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[TEPCITEKTUBHEI PABBUTU S TEXHOJIOTUU
['PIT U KTPIT HA MECTOPOKJTEHUAX
PECITVBJIMKU BEJIAPYCDH

THE AVENUES OF DEVELOPING
HYDRAULIC FRACTURING AND ACID
HYDRAULIC FRACTURING ON THE FIELDS
OF THE REPUBLIC OF BELARUS

II.B. TKAYEB, A.B. JPABKHH, K.B. MUPOHEHKO, T.JI. THUISI3UTINHOB, e tTHUNI N HedpTh

D.V.TKACHEY, K.V. MIRONENKO, T.D. GILIAZITDINOV, BelNIPIneft

a repriozi ¢ 2011 o 2016 roa B PYII
H «[IpOU3BOACTBEHHOE OOBEANHEHUE
«BenopycHedTb» B3AT KypC HA YIIy4YIIEHNE U
MOZEPHUIALUIO KAK CYIIECTBYIOIUX TEXHOJIOINYECKUX
NOAXOAOB K INTAHUPOBAHUIO U COIIPOBOXKAECHUIO
onepanuu I'PIT/KIPII, Tak U HA BHEAPEHUE U
MOCJIEAYIONIEE MHUPOKOE IIPUMEHEHNE HOBBIX TEXHUKO-
TEXHOJIOTMYECKUX PEMIEHU TPOOIEMHBIX 32/1a4
Ha KapOOHATHBIX U TEPPUT'EHHBIX KOJIJIEKTOPAX
MECTOPOXK/JIEHUI Pecriyonmku benapycs.

OJHUM U3 OCHOBHBIX HAITPABJIEHUH B 3TOU OOJIACTH
CTaJId TEXHOJIOI'U a30THO-IIeHHOro I'PIT, HanpaBieHHaA
HA4 CHMDKEHUE OCTATOYHOI'O 3ArPA3HEHUA IIACTA
MOJIMMEPAMH, YMEHBIIIEHHE KOAMPUITUEHTA (PUIBTPALINHA
JKUJKOCTH PA3PbIBA 10 KOJUIEKTOPY U OTPAHUYECHUE
JOMUHHUPYIOIIErO POCTA TPELIMHBI I10 BBICOTE. JJaHHbIE
IIPEUMYIIECTBA A30THO-TIEHHOI'O PA3PbIBA IIEPE],
kyaccudeckuM I'PIT ¢ npuMeHeHneEM BOIHOI'O I'eJisd BECbMaA
AKTYaJIBHBI V11 KAPOOHATHBIX U TEPPUTEHHBIX 3AJIEXKEN
Pecniybnuku benapyce.

3a nepuoy 2012-2013 roj10B OBLIU BBIIOJIHEHBI
JIBE CKBAXKUHO-OIEPAIIUH 11O JAHHOMY BU]ly pA0OT —

86 IaBbIIOBCKOTO (stHBapb 2012 r0o/12) ¥ 133 BUIIAHCKOTO
MECTOPOXAECHUU (IHBApb 2013 roaa). [IpuMeneHune
TEXHOJIOI'MH IEHHO-230THOIO I'PIT HA CKBAKUHE

86 1aBBIZIOBCKOTO MECTOPOKACHUSI HE /1AJI0 OIY TUMBIX
MNPEUMYIIECTB 10 CPABHEHUIO C TPAANULIMOHHON
TEXHOJIOI'MEN NPOBEAEHUA PAOOT, ECJIU HE CYUTATD
06€3yCIIOBHOT'O CHMIKEHUSA OCTATOYHOTI'O 3ATPA3HEHNA
nacra nonumepamu. Ha cksaxmnne 133 Bumanckoro
MECTOPOXKIEHUA TEXHOJIOI'UA IIEHHO-A30THOTO I'PIT
IVIABHBIM O6PA30M IIJIAHUPOBAJIACH JIJIS OrPAHUYECHUSA
pPOCTa TPENUHBI B BLICOTY U MUHHMMHU3A1IMU BEPOATHOCTH
OJyYEeHUs OOBOAHEHHOM IPOAYKIIUH (PACCTOSIHUE

