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Oil and Gas Reservoir Stimulation
by Thermodynamic Hydraulic
Fracturing Using Coiled Tubing

Yu.A. BALAKIROV, Doctor of Engineering, Deputy Director, V.N. BROVCHUK, mining engineer, oil and gas process supervisor,
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IIpaKTUYECKU BCE TEXHOJIOTMYECKUE ITPOLIECCHI B
HEPTETa30BOM OTPACIH IPOUCXOAAT C YIACTUEM TPEX
HEPA3TyYHBIX IAPAMETPOB: JABJICHUS, TEMIIEPATYPBL U
obbema. MHade roBopst, 3TH TPH TAPAMETPA ABIAIOTCS
«IAJIEPAMU», y9ACTBYIOIIUMHU B Pa3pabOTKE HEPTETA30BbIX
MECTOPOK/IECHUH U JOObIYE HE(PTU U I'a3a.

OTMETHUM CPa3y: HEPTEra30B0O€ MECTOPOKAECHHUE — 3TO
HE TOJIBKO CJIOKHOE I'HJIPOTEXHUYECKOE COOPYKEHUE, HO U
BECBbM4 XUTPO YCTPOEHHOE «/IETHILE» TPUPOJBL

Practically all technological processes in the
oil and gas industry take place with participation
of three inseparable parameters: pressure,
temperature and volume. That is to say, the three
parameters are ‘leaders’ that participate in oil and
gas field development and oil and gas production.

Note that an oil and gas field is not only a
complex hydraulic structure but also an intricate
‘offspring’ of Nature.

HedrerazoBoe MECTOPOKIACHUE — TO HE TOJIBKO CIIOKHOE
TUPOTEXHUYECKOE COOPYKEHUE, HO M BECbMA XUTPO YCTPOECHHOE
«ICTUIIEC» TIPUPOBL.

an oil and gas field is not only a complex hydraulic structure
but also an intricate ‘offspring’ of Nature.

COrmacHO MUPOBOH CTATUCTHUKE, U3TIOOICHHBIM
CHELNAIUCTAMU CIOCOOOM MOBBIIIEHUS TPUTOKA
YIVIEBOAOPOAOB CKBAKMHBI U IIACTA ABJIAETCA
TUAPABIUYECKUN PA3PBIB. OQHAKO, 110 JAHHBIM BCE TOM XK€
CTAaTUCTHUKH, B 32JIEKAX C BBICOKOBA3KON HE(PTHIO IPOBEICHUE
I'PIT naseko HE BCEI7IA ONPAB/IbIBACT (DUHAHCOBBIE PACXO/IB,
CBSI3aHHBIE C THUM IIPOU3BOACTBOM. DTO IIPOUCXOAUT
MOTOMY, YTO TEKYYECTD BA3KOIM HE(PTH, TOBOPS MTO-HAYYHOMY,
HE NOAYMHAETCA 3aKOHAM HBIOTOHA, T.€. OT/INYAE€TCH OT
TEKYYECTH BOJBL TaKHE KUJKOCTH IPHUHATO HA3BIBATD
HEHBIOTOHOBCKHUMH U BA3KOILIACTUYHBIMHU.

INpuunHa HeyaadyHbiX PIT 3aKI09aeTcCs, 10-BUAMMOMY, B
TOM, YTO B JINTOJIOTMYECKOM OTHOILIEHUH IIACTOBAA CUCTEMA
OBIBAET CJIOKEHA PA3HBIMU ITIOPOIAMH U BEIMECTBAMH,
3aJIOKEHHBIMU B HUX.

VY CenunaancTOB CYMECTBYET MMOHATHE «<MEPTBOIM HE(PTHY,
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According to the world statistics, hydraulic
fracturing is the well stimulation method most
favored by specialists. However, according to the
same statistics, hydraulic fracturing in reservoirs
with high-viscosity oil does not always justify the
expenses incurred during such process. The reason
is that the fluidity of high-viscosity oil, speaking in
the language of science, does not obey Newton’s
laws, i.e. it differs from the fluidity of water. Such
fluids are commonly called non-Newtonian fluids
or viscoelastic.

The reason behind failed HF apparently lies in
the fact that the pay zone, in lithological terms, can
be composed of various formations and substances
deposited in them.

Among specialists there is a term ‘dead oil’,




B 3an1exax ¢ BBICOKOBA3KOM HEe(THIO TpoBeicHue ['PIT maneko He Bcerna
OHpaBﬂbIBEICT q)I/IHZIHCOBbej pHCXOI[bI, CBA3AHHBIC C 9TUM HpOI/ISBOLLCTBOM.
DTO HPOUCXOIUT IIOTOMY, YTO TEKYUYECTDb BA3KON HE(PTU HE TTIOJUNHACTCA

3aKOHaM HbrOTOHA.

Hydraulic fracturing in reservoirs with high-viscosity oil does not always justify

TECHNOLOGIES

the expenses incurred during such process.
The reason is that the fluidity of high-viscosity oil
does not obey Newton’s laws.

