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IIpobnemot paspabomru HePhmaHbLX
mecmopoocoenuti Pecnyonuxu benap)yco
3AKTIOUAIOMCA 8 CNLOYVIOULCM:

* BbLLCOK A CIMEeNneHdb 8blPAOOMKIU 3A1NACO8
(70-90%) Ha mecmoporcoeHusx,
00ecneuUBaIoULx OCHOBH)Y0 000bIYY;

* 3Hauumenvhasn 0oas (boaee 60%)
mMpPYOHOUIBICKACMBLX 3ANACO8 U NOCIMOAHHOE
yeeauuerie 3moti 002 8 0ouyem oaniarce
3anacos 3a cuem 6osiee axmueHol 8biPadomKL
aAKMUBHBLX 3GNACO8;

* CHUIICeHUE 3PPEKMUBHOCINU MPAOUUUOHHBLX
xumureckux mexnosozuil IIHI T no mepe
yeeaumeHus cmenenu 8bipaboOmKu 3anacos;

* HeBO3MONCHOCINb Opzaru3o6ams [1HI 1
MPAOUUUOHHBIMU XUMULECKUMU MEMOOAMU
8 HUSKONDOHULUACMBLX KOJICKIMOPAX.

OCHOBHbBIM HanpasieHuem peuteHis
nepeuucaeHHbLx np06]l€ﬂ/l A6JIAenicA

AKMUBUIAUUSA BbIDAOOMIKU MPYOHOUIBEKACMbLX

3anacos u yeeauuerue Kodppuruenma
useneuerusn negpmu na 10—15% 3a cuem
UUDPOKO20 BHEOPEHULL HOBLLX 1MEXHOJIO2UIL.

B cmamuwe u3noicer onwvim u pes)avmanio.
ONPOOOBANHUL U BHEOPEHUA HOBLLX MEXHOJI02ULL
C U610 PeLeHus CYUecmeyIouux npoosiem.
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The main problems related to
development of oilfields in the Republic
of Belarus are as follows:

* high level of oil reserves depletion
(70-90%) at the main oilfields;

* large share (more than 60%) of bardly
recoverable reserves and continuous
increase of their share in the overall
balance of reserves due to more
dynamic recovery of active reseruves;

* reduction in efficienc)y of traditional
chemical EOR technologies with the
increase of oil reserves depletion;

* impossibility to apply traditional
chemical EOR technologies in low-
permeability reservoirs.

The main solutions of the
abovementioned problems include:
more active extraction of bardly
recoverable reserves and increase in oil
recover) factor by 10-15% due to wide
application of new technologies.

This article bighlights the experience and
results of testing and introduction of new
technologies in order to solve the existing
problems.
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Ha Texymui MOMEHT Ha 6anaHce PYII
J10 «BenopycHedTh> YUCTUTCS 63 MECTOPOIKICHUSI.
CnegyeT OTMETUTD, 9TO 44% OT 06'beMa
34M1aCOB 3TUX MECTOPOXK/IACHUN OTHOCUTCS
K TPYAHOM3BIIEKAEMBIM (COCPENOTOYEHEI B
3aJI€2KAX C HU3KONIPOHUIIAEMBIMHU KOJJIEKTOPAMU
U BA3KMMU HEPTAMM) U 20% IPUYyPOUEHEI K
BBICOKOOOBOJJHEHHBIM 30HAM 3AJIEKEN C AKTUBHBIMU
3aMaCaMH, HO OOBOJJHEHHOCTBIO JOOBIBAEMOI
npoaykuuu 6onee 80%. To ecTs IO CyTH Aena bonee
64% OCTATOYHBIX U3BJICKACMBIX 3AITACOB SIBJISTIOTCS
TPYJHOU3BIEKAEMBIMH.

OCHOBHO 00beM JOOBIYM HEDTU (77,5%)
06ECIEUNBAIOT 3AJIEKH HA MECTOPOXKIECHHUAX C
AKTHBHBIMU 32ITACAMU YIJIEBOJOPOJAOB. TeMIbI
OTOOPOB AKTUBHBIX 3aITACOB COCTABIIAIOT B
cpeaHeM 4—8%, a TpyaHOu3BiIeKaeMbIx 0,5—-1,5%

OT TEKYHIErO O6'bEMA U3BJIEKAEMBIX 3a11ACOB. [Tpn
3TOM UHTEHCUBHO COKPAIAETCA O AKTUBHBIX U
YBEJIMYUBAETCA JOJIA TPYJTHOUIBIEKAEMBIX 3AI1ACOB.

B 3TUX yCIOBUAX IS HOAJEPIKAHUSA JOOBIUN
He(dTU HA 3AIUTAHUPOBAHHBIX YPOBHAX ITTABHONU
3a/1a4€N ABJIAETCA YBETUYEHNE KOI(D(PUITUEHTOB
nssnedeHud Heptu (KMH) o cpaBHEHUIO C
MPOEKTHBIMH HA 3AJIEKAX C AKTUBHBIMHU 3211ACAMU
U YBEJIMYEHUE TeEMINIOB 0TOOpa 1 KMH Ha 3anexax
C TPYTHOU3BJIEKAEMBIMHU 33aITACAMH.

OCHOBHO¥ 06'b€M JJOOBIYN HEPTU U3 AKTUBHBIX
34M1ACOB OOECNEYNBAIOT 5 MECTOPOKIEHUI —
OcramkoBu4ckoe, Peuuniikoe, Bumanckoe,
1O.-OcTamkoBuuckoe, FO.-COCHOBCKOE, TEKYIAsI
OOBOJITHEHHOCTbD JJOOBIBAEMOI ITPOJYKIIUH
10 KOTOPBIM fjocturaeT 70—90%. ExxerogHas }

At present Production Association Belorusneft has
63 oilfields. It is worth mentioning that 44% of the
reserves are hardly recoverable ones (low-permeable
reservoirs and highly-viscous oils) and 20% of reserves
are contained in highly watered areas of reservoirs with
active reserves and have water cut of more than 80%.
So, that means that more than 64% of the remaining
recoverable reserves are hard to recover.

Main amount of oil production (77.5%) is yielded by
oilfields with active hydrocarbon reserves. The rate
of withdrawal of active reserves is, on average, 4—8%,
and the withdrawal rate of hardly recoverable reserves
is 0.5—-1.5% of the current amount of recoverable
reserves. At the same time the share of active reserves
is intensively reducing and the share of hardly
recoverable reserves is increasing.

Under such conditions the main task is to increase oil
recovery factor at reservoirs with active reserves and to
increase production rates and oil recovery factor at the
reservoirs with hardly recoverable reserves in order to
retain the planned volumes of oil production.

The main volume of oil production out
of active reserves is yielded by 5 oilfields —
Ostashkovichskoye, Rechitskoye, Vishanskoye,
Yuzhno-Ostashkovichskoye, Yuzhno-Sosnovskoye
where the water cut of the production fluid amounts
to 70-90%. Annual increase in water cut amounted to
3-5%. In this context, chemical treatment technologies
— injection of flow deviating compounds — have
been actively applied at these oilfields over the recent
years. Up to 50% of injection wells are subject to such
treatments annually. The injection volumes amount to
3,000-5,000 m? per one job. At the oilfields that yield
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MHTEHCUBHOCTB YBEIUYEHU OOBOJHEHHOCTH
JIOOBIBAEMOU ITPOAYKILIUH JOCTUTAIA 3—5%. B CBsA3M
C 3THUM HA 3TUX MECTOPOK/ICHUSIX B IOCJICTHUE
TOJIbl HAYAJIM UHTCHCUBHO BHE/IPSTh TEXHOJIOTUU
XHUMUYECKOI'O BO3JIEUCTBH S HA IVIACT — 3AKAYKY B
HATHETATEJIbHBIC CKBAXKUHBI TOTOKOOTKJIOHSIIOMUX
KOMITO3UITUI. EskerolHO 06pabOoTKaM MOJIBEPTACTCSI
110 50% HAarHEeTATENBHOIO (POHA CKBAKUH. OO6'bEMBI
3aKa4YKH KOMIO3UIINH JoCTUTAIOT 3000-5000 M3 Ha
OJHY CKBAKHMHO-OIIEpauio. Ha MECTOPOXIECHUAX,
KOTOPBIE OOECTIEUNBAIOT OCHOBHYIO I0OBIUY
HEMTH, 3TU MEPONPUSITHS BBITIOJIHSSIIOTCS
NPAKTUYECKHU EKETONHO. DTO MO3BOIAET, C OFHOU
CTOPOHBI, CHUKATh UHTEHCUBHOCTD YBEJTMYEHU S
OGBOJTHEHHOCTH B 1I€JIOM TIO 32JI€3KaM, 4, C
JIPYTOH CTOPOHBL, IO PSAAY CKBAKUH CHUKATh U
OOBOJIHEHHOCTD JOOBIBAEMOI TPOAYKIIUH. OIBIT
Pa6O0T O BHEJIPEHUIO XMMUYECKUX TEXHOJIOTUN
ITHIT 11oKa3bIBAET, YTO OOBOTHEHHOCTb CHUKAETCS
OT HEPBBIX €ANHUIL O 10%, 4 U TENBHOCTD 3P PHEKTa
pocruraet 10 0,5-1,0 roga. B To ke BpeMsa nnpu
IPUMEHEHUHU OJHUX U TEX KE TEXHOJIOTUH 11O MEPE
BBIPAOOTKH 3AI1ACOB HAOIIOACTCS TEHICHITUA K
CHUKEHUIO 3(PPEKTUBHOCTHU paboT no ITHIT. Tak,
€CJIU [P CTEIICHU BBIPAOOTKH 3a11acoB 0,6—0,7 OT
3aKAYKH 1 M? MOTOKOOTKJIOHSIONHNX KOMITO3UITHIA
HOJIY4YaId JONOMHUTENBHO 0,5—-0,8 T HE(PTH,
TO MPHU CTENEHHN BBIPAOOTKH 3a1acoB 0,8—0,9
06'BbEMBI IONOTHUTEIBHO JJOOBIBAEMOU HEDPTU
cHU3UINCH 10 0,1-0,3 THa 1 M3 3aKAYaHHBIX B IIACT
HOTOKOOTKJIOHSIONIUX KOMITO3UITUH. [TpruMeHsieMble
B Hacrosmee spemM Ay ITHIT koMno3uum UMeroT
MaJIbI IEPUOJ, TEIEOOPA30BAHUS, KOTOPBIA
COCTABJISICT B OCHOBHOM 2—4 4. [ToaTOMY IIpH
CPEAHUX TPOHHUILAEMOCTSIX IIJIACTOB HEPTIHBIX
3JIEKEN O6'bEMBI 31KAYKU ITOTOKOOTKJIOHSIONUX
KOMITO3UITUI HE NPEBBIAIOT 0,5—1,0 ThIC. M.
A HA TAKOM 3aJIE:KU, KAK MEKCOJIEBASI 3AJI€Kb
I0.-CocHoBCKOro mecropoxaeHus, ITHI1 BBIITOJIHUTD
BOOOIIE HEBO3MOKHO, TAK KAK IABJICHHUC HATHETAHUS
BOABI ITpu II1/] UMEIOT 3HAYEHU I, OJIU3KHUE K
JIaBJIEHUIO OITPECCOBKU IKCILIYATAIMOHHBIX
KOJIOHH, T.€. HET 34114C4 IO JABJIECHUIO JIJI5
HarHeTaHusa KoMno3uui [THIT. AHasoruyHas
CUTYAlUs XaPAKTEPHA U JJ151 HU3KOIIPOHUILAEMBIX
3aexent. Ha Takux 3anexax cucrema [I1]]
OPraHU30BaHA C IPUMEHEHHUEM MOAYIbHBIX
KyCTOBBIX HACOCHBIX cTaHumuu (MKHC). JaBnenue
HATHETAHHS BOABI B IIJIACT IIPU 3TOM JJOCTUTAET
25-30 MIIa, 2 IPUEMHUCTOCTb HATHETATEIbHBIX
CKB2KHH He npesbiimaeT 50—60 m3/cyT. B Takux
YCJIOBUAX OpraHu30BaTh ITHII mpakTuyecku
HEBO3MOXKHO. [ToaToMy i yBeandenus KMH
Ha HU3KOIIPOHUITAEMBIX 32JIC3KAX HEOOXOUMO
Pa3BUBATD IPYTHUE NOJXOMBL