ot HAIT o BHK cocrasisieT 14 m). CKBa)KHMHA I10CJIE
0OCBO€eHMU U3 6ypeHus B 2003 rogy paborasa c
OOBOJJHEHHOCTBIO ITpoAyKuyu 10%. ITocie nposefeHus
OIlEPALUU CPEITHECYTOUYHBIHN 1cONUT HEDTU YBEITUYNIICS
B 3,5 pa3a, 0OOBOJHEHHOCTD IPOAYKIIMU BAPbUPYETCS

B IIpesenax 0—10%. ITpyu 3TOM COCEJHUE CKBAXKUHBI,

Ha KOTOPBIX NTPOBOANIICA I'PIT 11O «KJ1aCCUYECKOM»
TEXHOJIOI'MH, PA6OTAIOT C MEHBIIMMHU OKA3ATEIAMHU.

B nnepcrnekTuBe IIaHUPYyeTCs YBETUYEHHE OO'bEMOB
BbITIOJIHEHU A ['PI1 1O TaHHOM TEXHOJIOTUYECKOU CXEME,
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a modernization strategy for 2011-2016 aimed
t improving current technological approaches

to hydraulic fracturing and acid hydraulic fracturing
operations planning and support, introduction
and further wider application of new technical
and technological solutions at the carbonate and
terrigenous reservoirs of the fields of the Republic
of Belarus.

One the principal thrusts in this field is nitrogen
and foam fracturing aimed at reduction of residual
contamination of the formation with polymers,
reduction of breakdown agent filtration coefficient
across the reservoir and limitation of the prevailing
crack growth height. These advantages of nitrogen and
foam fracturing as compared to classical fracturing
including water gel, seem to be quite relevant for the
carbonate and terrigenous deposits of the Republic of
Belarus.

Two such operations were performed in 2012-2013
period: at 86 Daydovsky Well (January, 2012) and 133
Vishansky Well (January, 2013). The application of
nitrogen and foam fracturing at 86 Daydovsky Well did
not bring any substantial results, as compared to the
traditional technology, except for obvious reduction
in residual contamination of the formation with
polymers. As far as 133 Vishansky Well is concerned,
the nitrogen and foam fracturing was meant to
constrain the vertical crack growth and minimize the
possibility of watercut products. After well completion
in 2003 the well operated with 10% watercut rate.
After the operation, the daily debit rate increased by
3.5 times. The watercut rate ranged 0—10%. Meanwhile
the neighboring wells, where fracturing was made
according to the classic technology, demonstrated
weaker performance.

The amount of fracturing operations performed
under this technological scheme is planned to
be raised as well as the degree of foam gassing in
bottomhole condition (of foam quality) via more
powerful and modernized nitrogen units. .

In the course of time the stock of wells that arte
candidates for fracturing is deteriorating. At the
moment the specialists of RUE Belorusneft Production

R:JE Belorusneft Production Association adopted



4 TAKXKE YBEJIMYEHUE CTENIEHU I'A3UPOBAHUS
IIEHBI B 3a00MHBIX YCJIOBUAX (KA4ECTBA IIEHDI)
34 CYET IPUMEHEHUS 60JIEE MOIIHBIX U
MOJIEPHU3HUPOBAHHBIX 430THBIX YCTAHOBOK.

