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PA3BUTHUE TEXHOJIOT'MU I'PIT HA
TEPPUTEHHDBIX U KAPBOHATHBIX
KOJIJIEKTOPAX PECITYBJIMKU BEJIAPYCH

DEVELOPMENT OF HYDRAULIC
FRACTURING TECHNOLOGIES IN
TERRIGENOUS AND CARBONATE

RESERVOIRS OF THE REPUBLIC OF BELARUS

H.A. JEMSHEHKO, K.B. MUPOHEHKO, A.B. IPABKHH, /I.B. TKAYEB, BeTHUIINHedTH

N.DEMYANENKO, K. MIRONENKO, A. DRABKIN, D. TKACHEYV, BelNIPIneft

B cmamuwe 0600ujer onvim nposeoeriis
I'PI1 6 Pecniyonuxe beaapyce (2007—-
2014 200bw), 20e 3ma mexHOI02USA
NAAHOMEPHO PA3BUBAIACL O <«CIe1THLX»
Manooosemmbix I'PI1 Ha meppuzermoix
OMLONCCHUAX 00 COBDCMEHHBLX
MExXHONI02UHEeCKUX 100X0008 (MIPI,
TII'PIT, KT'PI1 ¢ nponnanmom,),
CNOCOOHBIX BBO0UMDB 8 PeHIMAOEIbH) O
Daspabomxy KoAReKMopsL, Ha
KOMOPpvLX MPAOUUUOHHBLE MEeMOObL
UHMEHCUDUKALUL He MO2)YM 0anTb
Heo0X00UMO20 dhgperma.

EIMHCTBEHHBIM HE(PTETA30HOCHBIM PETUOHOM
B benapycu aBngercs [IpUnaTcKui Iporuo,
JI06bIYa HE(PTU B KOTOPOM BEJETCS YKE Hoiee
40 nert. [TopaBasonas 4acThb 3a11aCOB HEPTU
(93%) npuypOY€CHA K 3aJI€2KAM, IIPEACTABICHHBIM
KapOOHATHBIMHU KOJIJIEKTOPAMU. JJaHHBIE 3271€3KH1
NPENCTABIEHBI BEPXHEAEBOHCKUMU U3BECTHAKAMHN
U JOIOMUTAMH, B OCHOBHOM MACCUBHOU TEKCTYPHI, B
Pa3HOU CTENEHU KABEPHO3HBIMHU U TPEIMHOBATHIMU.
BOJBIIMHCTBO 3271€KEN Pa30UTO TEKTOHUYECKUMU
HAPYIIEHUSIMU HA OT/IC/bHbIEC OJIOKU. B Ha4aIbHBIN
EPHO/] Pa3Be/IKU B benapycu ObLIN OTKPBITHI
CaMBI€ KPYITHBIE B PETHOHE MECTOPOXK/IEHN,
BBISIBJISIEMBIC BIIOCJICACTBUU 3AJICKU HEPTHU
OTHOCHUTENBHO MEJIKHE, UX PA3PAOOTKA 3a49aCTYIO
MaJIOPEHTAOENbHA NI HEPEHTAOEIbHA BOBCE. B
OOJIBIIUHCTBE 3AJIEKEH TMJIPOJUHAMUNYECCKAS CBSI3b
C 3AKOHTYPHOU 30HOH 3aTPYAHEHA UJIH BOOONIE
OTCYTCTBYET, YTO CYIECTBEHHO OCJIIOKHAECT UX
pa3paboTKy. McciieT0BAaHUAMU KEPHOBOT'O MATEPHAJIA,
4 TAKXKE aHAJIM30M I'eOPHU3UUECKUX U IIPOMBICIOBBIX
JAHHBIX YCTAHOBJIEHA ITOCJIONUHAA ¥ 30HAJIbHASA
HEOJHOPOJHOCTD 3AJI€KEN 11O (PUJIBTPAIUOHHO-
E€MKOCTHBIM CBOHMCTBAM. BBICOKAs r€OIOTNY€eCKast
HEOJHOPOAHOCTD IIPOAYKTHUBHBIX IIJIACTOB, CJIOKHOE
CTPOEHHUE EMKOCTHOI'O IPOCTPAHCTBA HOPOZ-
KOJUIEKTOPOB IIPEAOIIPENENAIOT HEPABHOMEPHYIO
BBIPAOOTKY 34I1ACOB KAK IO IIJIOIIAIH, TAK
U IIO PA3PETY 3ATIEKEMN.
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The article summarizes the experience
of fracturing in the Republic of Belarus
(2007-2014), where this technology
was gradually developing from ‘blind’
low volume fracturing on terrigenous
deposits up to modern technological
approaches (multi-stage fracturing,
nitrogen-foam fracturing, acid fracturing
with proppant) ensuring feasible
reservoir development on sites, where
conventional intensification methods
are not efficient.

The Pripyat Trough is the only oil and gas-bearing
region in Belarus where oil has been produced for
over 40 years now. The prevailing part of the oil
reserves (93%) is confined to deposits represented
by carbonate reservoirs. Such deposits feature
Upper Devonian limestone and dolomites, mainly
of massive texture, with varying degrees of cavern
and fracture porosity. Most deposits are divided by
tectonic abnormalities into separate blocks. At the
beginning of prospecting in Belarus, major fields
in the region were discovered; the subsequently
detected deposits are relatively small, their
development are often insufficiently profitable or
not profitable at all. In most deposits, the pressure
communication with the edge water zone is
constrained or absent altogether which complicates
their development. By examining the core samples
and analyzing the geophysical and production
data the bed-by-bed and zonal heterogeneity of
deposits in terms of porosity and permeability was
determined. The high geological heterogeneity of
the productive formations, the complex structure of
the storage volume of reservoirs predetermine the
uneven reserve recovery in terms of both the area and
the profile of deposits.