TakuM 06pa3oM, OCHOBHBIE ITPOOIEMBI PA3PAOOTKHU
He(TAHBIX MECTOPOXAEHUIT Peciybnmku berapych
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the main volume of oil production such treatments
are performed almost every year. On the one hand this
allows reducing the intensity of water cut increase in
reservoirs on the whole, and on the other hand allows
reducing water cut of the produced fluid at certain
wells. The experience of application of chemical EOR
technologies shows that water cut reduces by up to
10% and the duration of the effect up to 0.5—1 year.
At the same time, when applying one and the same
technologies along with the increase of reserves
depletion we observe a tendency of reduction in EOR
jobs efficiency. While in case of reserves depletion at
the level of 0.6—0.7 injection of 1 m? of flow deviation
compounds yields 0.5-0.8 additional tons of oil, in case
of reserves depletion at the level of 0.8—09 the amount
of additional oil is 0.1-0.3 tons per 1 m? of injected
flow deviation compounds. Compounds currently
used for EOR have rather short period of gel
formation — mainly 2—4 hours. That is why in case of
average permeability of oil reservoirs the injection
volume of flow deviation compounds does not exceed
0.5-1.0 thousand m? And at the inter-salt reservoir
of Yuzhno-Sosnovskoye oilfield it is impossible to
perform EOR jobs due to the fact that water injection
pressure during reservoir pressure maintenance
operations is very close to proof pressure of the
production string, i.e. there is no margin pressure for
injection of EOR compounds. The same situation is
typical for other low-permeability reservoirs. At such
resServoirs pressure maintenance system is organized
with the use of modular cluster pumping stations
(MCPS). Water injection pressure amounts to 25—-30
MPa, and injection wells intake capacity does not
exceed 50—60 m3/day. Under such conditions it is
almost impossible to perform EOR operations. That is
why other approaches should be used to increase oil
recovery factor at low-permeability reservoirs.

So, the main issues of oilfields development in the
Republic of Belarus are as follows:
1. High level of reserves depletion at the oilfields

yielding the main volume of oil production.
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34KJIIOYAIOTCA B CJIEAYIONIEM:

1. BbICOKas CTENEHD BBIPAOOTKM 3a11ACOB HA
MECTOPOXKIEHHUAX, OOECIIEUNBAIOIINX OCHOBHYIO
JOOBIYY HEPTHU.

2. 3HauuTesnbHas 10 (6osiee 64%)
TPYJAHOU3BJIEKAEMBIX 3a[1ACOB U IOCTOIHHOE
YBEJIMYEHUE ITOU JOIH B OOIIEM OaTaHCe
34I14COB 32 CYET 60JIEE UHTEHCUBHON BBIPAOOTKH
AKTHBHBIX 341TACOB.

3. CHHKEHHE 3(PPEKTUBHOCTHU TPAJUITUOHHBIX
XUMHUUYECKUX TexHonoruu [THIT mo mepe
YBEJIUYEHU A CTENIEHU BEIPAOOTKHU 34I1ACOB.

4. HeBO3MOKHOCTD OpraHu30BaTh ITHII
TPAAUIIUOHHBIMHA XUMUYECKUMH METOJAMH B
HU3KOIIPOHHUIAEMBIX KOJJIEKTOPAX.

B COOTBETCTBUH C PEMIEHUAMHU PeCITybIMKAHCKOM
KOH(pepeHIINU «JIOTEHIINAI JOOBIYU T'OPIOYNX
HMCKOMA€MBIX B Beyrapycu 1 MpOrHO3 €ro PeanIn3aluu
B IIEPBOM NOJIOBUHE XX BEKA», KOTOPAS IPOXOINIIA
B I'omene 25-27 masa 2011 ropa, 3a nepuoy ¢ 2012
10 2050 rojy HakoIeHHas 06b14a HeTu 1o PVIT
10 «BenopycHe(pTh» JOMKHA COCTABUTH boiiee 40
MJIH YCIL eZ1. IIp TOM COCTOSTHUHM PECYPCHOL 6435l
YIVIEBOAOPOAHOT'O CHIPbs, KOTOPOE OBLIO MTOKA3aHO
BBIIIIE, JOCTUKEHHE YKA3aHHBIX YPOBHEN JOOBIYH
HEDTHU BO3MOXKHO TOJIBKO IIPU MaCCOBOM BHEJIPEHHUH
B IIPOLIECCAX HEPTETOOBIYN CAMBIX COBPEMEHHBIX
TEXHOJIOI'MH, HAITPABJIEHHBIX HA AKTUBU3A1IHUIO
BbIPA6OTKH 34I14COB M IOBBIIIEHHE HEPTEOTI AU
IIACTOB.

C LIEIBIO OIIPENEIEHN S OCHOBHBIX HATIPABJIECHUA
MO PAa3BUTHIO U BHEAPEHUIO HOBBIX TEXHOJIOTHH B
Teyenue 2010-ro n nepsoii nonosuHsl 2011 roxa
benHUITMHe)Th 6bIM PA3pabOTAHBL:

e TIporpamma PYTI 1O «benopycHepThb>

I10 BHEJPEHUIO HOBBIX TEXHOJIOTUA HA

MECTOPOXJEHUAX C TPYJTHOU3BJIEKAEMBIMHA

3amacamu Ha nepuog 2011-2015 ropos;

* [lepcrieKTUBHAA IPOTPAMMA PA3BUTUA

U BHEAPEHUA TEXHUKH U TEXHOJIOTUIT HA

MecTopoxeHuax PYIT 10 «benopycHepTh»

B 2011-2015 rogax B 6ypeHUH, KAITUTATIBHOM

pemonTe 1 HePTeJOOBIYE;

» KoHuennus passuTus HepTeg00bIYU B

PVII J10 «BenopycHedTh» Ha 2012-2015 roas! ¥ 0

2020 roaa.

B coorBeTcTBHM C 3TUMU JIOKYMEHTAMU
IUIAHUPYETCS 34 CYET HIUPOKOTI'O BHEJPEHU S
HOBBIX TEXHOJIOI'UI ITOBBICUTD 3(PPEKTUBHOCTD
YIIPABJICHUS PA3PA6OTKON MECTOPOXKICHHUH,
AKTHUBU3HUPOBATH BIPAOOTKY 3411ACOB, OCOOECHHO
TPYIHON3BJIEKAEMBIX, 1 34 CYET ITOT'O YBEJIUUYUTH
KO3(M(PUILIMEHTDI U3BJIEYEHNA HEPTH IO CPABHEHUIO
C YTBEPK/ICHHBIMU NPOEKTHBIMHY 3HAYCHUSIMHY HA
10—15%, 4TO IPUBEAET K POCTY U3BJIEKAEMBIX 34I1ACOB.

PaccmarpuBasg mouTH 1,5-1€THUH NIEPUO
peanu3ay NporpaMmMbl BHEAPEHUS HOBBIX

technologies

2. Considerable share (more than 64%) of hardly-
recoverable reserves and continuous increase of
their share in the overall balance of reserves due to
more dynamic recovery of active reserves.

3. Reduction in efficiency of traditional chemical EOR
technologies with the increase in reserves depletion.

4. Impossibility to apply traditional chemical EOR
methods at low-permeability reservoirs.

According to the national conference “Capacity of
Belarus in terms of fossil fuels production and the
forecast for the first half of the 21% century” that was
held in Gomel from 25" to 27" of May 2011, cumulative
oil production at Belorusneft should amount to more
than 40 million of conventional units from 2012
to 2050. Taking into account the current status of
hydrocarbon resources, as mentioned above, it will be
possible to achieve the specified level of cumulative
oil production only in case of wide use of modern
technologies aimed at more active withdrawal of oil
reserves and enhancement of oil recovery.

In order to define the main areas of new
technologies development and application throughout
2010 and in the first half of 2011, BelNIPIneft research
institute elaborated the following documents:

» Programme of the Production Association
Belorusneft on the Oilfields with Hardly-Recoverable
Reserves for 2011-2015;

» Advanced Programme on Development and
Introduction of Methods and Technologies at
Belorusneft Oilfields in the Sphere of Drilling,
Workover and Oil Production;

» Concept of Oil Production Development at the
Production Association Belorusneft for 2012—-2015
and till 2020.

According to these documents it is planned to
widely introduce new technologies in order to
improve management of oilfield development, to
enhance withdrawal of oil reserves, especially hardly-
recoverable ones and, consequently, increase oil
recovery factor by 10-15% against the design value
what will lead to the increase in recoverable reserves.

Analyzing the 1.5-year period of new technologies
introduction programme implementation, we would
like to highlight the most prominent actions made in
this sphere.

The following technologies are being developed,
tested and introduced in the sphere of development of
reservoirs containing active oil reserves:

* time-periodic injections of displacement agents —
formation fluid withdrawal;

* reservoir pressure maintenance at low-permeable
reservoirs with the use of modular cluster pumping
stations (MCPS);

* polymer flooding;

* integrated EOR operations with injection of flow
deviation agents and surfactants;

* EOR operations with the use of water dispersion of }
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TEXHOJIOTHH, OTMETUM HANOOJIEE 3HAYNMBIC IIATH,
CZICJIAHHBIE B 3TOM HAIIPABJICHUMU.

B o6nmacTu pa3zpaboTKu 3a1€KEH HEPTH C
AKTHUBHBIMH 3311ACAMU PA3PAOATBIBAIOTCH,
ONPOOBYIOTCA U BHEJIPSIOTCS TEXHOJIOTUH:

* IEPHUOANYECKUX BO BDEMEHMU 3aKA4YEK
BBITECHSIIOMIETO AT€HTA — OTOOPOB IIJIACTOBOT'O
dona;

OPraHU3ALUU ITOAACPKAHHA [IJIACTOBOI'O
JIABJICHUS HA 34JI€KAX C HU3KOIIPOHHUIIAEMBIMU
KOJUIEKTOPAMH C IPUMEHEHHUEM MOJYIbHBIX
KyCTOBBIX HACOCHBIX CTaHI Ui (MKHC);

* IIOJIMMEPHOI'O 3dBOJJHEHU IVIACTOB;

» xomIiekcHoe [THIT ¢ 3akagkoin

IOTOKOOTKJIOHAIOIINX peareHTos 1 [TAB;

* JTHII ¢ npuMeHEHNEM BOAHOU JUCTIEPCUN
aMOapHBIX HEPTENLIAMOB;

* I[UKJIMYECKOI'O BO3JECUCTBUS HA 3AJICKY;

* BOZOI'a30BOE BO3IEHCTBHE;

* TEPMOI'a30BOE BO3ACHCTBHE;

* HU3KOYACTOTHOE BUOPOCENCMHUYECKOE
BOBJICUCTBUE.