C TedeHueM BpeMEHU (POHJ, CKBAXKUH-KAHAUIATOB JJ15
I'PITyxXyamraeTcs, B HACTOAILICE BpeMsl CIIeUaINCThI PYII
10 «BenopycHEPTD» BBIHYKIEHBI BCE YaIlle IPUOETATh
K T'HJIPOPA3PBIBY IUIACTA HA [ITYOOKOMOI DY KEHHBIX
3asiekax (3500—5500 M), UTO COITPOBOXKAACTCS
BbICOKUMMU YCTBEBBIMU JaBIeHUAMU (Bblle 70 MIIa)

PU IIPOU3BOJICTBE PAOOT. BBI3BAHO 3TO KAK BBICOKUM
IPaAUEHTOM PA3PBIBA IOPOJ, TAK U 3HAYHUTEIBHBIMU
noTepAMHU JaBieHud Ha Tpenue B HKT, oco6eHHo
JUaMeTpoM 73 u 60 MM. BRICOKME TTyOMHBI 3aI€TaAHUS
TAKUX IUIACTOB, KAK IIPABUJIO, COTPOBOXK/IAI0TCSA
HOBBIIEHHBIMH IJIACTOBBIMU Temneparypamu (>110 °C),
4TO JUKTYET OCOOBIE TPEOGOBAHUSA K CTAOMJIBHOCTH
JKHJIKOCTH PA3PbIBA.

PagpabarsiBatorcs TexHonoruu I'PIT u KI'PIT ayist
IJIYOOKO3AJIETAIOIMIUX CKBAKUH C AaHOMAJIbHO BBICOKMMH
TeMneparypamu (6osee 175 °C). Ha reppuropuu
Pecnry6iinku Benapych Takve OObEKTHI BCTPEYAIOTCA
KparHe PeJIKO, OJJHAKO ITOJJOOHBIE CKBAKUHBI, TPEOYIOINE
B K44E€CTBE OCBOEHU A MJIM UHTEHCU(DHUKALIUU ITIPOBEICHUSA
MPONITAHTHOT'O UJIX KUCJIOTHOT'O THPOPA3PhIBA,
JIOBOJIBHO Y4CTO BCTPEYAIOTCA B MEXKAYHAPOIHBIX
NpOoeKTaX. Ha cerogHAmHmi J1eHb Mbl PACIIOIAIAEM KaK
JKMJIKOCTAMHM PA3PbIBA, TAK U JKUJIKOCTSAMHU TPABIEHUA
(KMCJIOTHBIMHU COCTABAMM), CIIOCOOHBIMHU BBIIIOJIHATH
CcBOU (pyHKIUU IIpU TemIieparypax go 200 °C. Jus
nponnadTHoro I'PIT yeriemHocTh U 9 (pPEKTUBHOCTD
KOTOPOTI'O B 3HAYUTEIBHOM MEPE 3ABUCUT OT KA4ECTBA
W HAZEKHOCTH JKUJKOCTH PA3PbIBA, TIOJOOPAH BOJAHBIA
reJib HA OCHOBE KAPOOKCUMETHII-THIPOKCHTIPOITAIT
I'yapoB U TUPKOHUEBBIX CIIMBATEJIEN. B KauecTBe
JKUJIKOCTEN TPABJIEHUA IPU KUCJIOTHOM ['PIT
MNPUMEHAIOTCA TUJIEHJUAMHUHTETPAYKCYCHBIE KUCJIOTHI,
CMECH AUKAPOOHOBBIX KUCJIOT, 4 TAKXKE TEXHOJIOIUH C
npumeneHueM GLDA-KHCIIOT.

