride hydrolyzes
and precipitates in the form of amorphous sediment
of ferrous hydroxide if pH = 6,5-7,5.

Reaction of ferrous chloride hydrolysis proceeds as:

FeCl, +2H,0 — Fe (OH),| +2HCL

The product of reservoir contamination — ferric
iron hydroxide is well dissolved by hydrochloric
acid. This reaction produces ferrous chloride, which,
in its turn, hydrolyzes and precipitates in the form of
ferrous hydroxide if pH is more than 3.

FeClL, +3H,0 — Fe (OH),| + 3HCL

However, some other problems can appear during
the process of reservoir treatment. We should
consider them as well. First of all, these are the
problems connected with asphaltene precipitations,
as well as formation of stable emulsions when
hydrochloric acid solution interacts with oil.
Asphaltenes are known to be in fine-dyspersated
colloidal state in oil, forming a stable colloidal
structure due to intermolecular interaction. This
structure is destroyed during the oil-acid interaction
that leads to asphaltene precipitations in the
form of adhering particles. Moreover, asphaltene
precipitation particles are able to stabilize water-oil
emulsions.

Sludging and emulsification that appears due to
the interaction of oil containing large amount of
asphaltene precipitation particles with acid, may
assist mudding of reservoir pore space and cause the
reduction of acid treatment efficiency.

The cost of acid treatment technology (today it
is about 1 million rubles), which is carried out by
well workover teams, should be taken into account
as well. The cost includes utilization of special
equipment and well workover team job time
payment. One cannot but allow for job risks also.

There is a possibility to decrease costs with the
help of advanced acid treatment technology that is
widely used in the west. It is the technology of coiled
tubing acid treatment.

With the help of coiled tubing, it is possible to
make acid treatment of injection wells, which
results in costs reduction. The problem is that often
there is no way of doing conventional hydrochloric
acid treatment because bottomhole zone is so
contaminated that it is impossible to inject acid into }
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Henb3s 326BI1BATh M 06 OTACHOCTU IIPOBOJUMBIX
paborT.

CHU3UTD 3aTPATHl HA IPOBEAEHUE PA6OT MOXKHO
C IIOMOIIBIO IIEPESOBOM, IIOJIYYUBIIECH IITUPOKOE
IIPUMEHEHME HA 3amaje TexHouoruu KO ¢
HUCIOJb30BAHUEM HEIPEPBIBHLIX (THOKUX) TPYO
(T'T) — KOJNITIOOUHI'OBBIX YCTAHOBOK. DKOHOMUYECKAS
11€JIECOOOPA3HOCTb NpuMeHeHusA I'T mposepena
BPEMEHEM:

* COKPAaIlaeTCsl BpEMS HA IPOBEJEHUE PAOOT;

* HE IPOU3BOJUTCS INTyIIEHUE CKBAXKUH;

+ He npousBoauTca nogbeM Tpyd HKT, Tak kak I'T
cryckaioT B Tpyoy HKT.

C nOMOIIbIO IPUMEHEH U THOKOM TPYObI
BO3MOHO Iposegienne KO Ha HATHETATENbHBIX
CKBa’KMHAX U TEM CAMBIM y/IECHIEBJIEHUE IPOLECCA.
CJIO)XHOCTB CB3aHA C TEM, UYTO OOBIYHASA
COJITHOKHUJIOTHAA O6Pa60TKA OYE€HDb YACTO
HEBO3MOXKHA — [I3C HACTOJIBKO 3arpA3HEHA, YTO
CKBa’KMHA HE IPUHUMAET KHUCIOTY. KONITIOOMHIOBas
YCTAHOBKA pAbOTAET HA IIPEJIENE JOTTYCTUMOTO
JIaBJIIEHUS B CKBAXKUHE, U IPOJABUTD KUCJIOTY B ILIACT
HE IIPEICTABIAECTCA BO3MOKHBIM.

HadnHad CO CTaauu CTPOUTENBCTBA CKBAXKUHBI, B
NpU3a60UHYIO 30HY BHOCATCS BEIMIECTBA, CIOCOOHBIE
KOJIbMAaTUPOBATH MTOPOBOE NPOCTPAHCTBO
(IIMHUCTBIE YACTULBL, IPOMBIBOYHAA KUAKOCTD).