TEXHOJIOTUS BBIPABOTKH 3AJIEXKEN
VYITIEBOIOPOIOB ITYTEM [NEPMOINYECKOM
BO BPEMEHU 3AKAYKM BOJIbI 1 OTBOPA
I[TJIACTOBOI'O ®JIFOUIA

DTa TEXHOOTUS BHEIPAETCS HA TAKUX 32JIEKAX,
KaK BOPOHEKCKASI BOCTOYHOT'O 610Ka TUIITKOBCKOTO,
CEMUIIYKCKast BeZipruuCKOro, CEeMUIyKCKUe 1-ro u 4-ro
6J10KOB B.-I1epBOMaiiCKOr0, CEMUITYKCKHE 3AJIEKU
3yEBCKOI'0, 3aI1.-AJIEKCAHIPOBCKOI'O, MEXKCOJIEBAS
3aJ1e3Kb KPaCHOCEIBCKOTIO MECTOPOKICHUN U
Jp. Ha KaXK0¥1 3 NEPEYNCIIEHHDBIX 3AJIEKEN TPU
OCTAHOBJICHHOM JJOOBIYE U3 IOOBIBAIONIETO (POH/IA
BEZICTCSI 3A4KA4YKA BOJbI YEPE3 HATHETATCIbHBIC
CKBAKHHBI /IO JOCTHXKECHU S ONIPEACTICHHOIO 3HAYCHUST
MJ1IACTOBOTO IaBieHus. [TOCe 3TOTro 3aKaYKa BOJIbI
IPEKPAITAETCS U BBIJICPKUBACTCS ONIPECTICHHBIA
TICPUO A1 BBIDABHUBAHUA ITJTACTOBOTI'O JABJICHWA,
434TEM B PA0OTY 3aITYCKAETCA JOOBIBAIOMUI (POHT,
CKBaKUH. [I06b192 HEPTU BEJICTCS JJO CHUKEHU S
TJTACTOBOI'O JABJICHUA 1O OIIPEAC/ICHHBIX 3HAYCHUI.
PaboTa 1o6BIBAIOMIETO (POH/A TPEKPAIIACTCS,
OKM/IAETCSI IEPUO]] BBIPABHUBAHUS IJIACTOBOT'O
JIABJICHUS ME3K/1y 30HOM OTOOPOB U 30HOU
HATHETAHUS, U [TUKJI 3AKAYKU-OTOOPOB IOBTOPSICTCSL.
JIATEeNbHOCTD KAK/IOTO U3 IEPEUYNCIIEHHBIX [IEPHO/IOB
N 3HAYCHU A UBMCHCHU S ITJTACTOBBIX ,[IQ.BIICHI/Iﬁ B
ITUKJIaX paCC‘II/ITbIBZIIOTCH Ha I‘I/IIIpOILI/IHaMI/I‘-ICCKI/IX
MOJIEJISIX. DTA TEXHOJOI'HS PA3PAOOTKU B BECbMA
HEOJHOPOJHBIX IO (PUIBTPAVOHHBIM CBOMCTBAM
IIACTAX ITO3BOJISIET U30EKATH OOIBIINX IIEPEIA/IOB
JIABJIEHUA MEXX/y 30HON HATHETAHUA Y 30HOI
OTOOPOB, 4 COOTBETCTBEHHO, X OBICTPOI'O IPOPHIBA
BBITECHSIIOLIETO Ar€HTA (BOJBI) B JOOBIBAIOLINE
CKBa’KHHBI.
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pit oil slimes;
* cyclic treatment of reservoirs;
» water-alternated-gas injection;
* thermal gas treatment;
* low-frequency vibroseismic treatment.

THE TECHNOLOGY OF HYDROCARBONS
PRODUCTION BY MEANS OF TIME-PERIODIC
WATER INJECTION AND FORMATION FLUID
WITHDRAWAL

This technology is introduced at such reservoirs
as Voronezhskaya reservoir of the eastern block of
Tishkovskoye oilfield, Semilukskaya reservoir of
Vedrichskoye oilfield, Semilukskaya reservoirs of the
1st and the 4th blocks of Vostochno-Pervomaiskoye
oilfield, Semilukskaya reservoirs of Zuyevskoye and
Zapadno-Aleksandrovskoye oilfield, inter-salt reservoir
of Krasnoselskoye oilfield and others. At each of the
abovementioned reservoirs when the wells out of the
producing well stock are suspended water is injected
through the injection wells to achieve a certain level of
reservoir pressure. Then water injection is stopped and
wells stay idle for a certain period of time for reservoir
pressure to equalize and after that the producing well
stock is put into operation. Oil is produced till reservoir
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BHEJAPEHME MKHC

Ha rexymuii momeHT (01.05.2012) 3aKauKa BOJDI
c npumeHenreM MKHC ocymiecTBisgeTcs B
37 HATHETATEJIbHBIX CKBAYKMH HA YETBIPHA/IATH
3a71€KaX OAUHHAJIATU MECTOPOXAEHNI. Ha
CKBA’KUHAX C JIABJIEHUEM 3AKA4YKH BO/IbI CBBIIIIE
20 MITa npuMEHAIOTCA aKePhL. Bcero Ha
CETOHANIHHUN JJEHb NAKEPAMU O60PYIOBAHO
11 Har"eTaTeabHbIX CKBAKUH. C toMo1bio MKHC
B HU3KOIIPOHHUILAEMBIE IIJIACTHI B TOCJIEAHUE I'OJIbl
eXXeroaHo 3aKkauyuBaeTcs 6osaee 200 ThIC. M2 BOJIBL
32 CYUeT NOAAEPKAHUSA IJIACTOBOT'O JJABJIEHUA C
npumeHenrneM MKHC fonosiHuTepHas J0ObIYa
HedTu cocrasnget 6onee 100 THIC. T B TO/.

I[TOJIMMEPHOE 3ABO/IHEHUE

TexHOIOrus NOJIMMEPHOTO 3ABOTHEHUS
ONIPOOYETCS HA MEXKCOJIEBBIX 3ajiexkax [ u I 6;10ka
BHIIAHCKOTO MECTOPOXKIEHUS, KOTOPBIE UMEIOT
HE(TDb MOBBIINIEHHON BA3KOCTU. MICXO/ A M3 U3YUEHU S
MPAaKTUKH IPOBEICHUS TOJOOHBIX PA6OT B APYTUX
PErHOHAX, O6'bEM MOJIMMEPHON OTOPOYKH BBIOPAH
B pazMmepe 0,3% OT 06'beMa U3BIECKAECMBIX 34114COB
HEMTU U IOJKEH COCTABUTD 2500 M? 110 I 6110KY
1 5000 m* o I 6;10ky. Ha 01.05.2012 nmporpamma
pa6oT 1o I 610Ky BeIONMHEHA. [0 BTOpOMY OJIOKY
06'BEM 3AKAYKU MTOJIMMEPHOM OTOPOYKH COCTABUI
3125 m? PaboTa npopospkaetcs. Hajgeemcs, 4To
ITOT AKCIEPUMEHT ITO3BOJIMT HAM U30€XKATh
MHTEHCUBHOI'O IPOPHIBA BOABI K JOOBIBAIOIIUM
CKBa)KHMHAM, TAK KaK ITIEpENaj] AABICHU MEXAY
30HOH OTO6OPA U 30HOH HATHETAHU S COCTABIISIET
60nee 35 MIla mo nepsomy 610Ky 1 20 MIla o
BTOPOMY OJIOKY. B jasibHENIeM NOTUMEPHOE
33aBOJHEHUE MIJIAHUPYETCS BBIIOTHHUTB EIIIE
Ha JIeOEeISTHCKOM 3a71e:ku HoBO-KOopeHeBCKOro
MECTOPOXACHUS.

KOMITJIEKCHAA TEXHOJIOI'MA
I[NOBBILIEHV S HEOTEOTIAYU ITJIACTOB
HA OCHOBE ITOTOKOOTKJIOHAIOLINX
PEATEHTOB M ITAB

VcnenHo npouuia 1a60paTopHbIE
HUCCJIEJOBAHUS KOMITJIEKCHAS TEXHOJIOT U ST
MHOBBIIIEHUS HEPTEOTAYH TIACTOB HA OCHOBE
NOTOKOOTKJIOHAIOIMUX (ITAA FP-307 c aneraTom
xpoma) u HedreormbiBaomux (I1AB «[JoH 96» ¢
ITAA FP-307) cocTaBOB. OIBITHO-IIPOMBICJIOBBIE
UCIIbITAHUSA L[Q.HHOIZ TEXHOJIOI'U BBITIOJTHCHDbI
Ha 32J0HCKOM 3aiexu (VIII 1) Peunnikoro
MECTOPOKAECHUS YePE3 HATHETATEIbHBIC
CKBaXuHbI 124 u 128. O6'b€MBI 3aKAYKH COCTABHUIIN
900 1 1600 M* COOTBETCTBEHHO.

B uTore 3a 4 mecs11a TOJAbKO 34 CYET CHUXKEHUSI
OOBOAHEHHOCTHU JOOBIBAEMOU IPOAYKIIUU
O OKPYKAIOMIUM JOOBIBAIOIIUM CKBAKMHAM
JOIOJTHUTEIBHO NONTy4YeHO 60mee 300 T HePTH.

technologies

pressure falls to a certain level. The work of the
producing well stock is suspended for a certain period
of time for reservoir pressure to equalize between

the withdrawal zone and injection zone, and then

the injection-withdrawal cycle is repeated again. The
duration of each period and reservoir pressure values
are calculated with the use of hydrodynamic models.
This technology of hydrocarbon production in non-
homogeneous reservoirs in terms of their filtration
properties allows avoiding big pressure differences
between the injection zone and withdrawal zone and,
consequently, achieving quicker penetration of the
displacement agent (water) into producing wells.

INTRODUCTION OF MCPS

At present (01.05.2012) water injection with the use
of MCPS is organized on 37 injection wells at fourteen
reservoirs of eleven oilfields. Packers are used at the
wells with water injection pressure above 20 MPa.
Currently, the total of 11 injection wells is equipped
with packers. More than 200 thousand m? of water is
annually injected into low-permeability reservoirs with
the use of MCPS in recent years. Due to application
reservoir pressure maintenance with the use of MCPS
additional oil production is more than 100 thousand
tons per year.

POLYMER FLOODING

The technology of polymer flooding is tested on
inter-salt reservoirs of block I and IT of Vishanskoye
oilfield, which contain highly-viscous oil. Based on the
experience in performing such jobs in other regions
we calculated that the volume of the polymer bank
should be 0.3% of the volume of recoverable oil reserves
and should amount to 2,500 m? for block I and 5,000
m3 for block II. As of 01.05.2012 the programme of
works for block I was fulfilled. As for the second block,
polymer injection volume has amounted to 3,125 m?.
Work is in progress. We hope that this experiment will
allow us avoiding intensive water penetration into the
producing wells, since the pressure difference between
the withdrawal zone and injection zone is more than
35 MPa for the first block and 20 MPa for the second
block. In the future it is also planned to conduct
polymer flooding of the Lebedyanskaya reservoir of
Novo-Korenevskoye oilfield.

INTEGRATED EOR TECHNOLOGY BASED ON
FLOW DEVIATING AGENTS AND SURFACTANTS
An integrated EOR technology based on flow
deviation (FP-307 polyacrylamide with chrome
acetate) and oil cleaning (“Don 96” surfactant with
FP-307 polyacrylamide) compounds was successfully
tested in laboratories. The technology was pilot tested
at Zadonkaya reservoir (unit VIII) of Rechitskoye
oilfield through injection wells 124 and 128. The
injection volumes were 900 and 1,600 m?, respectively.
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B asibHENIIIEM ONIBITHBIE PAOOTHI 110 /IANITAIUH
JIAHHOU TEXHOJIOTUHU INIAHUPYETCSA IPOAOJLKUTD HA
BOPOHEKCKOU 3JI€KU PEUHUIIKOTO MECTOPOXKIEHUS.

ITHIT C TPUMEHEHUEM BOJJHOI
OUCITEPCUM AMBAPHBIX HEOTEIIJIAMOB
JIabOpPAaTOPHBIE UCCIEAOBAHUS U OITBITHO-
MPOMBICIOBBIE PA6OTHI IO OTPAOOTKE JAHHOM
TEXHOJIOI'MHU HA4aThl B KOHLIE 2008 roga. B 2011 rony
OIIBITHBIE PAOOTHI BHIITOJTHEHBI HA CEMITYKCKOM
3aJICKU (HAIHETATEIbHAs CKBAXKIHA 43) 1 33/IOHCKOI
3ay1exu — [V mauka (HarHerareJabHast CKBAXKHUHA 35)
Peuniikoro mectopoxaeHus. Hedrenuiamosas
JUCIIEPCUS T'OTOBUIACH HA OCHOBE ITAB «HeoHo
AD9-6 u HEPTENUTAMOB U3 HE(PTEIITAMOBBIX
aM6apoB. Bcero B ckpakuny 43 3akaganu 4015 m?, B
CKBaKHHY 35 — 168 M? HepTEnUIaMOBO¥ JINCIIEPCHHL.
32 cYeT CHMKEHUSI OOBOJHEHHOCTH IOOBIBAEMOI
NPOAYKLIMHU IO OKPY>KAIOIHUM CKBA)KHHAM
JOIIOJTHUTEIbHASA JOOBIYa HE(PTHU COCTABUIA
1479 1. B 2012 rozy OTpabOTKA 3TOM TEXHOJIOTUNA
NPOAOJIKAETCA Ha PeaniikoM 1 JlybpOBCKOM
MECTOPOXIEHUAX.

