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BBenenue

KoMmanuu Bce yaile CTalKMBAIOTCS ¢ TAKUMHU MPOOJIeMaMU, KaK CHUKEHUE
MPOAYKTUBHOCTH CKBAXKMH M BBIHOC IE€CKa W3 IUIACTa BOCXOJAIIMM IMOTOKOM
daronna. B mpornecce sKcrutyaTanuu CKBaXuH JeOUTHI CHIDKaIOTCS. C I1IeNbl0 UX
MOBBIIICHUS TPUMEHSIOTCS PAa3IMYHbIE METOJbl HMHTCHCHU(PUKAIMUKU PadOThI
HE(TSIHBIX U Ta30BBIX CKBAYKUH.

Meton TNOBBINIEHUST TPOAYKTUBHOCTH CKBaXXWH IYyTEM MPOBEIACHUS
TUApPOpa3phiBa IUIaCTa JOBOJIBHO IIMPOKO MPUMEHSETCS B Pa3IMYHBIX PErHOHaX
Poccun, u 3apexomMennioBasl cebsi, kKak oauH U3 cambiXx 3¢ dexTuBHbIX. [locne
npoenenust ['PIT neOuT ckBa>kMHBI, Kak MPAaBUIIO, PE3KO BO3PACTAET.

Bce Oosbliasg yacTh MUPOBBIX 3alacoB YIIEBOAOPOIOB MPUXOJUTCS Ha
JIOJIF0 TIPOJYKTUBHBIX IIACTOB B CJIA0OCIIEMEHTHUPOBAHHBIX TMOPOAaX, KOTOPHIC
MO/IBEPraloTCsl Pa3pylICHUIO MpU pa3paboTke (BBIHOC MECKa Ha IMOBEPXHOCTBH).
Komnanuu mnposiBISIOT WMHTEpEC K METOJaM YCTpaHEHMsI BbIHOCA MECKa U3
CKBQXUH IIyTEM PEMOHTa CYIIECTBYIOIIMX WA YCTAHOBKM HOBBIX CHCTEM,
MpeA0TBpAlIAOIUX 3TOT NPOLECC.

Heab paboThl — wuccienoBaTh NPUMEHEHHE THUIAPABIMYECKOTO pa3phbiBa
IiacTa ¢ YCTaHOBKOW TPaBUMHOTO (UIBTpPA HA MECTOPOXKIECHUU X, KaK METO]
OO0pBOBI C ECKOIPOSIBICHUEM.

3agaum:

— PaccMOTPETh T'€OJIOTO-TEXHUYECKYI0 XapaKTEPUCTUKY MECTOPOKICHNUS,

— HCCIEeI0BATh OCHOBHBIE npo0IeMbl, BCTpEYAIOIINECS Ha

MECTOPOKJICHHUU,



— MPOBECTH aHAJIHW3 MPUMEHEHUS M pacyeT THApPOpa3phbiBa C yCTaHOBKOMH
IPaBUAHOTO QUIIBTPA;

— TIPOM3BECTH MOJA00P HEOOXOIUMOTO OOOpYAOBAaHHS Jisi BHIOPAHHOTO
METO/Ia;

— ONpPEACTUTh SKOHOMUYECKUH 3PPEKT OT BHEAPEHUS MEPOITPHUSTHS.

IToJ10keHNs1, BBIHOCHMbIE HA 3aIUTY:

— WCKJIIOYEHHUE BBIHOCA MECKA U3 CKBAKUH JIOCTUTACTCS TIOCPEACTBOM
MCTIOJIb30BaHUS TPAaBUHHOTO (PHIBTPA B COUETAHUU C KOMITOHOBKOM CETYaTOTO
bunbTpa Ha 3a00€ CKBAKUHBI;

— HCIOJIb30BaHUE KPOCCOBEPA Ha MCCIIETyeMOM MECTOPOK]ICHUU SIBIIACTCS
pelieHreM IpooOIeMbl 3aCOPEHHS CeTYaTOro GUIbTpa MpU peaanu3aluu
BBIOPAHHOTO METO/IA.



AHHOTALUA

[Tepssiit paznen «I'eonoro-¢puznueckas xapakTepuCTUKa MECTOPOKICHUS
BKJIIOUaeT B ceOsi o0mme cBeAeHUs O pailoHe padoT, MCTOPUIO OCBOCHHS H
pa3zpaboTku. Omnmcana HEPTETa30BOJOHOCHOCTh IUIACTOB  Yy4acTKa, JaHa
XapaKTepUCTHKA IUIACTOB M3 KOTOPBIX MJAET A00bYa HE(PTH, MOPOAbl KOTOPHIMU
CJIOKEHBI, IPUHAIJIEKHOCTh K CBHTE M KX BO3pACT, I'€OJE3UYECKUE OTMETKH,
(UIbTpalIMOHHBIE M €MKOCTHBIE CBOMCTBa MOpOJ — KOJUIEKTOpOB. PaccMmoTpena
(puznyeckas XapakTepUCTHKA HAChIUIAIOMMX (DIIIOMIO0B, ONpPENENIEeH copT HedTH,
CBOMCTBA U COCTAB IJIACTOBBIX (DIIFOMIOB.