At present one of the main tasks is to involve in the
development of hard-to-recover oil reserves confined
to low-permeability carbonate reservoirs where more
than 50% of the remaining recoverable reserves of
hydrocarbons are concentrated and to involve the




B Hacrosee BpeMsa OZHOM U3 OCHOBHBIX
337124 SIBJISIETCS BOBJICYEHUE B PA3PAOOTKY
TPYJAHOU3BIEKAEMBIX 3A11ACOB HE(PTH, IPUYPOYEHHBIX
K HU3KONIPOHUIIAEMBIM, KAPOOHATHBIM KOJIJIEKTOPAM,
B KOTOPBIX COCPEIOTOUECHO 601e€ 50% OCTATOUHBIX
U3BJICKAEMBIX 34I1ACOB YIJIEBOJOPO/JOB, 4 TAKXKE
BOBJIEYECHME 3AI1ACOB YIVIEBOJAOPOLHOI'O ChIPb4,
CKOHIIEHTPHUPOBAHHOI'O B KAPOOHATHBIX U
TEPPUT'EHHBIX ITOPOAAX-<«IIOTYKOJIEKTOPAX>
Pecnniybnuku Benapyce.

Ha Ha4aIbHBIX CTAIUAX PA3PAOOTKHU
MECTOpOXAeHHNI Pb 111 ocBOEHMA 1
WHTEHCU(PUKALIUHU 3ATIEKEN YITIEBOJOPOIOB
MIPUMEHSIUCH COJITHO-KUCIOTHBIE OOPabOTKHU
B PA3JIMYHBIX BAPUALIMAX, OOHAKO IIOCTEIICHHAA
BBIPAOOTKA 3a11ACOB JUKTOBAJIA HEOOXOJUMOCTh
MPUMEHEHUA OOJIEE ATPECCUBHBIX TEXHOJIOT UL
BO3JEUCTBH HA OKOJIOCTBOJIBHYIO 30HY.

Taxk, ¢ koH11a 2007 rofa Ha MECTOPOXKICHUIX PYTI
«IpOnU3BOACTBEHHOE OOBEJUHEHME «BenopyCcHEDTD>
MMPOKO Ha4yaJ1I0Ch BHeagpenue KI'PIT u I'PIT. Ha
HA4YaJIbHBIX CTaAuAX ['PIT npoBOAMIICS TUIIb HA
TEPPUTCHHBIX KOJJIEKTOPAX, 4 B KAPOOHATAX
MIPUMEHSJICA KMCJIOTHBINA T'NAPABINYECKUI PA3PbIB.

OJHAKO JJOBOJIbHO CKOPO CTAJI0 OYEBU/IHO,

YTO KJIACCUYECKUE KMCIIOTHBIE PA3PbIBLI

KapOOHATOB IAJIEKO HE HA BCEX OO'BEKTAX B

MOJIHOU Mepe OTBEYAIOT 3a/ja49aM, CTOAIINM Iepe,
MPOU3BOJCTBEHHBIM OObeAUHEHUEM. OCHOBHBIMU
(daKkTOpaMH, BIUAIOMUMH HA YCIIEIMHOCTb KUCJIOTHBIX
Pa3pBIBOB HA MECTOPOXIACHUAX betapycu, ABag0TCs
XapaKTep EMKOCTHOI'O IPOCTPAHCTBA KOJJIEKTOPOB
(«ABOMIHA IOPHUCTOCTD», IOPOBO-TPEIUHHO-
KaBEPHO3HAA U IOPOBO-KABEPHO3HO-TPEIMHHASA
CTPYKTYpPa) ¥ OTHOLIEHHUE IJIACTOBOTI'O AABJICHUA K
TUAPOCTATUYECKOMY. IIEPBBIA (PAKTOP O3HAYAET, UTO
npu nopaepxanuu cucreMsl II1/] BerrecHAION aa
HE(MTH BOJA C JIETKOCTBIO IIPOXOAUT IO HANOO0JIEe
NPOBOAAIIMM KaHAJIAM — TPEIMHAM — U CJ1a60
BBITECHAET HEPTH, HAXOASANIYIOCS B IIOPaAX (MATPHULIE).
B niporiecce xe xucaornoro I'PIT npoucxoaut

emie 60blIee TPpaBJIEeHUE TPENUH. Bo3aeicTerue

HA [IOPOBYIO Y4CTh EMKOCTHOI'O IPOCTPAHCTBA
MHUHHMAJIbHO.

Pucynox 1 -
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hydrocarbon reserves concentrated in carbonate and
terrigenous half-reservoirs of Belarus.

At the early stages of field development in Belarus
in order to stimulate the production of hydrocarbons,
various acid treatments were used; however, gradual
reserve recovery necessitated the use of more
aggressive technological methods of stimulating the
shaft zone.

Thus, since late 2007 large-scale acid fracturing and
hydraulic fracturing have been implemented at the
fields of RUE Belorusneft Production Association.

At the early stages, hydraulic fracturing was
implemented only in terrigenous reservoirs while
acid hydraulic fracturing was used in carbonate
reServoirs.

However, it soon became apparent that
conventional acid fracturing of carbonate reservoirs
not nearly on all sites fully accomplish the tasks
set before the production association. The main
factors of success of acid fractures in Belarusian
fields include the nature of the storage volume of
reservoirs (dual porosity, porous-fissured-cavernous
and porous-cavernous-fissured structure) and the
relation of the formation pressure to the hydrostatic
pressure. The first factor means that with formation
pressure maintenance the oil-displacing water easily
go through most conductive channels — fractures —
and feebly drives out oil deposited in the pores
(matrix), whereas during acid hydraulic fracturing
even stronger etching of the fractures occurs.
Stimulation of the porous section of the storage
volume is minimal.

As for the formation pressure, the relation between
the efficiency of treatment and the formation-
to-hydrostatic pressure ratio is clearly visible; the
relation was determined following the results of
the assessments of acid fractures in various fields
of Belarus. In cases when with the use of the said
technology operations were performed in wells with
the ratio value of approx. 1.0, the flow rate growth
multiplication factor reached 3.5. When the ratio
dropped to below 0.6, the efficiency of treatment
decreased 1.5—-2x all other things being equal and
does not go beyond the multiplier of two. The value
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TEXHOJIOI'MU