IIIMPOKOOXBATHOE ITHIT

JaHHas TEXHOJIOTHS 3aKJII0OYAETCS B
O/a4Y€ NOTOKOOTKJIOHSIONIUX PEATEHTOB B
OPOAYKTUBHBIN IUIACT B 30HBI JIBUXKEHH ST OCHOBHBIX
(PHUIBTPAITMOHHBIX TOTOKOB HE TOJIBKO Yepe3
HATHETATEJIbHBIC, HO U Y€PE3 KOHTPOJIBHBIC,
06€3[1EUCTBYIONINE U BBICOKOOOBOAHEHHBIE
IPOCTANBAIONTUE TOOBIBAIOIINE CKBAKUHBI,
HAXOJAIINUECS HA TYTH JIBUKEHUS ITUX IIOTOKOB.
TexHosorusg Hayaaa BHeAPATHCS ¢ 2007 roga. Ha
01.05.2012 ona BHeApEHA HA 5 3ay1€XKaX Peuniikoro,

BummaHcKoro, 3070TYXHHCKOTO M BEpE3NHCKOTro As a result, over the period of 4 months it was possible
MECTOPOXKAECHUI. JJOTONIHUTENbHAA JOObIYA HEPTU to additionally produce more than 300 tons of oil only
32 CUCT ATOM TEXHOJIOI'UH IIPEBBICHIA 46 THIC. T. due to reduction of the water cut in the neighbouring
B 2012 rogy 3Ta TEXHOJIOTUA OYyJET PEATN3OBAHA HA wells. It is planned to continue experimental works
6 3a71eKaxX 3070 TYXUHCKOTO, B.-TIepBOMAICKOTrO, aimed at adapting this technology at Voronezhskaya
THUIMKOBCKOro, COCHOBCKOTO U BEpE3HHCKOTrO reservoir of Rechitskoye oilfield.
MECTOPOXIECHUN.
EOR OPERATIONS WITH THE USE OF WATER

BOJJOTA3OBOE BO3JENCTBHUE DISPERSION OF PIT OIL SLIMES

BozmorasoBoe BO3JENCTBUE INTAHUPYETCS Laboratory tests and pilot field tests of this
Pa3BUBATD IO TPEM HAIPABJIEHUAM C IPUMEHEHUEM technology started in late 2008. In 2011 pilot testing
430T4, YIVIEKHCJIOTO T'a32 1 OTOEH3MHEHHOTO was performed at Semilukskaya reservoir (injection
YIJIEBOAOPOAHOTO I'a3d. well 43) and Zadonskaya reservoir — unit IV (injection

B 2011 rogy NpOBEAEHBI IPOMBICTIOBBIE HCTIBITAHU S well 35) of Rechitskoye oilfield. Oil slime dispersion
TEXHOJIOT'MH YBEIMYEHUS OXBAT4 IIJIACTOB was prepared on the basis of “Neonol AF9-6”
BBITECHEHHEM IyTEM HATHETAHUA B IUTACT YEPE3 surfactant and oil slimes from oil slime pits. The total
HATHETATEIbHBIE CKBAXKUHBI MEJIKOAUCTIIEPCHON of 4,015 m? of oil slime dispersion was injected into
BOJOI'A30BOM CMECH HA CEMUTYKCKHX 3AJIEKAX well 43 and 168 m? — into well 35. Due to the reduction
OCTAMKOBUYCKOI'O U BOCTOYHOTO GJIOKA of the water cut in the neighbouring wells the
TUIIKOBCKOT'O MECTOPOXKIACHUI. additional oil production was 1,479 tons. In 2012 we
B kagecTBe ra30BOM (a3l UCIIOIB30BAIH A30T. continue applying this technology at Rechitskoye and
O6'bEMBI 3aKA9AHHOT'O B IIJIACT 430TA COCTABIISIIN Dubrovskoye oilfields.
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4yTb OOJIEE 2 THIC. M? HA OIHY HATHETATEIBHYIO
CKBaKMHY B IIJIACTOBBIX YCJIOBUAX IIPU
CPEHEM COJIEPKAHNM I'a34 B I'A30°KHUIKOCTHOM
cMecu B npesenax 30%. D @exT okazancs
KPAaTKOBPEMEHHBIM U JIJIUJICA IO IBYX MECSLIEB.
[To aByM OHEPALUAM JOMOTHUTEIBHO IOIYYEHO
oxono 500 T HedpTH. KpaTKOBpEMEHHOCTB A(PPEKTA,
O-BUJIMMOMY, CBSI3aHA C HEOOIBITUMHU OObEMAMU
34KAYKH B IJIACTHI BOJOA30THOM CMECH.
ITo cocrosanmio Ha 01.05.2012 sKCIEPUMEHT
O TEXHOJIOTUU BOJOI'a30BOT'O BO3/ICUCTBUSA HA
MJIACT C IPUMEHEHUEM 430Ta IPOBOJAUTCS HA
3asexu VIII 11 3aJOHCKOTO ropu3oHTa Peuniikoro
MECTOPOXAcHUA. HarneTanue BOJOra3oBoM CMECHU
MPOBOAUTCA YEPES OUATOBYIO HATHETATEIBHYIO
CKBaXXUHY 128. Bcero B 11acT 3akavyanu 727 TeIC. M3
B IIEPECYETE HA HOPMAJILHBIE YCJIOBUS, MJIN
5200 m? B mepecyeTe Ha IJIACTOBBIE YCJIOBUA
a3oTa coBmecTHO ¢ 10 200 M3 Bogbl Kak rmokasan
AHAJIN3 PE3YIBTATOB TPACCEPHBIX UCCIEAOBAHU,
BBIIIOJTHEHHBIX YEPE3 MECAL] ITOCJIE HAYA/IA 3AKAYKHU
B HATHETATEJIbHYIO CKBAXKUHY 128 BOJOra3oBoI
CMECH, (PHIBTPALTUOHHBIE IOTOKH 3HAYUTEIBHO
U3MEHUJINUCH IO CPABHEHUIO C (PUIBTPAITMOHHBIMHA
MHOTOKAMH, UMEBIIUMHU MECTO 10 3AKAYKU
BOJOIra30BoOM cMmecH. O6'bEMbI MEYEHOM XKUAKOCTH,
NOCTYIAIOMEN OT HATHETATETIBHON CKBAXKUHBI 128 K
JTOOBIBAIOIMM CKBaKHHAM 100,
115 n ApyruM, yMEHBIIWINCE B 2 1 60Iiee
pa3. U3MEHUIUCh U CKOPOCTH JIBUXKEHU A
(PHUIIBTPALIMOHHBIX IOTOKOB. OT60OP NpO6 rasa
0 NOJKOHTPOIBHBIM JJOOBIBAIOIINM CKBAXKMHAM
U UCCJIEJOBAHUE €TI0 HA COJEPKAHUE 430Ta
MOKA3bIBAET, YTO COACPKAHUE A30TA B ITUX IPOOAX
HAXOJUTCS HA YPOBHE (POHOBBIX 3HAYEHU .
O11eHKa 3(PHEKTUBHOCTH PAOOT 6yET
BBITIOJIHEHA ITOCJIE OKOHYAHUS SKCIIEPUMEHTA.
DKCIEPUMEHT IJIAHUPYETCA 3AKOHYUTD B KOHIIE Mas
ocJjie HarHeTaHus B 11acT eme 400 ThIC. M2 230Ta B
epecyeTe Ha HOPMAJIbHBIE YCIIOBUSL
ITo BO3€eMCTBUIO HA 111ACT C Lenbio [THIT ¢
npumenenuem CO, copmectHO ¢ OO0 «TexHonmorus-
cepBUc» 1 YpaHUTIMHEPTH BBIIOIHAETCS Pab0Ta 1O
BBIOOPY HA BOPOHEXKCKOH 32J1€3KU 30JIOTYXHUHCKOTO
MECTOPOXK/CHUS MUJIOTHOTO YIaCTKA JJIs
34Ka4YKHU YIVIEKMCJIOTO ra3a. B HacTosee Bpems
ucnonHuteraMu (OO0 «IeXHONOTUsA-CEPBUCH
U YpaHUTTHHEDTE) IPEACTABIEH OTYET, KOTOPBIA
IUTAHUPYETCSA B UIOHE 3aCIymaTb Ha TOC PYII
10 «BenopycHEPTH> U IPUHATD PEMICHUE O
HAMPABJIEHUAX PA3BUTUSA Y HAC ITOH TEXHOJIOTUU.
BMmecrte ¢ bammHUTIMHedTh BegeTcst paboTa 1o
CO3/IaHHIO KOMIIO3UIITMOHHON MOJIENTH C LIETBIO
060CcHOBaHUsA TexHooruu ITHIT ¢ npuMeHeHnemM
OTOEH3WMHEHHOT'O YITIEBOJOPOAHOIO I'a3a Ha
3asnexu VIII 11 33 JOHCKOTO ropu3oHTa Peuniikoro
MECTOPOXACHUS.

technologies

EXTENDED EOR

This technology involves injection of flow deviation
agents into the producing formation (into the zones of
the main filtration flows) not only through injection
wells but also through inspection wells, non-operating
wells and highly-watered idle producing wells located
on the way of these flows. We started to apply this
technology in 2007. As of 01.05.2012 it has been
introduced at 5 reservoirs of Rechitskoye, Vishanskoye,
Zolotukhinskoye and Berezinskoye oilfields. Due to
this technology additional oil production amounted to
more than 46 thousand tons. In 2012 this technology
will be applied at 6 reservoirs of Zolotukhinskoye,
Vostochno-Pervomaiskoye, Tishkovskoye,
Sosnovskoye and Berezinskoye oilfields.

WATER-ALTERNATED-GAS INJECTIONS

It is planned to conduct water-alternated-gas
injections with the use of nitrogen, carbon dioxide and
stripped hydrocarbon gas.

In 2011 the technology was pilot tested by injecting
finely dispersed water-gas mixture through injection
wells at Semilukskaya reservoirs of Ostashkovichskoye
oilfield and eastern block of Tishkovskoye oilfield.
Nitrogen was used as a gaseous phase. The volume of
injected nitrogen was a little bit more than 2 thousand m?
per injection well under reservoir conditions and with
30% gas share in the water-gas mixture. The effect was
short-term and lasted up to 2 months. As a result of 2
jobs additional oil production was 500 tons. Probably,
such short period of the effect is due to small volumes
of water-nitrogen mixture injected into the reservoirs.

As 0f 01.05.2012 water-alternated-gas technology
with the use of nitrogen is applied at unit VIII of
Zadonsky horizon of Rechitskoye oilfield. Water-gas
mixture is injected through injection well 128. The
total of 727 thousand m’ of nitrogen (for standard
conditions) or 5,200 m? (for reservoir conditions)
together with 10,200 m? of water was injected. Trace
surveys conducted one month after the start of water-
gas injections into injection well 128 showed that the
filtration flows have considerably changed compared
to those before injections. The volumes of tracer fluid
coming from injection well 128 to producing wells
100, 115 and others reduced by 2 times and more. The
velocity of filtration flows has also changed. The study
of gas samples taken from the monitored producing
wells showed that nitrogen content in these samples
was at background levels.

The efficiency of works will be assessed after the
completion of the experiment. The experiment is
planned to be completed at the end of May after
injecting additional 400 thousand m?® of nitrogen
(for standard conditions).

As for CO, injections, currently in cooperation
with Tekhnologiya-Service and UfaNIPIneft we are
selecting a pilot site for carbon dioxide injection at
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LHHMKJIMYECKOE BOS,HEFICTBI/IE HATITJIACT
B CBsI3U C TTOABIEHUEM B ITOCJIETHUE T'OJTbI

B HEPTENOOBIUE TAKOT'O TEXHOIOTUYECKOTI'O

MHCTPYMEHTA, KAK CTAHLIUM yIIPABJIECHUS PAaOOTON

OIIH ¢ 4yaCTOTHBIM HPHUBOAOM, HAMH IIPEJIOKEHO

OIPOBOBATH TEXHOJIOTHUIO ITUKINYECCKOTO

BO3JECHUCTBHUS HA 32JIE3KH, BKIIOYAIONYIO B CEOs

KOMILJIEKC MEPOTIPUSATHUH IO PA6OTE C CUCTEMOM

«IJIACT — CKBA’KUHA» U HAIIPABJIEHHYIO HA HAanOoJIee

MOJIHOE BOBJIEYEHUE B PA3PAOOTKY OCTATOYHBIX

MU3BJIEKAEMBIX 341TACOB HE(PTHU.

