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HYDRAULIC FRACTURING - ITS GROWTH AND RISKS

THE PROCESS

Hydraulic fracturing, commonly
known as fracking, is the creation
of fractures in rock formations in
the earth using pressurised

fluid, generally for the purpose

of extracting natural gas

Aquifer

Cemented well
casing protects
aquifer

Waste cuttings ——
generated during
drilling are brought
to a plastic-lined

pit at the surface

“Kickoff” point —;
Drillers begin

arc that levels

off horizontally
when shale

layer is reached

Approx. distance
from surface:
2,400 m

Common Fracturing Equipment
Data Wellhead Frac tanks -
monitoring —] ‘ stimulation

van fluid storage
ﬁﬂﬁ%
Chemical —; \ 1— Frac

storage
trucks

%{ ST s

l./ Sand

Frac storage
blender units

Waste water pit

Municipal water well
(over 300 m)

Private well

Horizontal Drilling

Well drilled
horizontally at
914-1,524 m

Production
casing inserted
into borehole,
then surrounded
with cement

—

Waste

RISKS water well
Air emissions

Methane gas associated
with natural gas extraction

can leak into air

Drinking water
Chemicals used in fracking
process have the potential
to contaminate aquifers

Earthquakes

The disposal of waste fluid
from the fracking process
is cited as a cause of earth-
quakes. Disposed fluids
migrate below the injection
area, destabilising the
natural fractures in the

rock formation

Injection
area

Charges then
detonated inside
a perforating gun,
blasting small
holes into the
shale

Pressurised The fluid generates
mixture of water, numerous small
sand and chemicals fissures in the shale,
then pumped into freeing trapped gas
the well at 15,900 that flows to the
litres a minute surface

lllustration not to scale






Table 3-2 Approximate Ranges of Proppant Properties

Mesh size Diameter, inches Pack permeability Str;;h;?r?
20/40 0.033-0.016 120 10-12,000
10/20 0.079-0.033 200 8-10,000
8/12 0.094-0.066 1,500 4-6,000

N Proppants ensures
that the created
fractures remain

open

90% CY

0,5%
XUMMUANBIK,
KOCMAJIAP




ATaJIraH epiTiHaijiepre KeJjeciged Tajanrtap KOublLIaabl:

= AliaJbIHATBIH €PITIHALIEP YHFBI TYII MaHbl alilMaFbIHBIH ©TKI3TIIITITH
a3alTIaybl THIC;

= Alilay epiTIHAUIEPIHIH TAy KbIHBICBIMEH aHAaCybl OapbIChIHA
CIIKaHJail KEP1 9CEPIJIEP OPBIH aIMayhbl THIC;

» EpiTiHAUIEpAIH KYpaMbIH/1a 06rie MEXaHUKAJIBIK TYHIPIIIKTED
OOoJIMayBbI THIC;

= EpiTIHAUIEPAIH TYTKBIPJIBIFBI TYPAKTHI 5KOHE TOMEH TEMIIepaTrypajiapra
IBIAAMAbI O0JTYBI THIC;

*EpiTiH/I1/I€ KOJIJaHbLIaTBIH KOMIIOHEHTTEP KOJKETIM/I1, KbIMOAT eMec
OOJIFaHBI YKOH.




The main hydraulic fracture : _
’ - TIK 6T = PT , )XOFapblJ1aH 0achIll TYpFaH Tay

is a tensile fracture,  &°
t/ KbIHBICTAPBIHBIH CAJIMarbIMCH AHBIKTAJIaAbl
| ot = Pt = grixgH
L. Hydraulic [racture - KOJIICHECH
A tensile fracture
- oK = Pxr ok = Pkt = \orxgH
Perforation cluster MYH/JIAFFI,

OTX - JKOFapbIJaH 0achIll TYPFaH Tay
YKBIHBICTAPBIHBIH, THIFBI3/IbIFHI;

H — xepHeyl ecenTein )aTkaH TOPU30HTThIH
TEepEeH/IIT;

¥ A — Oyiipiik kepy KodpQUIMeHTI.

