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BBenenne

[To omenkam 3kcnepToB, 0€3 BBOJA B JKCILTyaTallMI0 HOBBIX HE(TIHBIX
MECTOPOXKACHUN WM yBenudeHUs KOdPQUIIMEHTa U3BICUCHUSI Ha YXKe
pa3pabaThiBaeMbIX MECTOPOXKACHHSX, pa3BEeJaHHBIX 3aMacoB HEPTIHBIM
koMianusiM XxBaTut Ha 2030 sier. COOTBETCTBEHHO HaJ TeM, YeM 00€CIeurBaTh
ce0s1 IocIie U3pacxoJ0BaHus 3TOTO 3amaca Hy)KHO JyMaTh yxe ceiuac. B cBs3u
C 3TUM, OCBOCHHE TaK Ha3bIBAEMbIX TPYAHOU3BJIEKAEMbIX  3aIlacoB
YIJIEBOJAOPOJOB CTAHOBUTCS BBIHYXKIEHHOM HeoOxoaumocthio. B Poccum
HaXOJUTCA OKOJIO YETBEPTHM BCEX MHUPOBBIX 3alacoB TPYIHOU3BIEKAEMOM
He(THU, ATOT MOTEHUHMAT HEOOXOJIMMO YYUTHIBATH B CTPATErMUECKHUX IJIaHAX
pa3BUTHS OTPACIIH.

AKTyanbHOCTB paOOTHI CBSI3aHA C TEM, YTO B MOCIEIHUE TObI BCE Yallle B
pa3paboTKy BBOJATCS MECTOPOXKIACHUS C TPYJHOU3BIEKAEMBIMH 3ariacaMu
HeDTU, C HEOJHOPOJIHBIMHU, HHU3KONPOHUIIAEMBIMH U  PaCUICHEHHBIMU
KoJulIeKTopaMu.  Pa3paboTka Takux MeECTOPOXKACHHN TpeOyeT NpUMEHEHUS
CHEIUaTbHBIX TEXHOJIOTHH, 00Jiee COBEPIICHHBIX KOHCTPYKIUNA CKBAKUH, a TaK
K€ YUUTBIBAHUE OMbITA PA3TUYHBIX MPEIBIIYIIUX TPOCKTHBIX PEIICHUIA.

Ilenvro maructepckoil paOOTHl SBISETCS MPOEKTUPOBAHHE pa3padbOTKU
00BEKTa C TPYAHOU3BICKAEMBIMHU 3alMacamMu Ha mpuMepe X. HeDTIHOTO
MecTOpoxkaAeHUsT TOMCKOIM 00acTH U onpeneseHrne cnocoda ero MakCuMaiabHO
s dexTuBHOM pa3zpabOTKU.

JUist 1ocTHKEHUs JaHHOW 1LIeId B paMKax padoThl ObUIM OIpeaesieHbI
CIEYIOIINE 3a0auu’

— IlomyunTe HaBbIKM pabOThl B KOPIOPATUBHBIX MPOTPAMMHBIX
KOMILJIEKCAX JUIsl TMPOEKTUPOBAHUS pa3pabOTKM M THAPOJAUHAMHYECKOTO
mozaenupoBanusi mectropoxaeHuit (PH KUH, PH KMM);

— Ilpoananu3upoBaTh TEKYIIYyI0 JbIOTHYIO TIOJUTUKY U METOJIUKY
oTHeceHust 3amnacoB K TpU3 ¢ Touku 3peHUs rocyaapcTBa M HEPTAHBIX

koMnaHui Poccuu;



— IlpousBectn aHamm3 OCOOEHHOCTEH M CIOKHOCTEH T'€0JOTMYECKOIO
CTPOCHHSI pacCMaTPUBAEMOT0 00BEKTa pa3pabOTKH;

— CocTaBuUTh HECKOJIBKO BAapUAHTOB IPOECKTHUPOBAHUS Pa3pabOTKH
00BEKTa;

— Paccuurtarh Ha rUAPOIMHAMUYECKON MOJEIN MOJYyYEHHbIE BAPUAHTHI
pa3paboOTKH;

— DBroiOpath Ha ~ OCHOBE  TEXHHUKO-DKOHOMHUYECKOTO  aHaju3a
pEeKOMEHyeMbIl, HanboJiee SKOHOMUYECKH BBITOAHBIA BapUaHT pa3pabOTKu

paccMaTpuBaeMoro 00bEeKTa.