OCHOBHBIMH KOMITOHEHTAMU TEXHOJIOTHUH

SIBJISTIOTCS:

1. Bosgencrsre HA IIPUCKBAKUHHYIO 30HY
JIOOBIBAIOIINX CKBAXKMH ITYyTEM U3MECHEHUSI
[IAPAMETPOB PAOOTHI AJIEKTPOLIEHTPOOEKHOTO
H4COCAa C TIOMOIIBIO PETYIUPOBAHUS YACTOTHI
IIEPEMEHHOI'O TOKA JIEKTpoaBuraresia D1 H.

2. Bosgencrsue Ha YAAJIEHHYIO 30HY IJIACTA Iy TEM
3aKa4YKH HOTOKOOTKJIOHSIONIUX PEATEHTOB
B HATHETATEJIbHbIE CKBAKUHBI U UBMEHEHU ST
KOMIIEHCAIIUH OTOOPA )KUJKOCTH 3AKAYKOM.

OIBITHO-ITPOMBICJIOBBIE PA6OTHI 1O

OINPOOOBAHUIO TAHHOU TEXHOJIOTUU BBIITOJIHEHBI

HA yYACTKAX IOACOIEBOM 3aJ1€KN BUIITAHCKOTO

(mo6brBatonue ckBaxkuHbI 118, 108, 53, 106, 5602,

105 v HarHeTaTeaAbHbIE CKBAXUHBI 70, 5402, 36,

142, 60, 116) u IV mauku 3a/IOHCKOT'O TOPU3OHTA

Peunnkoro (7o6eIBaIOME CKBAXKUHBI 40, 191g2,

98, 63, 19 1 HaTHETATEbHBIE CKBAKUHBI 29, 64, 206)

MECTOPOXAEHUN. BeCh KOMIIIEKC pabOT BKJIIOYAJI

5 3Tanos.
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the Voronezhskaya reservoir of Zolotukhinskoye
oilfield. Tekhnologiya-Service and UfaNIPIneft have
submitted a report that is planned to be considered at
the Belorusneft meeting on technical and economic
matters in June and decision will be made concerning
further development of this technology.

In cooperation with BashNIPIneft we are working
towards creation of a compositional model to
justify the EOR technology with the use of stripped
hydrocarbon gas at unit VIII of Zadonsky horizon of
Rechitskoye oilfield.

CYCLIC TREATMENT OF RESERVOIRS

Due to application of ESP control stations with
variable frequency drive in the oil sector we propose
a technology of cyclic treatment of reservoirs. This
technology includes a set of works in “well-reservoir”
system aimed at fuller withdrawal of remaining
recoverable reserves.

Technology’s main components include:

1. Impact on the wellbore zone of producing
wells by changing the ESP working parameters by
regulating alternating current frequency of the ESP
engine.

2. Impact on the remote part of reservoir by
injecting flow deviating agents into the injection wells
and changing the injection-to-withdrawal ratio.

This technology was pilot tested at the sections of
subsalt reservoir of Vishanskoye oilfield (producing
wells 118, 108, 53, 106, 5602, 105 and injection wells
70,5402, 36, 142, 60, 116) and at unit IV of Zadonsky
horizon of Rechitskoye oilfield (producing wells 40,
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IlepBbI€ TPHU MECHIA C TOMOIIBIO U3MEHEHUS
YaCTOT TOKA, IOJJaBAEMOTI'O HA JIBUT'ATEIU HACOCHOT'O
060PYAOBAHUSA IO KAXKIOU JOOBIBAIOMIEN CKBAXKHHE,
HOAOUPAJICS ONTUMAJIBHBIN PEXUM PAOOTEL, IIPU
KOTOPOM CKBAXKUHA pab0TAId C HAUMCHBIIIEH
OOBOTHEHHOCTBIO CTAOMILHO. Ha aTOM 3Tarne
JIOCTUTAJIOCh BOBJIEUEHUE B PAOOTY HEOXBAYEHHBIX
BBIPA6OTKON NPUCKBAKUHHBIX 30H MJ1ACTA.

Bropsle Tpu Mecs11a BBIIOIHIOCh YBETUYCHUE
TEKYIIEH MECSIYHON KOMIICHCAITUH OTOOPA 3AKAYKOH
110 105% no 3a1exu PEYnIiKoro MeECTOPOX/AEHUA U 1O
130% 110 3a1€X1 BUIITAaHCKOT'O MECTOPOXKIECHUS.

TpeTpu TPU MECAIA IIPOBOANIACH 3AKAYKA B
HATrHETATEIbHBIE CKBAKHUHBI IOTOKOOTKJIOHSIOIHUX
peareHToB. Ha 3TOM 3Tare JOCTUTAI0Ch BOBJICUYEHUE
B Pa6OTY HEOXBAYEHHBIX BBIPAOOTKON yIaJIEHHBIX
30H IUIACTA.

YeTBEPTHIE TPU MECSIA CHUIKAIACH TEKYIIIAS
KOMIIEHCALUSI OTOOPOB 3aKAYKOM 10 95% MO 3a/1€KU
Peunnikoro MmectopoxaeHusa 1 10 110% o 3anexn
BHUIITAaHCKOT'O MECTOPOK/ICHUSL.

3aBEPHIAIONIUU STAIl BKJIIOYAJI HOAACP)KAHNE
TEKyIIEX KOMIICHCAIINH OTOOPA 3AKAYKOH HA YPOBHE
100% 1o 3amexn PeUnIiKoro MmectopoxaeHnus u 120%
0 3JIEKU BUIIAHCKOT'O MECTOPOXKACHUSL.

B HacTos11€€ BpEMS BCE 3TAIBI 10 PEATTU3ALUN
OIBITHBIX PA0OT 1O JAHHOU TEXHOJOTUU
BBINIOJTHEHBL [1pr 3TOM 3(PHEKT OT IUKITUIECKOTO
BO3JICUCTBUS COCTABHII 1157 T JOTIOJTHHUTEIBHO
JIOOBITON HE(PTH IO MO/COIEBOM 3a71€3KU
Burrarckoro u 3600 110 3a/j0HCKO# 3amesxu (IV 1)
Peuniikoro mectopoxacHui. Ham Heo6XoqumMo
JIETAJIBHO IPOAHATIN3UPOBATD PE3Y/IBTATHI 3TOM
PabOTHI, BBIIIOJIHUTb KOPPEKTUPOBKY TEXHOJIOTUU
U IIPOJOJIKUTD €€ AJAIITAIUIO K YCJIOBHSIM HAIIINX
3AJICKEN.

TEPMOTA30OBOE BO3IENCTBUE

ITIpOEKT HA ONBITHO-TIPOMBICJIOBBIE PAOOTEI
0 ONPOOOBAHUIO TEXHOJIOTUU TEPMOI'A30BOT'O
BO3/ICUCTBUS TOTOBUTCS HAMH COBMECTHO ¢ OAO
«3apyodexxkHedTh» A1 11 6710Ka MEKCONEBON 3ATIEKNU
BumaHCKOro mecropoxaeHus. Ha TeKyIuil MOMEHT
JULS JTAHHOM 32JIE3KU C IPUMEHEHUEM CUMYIIATOPA
CMG STARS co3gana TEpMOrUIPOAUHAMUYECKAS
MO/IEJIb M BBIIOTHSAIOTCS PACYETHI TEXHOJIOTMYECKIX
OKA3aTeJIEH pa3pabOTKHU JJ151 HECKOJIBKHUX
BAPUAHTOB IPOBEAECHU A SKCIIEPUMEHTA
Jns peanusanuu 6y1€T BHIOPAaH BAPUAHT,
MNEPCHEKTUBHBIN IO SKOHOMUYECKUM ITOKA3ATESM.

B nepcrnexkTrBe Ha O6GBOAHEHHBIX 3AJIEKAX C
AKTUBHBIMH 3aI1ACAMHU, HAXOAAIINXCSA HA OCTIENHEN
CTaJIUU Pa3pabOoTKH, INTAHUPYETCSA OIIPOOOBATH
COBPEMEHHBIE TEXHOJIOIUH (PU3UKO-XUMUUIECKOTO
BO3JIEUCTBUS C IPUMEHEHUEM: [IOJTUMEPHBIX
KOMMO3UIUI C JUIMTEIBHBIM IEPHUOJJOM HAYAJIA
reyeo6pasoBanus (15—25 CyT.); HOTUMEPHBIX

technologies

191g2, 98, 63, 19 and injection wells 29, 64, 26). All the
operations included five stages.

During the first three months by changing the
current frequencies at pump engines at each producing
well we selected the most optimal operation mode
under which wells are able to operate in a stable
manner with the lowest water content. At this stage
we involved the wellbore zones into oil production
process.

During the second three months we increased
the monthly injection-to-withdrawal ratio to 105%
for Rechitskoye oilfield reservoir and to 130% for
Vishanskoye oilfield reservoir.

During the next three months we injected flow
deviation agents into the injection wells. At this
stage we involved remote parts of reservoir into oil
production process.

During the next three months we reduced the
current injection-to-withdrawal ratio to 95% for
Rechitskoye oilfield reservoir and to 110% for
Vishanskoye oilfield reservoir.

The final stage included keeping the current
injection-to-withdrawal ratio at the level of 100%
for Rechitskoye oilfield reservoir and 120% for
Vishanskoye oilfield reservoir.

At present all the abovementioned stages are
completed. As a result of cyclic treatment of reservoirs
additional 1,157 tons of oil were produced from
the sub-salt reservoir of Vishanskoye oilfield and
3,600 tons from Zadonskaya reservoir (unit IV) of
Rechitskoye oilfield. Now we need to analyze the
results of this work, adjust the technology and continue
its adaptation to our reservoirs.

THERMAL GAS TREATMENT

Together with Zarubezhneft Company we are
preparing a design for testing thermal gas treatment
technology at block II of inter-salt reservoir of
Vishanskoye oilfield. Currently a thermal hydrodynamic
model has been created with the use of CMG STARS
simulator and production parameters for different
production options are being calculated. The most
economically promising option will be selected for
implementation.

Modern technologies of physical and chemical
treatment with the use of polymer compounds with
longer period of gel formation start-up (15-25 days);
polymer microgels using “bright water” technology;
inert emulsions made of polymers that are resistant to
shear loads; systems for surfactant-polymer flooding
based on association polymers with the addition of
small amounts of surfactants; polymer compounds
with protective additives to ensure long-time stability
of polymers under the impact of high temperatures,
oxygen and high mineralization of reservoir waters; and
ASP technologies are planned to be tested in the future at
mature water-flooded reservoirs with active oil reserves.
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MMKpPOT€eJ€er IO TEXHOJIOIuHU bright water;
MHEPTHBIX IMYJILCUIM U3 YCTOMYMBBIX K
C/IBUT'OBBIM HATPY3KaM IIOJIUMEPOB; CUCTEM
11 ITAB-TOIMMEPHOT'O 3aBOJJHEHH S HA OCHOBE
4ACCOIUATUBHBIX TOJIUMEPOB C HEOOIBIIUMU
no6aBkaMu ITAB; HOTMMEPHBIX KOMITO3UITUH

C 3aIUTHBIMHU JOO6ABKAMH JIJIsI OOECIICUYCHH S
JUIMTEIBHON CTAOMJIBHOCTHU MTOJIMMEPOB IPU
BO3/JIEICTBUM BBICOKUX TEMIIEPATYP, KUCJIOPOAA
U BBICOKOH MUHEPATU3ZAIUU IUIACTOBBIX BO/I;
ASP-TexHOMOrNMN.