YTO KacaeTcs I1aCTOBOIO AaBJICHUS, IPKO
BBIPA’KEHA 3aBUCUMOCTDb 3(P(PEKTUBHOCTH O6PAOOTKU
OT KOPPUITUEHTA OTHOIIEHUS IIJIACTOBOTO JJABJICHUS
K I'UJPOCTATUYECKOMY, BBIBEICHHAA 10 PE3Y/IbTATAM
OILIEHOK BBINTOJIHEHHBIX KUCJIOTHBIX PA3PBIBOB HA
Pa3IUYHBIX MECTOPOXAcHUAX benapycu. Tak, npu
NPOBENEHUH OIEPAITNI ITO JAHHOU TEXHOJIOIUU
H4 CKBa)KMHAX CO 3HAYEHUEM KO3 PHUIlHeHTA
0KOJIO 1,0 KpaTHOCTBh NPUPOCTA AEOUTA JOCTUTAET
3,5. Tlpu carkeHun Koadduripenra Hrke 0,6
3P HEKTUBHOCTb OOPAOOTOK a1aeT B 1,52 paza
MIPU NPOYUX PABHBIX YCJIOBUAX U HE ITPEBBIIIAET
JBYX €IMHUL KDATHOCTU. BETMYHUHY OTHOIIEHU A
IJIACTOBOI'O AABJIEHUA K THAPOCTATUYECKOMY, PABHYIO
0,6, MOKHO OXAPAKTCPU30BATh KAK I'PAHUYHYIO /LIS
MECTOPOXAeHUN PB, HUXXe KOTOPOM IPOBEACHUE
KT'PIT HEnenecoobpa3Ho. DTO OObSICHSIECTCS
YACTUYHBIM 3aKPBITHEM («CXJIOIIBIBAHHUEM»)
CO3/IaHHBIX U IPOTPABJIEHHBIX KUCJIOTOU TPEIWH U3-
32 HU3KUX IUIACTOBBIX JABJICHUN. B yCIIOBUAX HU3KUX
MJIACTOBBIX JJABJIE€HUH 3HAYUTEIbHBI 9(D(PEKTUBHBIE
JIaBJIEHUS HA YIYACTKU KOHTAKTA CTEHOK TPEIIHHBI,
4TO NPUBOJUT K UX PA3PYIIEHUIO U CHIDKEHHIO
PACKPBITOCTH.

Taxum 06pa3oMm, A1 CTUMYJIALMN KAPOOHATHBIX
KOJIIEKTOPOB ¢ 2008 roga HAYaTO IPUMEHEHHNE
TUAPABINYECKOI'O PA3PbIBA IVIACTA C 3aKPEIJIEHUEM
TPEIMUH PACKJIMHUBAIOMUM AT€EHTOM.

3a BpeMsA aJalITAllMU U HIUPOKOI'O IPUMEHEHUSA
Texnonoruu I'PIT/KI'PIT B Pb u o Hactoamue juu
BBIIIOJIHEHO 60s1ee 330 onepanuil. CTaTUCTUKA
06beMOB I'PIT/KIPIT 110 rofjam npeACcTaBaeHa Ha
puc. 2. CHDKEHNE KOJINYECTBA BBIITOJTHAEMBIX
onepanui B Pb B mocyieHuE rojibl CBA3AHO
C IIMPOKUM IPUBJIEYEHHUEM CIIELTUATTUCTOB
u Texunyeckux momuocrten I'PIT/KTPIT B
MEXKAYHAPOAHBIE IIPOEKTHI ITO OKA3AHUIO YCIYT B
cepe nposeaenus I'PTT/KIPIT.

IIpn nposenennu KI'PIT B 3aBUCUMOCTH OT
T€O0JIOTUYECKUX YCJIOBUA U HEOOXOAUMOCTH
MAaKCUMaJIBHOY 3(P(PEKTUBHOCTH IIOCJIE BO3ACHCTBHUSA
MPUMEHAIOTCA CJIEAYIONUE TEXHOIOTMYECKUE CXEMBI
NPOBEJEHUA KUCJIOTHOI'O PA3PbIBA:

1. Ha 06BOfHEHHBIX OO'bEKTAX BBITTOJIHSIIHUCH KI'PIT
C IPEABAPUTEIBHON U30IAIMEN BOAOIIPUTOKA
C UCIIOJIb30BAHUEM YIVIEBOJOPOJHBIX I'€JICH.

ITpy 3TOM NPOBOAMUJIACH TIOPLIMOHHAS 3AKA4YKA

BOJIOU3O0JIUPYIOIIUX COCTABOB U PACTBOPOB

JKUJKOCTEN TPABJIECHUS.

2. Ha o6'pekTax, paboTaomux 0€380HON
HPOAYKIIMEHN, B KAYECTBE JKUJAKOCTU PA3PbIBA
HUCIOJIb30BAIUCh HEPTEKHUCIOTHBIE SMYJIbCUHU C
IOCJIEAYIONIEN 3aKAYKOM XKUJIKOCTU TPABJICHUS.

3.TIpn 06pabOTKE CKBAXKUH HATHETATEIBHOI'O (POH/1A

U CKBAXKUH, IEPEBOASANINXCS B HATHETATEIbHBIN

¢dona nocne BuinonHenus KI'PI1, B kagecTBe

SKHU/IKOCTU PAa3pbIBA IPHUMEHSJICS [NIABHBIM O6Pa30M

reJib Ha BOJHOM OCHOBE.

4. Ha CKBa>XMHAX, BCKPBIBAIOIUX TEPPUTCHHBIC
OTJIOXKEHU S, HA KOTOPBIX IIPOBEJCHUE
npornnadTHOro I'PIT HEBO3MOXKHO 1O ALY
Ie0JIOTUYECKUX MJIM TEXHUYECKUX IIPHUYHH,
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Figure 2 — Volumes of fraccing/acid fraccing
in Belarus

of the formation-to-hydrostatic pressure ratio —

equal to 0.6 — can be characterized as end value

for fields in Belarus below which acid hydraulic

fracturing is not feasible. This is explained by partial

closure (‘collapsing’) of created and acid-etched
fractures due to low formation pressure. At low
formation pressure, the effective pressure on the
contract points of the walls is significant which
causes their destruction and reduced opening.

Consequently, hydraulic fracturing with a
proppant has been used since 2008 to stimulate
carbonate reservoirs.

In the course of adaptation and wide application of
fraccing and acid fraccing techniques in Belarus and
up to now over 330 operations have been performed.
The year-by-year statistics of the volumes of fraccing/
acid fraccing is shown in Figure 2. The decrease in
the number of operations performed in Belarus in
recent years is due to wide involvement of specialists
and fraccing/acid fraccing engineering capacities in
international projects related to hydraulic fracturing
and/or acid hydraulic fracturing.