AHHOTALHUA

B mepBoii dWacTm JUIIJIOMHOTO TPOEKTAa PAacCMATPUBAIOTCS —OOIHe
CBEJICHUSI O MECTOPOKJICHUU U PaCCMATPUBAEMOM OOBEKTE, €r0 Ie€0JIOTUYECKOM
CTpOEHUH, HE(PTEHOCHOCTH paccMaTpPUBAEMOTO OOBEKTa W TEKTOHHKE. B
re0JIOTUYECKOM IIJIaHEe pacCMaTPUBAEMbI 00BEKT UMEET PsiJl 0COOEHHOCTEH:

— 3ajexu OOBEKTa HUMEIT pYyKaBOOOpa3HylO, TOJOCOBHIHYIO U
JUH30BUAHYIO (GOpMy, UYTO OCIOXKHSAET (QuiubTpanuio (aouga Bo Bpems
pa3pabOTKH U IKCIUTyaTallui 0ObEKTa;

— 00OBEKT MMEET CWIbHYIO PacWwiICeHEHHOCTh, U KaK CIEJICTBHE OOJbIIOE
KOJIMYECTBO THUAPOJMHAMHYECKA HE CBS3aHHBIX MEXAYy COOOM y4acTKOB
KOJUIEKTOpa, pa3paboTka KOTOPHIX BO3MOXKHO JIMOO YBEIWYEHUEM 4YHUCIa
CKBAXXUH U IUIOTHOCTHU CETKH, JUOO YBEJIWYEHHUEM OXBaTa 3a CUET BHEIAPECHUS
TOPU30HTAIBHBIX CKBAaXKUH,;

— paccMaTpUBaeMblil 00bEKT UMEET HU3KUE (PUIBTPALMOHHO-EMKOCTHBIE
CBOMCTBA, YTO JIeJIA€T €ro YKOHOMUYECKU HU3K0I(D(DEKTUBHBIM MPU pa3padOTKe
BEPTUKAJIbHBIMU CKBaKWUHAMMU.

Taxk >xe B mepBOH IJ1aBe paccCMaTpHUBAETCS TEKyLIasl JbroTHAasi 00CTaHOBKa
M KPUTEPUHU OTHECEHHS 3alacOB K TPYAHOMU3BJICKAEMBIM C TOUYKH 3PEHUS
rocyJapcTBa M BeaymuxXx HEPTIHBIX KommnaHui Poccuu. B maHHBINT MOMEHT
rocyJIapCTBO HEIOINOIYy4YaeT 3HAUYUTEIbHYI0 4acTh BO3MOXHOUW MPUOBLIH, U3-3a
BPEMEHHBIX KPUTEPUEB OTHECEHHUS 3armacoB K TpH3.

Bo BrOpoil TiIaBe oOmNMCaHbl OCHOBHBIE JTallbl MPU  CO3JAHUHU
rCOJIOTUYECKOM M THAPOJUHAMHUECKON MOJEIu OOBEKTa, MPUBEIACHBI JBa
CIIPOCKTHPOBAHHBIX BapHUaHTa Pa3pa0OTKH PacCMAaTPUBAEMOTO OOBEKTAa U HX
TEXHOJIOTUYECKHE TMapaMeTpbl pa3paboTku. IlepBeiii BapuaHT pa3pabOTKH
MpearnosaraeT UCIoJib30BaHUE CYIECTBYIOMEro (POHIa CKBAXKUH, PaOOTAOIINX
Ha Jpyrue OOBEKTa MECTOPOXKICHHUS, Ha BCEX CKBAXKHMHAX MPEANOJIaraetcs
MPUMEHEHHUE THUPABINYECKOTO pa3pbiBa Ijacta. Bropoil BapuaHT pa3pabOTKu
MpEAnojaraeT MCIoIb30BaHUE CYIIECTBYIOMETOo (OHIA CKBAXWUH U OypeHHE