BMBPOCEMCMHWYECKOE BO3IENCTBUE
HATUIACT

JaHHas TEXHOJIOTHS OIPOO6OBAHA HA MEKCOJIEBBIX
3anexax Peaunikoro (IV 1) u bepe3nHckoro
(III 6;10K) MECTOPOXKAEHUI. Pa60TA BEINOIHAIACH
B JIBa 3Tama. Ha mepBoM aTane NpoBOJUINCh
PabOoTEI IO ONPEJEICHUIO JIOMUHAHTHBIX 4YACTOT
BO3ACUCTBUS — 4ACTOT BUOPOCECHCMHUUECKUX
KOJIEOAHUI, TPU KOTOPBIX BO3MOXXHA MAKCHMAJIbHAS
pEeaKLyA I1J1IACTA Ha BO3AEHCTBHE. [10 pesynbraram
06pPabOTKH NOTYYEHHBIX MATEPHAJIOB YCTAHOBIIEHO,
4TO JOMUHAHTHBIE YACTOTBI JIEXKAT B IUANIA30HE
10—40 I'w,

71 IPOBEJEHUS BTOPOT'O TAIA ONBITHBIX PA60T
OBLIHA PEKOMEHJIOBAHBI TPH CBUITA U3 YKA3aHHOI'O
JUAIIa30H4 9aCTOT. BO30yXKI€HNE YIIPYTUX
KOJIEOAHUI OCYIIECTBIIJIOCH I'PYIIIION BUOPATOPOB
CB-18/120 B KOMMUUeCTBE 6 €IUHUI] U3 HECKOTBKUX
MYHKTOB BO30yKAeHUA (I1B), pacriooKEHHBIX IO
MIPOCTUPAHUIO 3AJIEIKEIN HA PACCTOAHMHU 1,5 KM APYyT
OT Ipyra. Bo3gencTeue npoBOAHUIOCH TUKIAMHU O

12 4/cyT B TedeHue 1,5 MecALEeB Ha KAKIOM M3 3aJIEKEL.

B HOYHOE BpeM s OCYIIECTBIIAIOCh HAOIIOACHUE 32
peakure 1m1acTa B HabII0JaTe/IbHbIX CKBAXKUHAX U
OLIEHUBAJICA YPOBEHDb HACBIIIEHUSA IIJIACTA SHEPTUEN
MYTEM 3aMEPOB HAPACTAHUSA YPOBHS NTYMOB IIACTA.
[Tocne cTabunmn3aniy ypOBHS IIIYMOB ILJIACTA HA
ONpeEIEHHOM 3HAYEHUH BUOPOCEUCMHUYIECKOE
BO3/JIEUICTBUE HA TIJIACT IIPEKPAIITATIH.

Kaxk nokasasn aHaJIN3 BBIIIOJIHEHHBIX PA0OT,
P JOOBIBAIOIMINX CKBAKUH OTPEATUPOBAINA HA
BHUOPOBO3ACHUCTBHUE CHUKECHHUEM OOBOJJHEHHOCTH
JIOOBIBAEMOU ITPOAYKIIUH U U3BMEHEHUEM IIJIOTHOCTH
JIOOBIBAEMOU BO/IBL. [IONIOIHUTEIBbHAS I00bIYa HEPTHU
cocrasuia 6osee 5000 T.

B TO k€ BpeMs ONBITHBIE PAOOTHI IIOKA34JIU, UTO
B YCIIOBUAX HE(PTAHBIX MECTOPOXKIEHUI Benapycn
(pa3BUTON COJIIAHOKYIIOJIBHOM TEKTOHUKH) 1O
YPOBHSA HEPTAHOI'O IUIACTA JOXOAUT HE 6osee
10-20% renepupyemMoi € HOBEPXHOCTH 3EMIIN
sHepruu. [l1oaTomy fajpHENIIEE PAZBUTHUE
BUOPOCENCMHUYECKUX TEXHONOrUM st ITHIT
BUJIUTCA B Pa3Pa00TKE CIEINAIBHOIO KOMIUIEKCA
060pPYyIOBAHUA, KOTOPOE MO3BOJIUT JOCTABIATD
SHEPIUIO OT MECTA €€ U3JTyYEHHUA C IOBEPXHOCTH
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VIBROSEISMIC TREATMENT OF RESERVOIRS

This technology was tested at the inter-salt reservoirs
of Rechitskoye (unit IV) and Berezinskoye (block I1I)
oilfields. The work was done in two stages.

At the first stage the dominating frequencies —
frequencies of vibroseismic oscillations at which
reservoir provides maximum response to the

impact — were identified. The results showed that
dominating frequencies lie in the range of 10—40 Hz.

For the second stage three sweeps out of the
abovementioned range of frequencies were
recommended. Excitation of elastic vibrations was
done by 6 vibrating units SV-18/120-type located on
the surface above the reservoir at a distance of 1.5
kilometers from each other. The treatment was done
in 12 hours/day cycles over a period of 1.5 months at
each of reservoirs. During night time we monitored the
reservoir response in inspection wells and assessed the
level of reservoir saturation with energy by measuring
increment of reservoir noise levels. We suspended
vibroseismic treatment after stabilization of reservoir
noise at a certain level.

After the works we observed reduction of water
cut and alteration of water density in a number of the
producing wells. Additional oil production amounted
to more than 5,000 tons.

At the same time pilot tests showed that under the
conditions of Belarusian oilfields (developed salt-dome
regions) only 10-20% of the energy generated on the
surface reaches the reservoir. That is why in the future
it is necessary to develop a special set of equipment
that will allow delivering generated vibrations to
reservoirs with minimum losses.

In order to boost the withdrawal of oil reserves and
enhance oil recovery from reservoirs with hardly-
recoverable reserves the following technologies are
tested and introduced:

* hydraulic and acid fracturing operations;
e construction of horizontal wells;
¢ construction of multilateral wells;



EWS

EWS Holding AG

We Believe in Quality Services

technologies

K MECTY IIpUEMA HA ITTyOUHY HE(PTAHOIO IIACTA C
MHHHWUMAJIbHBIMHU ITOTCPAMH.

711 aKTUBU3AITUU BBIPAOOTKU 3211ACOB
U NOBBIIICHUSI HEPTECOTIAYH IIJIACTOB C
TPYJHOU3BIEKAEMBIMH 3aI1ACAMU BEJETCS paboTa
O ONPOOOBAHUIO U BHEJPEHUIO CIEAYIOMNX
TEXHOJOTUH:

* I'U/IPABJIMYECKUX U KUCJTOTHBIX PA3PBIBOB ILIACTA
(I'PITu CKP);

* CTPOUTENBCTBA TOPU3OHTAJIBHBIX CKBAXKIH;

* CTPOMUTENBCTBA MHOT'O3400MHBIX CKBAKUH;

* CO3[JAaHUSI MHOT'OCTBOJIBHBIX CKBA’KHUH U3
CYIIECTBYIOMIETO (DOHAA OFHOCTBOJIBHBIX
HU3KOAEOUTHBIX ITyTEM OYPEHHUA OOKOBBIX CTBOJIOB
MaJIOTrO PaInyca C KOITIOOMHI'OM U CUCTEMOU
HAIIPAaBJIEHHOI'O OypPEHUS,

* CO3[JAHUS CUCTEMBI PA/JUATIBHBIX
INIYOOKOITPOHHUKAIOMUX KAHAJIOB (DUJIBTPALINY;

* OCBOEHHUS ¥ PEMOHTA MHOTI'O3400MHBIX CKBA’KHUH
C IPUMEHEHHUEM MEXAHU3MA OPHUEHTALINH
KOJNTIOOMHI'OBOU TPYOBL

T IPABJIMYECKHNM U KMCJIOTHBIN
PA3PBIBDI TIJTACTA

I'uapaBarYeCKUN U KUCJIOTHBIN PA3PbIBLI IJIACTA
HA HU3KOIIPOHUIIAEMBIX 32JIEXKAX MECTOPOXKICHUI
PYTI J10 «BenopyCHE(PTH» HAYAJIU IUPOKO
BHeJPATH ¢ 2008 roga. Ha Tekymuim MOMEHT 110
ITAaHHOM TEXHOJIOI'MH BBIIOJAHEHO 60see 200
CKBA>KMHO-ONEPALIUI U JOTIOTHUTEIBHO JOOBITO
ooiee 200 ToIiC. T HE(PTU. 'PTT 1 CKP npoBOAATCS HA
J1ACT C HPOHUIAEMOCTBIO MeHee 10 M1, O6'beMBI
3aKAY4HHOI'O B ILJIACT IIPOIIAHTA JOCTUTAIOT
80-100 T HA OAHY CKBAKHMHO-OIIEPALIUIO,
KOHIICHTpAaIus nponmnanTa — 10 1000 kr/m?
JKUJKOCTH-TIECKOHOCHTENS, 10 600 M3 )KUJKOCTU
paspbiBa. [IpakTUYeCKy HA BCEX CKBAKMHAX
HA 3aKJIIOYUTE/IbHBIX CTAJUAX BBIIIOIHAIOCh
MHOAKPENJIEHUE OCHOBHOU MACCHI IPOMITAHTA 60JIee
KPyNHBIMU (ppaKkusaMu. I'PIT BBITOIHAIOTCA KAK B
TEPPUTEHHBIX, TAK U KAPOOHATHBIX IJIACTAX.

construction of multilateral wells out of current
monobore wells with low flow rates by small-radius
sidetracking with the use of coiled tubing units and
directional drilling systems;

creation of a system of deeply extending radial
filtration channels;

¢ completion and workover of multilateral wells with
the use of coiled tubing orientation device.

HYDRAULIC AND ACID FRACTURING
OPERATIONS
Hydraulic and acid fracturing operations started to
be actively applied at low-permeability reservoirs of
Belorusneft oilfields back in 2008. As of today, more
than 200 jobs have been performed with the use of this
technology with additional production amounting to
more than 200 thousand tons of oil. Hydraulic and acid
fracturing operations are performed at reservoirs with
permeability below 10 mD. The volumes of proppant
injected into the reservoir amount to 80—100 tons per
job, proppant concentration — up to 1,000 kg/m?
of proppant-carrying fluid and up to 600 m? of the
fracturing fluid. At almost all the wells at the final
stages of operations the main portion of proppant was
supported with injection of bigger proppant fractions.
Hydraulic fracturing operations are performed both
in terrigenous and carbonate reservoirs. In carbonate
reservoirs hydraulic fracturing is performed when
reservoir pressure is below 0.8 of the hydrostatic
pressure. At higher reservoir pressures acid fracturing
is conducted. Acid fracturing operations are conducted
according to several process schemes:
* acid fracturing with preliminary water shutoff;
* batching acid-oil emulsions and hydrochloric and
acetic acid solutions;
* batching fracturing fluid and hydrochloric and acetic
acid solutions;
* batching gelled hydrochloric acid and hydrochloric
acid solutions with surfactants;
* high-volume hydraulic fracturing with the use of
hydrochloric acid solutions with surfactants.
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B kap6oHaTHbIX n1acTax ['PIT BBITTOIHSIOTCS

NPU 3HAYEHUAX [1IJTACTOBOI'O JIaBaeHus Huxe 0,8

OT U POCTATUYECKOTO. [Ipu 60J1€€ BBICOKHUX

IJIACTOBBIX JIaBJIeHUAX NTPOBOAATCA CKP.

Kucnorusie I'PIT IpOBOAATCA IO HECKOJIIBKUM

TEXHOJIOTMYECKUM CXEMAM:

e KI'PI1 c npegBapuTeIbHOU U30IALEN
BOJOIIPHUTOKA,

* IOPITMOHHAS 31Ka4YKa HE(PTEKUCITIOTHBIX
3MYJAbCUH U PACTBOPOB COIAHOM HUJIM YKCYCHOMN
KHCIIOT;

* TIOPIUOHHAA 3aKAYKA KUJIKOCTH PA3PHIBA U
PAaCTBOPOB COJITHON UIH YKCYCHOM KHCJIOT;

* IOPLIMOHHAA 3aKA4YKa 3aI'YILIEHHOM COJIAHOM
KUCJIOTBL U PACTBOPOB COJIAHOU KUCJIOTHI C ITAB;

e MHOroo6obeMubie KI'PIT ¢ NCronb30BaHUEM
PaCcTBOPOB COJITHOM KUCJIOTHI C ITAB.