OTzaesbHBIM ITYHKTOM PAacCMOTPEHBI 3arachl yrieBoaopoloB. lIpusenena
OIIEHKA 3aI1aCOB, A TAK )K€ UX YTOUHEHUE.

Bropont paznen «TexHonorus mnpoBENEHUS THAPABIMYECKOTO pPa3pbiBa
IUIacTa C YCTAHOBKOW I'PaBUMHOTO (QUIIBTPay.

B nmanHOM paszgene pacCMOTPEHO COCTOSIHHE pa3pabOTKU Ha TEKYIIUM
IEepUOJ BPEMEHHU, a TaK K€ MPEJCTaBICHHO TEKYIEe COCTOSIHUE (POHIA CKBAXKUH, C
LEbI0 OOBSICHEHUsI BBIOOPA CKBAXKUH-KAHAMJATOB HAa MPOBEJEHUE MPOLEAYpPHI
TUAPABIMYECKOTO pa3phiBa IJIACTA C YCTAHOBKOW IPaBUHHOTO QUIIBTpA.

Tak e  paccMOTpPEHbl  TEXHOJOTMH  3aKaHYMBAaHWA  CKBAaXXUH
MpUMEHSBILIMECS Ha JAaHHOM MECTOPOXKICHHMM M OIeHKa HMX 3(PPEKTUBHOCTH.
AHanu3 pe3yiabTaToB BHIOPAHHBIX METOJ0B 3aKkaHYMBaHUs. [1o100p CKBaXKUHBI 15
OpOBEACHUSI  BBIOPAHHOTO  MEPOIPHATHS, ONUCAHHE CKBAXKUHbBI, IUIacTa
BCKpBIBAEMOI'0 €il, mopoxa ciararomux 1acT. IlpoGnema BbIHOca mecka,
HaOJII0IAOIIAsCs B JAHHOW CKBaXKMHE IOCJIE€ MPOPbIBA BOJbI, HE pEIleHa, U Kak
MeTo OOphOBI C MECKONPOSIBICHUE MPEACTABISIETCS BBIOPAHHBIA METOJ

BO3/ICHCTBHS Ha IJIACT.



[Ipouenypa TUAPAaBIMYECKOIO pa3pblBa IIaCTa PACCMATPUBAETCA Kak
COBOKYIMHOCTb MPOBEACHUS JBYX OTIEIbHBIX MPOLENYp: TUIPABINYECKUN pa3pbIB
11acTa U Co3/1aHue TPaBUHHOTO PUIBTpa HA 3200€ CKBAKUHBI.

[loMuMO omMCaHUS TEXHOJIOTUM MPOBEACHUS BBHIOPAHHOTO METOAA
Ipe/ICTaBlIeH MOAOOp TpaBusl JJIs peainu3allid MEPONPUSITHS, CETYaToro GpuibTpa
U BHYTPHUCKBOKHHHOTO OOOpPYAOBaHUS, C MOAPOOHBIM IMOIIATOBBIM OIMCAHHEM.
[TogoOpansl He0OXO0AUMAsT OKPYTIACTh U CHEPUYHOCTH I'paBUsi, © HEOOXOAUMBIN
3a30p ceTyaToro puibTpa.

Metonuka 3akaHYMBaHHUA OOOCHOBaHa Ha padOTax YYEHBIX, IMPOBEJIEHO
UCCIICOBAHUE TPaHyJIOMETPUUYECKOTO COCTaBa IMOPOJbI, BBIHOCUMOH U3
CKBaYKUHBI.

Kpome Toro, B naHHOW TIJiaBe MPEACTABICHO HA3eMHOE OOOpYJOBaHUE
HEOOXOUMOE JUIsl OCYIICCTBJICHHS MEPOIPHUATHSA, W CXEMa PACCTaHOBKHU
000pyI0BaHUs Y YCThsl BHIOPAaHHOMN CKBaKUHBI.

Tperunii paznen «Pacuer TEXHOJOTMYECKUX MapaMETPOB T'MAPABINYECKOTO
paspbiBa IIacTa ¢ YCTAaHOBKOM I'paBUNWHOTO (QUiIbTpay BKIIOYAECT B ceOsl TaOIHILYy
HCXOJIHBIX JaHHBIX HEOOXOIMMBIX [UJIsi pacyera M Moadoopa HEOOXOIUMOTO
000py10BaHUS.

[IpuBeneHbI MPAKTUUECKUE PACUEThl ONMpeeSIeHUs] HEOOX0AUMBIX 00BEMOB
KUJIKOCTU-TUIPOPA3PHIBA, KUIKOCTU-TIECKOHOCUTEIISI U MPOJAABOYHOMN KUJIKOCTH.
Onpenenena Macca rpaBusi 1Jid peaju3aluy JaHHOTO METO/1a BO3ICHCTBHS.