During acid hydraulic fracturing — depending
on the geological conditions and the need for
maximum post-stimulation efficiency — the
following acid fracturing process scheme is used:

1. On water-cut sites, acid fracturing was
accompanied by preliminary isolation of water
influx using hydrocarbon gels while waterproofing
sealants and etching solutions were batched.

2. On water-free production sites, acid-oil emulsions
were used as fracturing fluids with subsequent
injection of etching fluid.

3. When treating water-injection wells and wells
which become water-injection wells in the
aftermath of acid fraccing, a water-based gel was
mainly used as fracturing fluid.

4. In wells drilled in terrigenous deposits where
proppant hydraulic fracturing is not possible due
to a number of geological or technical reasons,
acid hydraulic fracturing was implemented using
fluoro acid solutions and hydrochloric acid
solutions with surface-active agents as etching
fluids.

5. During subsequent acid fracturing to ensure
even stimulation of the heterogeneous carbonate
reservoir, viscoelastic diverting acids were used.
The quantitative relation between acid fracturing



nposoguicsa KI'PIT ¢ npuMeHEHUEM B KA4ECTBE

JKHUJIKOCTEN TPABJIEHHUS (PTOPKUCIOTHBIX PACTBOPOB

U PpACTBOPOB CONAHOM KUCJIOTHI C [TAB. B aTOM

CJIy4ae B Ka4eCTBE 6y(PEPHOU KUAKOCTH BBICTYAIOT

reJiu Ha BOJJHOM OCHOBE.

5. I1Ipu nposenennu NOBTOPHBIX KI'PIT 151
PaBHOMEPHOTI'O BO3AEUCTBUSA HA HEOTHOPOIHBINA
KapOOHATHBIN KOJUIEKTOP NPUMEHSIUCH
CaMOOTKJIOHAIOIINECH KUCJIOTHBIE COCTABDI, 4 TAKXKE
43PHUPOBAHHBIE A30TOM KHUCJIOTHBIE COCTABBL
Koyim4yecTBEHHOE COOTHOLIEHUE IIPOBOAUMBIX

KT'PIT B Pecnniybiinke benapych B 3aBUCUMOCTH OT

IIPUMEHAEMOHU TEXHOJIOINU IIPEACTABICHO HA PHC. 3.

Kak BUJTHO M3 AUATPAMMBL, HAUOOJIEE YACTO MPU
nposegenuu KI'PIT B KayecTBe JKUAKOCTH PA3PbIBA

NPUMEHAETCA HE(PTEKUCIOTHAS IMYJIbCUSL.
IIposeaenue KI'PIT Ha fOOBIBAIONUX CKBA)KMHAX

1mo3Bo1s10 Ha 01.10.14 1OMOMHUTETBHO JOOBITH O0JIEE

195 TBIC. T HEDTH.

Peannzanuio rexnosoruu I'PIT MOXKXHO pa3ennTsb HA
JIBa OJIOKA B 3aBUCHMOCTH OT TUITd OOPAOATHIBAEMBIX
KOJIJIEKTOPOB:

1. T'PI1 B TeppUI€HHBIX KOJLJIEKTOpaxX. Ha
MECTOPOXAeHUAX berapycu 110 JaHHONU
TEXHOJIOI'MH IPOBOJUINUCH OOPAOOTKHA B OCHOBHOM
BEPTUKAJIBHBIX U CYOTOPU3OHTAJIBHBIX CKBAXKUH
C 3aKA4YKOMH B IIACT 10 90 T paCKIMHUBAIOMIETO
Marepurana. CpefHHUI IPUPOCT JeOUTOB HEPTHU 32
Bpems adpderra nocne I'PIT cocrasuia 3,53 T/CyT, npU
3TOM CPEIHsIsI KDATHOCTD IIPUPOCTA AEOUTOB 2,6 €11,

2.TPII B KapOOHATHBIX KOJJIEKTOPAX. [TO

JIAHHOU TEXHOJIOT'MH IIPOBOASTCSI OOPAOOTKU

BEPTUKAJIBHBIX, CyOrOPHU30OHTANBHBIX U

T'OPU30HTAJIBHBIX CKBA)KUH C MHOI'O30HHBIM I'PIT.

3aKa4YMBAEMBIE MACCHI IIPOIITAHTA PA3HATCA B

npezaenax 151+90 T (ckura-I'PII+MTIPIT). [Tpu aTOM

CpeHAA KPATHOCTDb IIPUPOCTA JEOUTOB

6,9 eJ1., ITO SIBJISICTCSI CAMBIM BBICOKHM ITOKA32TEIEM

CpE€JiA BCEX TEXHOJIOIMYECKUX CXEM U CBA3AHO C

06pabOTKOM B OCHOBHOM KParHE HU3KOACOUTHBIX

CKBa’XHH (4acTo meHee 0,5 T/CyT).

IIpouienTHOE COOTHOLIEHUE TPOBOAUMBIX I'PIT 11O
JIMTOJIOTUYECKOMY COCTABY ITOJBEPIAEMBIX PA3PLIBY
KOJIZIEKTOPOB IPEACTABIEHO HA PUC. 4.

Hcropus rexnonoruu I'PIT B Pecriybiuke benapyce
HAYUHAJIACh C HPOBEJICHUS «CJIENBIX>» M OJJHOATAITHBIX
I'PIT, 1py 3TOM MACCa 3aKAYUBAEMOI'O IIPOIIIIAHTA

Kap6onarusie I'PIT
Carbonate fraccing

Teppurennsie I'PTT
Terrigenous fraccing

Pucynox 4 - IIpouenmnoe coomnoutenue
npoeooumsix 6 Pb I'PIT

Figure 4 — Percentage ratio of fraccing
operations in Belarus }

TexHonmorua nposegeHus KI'PIT
Acid Fracturing Technique

11; 6% . YrneBogOpOJHBINA I'€lb
o3 0% Y KUCJIOTHBIE COCTABHI

Hydrocarbon gel and acid solutions

. BoaHbIN reb U KUCJIOTHBIE COCTABBI
‘Water gel and acid solutions

HedreknucaoTHas SMyIbCUs
U KUCJIOTHBIE COCTABBI
Oil-acid emulsion and acid

FTAN compounds

. DOTOKUCIOTHBIE COCTABBI . CaMOOTKJIOHAIOMUECT U
A3PUPOBAHHDBIC KUCJIOTHBIE COCTABBI

VDA and aerated acid compounds

Fluoro-acid compounds

Pucynox 3 — Koauuecmeennoe cCOomHuouieHue
npumensemoix 6 Pb

mexHoar02uUecKkux 100xoooe Krrii

Figure 3 — Quantitative relation of process
solutions of acid fracturing in Belarus

operations carried out in Belarus and the technology

used is shown in Figure 3.