OCHOBHBIM U IIPUOPUTETHBIM HAIPABICHUEM
passuTuA TexHonoruu I'PIT ABasgeTCa TEXHOIOTUA
KUCJIOTHO-IIPONITAHTHOT'O Pa3pbiBa. B mporiecce ananmsa
BbINOJHEHHBIX KI'PIT Ha KapOOHATHBIX KOJJIEKTOPAX
[TpUnATCKOro Nporuda BuIABIEHA ONPEAEICHHAA
3aKOHOMEPHOCTD — IIPU OTHOLEHWUH IIJIACTOBOI'O
JABJICHUS K THIPOCTATUYECKOMY JABJIECHUIO MEHbLIE 1
adpexrusHOCTb IpoBegeHust KI'PIT (c npuMeHenneM
pacTBOPA CONAHON KMCIOTHI PA3IUYHbBIX KOHLIEHTPAIINI)
JIM60 Maa, TM60 HENPOJOJKUTEIbHA (3(PPEKTUBHOCTD
IIPOCJICKUBACTCS MEHeE 3 MecaleB). OCOOEHHO
JIAHHOE OOCTOSATENBCTBO IIPOSBISCTCSA HA CKBAXKHUHAX,
IPOAYKTHUBHBIN MHTEPBAJI KOTOPLIX CJIOKEH MATKUMU
IIOPOJAAMMU (U3BECTHAKAMMU). DTO OOBSACHACTCS
YACTUYHBIM 33KPBITHEM («CXJIOITBIBAHUEM») CO3/IAHHBIX U
MPOTPABJIECHHBIX KMCJIOTON TPEMIMH. B yCIOBUAX HU3KHUX
IJIACTOBBIX JJABJICHUI 3HAYHUTEIbHBI 3(P(PEKTUBHBIC
JIABJICHHUS HA YYACTKU KOHTAKTA CTEHOK TPEIIHUHBI,

YTO NPUBOAUT K UX PA3PYIICHUIO U CHUKEHUIO
packporrocTu. [Iposeaenne nponmnanTHOro I'PIT s

TAKUX IUIACTAX C 3aKAYKOI 3HAYUTEIBHOI'O OO'bEMA
MIPONIIAHTHOM HAOUBKU (O0Jjiee 35 T), OOYCIOBIECHHOTIO 4

Association have to increasingly apply fracturing for
deep deposits (3500-5500 m), which is accompanied
by high well-head pressure (over 70 MPa) during

the operations. Such a situation is prompted by high
gradient of formation rupturing and substantial losses
of pressure due to friction in the production string,
especially with the diameters of 73 and 60 mm. Big
depth of such formations is generally accompanied
by increased formation temperatures (>110 °C), which
causes special requirement to the fracturing fluent.

Fracturing and acid fracturing technologies are
developed for deep wells with abnormally high
temperatures (over 175 °C). Such sites occur quite
seldom on the territory of the Republic of Belarus,
yet these wells requiring proppant or acid fracturing
for completion or intensification, are frequently
applied in international projects. At the moment we
have both fracturing fluids and etching fluids (acid
compositions), capable to performing their function
under the temperature of 200 °C. The success and
efficiency of proppant fracturing largely depends on
the quality and reliability of the fracturing liquid.

A water gel was selected on the basis of carboxymethyl
and hydroxypropil guar compounds and zirconia
crosslinkers. The following etching fluids are applied
in fracturing: versenates, diacid mixtures as well as
GLDA-acid technologies.

One of the priority thrusts in fracturing technologies
is acid-proppant technology. During the analysis of
acid fracturing performed at carbonate collectors of
Pripyat depression a certain pattern was indentified — 4

TECHNOLOGIES
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Bpemsi/ Time

[aeneHue yctbeBoe HKT [aT™m], paBneHue B 3aTpyOe [aTm]
Well-head tubing presure (atm). The annulus pressure

Macca nponnaHTa [kr] x 1000
Proppant mass (kg) x 1000

Pacxop cmecu [M3/MUH]
Mixture consumption (m3/min)

KoHueHTpauus nponnaHTa [kr/m?] x 1000
Proppant concentration (kg/m3) x 1000

Pucynox 1 - I'pagpux npoeedenun I PII na ckeaxncune 133
Buwmancrxozo mecmopoxncoenusn 20.01.13

Figure 1- Schedule of fracturing at well 133
oﬁ/'isbansky Fieldon 20.01.13
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HEOOXOAUMOCTBIO CO3AHUS BBICOKOITPOBOJAIIETO KaHAIA
«CKBAXKMHA — YAAJICHHA 30HA», 3a49ACTYIO OCIIOKHAETCSA
PAIOM I'€OJIOTUYECKUX U TEXHOI'€HHO-T'E€OJIOTMYECKUX
(PaKTOPOB (OTCYTCTBUE NEPEMBIYEK JIJISI OTPAHUYECHUS
POCTA TPEUUHBI IO BBICOTE, HAJIMYHUE IPOMBITBIX
KaHAJIOB (DHJIBTPALIMU, ECTECTBEHHAS U TEXHOI'CHHAS
TPELUIMHOBATOCTH KOJJIEKTOPA).