[IpeAcTaBieHHO KOJIMYECTBO MCIOJIB3YEMBIX PEAreéHTOB M MX PACXOJ Ha
OJIHY CKBaXHHY-omepanuio. Vcrnons3oBanbl (GOpMynbl s HaXOXKICHUS
BeprukanbHoi (70-90 MIla) u ropusontanpHoi (20-50 MIla) cocraBistOmIUX
TOPHOTO JIaBJICHMSI, HA OCHOBAaHMUU KOTOPBIX OMNPENENICHO 3HAYCHHUE ABJICHUS
TUAPABINYECKOrO pa3pbiBa Iiacta, kotopoe coctaBuiio 30—40 MlIla. Paccunrtano

YCThEBOE U 3a00HHOE JIaBJICHHE TT0 BPeMsl TPOBEICHHUS TIpoIiecca.



[Tomo6parno HeoOXommmoe HazeMHOe 00OpyaoBaHWE, O0OOCHOBAHO
KOJIMYEUYECTBO HACOCHBIX arperaroB, UCTEPH, OYHKEPOB MO/ MPOMIAHT (TpaBUii).
BriOpan Temm 3aKauykyd TEXHOJOTHUYECKHUX KUIAKOCTEH Ha OCHOBAHWW MACIOPTHBIX
XapaKTEPUCTUK HACOCHBIX arperaTos.

3aKiIroueHreM JTaHHOM YacTH sBjsieTcs onpeaenenue aauHbl (80-100 M) u
packpbITocTH TpenHbl (3—5 cM). JlaH nporHo3 pa3BuTHs TpelmuHbl. OnpeaencHa
IPOHUIIAEMOCTh IPU3a00MHON 30HBI IJIACTa MOCTE MPOBEACHUS THIPABIUYECKOTO
pa3peiBa IUIacTa C YCTaHOBKOW rpaBuiiHOro QuibTpa. Ha ocHoBaHuU 3THX
pacdyeToB OBUT TONMy4YeH AEOUT CKBAXMHBI IOCJIE BHEAPEHUS MEPONPHUITHS H
IIPOBEJICHO COIOCTaBJIEHUE C JEOUTOM JO TPOBENCHUS Meponputus. Tak ke
MPEJICTaBIICH pacyeT CKUH-(aKTopa pa3HbIMU METOJIaMH U BHIOOP YCPEIHEHHOTO
3HadyeHus (0T MHHYC 4 10 MUHYC 5).

UetBepToiii pazaen «OUHAHCOBBIM MEHEIKMEHT, pecypcoddPeKTUBHOCTD
U pecypcocOepexeHue.

JlanHasi T7aBa Ha4YMHAETCSl C pacueTa o0bema JOTOJHUTEIBHO JOOBITON
Hetn. PaccMOTpeHHBI 3aTpaThl Ha MPOBEJACHUE MEPONPHSTHS, BKIIOYAIOIINEC B
ceos:

— 3arpaThl Ha CHENTEXHUKY, SBISIOTCS CYMMOW 3aTpaT Ha apeHay
CIENTEXHUKA M €€ JOCTaBKy Ha MECTO IPOBEACHHUS MEpONpHuATHS. PacdeTsl
OCHOBaHBbl Ha BPEMEHH HEOOXOIWMOM ISl JOCTAaBKH OOOPYJOBaHUS Ha MECTO
paboT ¥ BpEMEHU pealli3aliiu MepOTpusiTUus coctaBuin 1-1,5 MiH.pyo0;

— 3aTpaThl HA MaTepuajbl U PEareHThI, MPEJACTAISAIOT COOOH CTOMMOCTh
BCEX HEOOXOIUMBIX MJIsi TPOBEICHUS MEPOINPHUATUS XUMHYECKUX PEareHTOB C
y4€TOM HOPMBI Pacxo/ia Ha OJHY CKBa)KMHA-OMEPAIUI0 COCTABUIN 2—3 MITH.PYO;

— 3aTpaThl Ha OIUIaTy TpyJa. PaccuuTaHbl ¢ yueToM KOJIMYECTBA YEJIOBEK B
cocTaBe OpHragabl OCYIIECTBISIONICH pabOThl, CEBEpHOM HaI0aBKH, PAaHOHHOTO

Kod(ppueHTa U NpeMuu COCTABUIIH;



— 3aTpaThl Ha CTPAXOBBIE B3HOCHI, KOTOPHIE BKIIIOYAIOT B C€Osl B3HOCHI B
rocyJgapcTBeHHble  BHeOIO/uKeTHble  (QoHnbl:  [leHcuonublii  donn, DoHn
COLIMaTBbHOTO cTpaxoBaHus, PoH]I 003aTEIBHOTO MEAUIIMHCKOTO CTPAaXOBaHUS U
CTpPaxOBaHUs OT HECUACTHBIX CIIy4aeB HA MPOU3BOJICTBE;

— 3aTpaThl YCIOBHO-NIEPEMEHHbIC — 3aTpPaThl CBSI3AHHBIE C W3BJICUCHHEM
JOTIOJIHUTEIBHOTO 00BbeMa T0OBITON HEDTH.