IIPOTOTUIIOM KOTOPOM SIBJISIETCS CMOJIMCTO-TTAPAHHO-
ac(hanbTEHOBAS HEPTB, T.€. HOTHOCTBIO OOE3BOKECHHAS,
JIETra3uPOBAHHASA HE(PTh, KOTOPAS BKPATIJIEHA B TEJIO TOPHOTO
Maccusa. ITof IefiCTBHEM BBICOKOT'O /IABJIEHHS 3TO TBEP/IOE
COETMHEHUE HAYMHACT 06J13/1aTh CBOMCTBAMH IIPYKHUHBL:
IIPU CAABJIUBAHHUN CKUMACTCA 1 6e3 COAaBJIMBAHMS OABJICHUA
pazxuMaeTcs. TakuM 06pa3oMm, B IPOLIECCE TPOBEACHUS
I'PIT 3TO TBEPAOE COEIUHEHME YITIEBOIOPOAOB KAK ObI
«OOKPA/IbIBACT» TMHAMUKY IABJICHUSL, BCJIC/ICTBUE YETO, IO
JIAaHHBIM I'€O(PU3NYECKUX UCCIICJIOBAHUH, B TEJIC IOPO/IBI C
«MEPTBOM» HEPTHIO MTPAKTUIECKH HEBO3MOXKHO ITOJTYIUTh

the closest analogue to which is tarry paraffin-
base asphaltenic oil, i.e. completely dehydrated,
degassed oil embedded in the body of the rock
mass. Under high pressure this solid compound
acquires the properties of a spring: it compresses
when squeezed and relaxes in the absence of
pressure. Hence, during HF this solid compound
of hydrocarbons ‘robs’ the pressure dynamics as

a results of which, according to the geophysical
studies, it is virtually impossible to make a crack in
the body of rock containing ‘dead’ oil because the

Bo3HukaeT HeOO6XOUMOCTD CO3/IAHUS HOBOI'O METO/IA BO3/ICHUCTBUS HA
32JIE3Kb — TEPMOAMHAMHUYECKOT'O TUAPABIMUYECKOTO Pa3pbiBa HEPTIHOTO
U I'a30BOTO TJIACTA.

Thermodynamic hydraulic fracturing of an oil and gas formation.

TPEMIUHY, IOTOMY YTO CPEA, KAK PE3HUHA, ITOIJIONIACT
BBICOKOE JIABJICHUE «B CAMY CEOsI»,

N36€:XaTh TAKOT'O CLICHAPUS IPAKTUYECKU HEBO3MOKHO,
€CJIW HE IIPU3BATH «HA [IOMOIIb» IABHETO IPYTa JIABJICHUS 1
06bEMA — «TOCTIOXKY TEMIIEPATYPY>.

TaK BO3HHUKAET HEOOXOAUMOCTD CO3/TAHMS HOBOT'O
METO/1a BO3/ICHCTBU A HA 3AJIE€Kb — TEPMOIMHAMUYECKOI'O
TUAPABINYECKOIO PA3PhIBA HEPTIHOTO U I'A30BOTIO
71aCTa, 671ar0 HA BOOPYKEHHE CIIEIUAIMCTOB HOCTYIINIIA
YyIECCHAS TEXHUKA — KOJITIOOWHT. 113 IepeYHs IPUBEICHHBIX
AJITOPHUTMOB BO3/ICHCTBUS HATVISHO BUTHO NOJOXKUTEIBHOE
AKTHUBHOE BIUSHHE KOJITIOOMHIOBOM TEXHOJIOTHUH B
PACCMATPUBAEMOM IIPOLIECCE BO3AEHUCTBHS HA IVIACTOBYIO
CHUCTEMY.

AnropuTtm nposegeHus npouecca
TepMoANHaMMN4eCcKoro rmapaBsnmnyeckoro
pa3pblBa He(PpTAHOrro 1 ra3oBoro rnjiacra
(KoNTIOOUHroBbIN «OUaTNOH)

1. Kmpoueccy »Kenare/ibHO IPUCTYIIUTD IIOCJIE TIIATEIBHOIO
006CIIEJOBAHUS BHYTPEHHEN NOJIOCTH CKBAKHUHBI,

B KOTOPOU UHTEPBAJIBI IEP(POPALUH JOJKHBI OBITh
OTKPBITEI U JIOJKHBI OTCYTCTBOBATD NECYAHO-TIIMHUCTHIE
MIPOOKHU.

2. DKCIUIyaTAITUOHHAS KOJIOHHA JJO/KHA ObITD LIEJION U
Ir€PMETUYHOMN.

3. C TOMOIIBIO KOJNITIOOMHTI'A B TEYCHUE ITSITH JHEH B CKBAXKUHY
HY’KHO HATHETATB MTAPOT€HEPATOPHON YCTAHOBKOU CYXOU
ap ¢ reMnepatypou B ripegenax 150-200 °C giig co3manusa
TEPMOAUHAMHUYECKOI'O UMITYJIbCA.

4. TIpOBOAUTD TN PABINYECKHUI PA3PHIB IIACTA CJICAYET
IO CIIPOEKTHPOBAHHON TEXHOJIOTUH C JJOCTHUKEHHEM
JaBJIEHU HA YyCTbE CKBAKUHDBI HA 30—40% BbIIIE TOPHOT'O
JIABJIEHUSA [J151 CO3LAHUSA TPEMUHDI B INTACTOBOY CUCTEME.