On keneci hopMyIaMeH aHbIKTaJIabl:

L =v1-v/v— Ilyaccon xodpdunuenri, ray
KBIHBICBIHBIH Y3bIHA OOWJIBI )KOHE KOJIJCHCH
nedopmanuscbiHA TOYEIII.

Opens in the
direction of §,

anin




Puc. 6. Cxemarmyeckoe nNpeACcTasAeHne OUALTPALMOHHO-@MKOCT-
HbIX CBOWUCTE KOAAGKTOPQ:

N, T = COOTBETCTBEHHO HOPMOABMHBIE U TAHMEHLMOALMNIE HONDSHKEHUS,
AGNCTEYIOLWME HO KOXAYIO TpeWMHY; S, S~ COOTBETCTBEHHO ropit-
JOHTAALHOE U BEDTUKOABHOS HONDIKeHHe




['mapoxkapy OapbICBIHIA Kapy KbICBIMBI (PTK)
MEH Tay KbICBIMBIHBIH (PT) apa KaTbIHACHI
KeJec1en 00ybl THIC:




Prx Toyenm:

[ Tay KbICBIMBIHA PT ;

[0 Tym MaHBI aiiMaFbIHBIH OTKI3TIIITIIT MEH OHJIAFbI
’KapBIKIIAKTapbIH OOIybIHA;

UTay >KbIHBICTapPBIHBIH OEPIKTITT MEH CEPITIMILITIK
KaCHUETTEPIHE;

[keyek KybIcTapAbIH KYPBIIBIMBIHA;
[ sxapy CYHBIKTBIFBIHBIH KACUETTEPIHE;

Uruapoxxapynbl xKy3ere acblpy TEXHOJIOTHUACHIHA

\




YHFbl nebuTi

KymynartueTieHaipy

—— MapoXxapy KoNgaHbINFaH

Mapoxapy KongaHbliMaraH

b — ——— ———— ———— —— —

~——lapoxapy KonaaHbiNMaraH

MaporKapy KonaaHbiNFaH

YaKbIT ——

Cyper 1. OTKisriwriri >xofapbl
KabarrapaaH myHau eHAipy

YHFbl neburi

KymynatusTiengipy

& ru,qpox(a PY KON4aHbl/IFaH

YakpiT —

mapoxapy
ONAAHbINFAHAAFbI

aKbIpFbl MyHaMn
6epriwTik

Mapoxapy KongaHbinMafFaHAafbl
aKblpFbl MyHanbepriwTik

YakbIT
Cyper 2. OTKisriwriri TomeH
KabarrapaaH myHau eHaipv




[IpoBOAMMOCTDH TPEMIUH

k W / IIPOBOJAUMOCTh TPEUIUHBI
FWE

D~
AELXF

_ IMPpOBOAUMOCTD ILIACTA.

* Onrumanessbiil F . Haxomures B npenenax 2 go 10.
e Jl1s NIMHHBIX TPEIIMH B HU3KONPOHHUIIAEMBIX ILIacTax Oe3pa3smMepHas MPOBOJAMMOCTH

JIOJIKHA OBITH BBIIIIE.

e J1J1s1 KOPOTKHUX TPEUIUH B BLICOKOIIPOHUIIAEMBIX IIACTaX - MEHBIIIE.
TpeniuHa MOXET OBITh TPEX BUIOB:

- KGD (monanune! < BBICOTA, BRICOTA = const),

- PKN (mmonayinHbl > BBICOTA, BBICOTA = CONSst)

- paguanbHas MOAEb (IOJIMHBI = BBICOTA).
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Puc. 4. OuenKa BbiCoTH TpelwH Pl 8 3GBMCUMOCTH OT TONEK MHMLIMA-
Puc. 2. Pe3yAsTaTel PACYETOR PAIAMY- gy (1-5) C YHETOM PACTIDEAGAGHMS HONPKEHWA B NPOCTPAHCTES
HOM CTeneHu oBpyLIeHns CTeHOK CTBO-

AQ CKkBOXMHB (5, 10, 20 % paauyca)