Tak xe B JaHHOW TJlaBe pacCUMTaHbl TaKUE MOKA3aTEIM KakK: BBIPYYKa OT
peanuzanuy o0beMa JIOMOTHUTEIBLHO JOOBITON HePTH, SKOHOMHYECKUMA 2P (DEKT OT
BHEJIPEHUSI MEpONpUATHs, ce0eCTOMMOCTh J00buM | TOHHBI HedTH TMOCHe
npoBeneHust Mmetosia cHusuinach Ha 10%, mpuObUIL OaaHcoBast, MPUOBLIL YKCTAs
3-4 wmipa.py0. (c BBIYETOM Hajora Ha TMPUOBUTb) M CPOK OKYIAaeMOCTHU
MEPOTIPUTHH.

Takum o00pa3oM, BHeIpEeHHE THIPABIMYECKOIO paspbiBa IulacTa C
YCTaHOBKOM TI'paBUITHOTO (pUiIbTpa BEAET 3a COOO0M yBEIMYEHUE CPEAHECYTOUHOIO
nebuTa CKBaXXHHBI, YTO MOJIOKUTEIHHO BIMSET HA MPUOBLIbL Npeanpusitus. Pacuer
AKOHOMMUYECKOHN 2(P(DEKTUBHOCTH MOKA3BIBAET CHIXKEHUE CEOECTOMMOCTH | TOHHBI
He(TH, YTO TaK K€ OKA3bIBAET BIUSAHHUE HA IPUOBLIIb.

IIaTe1it pasnen MarucTepCcKomn JIUCCEPTALAN «ConumanbHas
OTBETCTBEHHOCTh)» BKJIIOYAET B ce0s aHANU3 BPEIHBIX (PAKTOPOB paboueil 30HbI
TaKMX KakK: BJIUSHUE HA TEPCOHA]T BBICOKOTO YPOBHS BHOpalMu U YyTedyka
TOKCUYHBIX BELIECTB.

OmnacHele (hakTOpbl paboyveil 30HbI, PACCMOTPEHHBIE B IAHHOM pasiefie 3TO
JABUKYIIHECS] AJIEMEHThI 000pYAOBaHUS, ONAaCHOCTb MOPAKEHUS JJIEKTPUUYECKUM
TOKOM, TI0KapOOIaCHOCTh, B3pPHIBOOMACHOCTh, & TaK K€ BIMSHHE BBICOKOIO
JABJICHUS HA TIEPCOHAJ.

PaccMOTpeHBI METO/IBI 110 CHMXKEHHIO OTPULIATEIBHOTO BIUSHUS BBICOKOTO

YpOBHS BUOpAIU, CIUCOK HEOOXOIMMBIX CPEACTB 3allUThl MpuU pabdoTe ¢



TOKCUYHBIMU BEIIECTBAMU W JCHCTBHS MpPU YyTEYKE TOKCHYHBIX BEIIECTB H
OTpAaBJICHUH.

[TpencraBieHsl MeTO bl O€30M1aCHOM PaOOTHI U OOCTYKUBAHUS arperaToB C
JBWDKYILIUMUCS 3J€MEHTaMM, IPEJOTBpAllleHHe TpaBM paOOTaIoLIEro MepcoHaa.
bezonacuHbie MeTOABI pabOTHI ¢ arperaTaMy BBICOKOTO JIaBICHUS, CHEIHUAIbHOM
(oHTaHHOI apMaTypoll U MaHU(OIIBIOB.

JlaHHBIA pa3fen COACPKUT TaK Ke IJIEKTPOOE30MacHOCTh IepcoHala |
0Xapo0e30MacTHOCTb.

Tak >xe HM370KEHBI OCHOBHBIC BOIMPOCHI OXPAHBI OKPY)KAIOIMICH CpPEIbI:
HKOJIOTHYEKCast 0€30MaCTHOCTh, MEPHI [0 CHUYKEHUIO HETaTUBHOTO BO3ACMCTBUS Ha
pPacCTUTENbHBIA U KUBOTHBIA MHUp, MPOBEACHUE MOHUTOPHUHIOB U 0€30MacHOCTh B

CJIy4ae BO3HUKHOBEHHSI YpE3BbIYalHON CUTYAIUU.



1. Introduction

Well #N oilfield penetrates into two production horizons from formation
group X. The reservoir consists of poorly consolidate sandstone, granulation varies
from shallow to medium.

In formations where the sand is porous, permeable and well cemented
together, large volumes of hydrocarbons which can flow easily through the sand
and into production wells are produced through perforations into the well. These
produced fluids may carry entrained therein sand, particularly when the subsurface
formation is an unconsolidated formation. Produced sand is undesirable for many
reasons. When it reaches the surface, sand can damage equipment such as valves,
pipelines, pumps and separators and must be removed from the produced fluids at
the surface.