»

environment acts like rubber and ‘absorbs’ high
pressure.

It is practically impossible to avoid such scenario
without calling for assistance from the old friend of
pressure and volume — Lady Temperature.

Thus there is a need for a new method of
stimulation — thermodynamic hydraulic fracturing
of an oil and gas formation; thankfully, a wonderful
piece of engineering is now available to specialists —
coiled tubing. The positively active effect of
coiled tubing in the formation stimulation under
consideration is clearly seen in the algorithm
below.

The algorithm of thermodynamic
hydraulic fracturing of an oil and gas
formation (coiled tubing ‘biathlon’)

1. The process should be started after meticulous
inspection of the borehole cavity which should
have open perforated intervals and no sand/clay
plugs.

2. The production casing should be intact and air
tight.

3. Dry steam with a temperature of 150 to 200
°C should be pressure-fed for 5 days into the
well using a steam-generating plant to create a
thermodynamic pulse.

4. Hydraulic fracturing should be performed using
the design method reaching the well-head
pressure 30%—40% higher than the overburden
pressure to make a crack in the formation.

5. The bottom-hole should then be inspected and
plugs, if any, should be washed out using coiled
tubing until the water is clean. 2
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5. Hy>kHO OOCJI€JOBATD 32001 CKBAXKUHBI ¥ [TPU HAJIMYUH
MIPOOKU OUUCTUTD KOITIOOMHI'OM /IO YUCTOU BOJIBL.

6. 3areM 3aIyCTUTh CKBOKUHY B PAGOTY JIJIS1 BBI30BA [IPUTOKA
(PIIOMIOB ¥ ONTUMUBALINU PEKUMA SKCILIYATALTHN.

Pesiome

TaxuM 06pa3oM, UCIIOIb3YS IPEBHUE MYPBIE TAPAMETPHL,
Takue Kak aasnenue (P), remneparypa (T) u obbem (V),
MO’KHO CO3/1aTh HAWJTyYIITHE YCJIOBUSA IJIs1 Pa3paboOTKU
U IIPOEKTUPOBAHUA 3(PPEKTUBHBIX TEXHOJIOIMYECKHX
MPOLIECCOB JJIs1 TOBBIMIEHU S TPOU3BOAUTEIBHOCTH
HEPTAHBIX U I'A30BBIX CKBAXXUH U IIJIACTOB. He 3ps y y4eHbIX
U CHIETUAIHCTOB MOMYJIAPHO U3peueHue: «HeT HUYero jryqiie
XOPOLIEHU TEOPU»!

Mex gy npounm, yepe3 PVT-COOTHOMEHUS COCTABIAETCS
«1aCIIOPT» ¥ CEPTU(PHUKAT HA ITIACTOBYIO HEPTh. ©

6. The well should be put on production to
stimulate fluid influx and to optimize operation.

Summary

Thus, by using ancient ‘wise’ parameters, such as
pressure (P), temperature (T) and volume (V), it
is possible to create most favorable conditions for
developing and designing efficient technological
processes to enhance gas and oil recovery. It is not
for nothing that scientists and specialists say, “There
is nothing more practical than a good theory!”

By the way, PVT ratio is used to make up the data
sheet and certificate for the oil-in-place. ©
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Brnumanue! Cyneprnosunxa!

B credytrousem nomepe 6yoem npeocmasiena uHHOSAUUOHHAS UHINENEKMYAIbHAS
MexXHON02UA, OCHOBAHHAA HA UCNOIb308AHUU 3AKOHOE MAZHUMHOUL 2UOPOOUHAMUKU, —
ynpasnaemslii C ROGEPXHOCMU CKEANCUNBL ZUOPABIUUECKUTL Pa3PbIé naacma

C ~OMOULBIO Koaumiooounza.

Attention! Super novelty!

The next issue will introduce an innovative smart technology based on the application of the laws
of magnetic bydrodynamics - surface controlled bydraulic fracturing using coiled tubing.

TIOMEHCKUE HEQTErA30BbIE KOH@EPEHLIUWU

CEMUHAP-KOHOEPEHLIUA

«KPC, I'P, FHKT, BHyTpUCcKBaXXnHHbIe paboTbl N CynepBanisvHr B
rOPM3OHTasIbHbIX U Pa3BeTB/IEHHbIX CKBaXKMHaX»

lpuznawaem uHxeHepos no TKPC,
6ypeHuro, 006bI4U U 20710208 NPUHAMb
y4yacmue 8 pabome CemuHapa
UHHOBAUUOHHbIX peweHul 8 obnacmu
KPC, I'PI1, FTHKT, sBHympuckeaxuHHsle
pabomel u cynepeau3uHe 8
20pU30HMAsTbHBIX U pa3éemesieHHbIX
CKBAXUHAX, 8 X00€ KOMOpPO020 3Kcnepmel
nooeAmMca c8oUMU 3HAHUAMU, ONbIMOM
u pe3yiemamamu 6HeOpeHUA.
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