AAS FTOPUIOHTOABHBIX CKBOXMH, OPUeH-

TUPOBOHHBIX BAOAD MOKCHMOABHOIO

crpecca (150°)




MoayJasb ynpyroctu FOnra (E)

Stress() _ F/A |lbs/in’
Strain(e) ~ Ar[r, | in/in

Young's Modulus =

Hooke's Law %(c) =(E )ﬂ( £
/ I

0

DiacTuyHOEe Teno Oyner AeOopMHpPOBATHCS, KOIJA €ro JBUKCHUE B
MIPOCTPAHCTBE OTPAHUYEHO B TO BPEMS KAK K HEMY IPUMEHSAECTCS CHIIA.
CXUMamIee yCWINE MMEET TEHICHIHWIO K CIVIAKWBAHWUIO WJIA TBUCT,
TEJI0, B TO BPEMS KAaK PaCTATHUBAIOINIAA CHJIA BBI3BIBAET PACTSIKCHUE WIIH
YIUIMHECHUE.
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DnacTUYHBIA HUIUHAP 0€3 orpaHnyYeHUsi OOKOBOTO HAMPSHKEHUS, OMUPAIOIIMIICS Ha
IJIOCKYIO ITOBEPXHOCTH U MOJBEPTAOT BEPTUKATBHOMY COKUMAIOIIEMY HAITPSKEHUARO

(Ibs./in2).

/




& p-Ac
\g

Stress (o), Ibs/in®

Strain (g), in/in

3akoH ['yka. Ctpecc nmponopunoHaiet aedopmanuu. HakimoH nuHus paBHa
Moy FOHra ynpyrocru.




< ~—— Point of failure
“~—— Region I

< - Region Il

Stress (Ibs/in®)

51— Region |

Strain (in/in)

Crpecc-aedopmanus cBsa3u nmopoasl. Pernon I: mimactudueckas aedbopMarius
BBI3BAHHBIX 3aKpbITUEM MUKpopaspymeHut. Peruon II: Ynpyroe cxkarue
Marepuai pok-marpuilbl. Pernon III: Ilmactuueckas nedopmaiiys, BeI3BaHHAS
MUKPOPA3PYILIEHUEM B OTBET HA NPUJIOKEHHOE HANPSKEHUE 0 TEX IOP, [IOKA HE
IIPOM30MIET COOM.




Koadppuuuenr Ilyaccona ()

OTHoOIIEHHE TTONEPEYHOM K 0CEBOM Je(hOpMaLUH -
xkoa(pdunment Ilyaccona:

Py

in/in

\':-——-:-—.—- R

N fin}




Table 3-1 Approximate Values of Poisson’s Ratio for Sedimentary Rocks

Hardness Sandstone Dolomite Limestone
Hard 0.15 0.25 0.23
Medium 0.17 0.27 0.25

Soft 0.20 0.30 0.28




MaccoBbiit MoayJib (KB)

OOBbEMHBIN MOYJIb ONMPEACIAETCS TAKUM 00Pa30M:

FIA [lbs/int] E
Ky=—— | 5 |2
AV/IV in /m_ 3(1-2v)

MaccoBbIii MOZIYJb ABISETCS 0OpPaTHOM BEIMYMHOUN CKUMAEMOCTH Tela:

R AN
C =-—|— |z —
ACIN?




MonayJasb caura (G)

G shear stress _FlA [lbs Jin? ] E

s Angle of deformation  © radians | 2(1+v)

radian = 57 .3 degrees

F Yy -~
~ -~
— - ~
~ -,

Monynb caBura npeAcTaBisieT co00M OTHOIICHHUE HANIPSHKEHUS CABUTA K YTy
nedopmaruu (q, BRIpaXKCHHOHN B pajiiaHax).
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Puc. 6. 3aBncumMocT AeBUTA XMUAKOCTH OT YMCAQ TpewmH NPT Anq
MX PO3AMYHBIX NOAYAAMH