As shown by the diagram, oil-acid emulsion is
most frequently used as fracturing fluid during acid
fracturing.

Implementation of acid fracturing in productive
wells allowed producing 195 thousand tons of oil
extra as of October 1, 2014.

The implementation of hydraulic fracturing
technology can be divided into two blocks
depending on the reservoirs under treatment:

1. Fraccing in terrigenous reservoirs. On Belarusian
fields, mainly vertical and sub-horizontal wells
were treated using this technique with the
injection of up to 90 tons of proppant into the
formation. The average flow rate increase in the
post-frac effective period equaled 3.53 t/day with
the average flow rate growth multiplication factor
of 2.6.

2. Fraccing in carbonate reservoirs. Vertical, sub-
horizontal and horizontal wells with multi-
stage hydraulic fracturing are treated using this
technological method. The injected amounts
of proppant vary from 15 to 90 tons (skin-
fraccing+multi-stage fraccing). In this case the
average flow rate growth multiplication factor is
69 which shows the highest performance among
all process schemes and is related to treatment
mainly of wells with an extremely low flow rate
(often less than 0.5 t/day).

The percentage ratio between fraccing operations
by lithology of the fractured reservoirs is shown in
Figure 4.

The history of fraccing in Belarus started from
‘blind’ and one-stage hydraulic fracturing where the
amount of injected proppant varied between 20 and
25 tons. The economic environment necessitated
the development of this technological method,
consequently, over the last few years the country
has adapted, implemented and widely uses such
technologies as interval hydraulic fracturing with
perforation, subsequent hydraulic fracturing and
isolation of the treated interval, moving upwards and
performing a similar cycle of operations (Plug&Perf),
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TEXHOJIOI'MU

KOJe6a1ach B npejenax 2025 T.

DKOHOMMYECKASI OOCTAHOBKA JUKTOBAJIA
HEOOXOJUMOCTD PA3BUTHUS TEXHOJIOTHUH, B

CBA3U C YE€M 34 IIOCJIEAHUE HECKOIBKO JIET
AJaTUPOBAHO, BHEJPEHO U B HACTOAIIEE BPEM S
LINPOKO IIPUMEHAIOTCA TAKUE TEXHOJIOI'MH, KAK
nouHTepBanbHble ['PIT ¢ BRIOIHEHUEM IEPHOPALINH,
nocaeayomum ['PIT u uzosnsiuei 06paboTaHHOTO
UHTEPBAJIA, [IEPEXOJOM BBILIE U [IPOBEJLECHUIO
AHAJIOTUYHOrO UK padboT (Plug&Perf), TTI'PTI,
MI'PIT, KI'PIT ¢ 3aKperieHueM IIPOTPABICHHBIX
TPEMUH PACKIMHUBAIOIMNM areHToM, I'PIT ¢
CO3/TAHUEM UCKYCCTBEHHBIX IIepeMbIYEK, ['PIT Ha
MAJIOBA3KUX I'€JIAX.

ITo ncrnonb3yeMo XKUJKOCTH Pa3pbiBa U
JKUAKOCTU-TIPONIIAHTOHOCHUTEIA, IPUMEHAEMOI IIPU
nposegennu I'PIT B Peciy6iinke benmapych, MOXKHO
BBIZE/IMTD CJIEAYIOLINE BUJbI TEXHOIOIUI:
1.IIprMeHEHME B KAYECTBE KUJIKOCTH PA3PbIBA U

HPOIIIAHTOHOCUTEJIS CIIUTOI'O I'eJIs HA BOOHOM

OCHOBE. B 3aBUCHMOCTH OT I'€0JIOTMYECKUX

YCJIOBUH B KAYECTBE I'eJIEOOPA3YIOMIETO AJIEMEHTA

BBICTYHAIOT I'yaPbl M €TI0 IPOU3BOJHBIE, 115

«CHIUBKW» T€JA IPUMEHAIOTCA OOPATHBIE U

[UPKOHMEBBIE CIINBATENHN. JJAHHBIIN BU/JI ) KUJKOCTHU

HanOOJIEE YACTO MPUMEHUM TP NposeaeHun I'PIT B

Pecniybnuke benapycs.
2.TIprMeHEHME B KAYECTBE JKUJKOCTH PA3PbIBA U

MIPONITAHTOHOCUTENA IMHEUHBIX U MAJIOBA3KUX

rejaeu Ha BOAHOM OCHOBE. B 3aBUCHMOCTH OT

I€O0JIOTUYECKHUX YCIIOBUHA U HEOOXOAHMMOI'O

pE3YJIbTATa B KAYECTBE *KUJAKOCTH PA3PbIBA

IPUMEHAIOTCS IMHENHBIE I'€JIH, 4 TAKXKE BOJHBIE

pacTBOPHI € BA3KOynpyrumu ITAB.
3.IIpuMEHEHNE B KAYECTBE )KUJIKOCTU PA3PHIBA U

IIPONITAHTOHOCUTEA A30THO-TIEHHBIX CUCTEM.

IIprMeHEeHME TOJOOHOI0 paboyero areHTa

O6YCIIOBJIEHO I'€OJIOTUYECKUMHU YCIOBUAMM

CKBAKHHBL.
4.IIpruMeHEHNE B KAYECTBE KUJAKOCTHU PA3PbIBA

U IIPONITAHTHOCUTEIS KUCJIOTHBIX COCTABOB.

IIpuMeHsaeTCA NIPU IPOBEJAEHUH KUCIOTHBIX

Pa3PBIBOB C 3d4KPENIEHUEM IPOTPABJIEHHBIX

TPEIMH PACKIUHUBAIOIUM AT E€HTOM.