B HacTos1ee BpeMsi IPOBOAUTCS OIPOOOBAHUE:

* A30THO-IEHHBIX ['PIT;

* MHOT'OCTAJJMHUHBIX, TIOMHTEPBAIbHBIX ['PIT;

* HOBBIX THUIIOB JKUJKOCTEN PA3PHIBY;

* TIOHU3UTENEN TPEHU JIJII KUCIIOTHBIX COCTABOB
IIPH KUCJIOTHBIX PA3PbIBAX;

* HOBOI'O THUIIA OCMOJIEHHOTI'O IIPOIIIIAHTA
dpakumu 16/20.

CTPOUTEJIbCTBO I'OPU3OHTAJIbHBIX 1
PA3BETBJIEHHBIX CKBAYKIMH

B nnocnepHue rogpl IPUOOPETEH OIBIT U
npoo6ypeHOo 30 CKBAXKUH CJIOKHOHN KOHCTPYKIIHH.
Cpenu HUX 25 CKBAXKUH CYOrOPU3OHTAIBHBIX U
TOPU3OHTAJBHBIX, 5 CKBA’KMH PA3BETBIECHHBIX
C ABYMA CTBOJIAMM. 32 CUET ITOI'O U3
HU3KONPOHHUIIAEMBIX IJIACTOB JOMOJIHUTEIBHO
J06BITO 60s1e€e 300 THIC. T HEPTHU.

CTPOUTEJIBCTBO MHOI'OCTBOJIBHbBIX
CKBAJKMH

B 2010 rogy npobypeHa nepsast TPEXCTBOIbHAS
CKBA’KMHA HA MEXKCOJIEBYIO 34JIEXKb
C.-JOMaHOBHUUYCKOT'O MECTOPOXKAEHHUA. CKBA)KNHA
MMEET BTOPOU YPOBEHD CJIOKHOCTH 11O
kiaccuduranmuu TAML. U3 OCHOBHOT'O CTBOJIA B
npejeiax NPOAYKTUBHOIO IUIACTA TPOOYPEHEI
3 CyOropHU30HTAIBHBIX OTKPBITBIX CTBOJIA JJIMHOMN
oT 364 10 461 m. ITocsie OCBOEHUA CKBAKUHA
BCTYIIMJIA B 3KCILIYATAIUIO C Ae6uTOoM 20—-22 T/CyT
0€3BOTHOM HE(PTH, B TO BPEMS KAK OKPYKAIOIIHE
CKBA’KUHBI pa00OTAIOT C IcOUTAMU HE 6oiiee 4—5 1/

CyT. JOnOMIHUTENBbHAS JOOBIYA HE(PTH U3 CKBAKUHBI

52r C.-lomanoBudyckas Ha 01.05.2012 cocTaBuia
6onee 7800 T.

B 2011 roay pa3paboTaHa TEXHOIOT U
U OATOTOBJIEH PAOOYMH IPOEKT HA
CTPOUTENBCTBO MHOT'OCTBOJIBHOM CKBAKUHBI
531 C.-JoMmaHOBHUYCKAA. CTPOUTENBCTBO 3TOM
CKBAKHMHBI OCYHIECTBIISICTCS 110 4-MYy YPOBHIO
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Currently the following technologies are tested:

* nitrogen foam fracturing;

» multistage, interval hydraulic fracturing;

* new types of fracturing fluids;

« friction reduction agents for acid compositions
used for acid fracturing;

* new type of resin-coated proppant of
16/20 fraction.

CONSTRUCTION OF HORIZONTAL AND
BRANCHED WELLS

Over the recent years we have gained experience
and drilled 30 wells with complicated design. Out
of them 25 are subhorizontal and horizontal wells
and 5 are branched wells with two boreholes. Due
to this technology additional 300 thousand tons of
oil was produced from low-permeability reservoirs.

CONSTRUCTION OF MULTILATERAL WELLS

In 2010 the first triple-borehole well was
drilled into the inter-salt reservoir of Severo-
Domanovichskoye oilfield. This well is level 2
according to TAML classification. From the main
borehole within the producing formation three
subhorizontal open holes 364 to 461 meters long
were drilled. After completion the well was put
into operation with the flow rate of 20—-22 tons/
day of water-free oil while the neighbouring wells
had flow rates of no more than 4-5 tons/day. As
of 01.05.2012 additional production from well 52r
Severo-Domanovichskaya was more than
7,800 tons.

In 2011 the technology and the working design
for the construction of multilateral well 53r Severo-
Domanovichskaya was prepared. This well is
being constructed according to TAML level 4. The
design of the branched holes includes running
and cementing production strings, installation of
annular packers and performance of multistage
hydraulic fracturing operations.

It is planned to drill some more multilateral
wells till 2015.
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CIOXXHOCTHU Kinaccudpuranuu TAML. KoncTpykuus
PAa3BETBICHHBIX CTBOJIOB BKJIIOYAET CIIYCK U
LEMEHTUPOBAHUE 3KCILIYATALIMOHHBIX KOJIOHH C
060PYIOBAHUEM UX 3AKOJIOHHBIMH IAKEPAMU U
NPOBEAEHHUEM MHOTOCTAAUUHBIX ['PIT.

B panbrerimem 1o 2015 roga miaaHupyeTcs
OypEHHUE €IMe HECKOJIBKUX MHOT'03a00MHBIX
CKBa’KUH.

CO3JAHME MHOI'OCTBOJIbHbBIX
CKBAXVH M3 CYHIECTBYIOIIETO ®OH/IA
OOHOCTBOJIbHBIX HUBKOJEBMUTHDBIX
I[TYTEM BYPEHU A BOKOBBIX CTBOJIOB
MAJIOI'O PAJWUYCA C KOJITKOBUHI'OM U
CHUCTEMOM HATTPABJIEHHOI'O BYPEHU S

JIOOBIBAIOIIMIE CKBAXKUHBI, SKCIUIYATHPYIONINE
3aJIEKU C HUBKOIIPOHUILIAEMBIMHU KOJIJIEKTOPAMY,
PaboTaIoT C IEOUTAMU IO XKUJIKOCTU HE HoJiee
3—5 1/CyT. KOMMYECTBO TAKUX CKBAXKHUH JJOCTUTAET
25-30% ot Bcero poH/1a TOOBIBAIONINX CKBAXKHH.
J71s1 yBETU4deHN feOUTA TAKUX CKBAXKHH, OXBAT4
BOKDPYT HHUX IJIACTOB BBIPAOOTKOU MPEJIOKEHO
13 OCHOBHOT'O CYIIECTBYIONIETO CTBOJIA OYPUTD B
PAa3HBIX HATIPABJIEHUAX MO 2—4 GOKOBBIX CTBOJIA.
DAKTUYECKU B PE3YIbTATE BHEAPEHUS JAHHOM
TEXHOJIOTUU OYJET NPOU3BOJUTHCS
peoOpPaA30BAHNUE UMEIOIINXCS OJHOCTBOIBHBIX
CKB4>KMH B MHOTOCTBOJIBHBIE C YBETMYEHUEM UX
pajauyca BIHUAHUA U, KAK CJIECTBHE, YBETUUYEHNE
KO3(pPUIIUEHTOB NPOJAYKTUBHOCTH U JEOUTA.
Peanuzanys JaHHOM TEXHOJIOTUU TPEOYET
OypeHUs OOKOBBIX CTBOJIOB ITO MAJIBIM PATUYCAM.
DTO BO3MOXKHO C MPUMEHEHHEM KOITIOOUHTIA
Y CUCTEMBI HaIIpaBjaeHHOro 6ypenus (CHB),
KOTOPAs MO3BOJISIET B PEXKUME PEAJIBHOT'O BDEMEHU
KOHTPOJIUPOBATH U YIIPABJIATH NAPAMETPAMU
TPAEKTOPHUH CTBOJIA CKBAKUHBI, OTCJIEXKUBATD U
NEPEAABATD HA IIOBEPXHOCTD JJAHHBIE O 3200MHBIX
ycnosuax padoTsl KHBK.

B HacTOAmMMI MOMEHT AJI TAHHOW TEXHOJIOTUU
noAroToBneHa [IporpaMma OnbITHO-IIPOMBICTIOBBIX
UCHIbITAHWI. [IporpamMmma peajin3oBaHa Ha
ABYX CKBaKMHAX 70 1 77 MapMOBUYCKOI'O
MECTOPOXAECHH S, N3 KOTOPBIX C IOMOIIBIO
KoJTIOOMHTa 1 CHB npo6ypeHo 110 /1Ba GOKOBBIX
CcTBOMA. LIeT peann3anusa NporpaMmMbl
Ha CKBaXXUHAX 72 1 80 MapMOBHYCKOI'O
MECTOPOXKAEHHS.

Ha ckBaxxnne 70-MapMOBHUYCKAA JJIMHA OOKOBBIX
CTBOJIOB cOCTABAAET 63 1 94 M. OHU UMEIOT OTXOJ,
OT OCHOBHOTO CTBOJA 16 1 35 M. Ha cKBaXKMHE
77—MapMOBHYCKaA JJIMHA OOKOBBIX CTBOJIOB
cocTasaAeT 78 u 171 M IIpH OTXOAAX OT OCHOBHOI'O
crBOIA 32 11 126 M.

B nepcriekTuBe INIAHUPYETCA PA3BUBATDH JAHHOE
HAaIIpaBJICHUE IIyTEM OYpPEHU S GOKOBBIX CTBOJIOB C
JIETIPECCUEN HA IIJIACT.

technologies

CONSTRUCTION OF MULTILATERAL WELLS
OUT OF CURRENT MONOBORE WELLS
WITH LOW FLOW RATES BY SMALL-RADIUS
SIDETRACKING WITH THE USE OF COILED
TUBING UNITS AND DIRECTIONAL DRILLING
SYSTEMS

Producing wells operating on low-permeability
reservoirs have flow rates not exceeding 3—5 tons/day.
Such wells account for 25-30% of the total producing
wells stock. In order to increase the flow rates of such
wells and to ensure better involvement of reservoirs
into oil production it was proposed to drill 2—4
sidetracks out of the main borehole. In fact, existing
monobore wells will be converted into multilateral
wells with the increase of their operation radius what
will lead to the increase of their productivity factor and
flow rates. Implementation of this technology requires
drilling small-radius sidetracks. This can be done
with the use of coiled tubing and directional drilling
system that allows online monitoring and controlling
borehole trajectory as well as tracking and transferring
information about the BHA bottomhole operation
conditions to the surface.

At present a Program of Pilot Testing has been
elaborated for this technology. The Programme
has been implemented at wells 70 and 77 of
Marmovichskoye oilfield, where two sidetracks per
each well were drilled with the use of coiled tubing
and directional drilling system. The Program is
currently being implemented at wells 72 and 80 of
Marmovichskoye oilfield.

At well 70-Marmovichskaya sidetracks are
63 and 94 meters long. Their deviation from the
main borehole is 16 and 35 meters. At well
77-Marmovichskaya sidetracks are 78 and 171 meters
long and their deviation from the main borehole is
32 and 126 meters.

It is planned to develop this technology in the future
by performing underbalanced sidetracking.