1 £33 £ 3. 87 8 9 W 12W W
Yucno Tpewmn M'PN

Puc. 5. 308MCHMOCTH AGBAGHUS OT YHCAQ TpewMH Pl AAS rOPUIOH-
TOABHOM CKBOXKMHBI




MexaHu3M 00pa3oBaHUs TPEIINH
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Puc. 5.4. Cxema ropH3oHTaNsHOR H BCPTHKANLHOR TPEUIMM
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MHuoOKeCTBEHHBIE NONEPevHbIe  PA3PLIBLI,

HEPECCKALIMHE TOPH3OHTAIBHYH) CKBAKHHY

Puc 11.
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1. TopuioHTANbHAS TPeNIHHA

A. Paspuis prabTpylomeics XHIKOCTBIO

TTprHuMaercs, 4o 1aBNeHHe XHAKOCTH B TPCLIKHE MPH Paspbibe
NpHOARKEHHO paBRAeTcs ropromy Aasenuio P . Ha rpatue tpeny-
Hbl (061acTs HHQHIBTPaTa, prc. 5.4) NaBeHHE KUAKOCTH NIOCTOSHHO
H paBHO N11acToBoMy P

B 3rom ciryyae packphiTocTb (MHPHHA) TPELIHHBI HA CTEHKE CKBa-
KHHBL O paBHA:

o =E(1-vz)(Pn6 '|Pr)R:

"3 g
e P — nabienne 3akayuku Ha 3a00e ckbaxuHbl (3a6ofiHoe NapneHue
B 1IEPHOA 3aKaYKH KHAKOCTH paspbisa), MITa;

E — monyab ynpyroctu nopoasi (Moayas Kura), pasusii
(142) 10* MITa.

(5.17)

0,

Least stress

Maximum stress
GX

) ﬁediate stress

y

Figure 3-6a Horizontal fracture occurs when the least principal stress is
vertical o, > a, > a, where the maximum stress is horizontal, a horizontal
fracture will occur.
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i Least stress
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Intermediate stress
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Figure 3-6b  Vertical fracture occurs when the least principal stresses ar

0

-0 .

2. BeprukanbHas Tpentua
A. Pa3phis rsTpyloEAca XHAKOCTEIO
PackpbITocT TPEMKHb! KA CTEHKE CKBAXMHBI TAKOBA:

AL-2)(1+v)(8P-P) [ V0w
o 3E \ 20 h*mkP,
me AP —nepenai fab/eHAH MexX 1y AaBIeHHeM Ha 33006 CKBaXH

Hb P unannenueunmlacml’
AP - AP

m'
m-— ﬂOpHCTOCTb [v1acta, 10J1K €A,
k -y ﬂpOHHllﬂCMOCTb KOMCKTOP&, Mz;

h — TonumHa naacra, M.

(523)

(54)




Omax
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t h Iomin

m ()

Puc. 1. OpuenTauus TpeluH Npu rupopasphiBE MIACTa: a) MPH Cmax=-"Cmin, 0) MPH Cmax=Cmin
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Puc. 1. OcHOBHbI®@ MATEMATHYECKHE NOAMOAGAKM CUMyAaTOpa PN

Moayiib aHalin3a TECTOBBIX 3aKa4€K B COCTABE
«PH-I'PU]/1» BrIIrOHAET CleqyrOnit
CTaHJAPTHBIN JIJIs JTFOOOTO MPOMBIIIIIEHHOTO
cumynsitopa I'PIT nabop Meroguk: aHanus
kpuBoii nanenus napnenus (KI1J1) no
3aKpBITUS TPEIUHBI MeTogoM Hontu; ananus
TE€CTOB CO CTYIIEHYATHIM

yBEIMUCHUEM/ CHIDKEHUEM 3aKAUKHU; aHAJIN3
KIIJI mocie 3akpbITHs TPEIIMHBI METOAAMU
XopHepa u Honrtu

Cumyasrtop I'PII «PH-
I'PAI»