Llenbio IPOBEAEHM A KUCIOTHO-TIIPOIIIAHTHOI'O
PAa3pbIBA ABIAETCA TPABIEHUE KUCIOTHON KOMITO3UITUEN
KaHAJIOB X YEPBOTOYEH B MACCUBE KOJLJIEKTOPA C
MHOCJIEAYIOMNM 3aKPEIJIEHUEM IIPOTPABJIEHHBIX IIYCTOT
PACKJIMHUBAIOLIUM AI'€HTOM. [JaHHAA TEXHOJIOT UL UMEET
JBE BAPUALINU:

4) CO3[IaHME KAHAJIOB (PHJIBTPALIMU U UX PABHOMEPHOE
3aKpernieHue. JaHHOEe TEXHOJIOIMYECKOE PELICHUE
HANPAaBJIEHO K IPUMEHEHUIO HA 60JIE€ MATKUX
NOopOoOJaAX (HAIIPUMEDP, U3BECTHAKN);

0) CO3/IaHHE BICOKOMPOBOAANIUX KAHAJIOB C
3aKPEIJIECHUEM B IIPUCKBAKUHHOM 30HE.

HanpasneHo Ha IPOBEIEHUE B INTMHUCTBIX
U IVIOTHBIX KAPOOHATHBIX PA3HOCTAX.

B HacTrosmiee BpeMs UET NoAO60P U OIIPOOOBAHUE
KHUCJIOTHBIX KOMIIO3UIUI, OOMaJAI0NUX KaK
3aMeJJIEHHBIM CBOMCTBOM TPABJIEHM A, TAK U CBOMCTBAMU
JKHJIKOCTH-TIPOIIIAHTOHOCUTEA. [IPUCTYNIUTD K ONBITHO-
MPOMBICJIOBBIM UCITBITAHUAM JAHHOU TEXHOJIOTUH
IUTAHUPYETCA B CEHTAOPE-OKTAOpE 2014 roga.

ITapannenabHO C ONPOOOBAHUEM TEXHOJIOIUH
KUCJIOTHO-IponmnaHTHoro I'PIT uzaeTt padoTra Haj
JBYMS [IEPCHEKTUBHBIMY HATIPABJIEHUAMHU B OOJIACTU
YIIYUYIIEHUA TEXHOJIOTMYECKUX ITOAXOA0B K BBIIIOTHEHHUIO
KTPIT. Kak 11oka3aia MpakTUKa IPOBEACHUS padoT
O KUCJIOTHOMY THIPOPA3PBIBY HA KOJIJIEKTOPAX
PB, cl1Oo’keHHBIX N3BECTKOBBIMH IIOPOAAMH, 1151
3(PPEKTUBHOIO TPABJICHUS Y AJICHHOI 30HBI TPEOYETCS
MPUMEHEHHUE 3AMEJINTENEN PEAKIIUN KUCJIOTHBIX
COCTABOB. C IPYTO¥ CTOPOHBI, 6OJIBITHHCTBO KPYITHEHIITNX
3aJIEKEN C KAPOOHATHBIMU KOJUIEKTOpaMu Pb HaxoaaTCA
Ha MO3JHEN CTATUU PA3PA6OTKH U ITIOJBEPTATIHUCH
MHOT'OYHUCJIEHHBIM KUCJIOTHBIM OOPa00TKAM 32 BPEMSI
IKCILTYATALNU. DTO IIPHUBEJIO K KPAHE HEPABHOMEPHOMY
TPABJIEHHUIO MIOPOABI KAK I10 PA3PESY, TAK U IIO OOBEMY
IIOPOBO-TPEMMHHOIO MPOCTPAHCTBA B JIATEPAIBHOM
HAIIPABJIEHUN, T.€. KAXKJOE MOCJIEAYIONEE KUCIOTHOE
BO3/IEUCTBHE €IIIe OOJBIIE PA3PYIIAET YIKE CO3/LAHHbBIE
KA4BEPHBL, IIOYTU HE 3aTPArUBasl MATPHULLY HOPOABL YTOOBI
IIPOTUBOACHCTBOBATD 3TOMY SIBJICHUIO, B HACTOSIICE
BpeMA Ha NPEANPUATHH UAET IOJ00P 1 JIA60PATOPHOE
TECTUPOBAHUE PEATCHTOB-OTKIOHUTEIEH KUCIOTHI,
IIPUMEHEHHE KOTOPBIX ITIO3BOIUT JOCTUYB HoJiee
PABHOMEPHOI'O TPABJIEHUS I1JIACTA.