TOpHU30HTAJIBbHBIX CKBa>X1H u 3apE€30K IrOpU30HTAJIBHBIX CTBOJIOB C



MOCJIEAYIOIIMM MHOTOCTaJUNHBIM THAPABIMYECKAM Pa3pbIBOM IutacTa. Bropoi
BapUaHT pa3pabOTKH MO3BOJMIJI BHEIPUTH HEJIPEHUPYEMBbIE paHee O0JacTH U
BOBJICYb HOBBIE 3aIlachl U 00bEIMHUB paHEEe TUIPOJIUHAMUYECKA HE CBA3aHHBIC
MeX1y cO00i TMH30BUIHBIE YUYACTKH KOJUIEKTOpa. BHepeHrne ropu3oHTambHbIX
CKB)KHMH U 3ape30K OOKOBBIX TOPU3OHTAIBHBIX CTBOJIOB MO3BOJIMIO YBEJIUYUTH
HAKOIUJICHHYIO JI0OBbIYY He(TH MO BTOpPOMY BapuaHTy Oouiblie, yeM Ha 60%.
Koadduruent nszsneyenuss HehTy Mo BTOPOMY BapuaHTy pa3pabOTKH BhIIIEC Ha
35%, yem ko3P duiMeHT u3BieyeHuss HeTU MO NEPBOMY BapuaHTy. Tak ke BO
BTOPOW TJIaBE€ OIMMCAHBI HMCHOJb3yEMbIE CIIOCOOBI MOJAEPKAHUSA IUIACTOBOIO
JABJICHUSI 3aJIE)KU U OOOCHOBaHUS Croco0a pa3MelIeHHs] U IJIOTHOCTU CETKH
CKBQ)KHH.

B Tperpei rmaBe Ha  OCHOBE TEXHOJIOTUYECKHX  IApAMETPOB
COCTaBJICHHBIX  BApUAHTOB  pa3pabOTKUM  ObUI  NPOU3BEAEH  TEXHUKO-
DKOHOMHUYECKUI aHAJIN3 BAPUAHTOB. bbUIM pacCUMTaHbl KAITUTAIBHBIE BJIOKECHHUS
U DKCIUTyaTallMOHHBIE 3aTpaThl BapUAaHTOB pPa3paOOTKH, TAaK K€ MpPUBEICHA
HaJoroBas CHCTeMa UM MOPSAAOK pacdy€éra OTYHUCIECHUH TOCYIapCTBY.
KanuranbHble 3aTparbl IO BTOPOMY PEKOMEHyEMOMY BapHaHTy pa3pabOTKH
OKa3ajuch Bblle Oosiee yeM B 3 pas3a, 4eM IO MEPBOMY BapUAHTY, 3a CUET
OypeHHs TOBOJBHO JOPOrOCTOSIIIMX TOPU3OHTAIBHBIX CKBAXKMH M 3ape30K
OOKOBBIX TOPU3OHTAIBHBIX CTBOJOB. COIJIACHO PEKOMEHAYEMOMY IIPOEKTY
HEAPOMNOJb30BaTeNlb MOJIy4YaeT MNpUOBLIbL 3a CUET peanus3aluu JA00bIBaeMOil
NPOAYKIKH, TOCYAAPCTBO MOJYYaeT JO0XOJ 3a CUET HAJOrOBBIX IJIATEXEH U
oruucieHuil. Ilo pe3ynbraraM TEXHUKO-3KOHOMUYECKOTO aHalIHM3a COrJacHO
PEKOMEHyEMOMY BApUAHTy HEAPOIOJIb30BATENb MOJYYNUT JTUCKOHTHPOBAHHBIN
n0XoJ1 B pazmepe He MeHee 200 MitH. pyOJiel, a Tocy1apcTBO 3a CUET HAJOTOBBIX
MJIaTeXKEW M OTUYMCIICHUN TOIYYHUT JOXOJ B pa3Mepe He MEeHee 2,5 MITH. pyOJIei.
[To pekomenayeMoMmy BapuaHTy pa3paOOTKU NpHUBEIEHA CTPYKTypa BBIPYUKH,
CTPYKTypa 3KCIUIyaTallMOHHBIX 3aTpaT M SKOHOMMYECKass OLEHKa IO Trojaam

pa3paboOTKH.