B niponecce panpHENEN SKCIITYATAIIUU KOJTUYECTBO
KOJIbMATUPYIOMUX BEIMIECTB TOIBKO YBEIUUHUBAETCA
(TUApPAT OKUCH TPEXBAJIEHTHOI'O JKENE34,
Heopranudeckue conu, ACI1O), 9TO 1 TpUBOAUT K
OCTAHOBKE CKBA’KUHBI.

Hamu 6b111 UCClIeOBAHBI 3arpsizHeHus us 1311
HATHETATEIbHBIX CKBAXKUH U CUCTEMBI ITOAAEPKAHUA
nacToBoro gasaeHus (ITIJ) OAO «TatHePTh>.
BBI7I0 BBISIBJIIEHO, UTO B IIP0O6ax 13 cucremsl [TIT/]
KOJIMYECTBO TBEP/BIX B3BEIICHHBIX yacTull (TBY)
He3HauuTeapHOo — oT 0,105 o 2,022 r/i1, Toraa
KAaK MOHOB JK€JIE€34 B HUX COJAEPAKUTCA OOIBIIOE
KOJIMYECTBO (JIOXOUT A0 3HAYCHUA 55,5 MT/J).
Tax’ke U3BECTHO, YTO B HATHETATEJIbHBIE CKBAKHUHBI
MEPUOAUYECKH ITONAJAET SMYJIbCUOHHBINA CJION
CO CTAHIIMM IIEPBUYHOM ITOATOTOBKHM HE(PTHU.

[Tpu uccIe0BAHNH Ke IIPOO, ITOJYYEHHBIX ITPU
csabuposanuu u3s I13I1, 0Ka3a2710Ck, YTO HOHOB
JKEJIE34 B HUX MaJIO. TaKuM 06pa3oM, MOXKHO C/IEJIATh
BBIBOJ], YTO MOHBI JK€JI€34 B BUJI€ KOMIIJIEKCOB
3arpsazHeHuil ¢ ACITO, CONsIMU U INIMHAMH,
cocpegorauubarorcs B IT3I1.

ITpyu 06pabOTKE TAKOI'O KOMILJIEKCA 3aI'PI3HEHUH,
copepxamux ACITO, CONIHOM KUCTIOTON MOI'YT
O6PA30BBIBATHCS HEPACTBOPUMBIE OCAIKY,
kospMatupyomye I13IT 6€3B03BpaTHO.

COBMECTHBIMHU YCHJIMSIMU yU€HBIX PI'Y nedptu u
raza uM. .M. I'y6K1HA U CIIELIUAJINCTOB
OAO <«TaTHEe(]Th» ObLJIa pa3paboTaHa TEXHOJIOT U4,
OCHOBaHHAas HA NpuMeHeHUU [TAB-KHUCIOTHOTO
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well. Coiled tubing unit works at the limit of allowed

well pressure but still it is not enough to pump an

acid into formation.

Starting with the stage of well construction,
different substances able to mud pore space
(clay particles, drilling mud) enter bottomhole
zone. During the process of further operation,
the quantity of mudding substances increases
(ferric iron hydroxide, inorganic salts, asphaltene
precipitations). It results in well shutdown.

We investigated contaminations from bottomhole
formation zone of injection wells and RPM system
of OAO Tatneft. It was discovered that the quantity
of solid suspension particles in RPM system is small,
from 0.105 to 2.022 g/1, while the content of iron
ionsis 55.5 mg/1. It is also known that emulsion layer
from initial oil treatment station periodically gets
to injection wells. However, the results obtained
from bottomhole formation zone swabbing showed
that this layer contains little quantity of iron
ions. Thus, we conclude that iron ions, together
with asphaltene precipitations, salts and clay, are
concentrated in bottomhole formation zone.

Application of acid treatment to such a kind of
contaminations, e.g. those containing asphaltene,
may produce insoluble precipitations that will
irrevocably mud bottomhole formation zone.

Joint efforts of scientists from Gubkin Russian
State University of Oil and Gas and specialists from
OAO Tatneft helped to develop new technology
based on the application of surfactant-acid
solution for treatment and the use of coiled tubing
unit for injections. Besides acid treatment costs
reduction, this technology allows to remove not
only solid suspension particles, but also salts,
heavy hydrocarbons, as well as to dissolve ferrous
hydroxides.