Well N was stopped after water influx and because sand started to go to the
well and to the surface. Sand is the big problem of the offshore platform, because
abrasion wear occurs with submersible and surface equipment. After the well was
stopped the second hole was drilled with fracturing with installation of gravel filter

completion.
2. Hydraulic fracturing

Fracturing was first employed to improve production from marginal wells
in Kansas in the late 1940s. Following an explosion of the practice in the mid-
1950s and a considerable surge in the mid-1980s, massive hydraulic fracturing
(MHF) grew to become a dominant completion technique, primarily for low
permeability reservoirs in North America. By 1993, 40 percent of new oil wells
and 70 percent of gas wells in the United States were fracture treated.

With improved modern fracturing capabilities and the advent of high

permeability fracturing (HPF), fracturing has expanded further to become the



completion of choice for all types of wells in the United States, but particularly
natural gas wells.

The tremendous advantage in fracturing most wells is now largely
accepted. Even near water or gas contacts, considered the bane of fracturing, HPF
is finding application because it offers controlled fracture extent and limits
drawdown. The rapid ascent of high permeability fracturing from a few isolated
treatments before 1993 to some 300 treatments per year in the United States by
1996 was the start to HPF becoming a dominating optimization tool for integrated
well completion and production. Today, it is established as one of the major recent
developments in petroleum production.

Hydraulic fracturing entails injecting fluids in an underground formation at
a pressure that is high enough to induce a parting of the formation. Granulated
materials—called “proppants,” which range from natural sands to rather expensive
synthetic materials—are pumped into the created fracture as a slurry. They hold
open, or “prop,” the created fracture after the injection pressure used to generate
the fracture has been relieved.

The fracture, filled with proppant, creates a narrow but very conductive
flow path toward the wellbore. This flow path has a very large permeability,
frequently five to six orders of magnitude larger than the reservoir permeability. It
Is most often narrow in one horizontal direction, but can be quite long in the other
horizontal direction and can cover a significant height. Typical intended propped
widths in low permeability reservoirs are on the order of 0.25 cm (0.1 in.), while
the length can be several hundred meters. In high permeability reservoirs, the
targeted fracture width (deliberately affected by the design and execution) is much
larger, perhaps as high as 5 cm (2 in.), while the length might be as short as 10
meters (30 ft).



In almost all cases, an overwhelming part of the production comes into the
wellbore through the fracture; therefore, the original near-wellbore damage is
“bypassed,” and the pre-treatment skin does not affect the post-treatment well
performance.

Propped hydraulic fracturing consists of pumping a viscous fluid at a high
pressure into the production 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 after the treatment is finished. The propped fracture can have a
width between 5 mm and 35 mm and length of 100 m or more, depending on the
design technique employed and size of the treatment.

An alter nature is to pump acid at a wellbore pressure greater than fracture
propagation pressure for a strong inhomogeneous carbonate formation.

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

In a preliminary sizing and optimization phase, it is imperative to use a
simple performance index that describes the expected and actual improvement in
well performance due to the treatment.

Fracture length and dimensionless fracture conductivity are the two
primary variables that control the productivity index of a fractured well.
Dimensionless fracture conductivity is a measure of the relative ease with which
produced fluids flow inside the fracture compared to the ability of the formation to
feed fluids into the fracture. It is calculated as the product of fracture permeability
and fracture width, divided by the product of reservoir permeability and fracture
(by convention, half-) length.

It is possible that in certain theaters of operation the practical optimum may
be different than the physical optimum. In some cases, the theoretically indicated

fracture geometry may be difficult to achieve because of physical limitations



imposed either by the available equipment, limits in the fracturing materials, or the
mechanical properties of the rock to be fractured. However, aiming to maximize
the well productivity or injectivity is an appropriate first step in the fracture design.

Materials used in the fracturing process include fracturing fluids, fluid
additives, and proppants. The fluid and additives act together, first to create the
hydraulic fracture, and second, to transport the proppant into the fracture. Once the
proppant is in place and trapped by the earth stresses (“fracture closure”), the
carrier fluid and additives are degraded in-situ and/or flowed back out of the
fracture (“fracture cleanup”), establishing the desired highly-productive flow path.
Proppants and chemicals constitute a large share of the total cost to fracture treat a
well.

Materials and proppants used in hydraulic fracturing have undergone
tremendous changes since the first commercial fracturing treatment was performed
in 1949 with a few sacks of coarse sand and gelled gasoline as the carrier fluid.

The fracturing fluid transmits hydraulic pressure from the pumps to the
formation, which creates a fracture, and then transports proppant (hence the name
carrier fluid) into the created fracture. The invasive fluids are then removed (or
cleaned up) from the formation, allowing the production of hydrocarbons. Factors
to consider when selecting the fluid include availability, safety, ease of mixing and
use, viscosity characteristics, compatibility with the formation, ability to be
cleaned up from the fracture, and cost.