JAuate) TeCTOR Wil P Awan KL 00 Xopuepy 1
Qors @ FOMNOE 2 H ]
AHANU3 NAACHMA AABACHNA NO XOpHepy
[ L ! W) = 158D (e
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Puc. 2. Npumep NPOrpaMMHOI PEAAUIALIMK METOAMK GHOAMIA TECTOBbIX 3AKAYEK B KOpnopa-
TMBHOM cuMmyAsTope P «PH-TPUA» (SRT - TeCT CO CTyneHYarTsiM yBeAMYeHUeM PACXOAQ, ISIP -

ACBA@HME B MOMEHT OCTAHOBKW HOCOCOB)
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dP/dit / (t - b)) (avma)
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Mognenn
AHAMTHYECKNE NCERAOTPEXMEPHHI NNIHAPHAN TpeXMEpHAn
20 Pseudo3D (P3D) TPEXMepHan (Fuli3D)
(PKN, KGD, Rad) Lumped (LP) Cell-based (CB) PlanardD (PI30)
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Cxpo3HO® CONPRABHUE JARIM YIIPYTOCTH, THADOANKAMMIH M NEPEHOC NPONNANTA:

TpeOosanun K BLNNCANTEAHMM PECYPCaM:

YIBTPE HH3ENE HHIKRE HIKMe | YILTP3 BLICOKNE

Puc. 3. YeTsipe OCHOBHBIX KAQCCA MOAGAGH AAS ONUCAHUA NPOLECCA Pa3BHTHA TpelumHsl [P (2)
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Puc. 4. Npumepsl MHTEPHEACHON YACTH KOPNOPATUBHOIO C¥

a Mogens Cell-based-Pseudo3D (CB-P3D)

g

TnyBusa no sepTwkany, M
E B

TnyGusa No BepTWKan, M
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Puc. 5. Npumepsbl MOAGAMPOBOHKMS PAIBMTHA TPOL Ge3 npopsisa (a, B) U € NPO;
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” Petrel Hydraulic Fracture Modeling
Y

‘ Empowered by technological prowess, fueled by integrated modeling, led by
. industry expertise, and streamlined for operation

The most advanced hydraulic
fracturing software available

Unstructured grid created used to simulate
production efiecis over time in multiple hydraulically

fractured wells.
-
*ﬂ'ﬁ/\:#\




Petrel GeoTesting

Maximize the value of your well tests with optimized designs that honor the
geological model and address uncertainty

Discrete fraciure model is generated based on the
effective permeability disiribution.

B

’ﬁﬁsgo—

OMV Optimizes Well Test Design to
Improve Reservoir Characterization

GeoTesting services improve confidence by opiimizing
test duration and providing accurate reservoir model
calibraition using dynamic well test daia._
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| — npoAyYKTHBHBII nnacT, 2 — rOpH30HTANBHAA CKBaXKMHA, 3-6 — HHTEPBRAJILI NJIACTA C PA3IMYHOIN MPOHNUIAEMOCTEIO, 37-6" —
tpemwnel I'PI1, 7 — He komnektop, 8 — XBOCTOBHK, 9 — ¢unbTpel, 10 — Bomonadyxawumme nakepsl, 11 — HacocHo-
12 — casoeHHble nakepbl, 13 — paananbHele OTBEpPCTHA THAPAaBAHYECKOro KianaHa, 14 —

KOMMpeccopHas TpyoOa,
rHApaBIHYEecKHii KnanaH, |5 — nopuiHeBoii ¥ NPy KUHHBIT MEXaHH3M.

Puc. 10 Cxema yuactka nnacra B paspese ¢ ['C u tpemunnamu MI'PII




Tpaextopus

Puc. 1. Cxema noCTpOeHHS OAHOMEPHON FreOMeXaHUYECKON MOAGAK, TOMKM KOAMBPOBKM 1-4,
MAM NOACTPOIKU moaeam (LOT - recr wa IM'PN; MDT - ctpecc-1ecT UCNbITaTeAeM NAQCTOB)




[TpenmyLLecTBa ropusoHTanbHoro [Pl

y = CKkBaxuvHa ¢
CtaHaapTHbIN BepTUKambHbIN
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e OKOHYaHMeMm

IEIE vE TpelwmHa
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PaspabaTbiBaemas /
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