B derBEpTOii uYacTM UIUIOMHOM pabOThl PAcCMOTPEHA COLHUATbHAS
OTBETCTBEHHOCTb npu pa3paboTke paccMaTpuUBaEMOro oOBEeKTa.
[Ipoananu3upoBaHbl OMacHble M BPEAHbIC MPOU3BOACTBEHHBIE (AKTOPHI H
MEPOMPUITHS TI0 UX YCTPAHEHHIO, C KOTOPHIMU MOXET CTOJKHYTHCSI PaOOTHUK
Ha MecTtopoxaeHur. Oneparop 100bYM HE(TU U raza MOJABEPKEH Ha pabouem
MecTe TakuMHU (aKTOpaMU KakK: MPEBBIIICHWE YPOBHS IIyMa M BUOpalWH,
CIIO)KHBIE KJIMMATHYECKHE YCIOBHs, BEPOATHOCTb BO3ICHCTBHS BPEAHBIX H
TOKCUYHBIX BelecTB. Tak e paOOTHUK TMOJABEPKEH TaKUMH ONACHBIMHU
dakTopaMu KaKk MEXaHWYECKOE TPaBMHUPOBAHUE, MOKaPO- U B3PHIBOOMACHOCTb.
B rnaBe ommcaHbl Mephl MPEJOCTOPOKHOCTH U MEPONPHUITHUS TIO JIMKBUIAINH
NEPEUYUCIICHHbIX BpeAHbIX M omacHbIX (axkTopoB. IlpuBenensl mnpaBuia
AKOJIOTUYECKON 0€30MacHOCTH TMpU pa3pabOTKE MECTOPOKACHUS, OINHUCAHBI
MEPONPUITHS MO MNOAJAEPKAHUS OTCYTCTBUS M JUKBUJALMM  BPEAHBIX
IPOU3BOJCTBEHHBIX 3KOJOTMYECKUX (PAKTOPOB BO BpeMs MPOECKTUPOBAHUS U
pa3pabOTKH paccMaTpuBaeMoro ooObekTa. B KkadecTBe mpuMepa, MNpUBEACHA
CUTyalusi JAeWcTBUN paOOTHMKAa NpPHU BO3HUKHOBEHHWHU YpE3BBIYAMHO OINMACHOM
CUTYaIluy Ha MECTOPOKIECHUH — TIOKap, OMMCAHBI MEPOTPUATHS TI0 TMKBUIAIIH
nannoit YC. Tak >xe B TJIaBe OMKCaHBl MPABOBbIE O0SI3aHHOCTU pPaOOTHUKA

oreparopa 1o J00b4e HedTH 1 rasa.



Hydraulic fracture

Propped Hydraulic Fracturing consists of pumping a viscous fluid at a
sufficiently high pressure into the completion interval so that a two winged,
hydraulic fracture is formed. This fracture is then filled with a high conductivity,
proppant which holds the fracture open (maintains a high conductivity path to
the wellbore) after the treatment is finished. The propped fracture can have a
width between 5 mm and 35 mm and a length of 100 m or more, depending on

the design technique employed and the size of the treatment.

Propped Hydraulic Fracture
Carbonate or

o .agndstone
- diimation

CLERRRRG BouRdaty

Fracture Cross
Section

Figure 1 — Propped Hydraulic Fracture
An alternative is to pump acid at a wellbore pressure greater than the

fracture propagation pressure for a strong inhomogeneous carbonate formation.

An Acid Fracture

; A strong, inhomogeneous
carbonate formation
Acid Etched
Channels

Figure 2 — An Acid Fracture

Fracture Cross
Section

Both types of fracturing treatments create highly conductive paths from
deep in the reservoir to the wellbore.

Propped hydraulic fracturing is aimed at raising the well productivity by
increasing the effective wellbore radius for wells completed in low permeability

carbonate or clastic formations. The radial well inflow equation:
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shows that the well production rate (Q) can be increased by:
o Increasing the formation flow capacity (k.h) {the fracture may

increase the effective formation height (h) or connect with a formation zone with
a higher permeability (K)};

o Bypassing flow effects that increase the skin (s) e.g. near wellbore
formation damage;

Increasing the wellbore radius (r,,) to an effective wellbore radius
(r'w), which itself is a function of the conductive fracture length L¢(see Figure 3).