B KauecTBe KUJKOCTH PA3PbIBA U KUJAKOCTH-

IIPOMNIIAHTOHOCUTEJSI BBICTYIAIOT 3AI'YILICHHBIE

KHUCJIOTHBIE COCTABBI, B TOM YHCJIE U

CAMOOTKJIOHSIOIIUECS.

CTpyKTypa IPUMEHIEMBIX PAOOYNX AI'€HTOB IIPU
nposejeHnu I'PIT npecrasieHa Ha pUC. 5.

B nacrosmee spemsa B PYIT dIponssoacTBEHHOE
obberHeHNE «beIopyCHEPTh> BHEPEHBL:
TEXHOJIOI'UU a30THO-11eHHoro I'PIT (TII'PIT),
MHOT030HHOTO I'PIT (MI'PIT), KT'PII € 3akpenieHueM
[IPOTPABJICHHBIX TPEIIUH PACKJINHHUBAIOINUM
arerToMm u I'PIT ¢ co3ganmreM NCKyCCTBEHHBIX
repembrdex (puc. ).

Texnoaoru:a IITPII HanipaBieHA HA CHUXKEHUE
OCTATOYHOI'O 3AI'PA3HEHUS IVIACTA IIOJIMMEPAMU,
YMEHBIIIEHUE KO3(PPUUEHTA (PHUILTPALIIU
JKUJKOCTHU PA3PBIBA 110 KOJUIEKTOPY U OI'PAHUYCHUE
JOMUHHUPYIOLIETO POCTA TPEIIHUHEI 11O BBICOTE.
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B CruuTeiil BOAHBIN reib
Cross-linked water gel

. MaJIOBSI3KUH BO/IHBIH I'€JIb
Low-viscosity water gel and linear gel

[Nlennas cucrema
Foam system

KucioTHsii reib
Acid gel

Pucynox 5 — Coomnouienue npumeHaemolx
scuoxocmeii npu npoeeoenuu I PI1

Figure 5 — Correlation between fraccing
Sluids

nitrogen-foam hydraulic fracturing, multi-stage

hydraulic fracturing, acid hydraulic fracturing with

proppant, fraccing with artificial bridging, fraccing
with low-viscosity gels.

In terms of fracturing fluid and proppant-carrying
fluid used during fraccing in Belarus, the following
technologies can be differentiated:

1. Use of a water-based cross-linked gel as fracturing
and proppant-carrying fluid. Depending on the
geological conditions, guar and its derivatives serve
as a gelling element; borate and zirconia cross-
linkers are used to cross-link gel. This type of fluid
is mostly used in hydraulic fracturing in Belarus.

2.Use of linear and water-based low-viscosity gels as
fracturing and proppant-carrying fluid. Depending
on the geological conditions and the desired
outcome, linear gels as well as water solutions
with visco-elastic surface-active agents serve as
fracturing fluid.

3.Use of nitrogen foam systems as fracturing and
proppant-carrying fluid. The use of such working
agent is determined by the geological conditions of
the well.

4.Use of acid solutions as fracturing and proppant-
carrying fluid. Used during acid fracturing with
proppant. Thickened acid compounds, including
viscoelastic diverting acids, serve as fracturing and
proppant-carrying fluids.

The structure of working agents used during
hydraulic fracturing is shown in Figure 5.

At present RUE Belorusneft Production
Association has implemented nitrogen-foam
hydraulic fracturing (foam fraccing), acid fracturing
with proppant and hydraulic fracturing with
artificial bridging (Fig. 6).

Nitrogen-foam fracturing technique aims at
reducing the residual contamination of the formation
with polymers, reducing the coefficient of filtering
of fracturing fluid into the reservoir and restricting
the predominant vertical growth of the fracture.
These advantages of nitrogen-foam fracturing over
conventional fracturing with water gel are essential
for carbonate and terrigenous deposits of Belarus
due to non-porosity and absence of stopping rocks
to restrain the vertical growth of the fracture and are
essential for deposits with initially low pressure or



JaHHDBIE IPEUMYILECTBA A30THO-IIEHHOI'O PA3PhIBA
nepep KinaccudeckuM I'PI1 ¢ npruMeHeHneM BOGHOTO
reJist BECbMA AKTYaJIbHBI JIJIS1 KAPOOHATHBIX U
TEPPUTCHHBIX 3aJIeXel Peciybiinku benapycs

BBUJY MOHOJIMTHOCTH Pa3pP€3a U OTCYTCTBUSA IIOPOJI-
YIOPOB I CAEPKUBAHUSA POCTA TPELUHBI I10O
BBICOTE, A4 TAKIXKE JIs 3AJIEKEN C U3HAYAJIbHO HU3KUMU
JINOO «TIOCAKEHHBIMU» 33 IEPUOJ, SKCILTYATAUH
IJIACTOBBIMU 1A BJIEHUAMMU.

HauboJee yCrenHou CKBa)KUHOM, I71e
IIPUMEHSJIACH IIEHHASA TEXHOJIOT Usl, CTAJId CKBAXKHUHA
Ne 133 BumaHCKOro H.M. Ha JaHHOM CKBa)KHMHE
TEXHOJIOTUsI IEHHO-a30THOTO ['PIT riaBHBIM O6pa3oM
IJIAHHUPOBAJIACH AJ11 OTPAHUYEHHA POCTA TPEUHDI
B BBICOTY U MUHHUMM3ALIUH BEPOATHOCTHU IOy YECHU
O6BOAHEHHON NPOAYKLMH (paccTossnue ot HATI 1o
BHK cocrasiger 14 M). CKBa’KHMHA I10CJIE OCBOEHUS U3
oypenus B 2003 roay padoTana ¢ 06BOJJHEHHOCTBIO
nponykuuu 10%. ITocne nposesennsa onepanun
CPEIHECYTOYHBIN 1e6UT HE(PTH YBEJTUIHIICA B 3,5
pasa, OOBOJHEHHOCTD IPOAYKIIUH BAPDBUPYETCA B
npenenax 0—10%. IIpyr 3TOM COCEHUE CKBAKMHBI,

Ha KOTOPBIX ITpoBogucs I'PIT o «kiaccu4ecKkomn»
TEXHOJIOTUH, PA6OTAIOT C MEHBIIUMH ITOKA3ATEISAMUI.