Fracturing fluids can be categorized as (1) oil- or water-base, usually
“crosslinked” to provide the necessary viscosity, (2) mixtures of oil and water,
called emulsions, and (3) foamed oil- and water-base systems that contain nitrogen
or carbon dioxide gas. Oil-based fluids were used almost exclusively in the 1950s.

By the 1990s, more than 90 percent of fracturing fluids were crosslinked water-



based systems. Today, nitrogen and carbon dioxide systems in water-based fluids
are used in about 25 percent of fracture stimulation jobs.

Viscosity is perhaps the most important property of a fracturing fluid. Guar
gum, produced from the guar plant, is the most common gelling agent used to
create this viscosity. Guar derivatives called hydroxypropyl guar (HPG) and
carboxymethyl-hydroxypropyl guar (CMHPG) are also used because they provide
lower residue, faster hydration, and certain rheological advantages. For example,
less gelling agent is required if the guar is crosslinked.

Gelling agent, crosslinker, and pH control (buffer) materials define the
specific fluid type and are not considered to be additives. Fluid additives are
materials used to produce a specific effect independent of the fluid type.

Biocides control bacterial contamination. Most waters used to prepare
fracturing gels contain bacteria that originate either from contaminated source
water or the storage tanks on location. The bacteria produce enzymes that can
destroy viscosity very rapidly. Bacteria can be effectively controlled by raising the
pH to greater than 12, adding bleach, or employing a broad-spectrum biocide.

Fluid loss control materials provide spurt loss control. The material consists
of finely ground particles ranging from 0.1 to 50 microns. The most effective low-
cost material is ground silica sand. Starches, gums, resins, and soaps can also be
used, with the advantage that they allow some degree of post-treatment cleanup by
virtue of their solubility in water. Note that the guar polymer itself eventually
controls leakoff, once a filter cake is established.

Breakers reduce viscosity by reducing the size of the guar polymer, thereby
having the potential to dramatically improve post-treatment cleanup and
production. Table 6-3 summarizes several breaker types and application

temperatures.



Surfactants prevent emulsions, lower surface tension, and change
wettablilty (i.e., to water wet). Reduction of surface tension allows improved fluid
recovery. Surfactants are available in cationic, nonionic, and anionic forms, and are
included in most fracturing treatments. Some specialty surfactants provide
improved wetting and fluid recovery.

Foaming agents provide the surface-active stabilization required to
maintain finely divided gas dispersion in foam fluids. These ionic materials also
act as surfactants and emulsifiers. Stable foam cannot be prepared without a
surfactant for stabilization.

Clay control additives produce temporary compatibility in water-swelling
clays. Solutions containing 1 to 3 percent KCI or other salts are typically
employed. Organic chemical substitutes are now available, which are used at lower
concentrations.

The type of additives and concentrations used depend greatly on the
reservoir temperature, lithology, and fluids. Tailoring of additives for specific
applications and advising clients is a main function of the QA/QC chemist.

Because proppants must oppose earth stresses to hold open the fracture
after release of the fracturing fluid hydraulic pressure, material strength is of
crucial importance. The propping material must be strong enough to bear the
closure stress, otherwise the conductivity of the (crushed) proppant bed will be
considerably less than the design value (both the width and permeability of the
proppant bed decrease). Other factors considered in proppant selection are size,
shape, composition, and, to a lesser extent, density.

The two main categories of proppants are naturally occurring sands and
manmade ceramic or bauxite proppants. Sands are used for lower-stress
applications, in formations approximately 8,000 ft and (preferably, considerably)

less. Manmade proppants are used for high-stress situations in formations generally



deeper than 8,000 ft. For high permeability fracturing, where a high conductivity is
essential, using high-strength proppants may be justified at practically any depth.

There are three primary ways to increase fracture conductivity: (1) increase
the proppant concentration, that is, to produce a wider fracture, (2) use a larger
(and hence, higher permeability) proppant, or (3) employ a higher-strength
proppant, to reduce crushing and improve conductivity.

3. History of the hydraulic fracturing with installation of gravel
filter

The initial fracturing with gravel filter projects were conducted in the Gulf
of Mexico during the early 1980s. These treatments were designed and executed in
a similar way to standard hard-rock-type fracturing. They resulted in longer,
narrower fractures than the shorter, wider fractures of today’s fracturing with
gravel filter treatments. The initial productivity gains from these early treatments
were short-lived; therefore, the method was not widely accepted.

However, research continued, and, in the late 1980s, operators pumped the
first successful tip-screenout fracture treatment in a sandstone. These early
treatments placed short, wide fractures. Further advances by companies including
BP and Pennzoil led to equipment and technique innovations that helped to extend
the length and width of the fractures to give much higher sustained production
rates than were typically seen in wells with gravel filter.

Industry demands for increased pump rates, higher proppant volumes, and
the move to the more-abrasive ceramic proppant materials led to increased
erosional forces on downhole crossover tools. Research and development by the
service companies has resulted in significant technical advances and new-
generation tools that can cope.