CREATION OF A SYSTEM OF DEEPLY

EXTENDING RADIAL FILTRATION CHANNELS
Together with Novinka Company (Minsk) we

are working towards development of equipment

and a technology for creation of deeply extending

filtration channels. Design documents for pilot

sample of SK-140, SK-168 downhole equipment

and for experimental sample of SK-146 downhole

equipment as well as for bench equipment were

prepared. A special bench for technology testing was

manufactured and put into operation. Downhole

equipment SK-168, SK-146 was manufactured. Bench

tests were conducted. Tools for re-equipment of

MK30T coiled tubing unit with 12.7-mm coiled tube

are being prepared. Corrosion resistant coiled tube

12.7 mm in diameter and 4,200 meters in length

was purchased. Chemical laboratory works to select
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CO3JAHUE CUCTEMDbI PAIMAJIbHBIX
[JTYBOKOITPOHUKAIOIIN X KAHAJIOB
OUJIBTPALINI

Bmecre ¢ C3AO «HoBuHKa» (MUHCK) BEYTCA
PabOoTHI IO pa3pabOTKE KOMILJIEKCA OOOPYAOBAHUSA
U TEXHOJIOTUU JIS1 CO3/LAHUS CUCTEM
INTYOOKOMPOHUKAIONIUX KAHAJIOB (PUIBTPAIUNL.
Pa3paboTaHbl KOMIUIEKTBI KOHCTPYKTOPCKOIM
JIOKyMEHTAIIMM HA ONBITHBIA O6pa3er]
CKBOXUHHOTO 060pynoBanus CK-140, CK-168 u
3KCIIEPUMEHTAJIBHBIN O6PA3€l] CKBAXKUHHOI'O
o6opynoBatus CK-146, creH10BOEC 060PYIOBAHHE.
M3roTOBJIEH U BBEJIEH B OKCIUIYATALIUIO CTEH/] JJIs
OTPabOTKH TEXHOJIOTUH B CTEH/IOBBIX YCJIOBHAX.
M3roTOBIEHO CKBAXKMHHOE OOOPYIOBAHUE
CK-168, CK-146. TIpoBe/IeHbI CTCHIOBBIE UCITBITAHUS.
T'OTOBUTCS OCHACTKA ITO NEPEOOOPYJOBAHUIO
KONTIOOUHTOBOU yCTaHOBKU MK30T s
ocHameHus I'T fuamerpom 12,7 MM. 3aKyIlJIEHA
KOPPO3UOHHO-CTOMKAA I'T juameTpom 12,7 MM U
JIHOM 4200 M. BegieTcst paboTa B XUMHUYECKOM
J1a6OPATOPUH ITO NOAOOPY CIIEIIUAIBHBIX
JKHJIKOCTEN, HE OJIOKUPYIOIINUX TOHKOIIOPOBBIE
KaHAJIbl B HU3KONPOHUIIAEMBIX IJIACTAX. ONBITHO-
MIPOMBICJIOBBIE PAOOTHI IO UCIIBITAHUIO JAHHONU
TEXHOJIOTUH HA CKBAXKUHAX IVTAHUPYETCA IPOBECTHU
BO BTOPOI nonosuHe 2012 ropa.

O61aCTh IPUMEHEHUS 3TON TEXHOJIOI'MU HE
OrpaHUYEHA UHTEHCU(PUKALTUEN JOOBIYM HEPTHU U
ITHIT 13 HU3KOIIPOAYKTHUBHBIX 1 MAJIONIPOHNUILIAEMBIX
KOJIJIEKTOPOB. JlaHHASA TEXHOJIOTUA O6y1eT
BOCTPEOOBAHA U KAK AJIBTEPHATUBA ITeppopanuu
CKBa’KHH, O0€CTIEYNBAA IIPHU MEHBIIENA INIOTHOCTHA
nep@OPALMOHHBIX KAHAJIOB 3HAYUTEIBHO
OOJIbIIIEE MIPOHUKHOBEHUE BITTYOb IIPOAYKTHBHOT'O
MJ1ACTA, 4 TAKXKE KAK AJIBTEPHATUBA OYPEHUIO
OOKOBBIX TOPU30OHTAJIBHBIX CTBOJIOB B MHTEPBAJIE
MPOAYKTUBHOI'O IUIACTA CO CBEPXMAJIBIM PAIUyCOM
334PE3KU.

OfHUM U3 HauboIee NEPCIEKTUBHBIX
HAMPABJIECHUI B IPUPOCTE YIVIEBOZOPOJIHOIO
ChIpbs B Pecriybiyke benapycs sBISIETCS OLICHKA
NEPCIIEKTHB IIOUCKOB, PA3BEAKH U PA3PAOOTKH
MECTOPOXK/JIEHUN CJIAHIIEBOI'O I'd34 U «CKATOT'O»
ra3a, COCPEeSOTOUYEHHOI'O B HUBKOIIPOHHUIAEMBIX
KOJIJZIEKTOPAX U MOPOJAX-TIONIYKOJUIEKTOPAX. I
TOBBIIICHUS PEHTA6EIBHOCTH PA3PA0OTKHU TAKUX
MECTOPOXKAECHUN IIEPBOCTENIEHHOE 3HAYEHUE OyIeT
UMETb MAKCUMAJIbHOE YBEJIMYEHUE OXBATA IIJIACTOB
30HOM IPEHUPOBAHUSA BOKPYT IIPOOYPEHHBIX
CKBaKHH. DTO BO3MOXKHO OYZIET BBITIOJHUTD ITyTEM
CO3/IaHUSA CUCTEMBI IIPOTAKEHHBIX KAHAJIOB
(PUIBTPALINU C IPUMEHEHUEM PA3PAO0ATHIBAEMOI
TEXHOJIOTUH. 34 CYET MAKCUMAJIbHOT'O YBETUYEHUA
30HBI PEHUPOBAHUA MOKHO OyJIET ITOJIYYUTD,
COOTBETCTBEHHO, MAKCHMAJIbHBIE ICOUTHI U
PEHTA6ENBHYIO JOOBIUY I'a34.
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special fluids that will not block thin channels in low-
permeability reservoirs. It is planned that pilot testing
of this technology on the wells will be conducted in the
second half of 2012.

Application of this technology is not limited to
stimulation of oil production and enhancement of
oil recovery from low-permeability reservoirs. This
technology will be in demand as an alternative to
perforation works ensuring deeper penetration into the
reservoir at lower density of perforation channels. It can
also be an alternative to drilling horizontal sidetracks
within the producing formation with very small drilling
radius.

Prospecting, exploration and development of shale
gas fields and fields of compressed gas located in
low-permeability reservoirs and semi-reservoirs —
these are one of the most promising areas in terms of
hydrocarbons production in the Republic of Belarus.

To increase the profitability of development of such
fields it will be very important to create extensive
drainage zones around the drilled wells. It can be done
by creation of a system of lengthy filtration channels
with the use of the abovementioned technology. It
will be possible to achieve maximum flow rates and
profitable gas production due to maximum expansion
of the drainage zones.

COMPLETION AND WORKOVER OF
MULTILATERAL WELLS WITH THE USE OF
COILED TUBING ORIENTATION DEVICE

The experience of multilateral wells drilling shows
that in case of their completion using conventional
technologies the inflow of reservoir fluids mainly
comes from the borehole that was drilled last. Other
boreholes are either non-operational or yield no more
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TEXHOJIOI'MS OCBOEHUA U
PEMOHTA MHOI'OCTBOJIbHbBIX
CKBA>XMH CITPUMEHEHHWEM
MEXAHU3MA OPUEHTALIVN
T'MBKOW TPYBbI

OnBbIT 6ypEHM ST MHOTOCTBOJIBHBIX
CKBaKHH IIOKA3aJI, YTO IIPU OCBOEHHU UX
O TPAJULIMOHHBIM TEXHOJIOTUSIM IIPUTOK
J1ACTOBOTO (PJIIOU/1A TIPOUCXOAUT B
OCHOBHOM M3 TOT'O CTBOJIA, KOTOPBIA
OyPHJICS TOCJIEAHUM. [IDYyTU€ CTBOJIBL
JIMOO HE paboTaIOT, TMOO (POPMUDPYIOT B
ob1eM 06’beME NIPUTOKA He 6o1ee 5—10%.
B CBsI3M C 3TUM HAMHU Pa3pa00TAHO
CKBa)XMHHOE OOOPYAOBAHUE, KOTOPOE
MO3BOJIAET BXOAUTS B JIIOOOU CTBOJI
MHOTOCTBOJIBHOU CKBAXKUHBI THOKOI
TPyOOI. DTO TAK HA3BIBAEMBINA
MEXAHU3M OPUCHTAIIUU THOKON TPYOBbL
Pa3zpaboTraHsbl 1Ba TUIIA MEXAHNU3MA
OPHUEHTANU — MEXAHUYECKHUI 1
rujpasinndeckui. ITo TunopasmMepam MEXaHNU3M
OPHEHTALIUH U3T'OTOBJIEH /IS SKCILIYATAIITMOHHBIX
KosIoHH 140, 146 1 168 MM.

I1pu paboTe B IIOOOM U3 CTBOJIOB MHOTOCTBOJIBHOM
CKBaKHHBI C JAHHBIM OOOPYAOBAHUEM I1O
JIAaHHOU TEXHOJIOTMH BCE JPYTHE CTBOJIBI HE
UCHBITHIBAIOT BO3/ICHCTBHUS pAa60OYEH KHUIKOCTH HA
OKOJIOCTBOJIBHYIO 30HY IIJIACTA B 3TUX CTBOJIAX.

Ha Texymui MOMEHT TEXHOJIOTHUA IIPOXOANT
ONBITHO-IIPOMBICJIOBBIE UCTIBITAHUS. C ee
MOMOIIBIO OCBOEHA TPEXCTBOJIbHAA CKBAXXUHA
52r-C.-IoMaHOBUYCKAS, BBIITOJTHEHA
WHTEHCU(PUKAUA IIPUTOKA B KA2KJOM U3 CTBOJIOB
JBYXCTBOJIbHBIX CKBAXXUH 2871 1 2891 Peuniikoro
MECTOPOXK/JIECHUA. 34 CUET BHEJPEHUA JAHHOMU
TEXHOJIOTUH M3 IEPEYUCTIEHHBIX CKBAXXUH 34
2010-2012 roas! AOTIOIHUTEIBHO JOOBITO 60I€Ee
10 TBIC. T HEPTH.

JanpHermee pasBuTHe pacCMaTPUBAEMON
TEXHOJIOTUH IIPEATIONATAET IPOBEJIECHUE
IPU HEOOXOAMMOCTH B KA2KJJOM M3 CTBOJIOB
MHOT'OCTBOJIBHOIM CKBA>KWHBI CIEAYIOMNX PAOOT:

* IIPOMBICJIOBO-TEO(PUZUIECKUX UCCIELOBAHUNA
I10 ONPEJEJIEHUIO XAPAKTEPA HACHIIIEHUA U
paboTaronuxX HHTEPBAJIOB IIACTA,;

* U30JIALIMU BOJOIIPUTOKY;

* YCTAHOBKHM U Pa36ypUBAHHUA LIEMEHTHBIX MOCTOB,

PAA APYTUX ONEPALINIL.

Ha mouTH BCe nepeYnCaI€HHbIE TEXHOIOTUH,
KOTOPBIE IPUMEHAIOTCA HA MECTOPOXKAECHUAX
Benapycu i1t uHTEeHCUPUKAITUY JOObI4u 1 [THIIT,
MOJIYYEHBI ITATEHTHI HA U300peTeHus Peciybmkn
benapyce u Poccurickoit @epepanuu. Hageemcs, 9To
HINPOKOE BHEIPEHHE UX B IIPOLIECCAX HEPTENOOBIYN
nO3BOIUT HaM yBennuuTb KMH Ha 10-15% 1o
CPABHEHMIO C IPOEKTHBIMU 3HAYEHUAMU.

technologies

than 5-10% of the total fluid inflow. In this regards

we have developed downhole equipment that allows
running coiled tubing into any borehole of a multilateral
well. This is the so-called coiled tubing orientation
device. There are two types of such devices — mechanical
and hydraulic. In terms of type and size the orientation
devices are designed for production strings which are
140, 146 and 168 mm in diameter.

When doing jobs with the application of this
technology in any of the boreholes of a multilateral well,
working fluids do not affect reservoir borehole areas of
other boreholes of this well.

At present, the technology is pilot tested. With the
use of this technology triple-borehole well 52r-Severo-
Domanovichskaya was completed and production
stimulation in each of the boreholes of double-borehole
wells 287r and 289r of Rechitskoye oilfield was
conducted. Due to this technology more than
10 thousand tons of additional oil was produced from
the abovementioned wells over the period of 2010-2012.

Further development of the technology in question
provides for performance (if necessary) of the following
works in each of the boreholes of a multilateral well:

« well logging to identify saturation nature and
operational intervals of a reservoir;

e water shutoff;

« installation and drilling cement plugs and other
operations.

Almost all the production stimulation and EOR
technologies mentioned in the article and applied
at oilfields of Belarus are patented in the Republic of
Belarus and the Russian Federation. We hope that
wide application of such technologies will allow us
increasing oil recovery factor by 10—15% compared
to the design values. ©
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