Impemeable
Formation
Boundary

Impemeable

Formation
Boundary
L /'_' R Fracture
/ AN B
Fracture F 1 L
[ W
—= 2l [=— / *‘ FTH

I

Figure 3 — Propped hydraulic fracture geometry

N.B. All models assure that the two wings of the fracture are symmetrical
(same height and length).
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Figure 4 — Production increase due to 150 ft long hydraulic fracture with a flow
conductivity of 8,000 mD.ft

If the hydraulic fracture has infinite conductivity i.e. the pressure drop

along its length due to flow is negligible, then:
r.'=LJ2

Thus, high conductivity fractures allow fluids to flow to the well whose
effective radius has been enlarged to a value equal to half the single wing
fracture length. Alternatively, if the actual wellbore radius is used, this improved
inflow can be expressed as a negative skin.

The relative increase in production achievable by placement of a
hydraulic fracture is much greater in the case of low permeability formations
(Figure 4).

Hydraulic fracture treatment selection guidelines
Hydraulic fracture stimulation is required for the economic development
of low permeability reservoirs. This is because a highly conductive fracture

results in a negative skin with the wellbore flowing pressure (P;) having been



increased, at a given flow rate, compared to an unimpaired (PJ or impaired (PJ

well (Figure 5):
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Figure 5 — The Producing System

The hydraulically fractured well with the negative skin will have the
greatest production rate. Propped hydraulic fracture well stimulation should only
be considered when the:

Well is connected to adequate producible reserves;

Reservoir pressure is high enough to maintain flow when
producing these reserves (or it is economically justifiable to install artificial lift);

Production system can process the extra production.

Professional, experienced personnel are available for treatment
design, execution and supervision along together with high quality pumping,
mixing and blending equipment.

This last requirement arises because a propped hydraulic fracturing
treatment has a complexity and difficulty an order of magnitude greater than that
associated with matrix or acid fracturing treatments. The ability to complete the
treatment to the specified design requires numerous, on-site adjustments during

the treatment itself. The first hydraulic fracturing treatments in a new area often



experience early screen out resulting in premature stopping of the treatment i.e.
the "learning curve" has to be climbed. The steepness of this "learning curve"
can be increased by employing personnel who have gained experience in
successful fracturing treatments in another area.

Fracture stimulated well inflow performance

The Inflow Performance of a Fracture Stimulated well is controlled by the
dimensionless Fracture Conductivity (F ):

11 kj"i: W
cd= T
©d™ ksl

where:

kf*w — fracture permeability (kf) * conductive fracture width (w) ~ ability
of the hydraulic FRACTURE to conduct fluid to the wellbore = the fracture
conductivity;

k*Lf — formation permeability (k) * conductive fracture single wing
length (Lf) ~ ability of the FORMATION to deliver fluid to the hydraulic
fracture.

These parameters are illustrated in Figure 6. It can be easily visualised
that the objective of the propped hydraulic fracture treatment design process is
to ensure that the pressure drop down the length of the fracture is low compared
to the pressure drop across the formation. Thus, as much as possible of the well
drawdown should be taken across the reservoir with the pressure drop within the
fracture making a negligible contribution to the total value of the well
drawdown. We will now consider these two factors in turn:

The fracture conductivity is increased by:

. An increased fracture width (w),

. An increased proppant permeability (large, more spherical,
proppant grains have a higher permeability);

. Minimising the permeability damage to the proppant pack from the

fracturing fluid.
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Figure 6 — Factors contributions to the dimensionless fracture conductivity
Frequently the increased production achieved by carrying out a hydraulic

fracturing treatment is represented by the "Folds of Increase™ or FOI:

FOI =Q/Q,
2nkh(P,-P,.
where _-T ][ ; M}
u B, In(r, /1)
Enkh(_l:’ —P%.]
and Q; = _ &

uB, In(r, /r,)

Q, and Qs are the well production under equivalent conditions before and

after carrying out the hydraulic fracturing treatment. Thus:

FOI = —;:::.:-:;

There have been several studies of the composite effect of fracture length,
fracture conductivity and formation permeability on the well inflow
performance. A widely used correlation is that published by Cinco- Ley and in
which {r'w/Lf}, or effective wellbore radius divided by conductive fracture
length, is plotted against the dimensionless fracture conductivity (F). This is
illustrated in Figure 7. This Figure shows that a FCD value of 15 is required to

ensure that the well inflow is not being limited by the fracture conductivity. An



alternative presentation (Figure 8) allows the (negative) skin effect due to the

propped hydraulic fracture (Sf) to be calculated from the dimensionless fracture

conductivity.
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Figure 7 — Cinco-Ley and Samaniego's 1981 correlation between effective

wellbore radius and fracture conductivity.