Fracturing with filter has become an established completion technique for

sand control in cased holes. Originally, the candidates selected for fracturing with



gravel filter operations were screened using several qualifiers to help ensure the
success of a job. However, the benefits associated with NPV, reservoir
management, longevity of commercial production, reduced intervention, and lower
operating costs quickly became apparent to operators who used the technology.
Today, many operators use fracturing with filter as their base completion case and
must have technical justification for using other sand control techniques

Operators have found that the fracturing with gravel filter technique has
helped to overcome some of the issues and risks associated with formation stability
and near-wellbore damage, flow assurance, water production, and water injection
for pressure maintenance

4. Equipment and tools

A Crossover Tool is a Mechanical Device designed to direct fluid flow
down hole during pumping operations, in different directions while maintaining
isolation

a. Allow slurry to be routed to the formation without any return flow
(Squeeze Position)

b.  Allow slurry to be directed to the formation with some return flow to
surface (Circulate Position)

Cc. The tool can be placed in “Reverse” position, allowing flow from the

annulus above the packer into the tubing, to return slurry to the surface.



Figure 6 — Crossover tool

Design a Crossover Tool:

Some arrows are necessary to show the direction of the flow. Next we will
need to draw the outer body of the tool. Where the body intersects the crossover a
small space is left to represent ports. Add an Inner Tube which will aid in
separation and direction of the flow.

It is necessary to continuously build the system: first step is adding some
casing to represent the wellbore.

Below the packer we place a housing that has a port and a seal bore. This

allows the crossover tool to seal, further directing the flow.



Additionally, a gravel retaining device (Screen) is required below the
extension to retain the Gravel that will be pumped into place, into the annulus
between the O.D. of the Screen and the I.D. of the Casing.

After that we add some Seals to the Crossover Tool. Lastly, we need to add
some wash pipe to the bottom of the crossover tool. The Wash Pipe acts as a flow
diverter down hole, forcing the slurry to move as far down as possible in the
annulus between the ID of the casing and the OD of the screen, and deposit the
proppant while the liquid flows through the screen to the bottom of the Wash Pipe,
up the Wash Pipe, through the Crossover Tool.

The crossover tool as illustrated is capable of providing all of the flow

paths required for successful gravel filter

1. Squeeze
2.  Circulating
3.  Reverse

The crossover tool is placed in the lowermost position with set down
weight on the packer

The flow path is as follows:

Slurry (liquid and proppant) is pumped down the tubing and into the
Crossover Tool, which directs the flow out of the Crossover Tool and also out of
the Extension.

Slurry then flows through the perforations and into the formation.

No return flow occurs in the Squeeze position.

The crossover tool is raised from squeeze position until the top seal
(squeeze seal) is out of the packer bore.

The return by-pass port is now open and normal circulation can be achieved

The flow path is as follows:



Slurry (liquid and proppant) is pumped down the tubing and into the
Crossover Tool, which directs the flow out of the Crossover Tool and also out of
the Extension, into the annulus between the screen and the wellbore.

Slurry then flows through the perforations and into the formation.

The slurry liquid either moves into the formation, or flows through the
screen, into the Wash Pipe, and returns through the Crossover Tool and up through
the annulus above the Packer.

Reverse Position:

The crossover tool is raised from circulating position until the by-pass
crossover port is above the packer bore.

Reverse circulation can now be performed to circulate any excess sand
slurry left inside the work string after the gravel filter screen out is achieved.

The flow path is as follows:

Clean fluid flows down the annulus and enters the Crossover Port, then up
the Work String.

However there is an additional flow path that must be considered

The additional flow path is the area through the by-pass area of the
crossover tool. In a low bottom hole pressure well scenario, in reverse position
fluid loss can be experienced through this flow path.

In this case a ball check valve can be installed into the lower end of the
crossover tool.

The fluid loss is now shut off.

When engineers know that a reservoir may be prone to sanding, they can
apply sand control methods as part of the well-completion process. Traditional

methods, such as gravel filter and sand screens, provide a barrier to sand so that it



does not enter the well with the hydrocarbons. These preventive techniques must
be matched to the physical characteristics of the reservoir.

However, these conventional sand exclusion methods often reduce well
productivity. Solving productivity problems began with identifying and then
minimizing the source of the impairment, such as the clogging of the screens with
produced sand and clay particles. In recent years, new methods for managing sand
production have been introduced; for example, one of these involves sophisticated,
oriented-perforating techniques that can help to prevent or eliminate produced sand
during the life of a well.

For many oilfield operators, managing sand production efficiently and
effectively all the time has become a vital part of their production strategies.

Gravel filter is a well-established technology for sand control. In gravel
filter operations, a metal screen is placed in the wellbore and the surrounding
annulus is packed with prepared gravel of a size designed to prevent the passage of
formation sand. The main objective is to stabilize the formation while causing
minimal impairment to well productivity.