The technology includes several stages of
treatment with removal of reaction products in
the form of separate solution benches using coiled
tubing unit:

+ flushing of tubes and bottomhole zone with 1%
solution of multifunctional surfactant (Neftenol K
of HK-20 grade) in brine, which removes
asphaltene precipitations from treated well zone
and makes it possible to proceed further without
any troubles;

+ hydrochloric acid bath with Neftenol K of HK-20
grade for bottomhole contaminations removal
and perforation cleanout. This treatment provides
a formation link for injection of next acid solution
bench into bottomhole zone;

+ injection of dry acid CK-TK4 and Neftenol K of
HK-20 grade mixture into bottomhole formation
zone in order to remove iron compounds
contaminations.

In comparison with conventional acid treatment



COCTABAa C UCIIOJIb30BAHUEM KOJITIOOMHT'OBOM
YCTAaHOBKH. DTa TEXHOJOTUS, TIOMHUMO

technologies

Tabnuuya 1 — Pesyrsmamot padom, npogedennsix 6 2007 200y
Table 1 - The results of job carried out in 2007

COKpaeHus 3aTpat Ha KO, II03BOILET yA,aI4Th Tipuemuicmocm ckeancur, w/cym
HC TOJIbKO TBEP/AbIC B3BBCIICHHBIC YACTUILbI, e Intake capacity of well, m?/day
HO U TAKWE KOJIbMATAHTEI, KAK COJIU, TAXKEJIbIC 4
) ) m fben np/(())eze l‘aiieiz?ﬂpaﬁom Jlo obpabomiu Tlocne o6pabomxu
YIIEBOAOPOADL, PACTBOPATDL I'MAPATHI OKHCIIOB ; ’ Before treatment After treatment
JKeJesa.
20-23.09.2007 0 npu 165 amm 87 npu 154 amm
TexXHOMOTUS BKJIIOYAET HECKOJIBKO 1 0.t 2347 psi 87t 2190 psi
HOCJIEAOBATEIBbHBIX OOPA6OTOK C BBIHOCOM
NPOAYKTOB PEAKIIUU OTAEAbHBIMU NAYKAMHU 2 26-28.09.2007 0 npu 150 amm 120 npu 150 amm
PacTBOPOB C MOMOIIBIO KONTIOGUHTIOBOL 0ar2134 pst 120 ar2134 psi
CTAHOBKMU:
Yy 3 26-20.11.2007 0 npu 155 amm 115 npu 155 amm
* IIPOMBIBKY TPYyO 1 326051 1%-M pacTBOPOM S 0 ar2205 psi 115 at 2205 psi

MHOTO(DYHKIITMOHAIBHOTO [TAB
(«Hedprenoma K> mapku HK-20) B
MHWHEPATUZOBAHHON BOJE, KOTOPBIN OYUILAET

technology, this one has several advantages: job

oT ACIIO BC10 06pabaThIBAEMYIO 30HY CKBAXKUHBI
U MO3BOJIAET MPOBOJUTH MOCIEAYIOMUE STAIIBI
06paboTKU 6€3 OCIOKHECHU;

* COJITHOKHCJIOTHYIO BaHHY € «HedTenonom K»
mapku HK-20 gj1s1 oTMBIBa 32005 OT 3arpA3ZHEHUN
U OYUCTKHU NTEPHOPALTMOHHBIX OTBEPCTUH,
4TOOBI OOECIIEYUTD CBA3D C IIJIACTOM JIJIA

speed, mix preparation simplicity, low corrosiveness
of solutions with respect to field equipment, absence
of work problems, deeper bed stimulation properties
of dry acid CK-TK4 and multifunctional surfactant
Neftenol K, bottomhole zone treatment with no
precipitations and hydrochloric acid emulsions

34KAYKHU CJIEAYIONIEN TAYKN
KHCJIOTHOTO pacTsopa B I13C;
* npozasky B [I3I1 pacTBopa

generation, high efficiency, personnel safety.