Texnoaorus KI'PII ¢ 3akpernyieHuemM
IIPOTPABIECHHBIX TPEIIHUH IIPONIIAHTOM
HaIlpasjeHa Ha TPABJIEHHE KUCIOTHOM KOMIIO3ULIEHN
KaHA4JIOB M YEPBOTOYUH B MACCHUBE KOJJIEKTOPA C
MOCJIEAYIOINM 32KPEIVIEHUEM ITPOTPABJIEHHBIX
MyCTOT PACKJIMHUBAIOIIUM areHToM (puc. 7). JanHas
TEXHOJIOT'HA PEAIUIYETCS MO ABYM CXEMAM:

4) CO3AaHHE BEICOKOIIPOBOAAIINX KAHAJIOB C
3AKPETJIEHUEM B IIPUCKBAXKUHHOU 30HE

(PUCYHOK 8-1);

0) CO3[JaHNE KAaHAJIOB (PUJIBTPALIUIN U UX PABHOMEPHOE

3aKperieHUE (PUCYHOK 8-2).

JlaHHaA TEXHOIOTUA HAXOANTCSA HA CTAIMU OIBITHO-
MPOMBIIUIEHHBIX PA0OT, U B HACTOSAIIEE BPEM S

. OpnHosTarnHbie IPIT
One-stage hydraulic fracturing

B Uounrepsanbubie IPIT
(Plug&Perf)

Interval fracturing (Plug&Perf)

TTonnrepsBanbabie IPIT+ KIT'PIT
Interval fraccing + acid fraccing

. Mnuoroctaguriabie I'PIT
Multi-stage hydraulic fracturing

[ KIPIIcoponmanToM
Acid fracturing with proppant

[ T'PIIccospanmemM HCKYCCTBEHHBIX IIEPEMBIUCK
Fracturing with artificial bridging

AsorHO-1ieHHbIe I'PIT
Nitrogen-foam hydraulic fracturing

T'PIT Ha MaJIOBA3KUX U IMHEUHBIX T'€JISIX
Fraccing with low-visc and linear gels

Pucynox 6 - IIpumenaemsoie 8 PB.memoost
npoeedenua I'PI1

Figure 6 - Fraccing techniques used in Belarus

Tpemmna I'PIT / Fracture

Kap6oHaTHbIi
KOJJIEKTOP

i HELS : : Carbonate reservoir

EcTecTBEeHHAA TPEIUHOBATOCTD
Natural fracturing

Max Tpasnenue macta / Etching Min

Pucynox 7 — KI'PII c 3axkpenienuem
npompasieHnbLx 1ycmom nponnanmom
Figure 7 — Acid bydraulic fracturing with
proppant

reduced over the period of operation pressure.

Well N. 133 on Vishansky oilfield has become
the well where foam technology was used most
successfully. On this well, it was intended to use
nitrogen-foam hydraulic fracturing mainly to
restrain the vertical growth of the fracture and to
minimize the risk of water cutting (the distance to
the oil-water contact is 14 m). Since development
drilling in 2003, the well has operated with 10%
water cut. After the intervention, the daily average
flow rate increased 3.5x, the water-cut varies in
between 0-10%. Additionally, the adjacent wells
where hydraulic fracturing was implemented
according to conventional technique, show lower
performance.

Acid fracturing with proppant aims at acid
etching of the channels and wormbholes in the
reservoir with subsequent propping of the etched }

1. BeICOKaA NPOHUIIAEMOCTD (KOPOTKAA TPEMUHA)
High permeability (short fracture)

2. Huskasi IPOHUIIAEMOCTD (JVIMHHAS TPEIMHA)
Low permeability (long fracture)

el

proveme— - ———— ===
M KOHIEHTPALMSA IPOIIIAHTA -
B TPCIIHE
Proppant concentration
in the fracture

Pucynox 8 — Pazauunsie sapuavuu KI'PIT
C 3axpennenuem npompasieHHblx mpeuun
nPoOnNANmMHOL HAOUBKOLL

Figure 8 — Variations of acid fracturing with

proppant pack
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IIPOBEACHO TPU CKBAXKHUHO-OIIEPALIUH, OFHAKO yXKe
HOATBEPK/ACHA TEXHOJIOTMUECKAA U 9KOHOMUYECKAS
3PHEKTUBHOCTD TAHHON TEXHOJIOTHUH.

Texuosoruu I'PII ¢ co3ganuem
HCKYCCTBEHHBIX IIepeMbIdeK U ['PI1 Ha MaTOBA3ZKUX
Y JIMHEMHBIX I'eJIAX CXOXU IO CBOMUM LIEJISIM —
COKPAILICHUIO POCTA TPEIIUHBI I10 BBICOTE.

B nepBort U3 BBINIEHA3BAHHBIX TEXHOJIOTUH

HOAOOHBINA 9PPEKT TOCTUTACTCS 3AKAYKOU
MEJIKOANCIIEPCHOI'O MATEPUAJIA IIEPE, 3AKAUKOMU
OCHOBHOI'O PACKJIMHUBAIOWIETO AI€HTA — 14 CO34AHUA
«1oacTunkw». Ilpu nposegenyu I'PIT Ha MaJIOBA3KUX

W JIMHENHBIX Iejiax 3(P(eKT OrpaHUYEHUS POCTA
TPEIINHBI IO BEICOTE JJOCTUTAETCA 34 CYET CHUKEHUA
BA3KOCTHU KHUJJKOCTH PA3PbIBA.

B Hacrosamee spemsa B PYII I Ipon3BoOACTBEHHOE
ob6bearHenNE «beTopyCcHEDTH> TPOXOJUT CTATUIO
ONBITHO-TIPOMBICJIOBBIX PAa60T CUMOHO3 IBYX
BBIIIEOMHUCAHHBIX METOAOB — UCKYCCTBEHHASA
NEPEMBIYKA CO3/JA€TCA HA IMHEHUHOM ree. [1o qaHHOM
TEXHOJIOTUH OTPAO6OTAHO 2 CKBAXKUHO-OMNEPALIUU 1 HA
06€UX CKBAKMHAX MTOJIYYEH HEOOXOAUMBIN 3(PPEKT.