The above correlations and equations can be used to quantify the

relationship between the increased production (FOI) as a function of the fracture

length (L), formation permeability (k) and the fracture conductivity (kf w).
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Dimensionless Fracture Conductivity: F 4 = kw / (kLy)

Figure 8 — Fracture skin effect varies with fracture conductivity



Figure 7 shows that for wells in low permeability (O.ImD) formations:
. High values of the FOI are possible;
. FOI is related to fracture half length, while the fracture conductivity

has a limited effect, providing its value is greater than a certain minimum.
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Figure 9 — Well productivity response to hydraulic fracturing
The (low) formation permeability is controlling the well inflow and

increased fracture conductivity does not improve well inflow performance.

A propped hydraulic fracturing treatment

The major steps needed to carry out a propped, hydraulic fracture
treatment are summarised as follows:

. Pumping the fracturing fluid at a sufficiently high pressure to
overcome the rock stresses i.e. initiate and propagate a fracture.

. The fluid properties are adjusted to ensure efficient fracture creation
- low fluid loss and tubing head pressure values are frequently achieved by use
of a viscous, shear thinning, water based, cross-linked gel.

. The created fracture is then filled with proppant to "hold it open” or
provide conductivity for fluid flow when fluid pumping is halted.

. The viscous fracturing fluid is degraded after the treatment to a

viscosity similar to that of water by incorporation of a chemical breaker into the



fracturing fluid formulation. This will allow it to be produced back after the
treatment, followed by the initiation of hydrocarbon production.

The surface and well set up required to achieve the above are
schematically illustrated in Figure 10.

Figure 10 shows the (viscous) fracturing fluid being prepared from a
polymer and base fluid (usually water). It is then combined in a blender with
proppant (e.g. sand grains) used to keep (or prop) the fracture open once the
treatment has been completed. Proper quality control measures are required for
both the fluid and the proppant.

The proppant/fluid slurry is then passed to a high pressure pump where
the fluid pressure is increased to a sufficiently high value that a hydraulic

fracture can be created in the pay zone.
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Figure 10 — Practical issues during a propped hydraulic fracturing treatment
The proppant/fluid slurry is then passed to a high pressure pump where
the fluid pressure is increased to a sufficiently high value that a hydraulic
fracture can be created in the pay zone. Hydraulic fracturing has to be done as a

continuous process - spare pumps have to be immediately available if pump



breakdowns are experienced. The wellhead must have a sufficiently high
pressure rating. This pressure rating of the wellhead can be temporarily
increased by the installation of a "tree saver" at the wellhead. This is essentially
a length of smaller diameter, thick walled tubing installed inside the Christmas
tree. It has seals at the top and bottom to ensure that the wellhead components
with a lower pressure rating are protected from the high pressures experienced
during the hydraulic fracturing treatment. The tree saver's smaller diameter leads
to increased pressure losses and to the possibility of erosion of the tubing if the
proppant slurry exits the tree saver at too high a velocity.

The production tubing will be subject to burst forces due to the high
pressures required for fracturing. They can be reduced somewhat by pressurising
the casing/tubing annulus. The casing has to be protected by a large diameter
pressure relief value in case the tubing fails and the casing is exposed to the high
pumping pressure. The tubing will also contract due to the pumping of the cold
fracturing fluids. This may lead to tensile failure (tubing parting) or the packer
unseating. In practice, the design value for the tubing strength should be reduced
appropriately to allow for any corrosion if the well has been on production for a
number of years.

Field experience indicates that it is often impossible to mechanically carry
out a hydraulic fracturing treatment in a well unless this was included in the
original well design specifications.