The gravel used is clean, round natural or synthetic material that is small
enough to exclude formation grains and fine particles from produced fluids, but
large enough to be held in place by screens. A slurry of gravel and carrier fluid is
pumped into the perforations and the annulus between the screens and the
perforated casing or the open hole. Gravel is deposited as the carrier fluid leaks
into the formation or circulates back to surface through the screens.

In an open hole gravel filter, the screen is packed off in an open hole
section with no casing or liner to support the producing formation. Open hole
gravel filter are common in horizontal wells, require no perforating, and present a

viable option in highly productive deep water completions.



There are some problems, such as skin effects, associated with the gravel-
filter method for sand control. The skin effect is a dimensionless factor and is
calculated to determine the production efficiency of a well by comparing the actual
conditions with the theoretical or ideal conditions. A positive skin value indicates
that there is damage or some effect that is impairing well productivity. A negative
skin value indicates enhanced productivity and typically results from stimulation.

Gravel- filter placement can lead to high positive skin values for a well.
These are often due to problems in filter the perforation tunnels. Fine-grained
material, produced during perforating, mixed in with the gravel can lead to a large
and detrimental pressure drop between the formation and the well.

With conventional gravel- filter operations, a skin value of 10 is considered
good; values around 20 are more typical. In some of the older wells found in
established fields, the gravel filter can result in skin values of 40 or 50. These
extreme skin effects can choke production from the well.

Large skin effects can also lead to high drawdown pressures, which can
cause higher gas/oil ratios and promote water coning.

This involves the simultaneous hydraulic fracturing of a reservoir and the
placement of a gravel filter. The fracture is created using a high-viscosity fluid,
which is pumped at above the fracturing pressure. Screens are in place at the time
of pumping. The sand control gravel is placed outside the casing/screen annulus.
The aim is to achieve a high-conductivity gravel filter, which is at a sufficient
distance from the wellbore, and so create a conduit for the flow of reservoir fluids
at lower pressures

The fracturing with gravel filter technique combines the production
improvement from hydraulic fracturing with the sand control provided by gravel

filter. Creating the fracture helps to boost production rates, the gravel filter



prevents formation sand from being produced, and the associated screens stop the
gravel from entering the produced fluids.

In contrast to conventional methods, fracturing with filter provide high-
conductivity channels that penetrate deeply into the formation and leave clean
undamaged gravel near the wellbore and in the perforations. This ensures that a
much larger sandface area is in contact with the completion. In some cases,
fracturing with gravel filter methods may bring skin values down to zero; a wealth
of published data suggests that skin values of less than 5 are common.

Fracturing with filter avoids many of the productivity issues encountered
with conventional cased hole gravel filter. The fracturing with gravel filter method
bypasses formation damage, or skin effects, and creates an external filter around
the wellbore. This stabilizes the perforations that are not aligned with the main

propped fracture.



3akiao4eHue

TexHosorus npoBeeHNs TUAPOPa3phiBa MIIACTA C YCTAHOBKOM IpaBUHHOTO
¢unbpTpa peKoMeHIyeTcs: Kak MeTofl OOpbObI ¢ MECKOMPOSBICHUEM, KOTOPBIN TakK
K€ TIOJIO)KUTEJIBHO BIUSET HA CPETHECYTOYHBIN 1I€OUT CKBaKUHBI.

Ha ocHoBe ¢akTrnyeckoro marepuaia, HoJy4eHHOTO Mpolecce pa3paboTKH,
pa3paboTaHa TEXHOJOTHsS TUAPOpa3pbiBa IJJACTa C YCTAHOBKOM TI'PAaBHIHOIO
¢unbTpa Ha ckBaxkuHe N MecTopoxkaeHUs X, ONMCAHA TEXHOJIOTUS IPOBEACHUS U
o0opynoBaHue, MPUMEHSEMblE U1l JAHHOTO METOJa BO3JEHCTBUS Ha IUIACT,
MIPOU3BEJEHBl PACUYEThl TEXHOJIOTMYECKOTO M SKOHOMHUYECKOro 3((eKToB, Ha
OCHOBAHMM KOTOPBIX MOJIYYEHBI CIEAYIOLIUE PE3YIbTATHI:

— nebut HepTh Ha 0OpabaTHIBAEMON CKBaKMHE yBEIHUMIICA B 2,3 pasa;

— ce0ecTouMOoCTh JO0ObIYM | TOHHBI HEPTH MO MECTOPOKIECHUIO CHU3WIIACH
Ha 10%:;

— 3aTpaThl Ha MPOBEACHUE THAPOpa3pbiBa IJIACTA OKYINUJIUCh B TECUEHHE
IBYX-TPEX MECALEB, UYTO CBUJIECTEIBLCTBYET O LEJIECOO0OPa3HOCTU MNPOBEACHUS
TUApPOpA3pbiBa IJJaCTa C YCTAHOBKOM TpaBUMHOrO (uibTpa Ha BBIOpAaHHOM

CKBa)XUHC.