Tabnuua 2 — Pe3yasmamuot pabom, npoeedenuvix 6 2008 200y

Table 2 - The results of job carried out in 2008

cyxokucaoTel CK-TK4
Jlanmsie no naan-3axasy 1T g
¢ «<Hedrenonom K» mapku NPUEMUCIIOCTIL, M /CYM. %ui/v;?fmocmz; fK?“?fC”“H’f" // Cj” Z
HK-20 1151 OTMBIBA Well capacity plan data, m’/day ntake capacity of well, m/da)
I1acTa OT 3arpA3sHeHMY, Ne Jlo pemonma IInarupyemotii Jlo o6pabomiku Tlocne o6pabomxi
IPEACTABIEHHBIX Before maintenance Planned Before treatment After treatment
COCANHCHIAIMI >E<CJI€32. 7 6 npu 145 amm 50 npu 145 amm 5 npu 145 amm 110 npu 120 amm
Y npeasoKEeHHOM TEXHOIOIUH, 6 at 2062 psi 50 at 20062 psi 5 at 20062 psi 110 at 1707 psi
10 CPABHCHUIO C KJIACCUYECKOM
> 12 npu 120 amm 50 npu 120 amm 12 npu 120 amm 110 npu 120 amm
KO, ecTb psA/I IpEUMYIIECTB: 12 at 1707 psi 50 at 1707 psi 12 at 1707 psi 110 at 1707 psi
OBICTPOTA IPOBEACHUS PAOOT, . . . .
47 npu 60 amm 150 npu 60 amm 80 npu 60 amm 160 npu 40 amm
HPOCTOTA IIPUI'OTOBICHUA 3 47 at 853 psi 150 at 853 psi 80 at 853 psi 160 at 569 psi
COCTAaBOB, HU3KaA KOPPO3MOHHAA
5 npu 65 amm 130 npu 65 amm 62 npu 100 amm 155 npu 90 amm
AKTHBHOCTB COCTABOB IO 4 5 at 925 psi 130 at 925 psi 02 at 1422 psi 155 at 1280 psi
OTHOIIEHUIO K [IPOMBICIIOBOMY
O60py,E[OBaHI/IIO, OTCYTCTBHE 5 10 npu 170 amm 150 npu 170 amm 0 npu 180 amm 100 npu 180 amm
. 10 at 2418 psi 150 at 2418 psi 0 at 2560 psi 100 at 2560 psi
OCJIOKHEHUH B pabore, 6bosee
I71yOOKOE BO3/ICHCTBHE HA 6 11 npu 165 amm 150 npu 165 amm 0 npu 145 amm 114 npu 120 amm
2347 psi 5 2347 psi 2062 psi 707 psi
12T CyXOKUCnoTs CK-TK4 ¢ 11 at 2347 psi 150 at 2347 psi 0 at 2062 psi 114 at 1707 psi
MHOTOQYHKIMOHAAbHBIM [TAB - 20 npu 180 amm 120 npu 180 amm 56 npu 160 amm 120 npu 155 amm
«Hedprenonom K», 06paboTka 20 at 2560 psi 120 at 2560 psi 56 at 2276 psi 120 at 2205 psi
)
[13C 6e3 06pa3oBaHMA OCA/IKOB 1 8 39 npu 168 amm 200 npu 168 amm 60 npu 160 amm 120 npu 130 amm
SMyJIbCI/IIZ C COISIHOM KchoToﬁ, 39 at 2390 psi 200 at 2390 psi 60 at 2276 psi 120 at 1849 psi

BBICOKAs 9(PPEKTUBHOCTb,
0€30I1ACHOCTD IEPCOHAJIA,

PaboTAIOMIETO HEMOCPEACTBEHHO C KUCJIOTAMU.

B 2007 rogy 6s11u mposeaeHb! OI13 o JaHHOM
TEXHOJIOTUHU HA TPpeX CKBAXXUHAX OAO «TaTHEDTh»,
PE3YNBTATHI IPUBEAEHBI B TA6IULIE 1.

Kak BUHO 13 Ta6aU1bl 1, pa6OTHI HPOBOJUINUCH
B T€UEHUE 2—3 AHEN. XapaKTEPHOU OCOOEHHOCTBIO
CTJIO TO, YTO NIEPBOHAYAIBHO 15 TOJCTPAXOBKU }

Using this technology, bottomhole zone treatment
of three wells owned by OAO Tatneft was carried out
in 2007. Results are shown in table 1.

As seen from the table, job time was about
2—3 days. The notable feature is that initially acid
solutions were planed to be injected with the help of
pulsating unit. During the pilot program we found }
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IPEAIIOJIArajIOCh BBOAUTH KMCJIOTHBIC
COCTABBI C IIOMOIIILIO MYJILCUPYIOIIEH
YCTAHOBKU. B mporiecce e NpoBeJeHUs
OIIBITHO-TITPOMBIIIIJICHHBIX pa60T
BBISAICHUJIOCH, YTO ITOCJIC IIPOMBIBKH

Tabnuua 3 — Pe3yrsmamst aHaAau3a nPpoo, NOAYUeHHBIX nPu céaduposanuu
HAZHEMAMENbHBIX CKEaNCUuH nocae oopaoomxu II3C ITAB-Kucaomuoii
Komno3uvuuet