TexXHOIOrNs 3aKAaHYUBAHUA CKBAXKIH
MHOT'OITAKEPHBIMH KOMITOHOBKAMH C HOCIEAYIOIUM
nposeaenueM MI'PIT B Peciybnuke benmapychb TOIBKO
HabupaeT 060pOoThL. Ha JAHHBIN MOMEHT PAOOTHI
BBITIOJIHEHBI HA TPEX CKBA’KMHAX: 2 CKBAXKUHBI
C 5-TIOPTOBOY KOMITOHOBKOU U 1 CKBaKMHA
C 4-1IOPpTOBOY KOMITOHOBKOM. IIpn 3TOM 2 M3
JAHHBIX CKBA’KWH BCKPBIBAJIN KAPOOHATHBIE
IOJIYKOJIJIEKTOPBI», HA KOTOPBIX 1O HACTOAIIETO
BPEMEHU HE NIPEJICTABIIAIOCH BO3MOKHBIM
BECTH PA3PAOOTKH BBUAY OTCYTCTBHSA METOJIOB
BO3JEUCTBUA I ITOJTyYEHU A SKOHOMHUYECKHU
peHTabenbHbIX 1e6uTOB He(TH. B nepuog ¢ 2015 no
2016 rop rTaHUupPyeTCss 6ypeHue erre 6 CKBAXKIH /TS
ocsoeHust ¢ MI'PIT Ha KapOOHATHBIE U TEPPUT'CHHBIC
«IOJIYKOJIJIEKTOPDD.

TaxuMm o6pazom, B Teuerne 2007-2014 ronos B PYII
10 «benopycHedTh» HAKOILIEH OIPEIC/ICHHBIN
onsIT nposeaeHus KI'PITu I'PIT Ha KapOOHATHBIX U
TEPPUTEHHBIX KOJUIEKTOPAX, INTyOOKOIIOT DY’KEHHBIX
HH3KOIPOHHUIIAEMBIX 34JIEKAX, C ITTYyOMHOU 3aJIETAHUA
110 5000 m. ITpu 3TOM TexHonorusa I'PIT rimaHoMepHO
PAa3BUBAJIACH OT «CJIENIBIX>» MAJIOOObEMHBIX ['PITHa
TCppI/II‘ﬁHHbIX OTJIOKEHUAX U 1O COBp@MCHHbIX
TEXHOJOrnYeCcKux noaxonos (MI'PIT, ITI'PTI, KT'PII ¢
IIPOIIIAHTOM), CHOCOOHBIX BBOJIUTD B PEHTAOEILHYIO
Pa3paboTKy KOJIIEKTOPEL, HA KOTOPBIX TPAUIIMOHHBIC
METO/ bl THTEHCU(PUKALIUY HE MOT'YT JATh
Heobxoaumoro agdexra. ITo cocrosuuio Ha 01.10.2014
JIOIIOJTHUTENBbHAS 100BIYA OT IIPOBEAeHHBIX ['PIT
cocrasgeT 6osee 130 ThIC. TOHH, IIPH 3TOM 3(PQEKT
1o 80% CKBaXHH popospkaeTcs. Tekymuit apdext
I10 IIPOBEICHHBIM OIIEPALIVSAM ITIO3BOJISACT CAECIATD
BBIBOJ] O 11€JIECOOOPA3ZHOCTH TPUMEHEHMUSI JAHHBIX
TEXHOJIOIUH Ha MECTOPOXKACHUAX [IPUTISATCKOTO
nporu6a. bosee Toro, BHEAPEHNE TEXHOJIOI NN
I'PTT B KapOOHATHBIX IJIACTAX ITO3BOJINAJIO BBECTH
B PEHTAOE/IBHYIO IKCILIYATALIMIO Psifl CKBAXKUH, HA
KOTOPBIX TPAAUITHOHHBIE TEXHOJIOINH OCBOEHH S HE
JIAJIM BO3MOXKHOCTH 3aITYCTUTD UX B pabOTYy.
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cavities (Fig. 7). This technological method is
implemented according to two schemes:
a) creation of highly-conductive channels with

propping in the wellbore zone (Figure 8-1);

b) creation of filtration channels and their even

propping (Figure 8-2).

This technological method is being field tested and
three well interventions have been performed so far;
however, the technological and cost efficiency of the
method has already been confirmed.

Hydraulic fracturing with artificial
bridging and hydraulic fracturing using low-
viscosity and linear gels have similar goals —
to reduce the vertical fracture growth. In the
first case, this effect is achieved by injecting fines
before injecting the main proppant agent — to
create ‘bedding.’ During hydraulic fracturing using
low-viscosity and linear gels, the vertical fracture
growth is restrained by reducing the viscosity of the
fracturing fluid.

At present, RUE Belorusneft Production
Association is field-testing the synergy of the two
methods — the artificial bridging is based on linear
gel. Two well interventions have been performed
according to this technique and the desired effect
has been achieved in both cases.

The technique of completing wells with multi-
packer packages and subsequent multi-stage
fraccing is gaining momentum in Belarus. Up to the
present moment, interventions have been made in
three wells: two wells with a 5-port package and
one well with a four-port package. Two of those
wells were drilled in carbonate semi-reservoirs
where until now development was impossible due
to the absence of stimulation methods ensuring
economically feasible flow rates. In 2015-2016 it is
planned to drill 6 more wells to be developed with
multi-stage hydraulic fracturing in carbonate and
terrigenous semi-reservoirs.

Thus, in 2007-2014 RUE Belorusneft Production
Association has accumulated certain experience in
acid fracturing and hydraulic fracturing in carbonate
and terrigenous reservoirs, up to 5000 m
deep low-permeability deposits. The hydraulic
fracturing technique has gradually developed from
‘blind’ small-scale hydraulic fracturing in terrigenous
deposits to modern technological approaches
(multi-stage fracturing, nitrogen-foam fracturing,
acid fracturing with proppant) ensuring feasible
reservoir development on sites where conventional
intensification methods cannot yield the desired
outcome. As of October 1, 2014, the incremental
ultimate recovery resulting from hydraulic fracturing
amounts to over 130 thousand tons with the
ongoing effect in 80% of wells. The current effect
from the interventions allows us to conclude that the
use of these technological methods in the Pripyat
Trough fields feasible. Moreover, the implementation
of hydraulic fracturing in carbonate reservoirs made
the operation of a number of wells feasible on sites
where conventional development methods did not
allow bringing them into operation.