The created length of the fracture is considerably longer than the propped
length since the fracturing treatment is still in progress. Issues to be evaluated
during the design include:

. Transport of the proppant to the fracture tip

. Settling of proppant due to inadequate fracturing fluid viscosity

. Creation of the required proppant pack width and degradation of the
fracturing fluid to minimise permeability damage to the proppant pack and

formation and:;



. Containment of the hydraulic fracture to the pay zone These will all
be discussed in the following sections.

Creation of a propped hydraulic fracture

Figure 11 summarises the main stages in the process involved in creation
of a propped hydraulic fracture:

An initial fracture of appropriate length and width is created by pumping
fracture fluid called the pad. The most common fracturing fluids are water
based, cross-linked, polymer solutions (or gels) which exhibit highly non-

Newtonian rheological properties together with appropriate fluid loss properties.
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Figure 11 — Creation of a propped hydraulic facture
. This is often preceded by a sacrificial pre-pad (a low viscosity fluid
which satisfied part of the fluid loss from the fracture at a reduced cost).
Typically, about 50 - 80% of the total fluid volume pumped leaks off to the

formation while only 20 - 50% creates useful fracture volume.
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Figure 12 —Hydraulic fracturing proppant concentration increase during an
hydraulic

The concentration of proppant is increased towards the end of the job with
proppant concentrations as high as 40% vol being pumped (Figure 11). This
ensures that a more uniform, final proppant concentration in the fracture is
achieved. This occurs because the low proppant concentration in the slurry
pumped initially will become more concentrated as it is displaced towards the
fracture tip as the fracturing fluid leaks off into the formation. "Settling" of the
denser proppant will also occur due to the influence of gravity. This process will
continue until fracture closure is complete. These processes are illustrated in
Figure 12.

The proppant slurry in the wellbore is displaced to the perforations and
fluid injection halted. This normally occurs at about the same time as the first
proppant reaches the fracture tip. There will be minimal stimulation from the
fracturing treatment if the final proppant slurry volumes are overdisplaced away
from the wellbore i.e. the well looses (direct) communication with the hydraulic
fracture. However, excessive under displacement of the slurry will leave large
amounts of proppant in the wellbore at the end of the treatment. This would then
have to be removed by a special cleanout trip made with a coiled tubing or
workover unit prior to returning the well to production.

Leak-off continues and the fracture closes on the proppant. Viscosity

degradation from the action of the chemical breaker added to the fracturing fluid



aids in the back production of the degraded fracturing fluid followed by
hydrocarbon production.

A complex computer program is required for treatment design since, in
addition to the complexities of fracture shape prediction described earlier, it

must also optimise the transport of the proppant within the fracture.
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Figure 13 — Proppant profile development during a hydraulic fracture treatment



3akiiroueHue

Lenpto naHHOW pabOTHI SBISUIOCH MPOCKTUPOBAHHE Pa3pabOTKU OOBEKTa C
TPYAHOU3BJIEKAEMBIMU 3aracaMu Ha npuMepe X. He(QTSIHOTO MECTOPOKACHMS
Tomckoli oOnacTu, ompeneieHHe crnocoda ero MakcuMaidbHO 3(h(HEKTUBHON
pa3zpaboTku. [Insi KOCTMXKEHUs NaHHOM 1ienu B paboTe ObUT pelI€H LENblil psin

IMPOMCIKYTOYHBIX 3ada4:

OBLTM TIOJTYYCHBI HABBIKM PAOOTHI B KOPIIOPATHBHBIX MPOTPAMMHBIX
KOMILJIEKCAX JJIsi TMPOEKTUPOBAHMS  pa3pabOTKM W TUAPOJUHAMUYECKOTO
moaenupoBanus mectopoxaennii (PH KUH, PH KMM);

— NpPOAHATM3UPOBAaHA TEKyllas JIbFOTHAas TMOJUTUKA W METOJMKA
oTHeceHus 3anacoB Kk TpH3 ¢ Touku 3peHus rocygapcTBa U HETIHBIX KOMITAHUM
Poccuu;

— IPOU3BENEH aHAJIU3 OCOOEHHOCTEH U CIIOKHOCTEH TI'€0J0rMYecKOro
CTPOEHHMSI pacCMaTPUBAEMOI0 OOBEKTA pa3pabOTKH;

— COCTABJICHBl HECKOJBbKO BapUaHTOB MPOEKTHUPOBAHUS pPa3padOTKU
00BEKTa;

— paccuuTaHbl Ha TUAPOAMHAMUYECKON MOJENH MOJTyYeHHbIE BapUAHThI
pa3pabOTKH paccCMaTPUBAEMOT0 OOBEKTA;

— BBIOpaH Ha OCHOBE TEXHUKO-PKOHOMHYECKOTO aHaIM3a
pPEKOMEHyeMblid, HanboJiee SKOHOMUYECKHU BBIFOJIHBIA BapUaHT pa3paOOTKu
paccMaTpuBaeMoro 0ObeKTa.