Table 3 — The results of samples analysis obtained during injection wells
swabbing after bottombole zone treatment with acid-surfactant solution

Obuyee
CKBAKHHBI PACTBOPOM Ao Ipo6eL (cke. 12899) . o, 2/cm? KHceneso, e/n
MHOTO(YHKIIMOHAAbHOT'O [TAB — n/n Samples (well 12899) P p,g/cm’ Total iron ,
quantity,g
«Hedrenona K» mapku HK-20 4 g/
U3 cucmemor I111/]
KHCTOTHBIC PACTBOPEL BXOHHUHH B II3C £ From reservoir pressure maintenance system 55 1,091 0,0113
06€3 KaKHUX-TUOO CJIOKHOCTEN IIPU
TIpu ceabuposaruu nocre saxaqrxu HCI
AOIyCTMMOM JABJICHMH. 5 ¢ oobasxkoti Hegpmenona K> mapru HK-20 101
ITo 1o JIYYEHHBIM PE3yJIbTaTaM After injection of hydrochloric acid with 5 015 0,0055
Neftenol K of HK-20 grade addition
OBLIIO IPUHATO pemnienue B 2008 roay : :
006paboTaTh €I1I€ BOCEMb CKBAXKHH. IIpu ceabuposaruis noce 3aKaur
TIAB-KUCI0MHOLL KOMNO3ULUUL HA OCHOBE
Pes3ynbraTsl pabOT IPHUBE/ICHE B cyxorucnomor CK-TK4 u <Hegpmernona K>
T36HI/IL[€ 2. 3 mapru HK-20 4,1 05 0,0285
After injection of surfactanit-acid solution
Iocye nposeaeHMs p360T, based on dry acid CK-TK 4 and Neftenol K
1O IIPEABAPUTEIBHOU OLIEHKE Of HK-20 grade

HPUEMHUCTOCTH OOPAOOTAHHBIX

CKBa>xHH [TAB-KHUCJIIOTHBIM COCTABOM,

OBLIIN JJOCTUTHYTHI 3ATVIAHUPOBAHHBIE 3(D(PEKTEHI,
4 B HEKOTOPBIX CJIY4aAAX 1 IIPEBBIIICHBL.

JJ1a oA TBEPXKIEHUA TPEATIONOXKEHN, YEM
BBI3BAHBI 3ATPA3HEHU A CKBAXKUH, OBLJIN UCCJIENOBAHBI
NPOOBKIL, TOJTYYAEMBIE IPU CBAOUPOBAHUH (TA6IHMIIA 3).
ITo MpeIOCTABAEHHBIM JAHHBIM BUJHO, YTO
OCHOBHOE KOJIMYECTBO I'UIPATOB OKHCIIOB
JKEJIE32 BBIHOCUTCHA ITOCJIE YAAEHU IPOAYKTOB
PEAKIIMU TPETHEHN NAYKU — I1OCIE 06padoTku [13C
cyxokucaoTo CK-TK4 ¢ MHOTO(YHKIIMOHAJIBHBIM
ITAB («Hedrenonom K» mapku HK-20).

Ha 2009 rox OCTUTIHYTA JOTOBOPEHHOCTD C
HePTEAOOBIBAIOIINMY YIIPABICHUSAMU

OAO «TatHedTH» 0 npogokeHruu OITP Ha

80 ckBaxxnHax cunamu OOO «TatHePTH —
AxTioonnckPemCepsuc», Ha 7 utois 2009 1
POBEIEHBI OOPAOOTKH Ha

25 CKBaXXMHAX. B cpegnem HepadoTaromue
CKBa’KUHBI CTAJIU IPUHUMATB OT 25 10 240 M3/CcyT. ©
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out that after well flushing with multifunctional
surfactant — Neftenol K of HK-20 grade, acid
solutions entered bottomhole zone at allowable
pressure with no problems.

The decision to treat eight more wells was made
in 2008. The results are given in table 2.

Preliminary estimate of intake capacity of wells
treated with surfactant-acid solution shows that
planned effects were achieved or, in some cases,
even exceeded.

To prove the assumption about the cause of
wells contamination, swabbing samples were
investigated (table 3). Given data shows that the
main quantity of ferrous hydroxides is taken out of
well after third reaction products bench removal —
after the injection of dry acid “CK-TK4” with
multifunctional surfactant (Neftenol K
of HK-20 grade).
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