Bce nepeunciieHHbIE UCCIEIOBAHUS HAIIPABJICHBI HA
yBeIrndeHUE 3PPEKTUBHOCTH BO3JEUCTBUS HA IJIACT C
LIEJIBIO AKTUBHU3ALIMH BBIPAOOTKHU TPYAHONU3BIECKAEMBIX
3a11aCOB. TOJIBKO INOCTOSTHHOE COBEPIIEHCTBOBAHUE
TexHonoruu I'PIT 1 1opaboTKa €€ B COOTBETCTBHHU C
TPEOOBAHUAMHU KOHKPETHBIX I'€OI0I'0-(PU3NYECKUX
CBOMCTB ILJIACTOB IIO3BOJIMT ITOJIYYUTh JKEIA€MBbII
pE3ybTar.
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if the proportion of formation pressure to hydrostatic

formation is below 1, the efficiency of acid fracturing

(with hydrochloride solution of various concentration)

is either poor or short ( the efficiency is tracked form

less than 3 months). This circumstance is especially
typical of the wells, where the productive interval is
composed of soft rocks (limestone). This is explained
by partial closure ("collapse") of cracks created and
etched by the acid. Under conditions of low formation
pressure, there is strong pressure on the contact
sections of the crack walls, which brings about their
destruction and makes then less open. Proppant
fracturing in such formations with substantial amount
of pumped proppant filling (over 35 tons), prompted
by the necessity to produce a highly-conductive "well-
remote area" channel, is explained by a number of
geologic and anthropogenic factors (lack of barriers
limiting the crack height growth, availability of
washed filtration channels, natural and anthropogenic
reservoir fissility).

The acid fracturing is aimed at acid etching of the
channels and holes in the reservoir rock with further
fixing of the etched spaces by a proppant agent.

This technology has two variations:

a) creating filtration channels and their even fixing.
This technology is applied in softer rocks (such as
limestone),

b) creation of high-conducive channels fixed in
nearfield. It is applied in clay and dense carbonated
varieties.

At the moment we select and treat the acid
composition with longer etching effect and the
property of fluid -, proppant bearer. The industrial
testing of the technology will begin in September-
October 2014.

Alongside acid-proppant fracturing technology, we
develop two promising thrusts for improving acid
fracturing technological methods. The practice of acid
fracturing at the Belarusian reservoirs composed of
limestone rocks, for efficient etching of the remote
area requires inhibitors of acid compounds. On the
other part, in most of large deposits with carbonaceous
reservoirs are on the last stage of their development
and were subjected to numerous acid treatments at the
time of their exploitation. It brought uneven etching
both in terms of section and the volume of porous-
fissured space in lateral space. It means that every next
acid treatment produces farther destruction of the
cavities without touching the rock matrix. In order
to resist this phenomenon the company is currently
searching and testing reagent, which can produce acid
deviation. Their application provides for more even
formation etching.

All the above-mentioned researches are aimed at
raising the efficiency of impact on the formation aimed
at higher production of hard-to-recover reserves. Only
regular improvement of fracturing and its update in
compliance with the requirements of specific geologic
and physical properties will deliver the desired result. ©