Ha navanbHOM 3Tame paboT ObUT NMPOBENEH aHAIM3 HAyYHO-TEXHUYECKOUN
JUTEPATYphl, M3y4YE€HAa METOAMKA M MOCJIEAOBATEIbHOCTh TMocTpoeHus [ /1M,
METOJIMKa U MOCIEA0BATEILHOCTh MPOEKTUPOBAHUE Pa3pabOTKU MECTOPOKACHUM.
Ha ocHOBe pacCMOTPEHHBIX TEOJOTMYECKUX OCOOCHHOCTEH o0O0beKTa ObUIN
COCTaBJICHBI JIBa BapwaHTa pa3paboTku oObekTa. [lepBhlii BapuaHT pa3pabOTKH,
OCHOBAaHHBI Ha WCIOJIb30BAaHUHU CYIIECTBYIOMETO (POH/IA CKBAXHWH, IOKa3aj
HEJPEHUPYEMbI€ YYacCTKA U 00JIaCTU BBICOKUX 3HAUEHUU OCTAaTOYHBIX 3aacoB
HeTU. YUWUTHIBasg TOJNYYCHHBIC JJAaHHBIC TIOCIE MOJEIUPOBAHMUS U pacuéra

MEepBOr0 BapuaHTa, ObUI COCTaBJIEH BTOPOM BapHaHT pa3pabOTKH OOBEKTA C



OpUMEHEHHEM OypeHHs TOPH3OHTAJIbHBIX CKBAXHH U 3ape30K OOKOBBIX
TOPU30HTAJIBHBIX CTBOJIOB C TMOCJIEAYIOIIUM MHOTOCTAAMMHBIM THIPABIMYECKAM
pa3pbIBOM 1iacta. BTopoit BapuaHT MO3BOJIHII BOBJICYh paHEEe HE CBSI3aHHBIC U HE
JIpEHUpYEMbIE MEXAy cOo00l 00JIacTM, YTO B CBOIO O4Yepelb MO3BOJUIO
CYIIECTBEHHO TIOBBICUTH JO0OBIMY ©  KOI(G(UIMEHT U3BJICUYCHUS HEQTH.
HakxoruteHHast 1o0bI4a 1Mo BTOPOMY BapHaHTy pa3paOOTKH BBINIE OOJBIIE YeM Ha
65% HaKomIEHHOW AOOBIYM IO TMEPBOMY BapHAHTy. TEXHHUKO-3KOHOMHUYECKUN
aHalIM3 TakK e TMOKa3al OOJBIIYI0 3KOHOMHUYECKYI0 3(()EKTHBHOCTH BTOPOTO
BapHaHTa pa3pabOTKH, HECMOTPS Ha TO, YTO KallUTAJIbHBIC 3aTPAThl IO BTOPOMY
BapHaHTy OoJbile 4eMm B 3 pasza OoJibllle KamUTAIbHBIX 3aTpaT MEePBOTO BapHaHTa
pa3paboTku. /loxon Helpononb30BaTeNs 0 pEKOMEHAYEMOMY BTOPOMY BapUaHTY
pa3paboTku o0bekTa coctaBui Oonee 200 MaH pyoOsieit, yto Oosbiie yem Ha 30%
BBIILIE O0XKMJAEMOr0 J0XO[a Mpu pa3pabOTKUM paccMaTpUBaeMOro OOBEKTa IO
nepBOMy BapuaHTy. TakuMm oOpa3om, ObLIO MpPEasoKEHO BECTU  Ppa3padOTKy
paccMaTpuBaeMoro OOBEKTa COTJIACHO PEKOMEHIYEeMOMY BTOPOMY BapHaHTY

pa3paboTKwu.



