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Hydraulic

C camoro MoMeHTa NOABMEHWA NpoLecca rmapaBnInyeckoro

paspbiea nnacta (FPIM) B 1947 rogy BenMKoe MHOXECTBO pa3HbIX U
MOPOW CTPaHHbLIX BUAOB XWUAKOCTEN NPUMEHANIOCh ANA CO3AaHUA
rMApaBNUYECKUX TPELUMH U NepeHoca U B3BECU PACKIMHUBAIOLLIETO
HanonHuTena (nponnaHTa). Camol NepBoM XMAKOCTLIO pa3pblBa cTan
6€eH3UH, 3arefeHHbIn J06aBOYHbIM HananiMoM BTopoin MypoBoii BOMHBLI.
P, npoBeaeHHbIN Ha ra30BOM MeCTOpoXXaeHUM XbtloroToH (Hugoton)
B loro-3anagHomn Yactv KaHsaca 6bi1 4oCTaTouHO Manoo6beMHbIM

1 NPOV3BOAMIICA C UCMOMb30BaHNEM LIEMEHTUPOBOYHbIX arperaros.
3areneHHblit 6eH31H NPUIOTOBUIN B MEPHUKaX aBTOMOOMnen-
LIeMEHTOBO30B, @ B CKBaXXMHY 3akadanu meHee 100 6appeneii rena

1 MeHbLUe 50 MeLKoB peyHoro necka. Onepauma npoLuna ycrnewHo
6naronapA HapyLLEHUIO NPOHULIAEMOCTY B NPUCTBOMBHOM YacTy nnacTa
(ckuH-achchekTy). B npoTMBHOM Criy4ae Hayano ruapopaspbisa — B TOM
BUJE KaK Mbl €10 3HaeM — NePEHECOCh Obl HA KaKOW-TO OFPaHNYEHHbIN
nepvogd. ymato, OH paHo unv No3aHo 6bin 6bl 06HaPY>XXeH

BCNEACTBVE MPUHLIMNNANBLHON NPOCTOTE BELLEH, OCYLECTBNAEMbIX C
rMapopaspbIBOM.

Bo Bpema nepsoro Pl cyLlecTBoBan No4TH HENPEOAONMMbINA

CTpax yCTaHOBKW Ha NPOAYKTUBHbIX NnacTax Apyrux BeLLei, Kpome
YrneBoaopoaoB. VI3-3a 3TOro B TEHEHNEe MHOMMX NET CPeam XXUAKOCTen
rmapopaspbiBa Npeobnaaany XXMAKOCTU Ha YrneBOAOPOAHON

ocHose. MHorve onepaumm NPOBOAUIICH C UCMONb30BaHMEM HedpTn
MECTHOrO NPOUCXOXAEHWA, AN3ENBHOMO TOMMBA MU KOHAEeHcaTa.
Takve I'PI ncnbiTbiBany cunbHbIN AeUUMT BA3KOCTM ANA BbIHOCA

1 B3Becu nponnaHTa. CyliecTBoBana o4eBuaHan noTpebHoCcTb B
[0CTaToO4HON BA3KOCTH, U NEPBbIMU MOMbITKaMu ee J06UTLCA, Kpome
onacHom cmecy 6eH3nHa n Hananma, 6 B OCHOBHOM MPOAYKTbI
MbISTbHOTO TWMA, COCTOABLUME W3 XXMPHBIX KUCMOT Ta/fioBOro Macna,
YrMeBOAOPOAOB M KayCTUHECKOW coabl. Takoro poaa NpoayKT, XOTA 1
UCTbITbIBAN OTHOCUTENBHO BLICOKWE MOTEPU AABNEHNA HA TPEHWe,
NPVUMEHASICA Ha CKBaxkmHax B 70-e rr. [pyrim paspaboTaHHbIM BUAOM
npogykTa 6bina BHELWHAA HedpTAHaA aMynbcyA. B onpeaeneHHbIn
MOMEHT 13-3a NPUCYLLEro PUCKa U LIMPOKOIO CNeKTPpa OCMOXHEHWN C
cucTemMamu Ha yrneBoAOPOAHON OCHOBE OTPaCHlb CTasa NepexoavTb

K MCMOMb30BaHMIO XXNAKOCTE Ha BOAHOW ocHoBe. [epBryiHbIMM
cucTemMamMu Takoro nnaHa B MPOMBbILLIIEHHOM NPUMEHeHNn Bbinn Boaa
1 KpaxmaJsl. Kpaxman okasarncs CrMWKOM HYyBCTBUTESbHbIM Y BCKOPe
He Bblep>Xas KOHKYPEeHLMW C BHEAPEHNEM yapoBOW CMOfbI AN1A
3aryuieHva Bogbl. bonee 50 neT XXWAKOCTU HA ryapoBOW OCHOBE U
ryapoBble MPOM3BOAHbBIE UCMOMb30BANMCH B KQ4ECTBE 3arycTutenei
[ANA CO34aHNA NVHENHbIX reneit 1 o4t 40 NeT B Ka4eCcTBEe OCHOBHbIX
KOMMOHEHTOB [ANA XWAKOCTEN, 3aryLleHHbIX CLUMTLIMK nonuMepamu. Ha
PucyHke 1 npeacrtasneH TUNMYHbLIN NPUMEP renA Ha ryapoBOM OCHOBE
KOHCUCTEHLMK cupona.

[pyrum paHHM HOBOBBEAEHNEM B 0611acTW XMAKOCTEN ANA
rMapopaspbiBa CTaso UCMoNb30BaHNe B KA4eCTBe NMOHN3NTeNen TPeHnA
nonvakpunaMmuaHble NonMmMepsbl BbICOKOW MOMEKYIAPHON Macchl AnA
BO3MOXHOCTYW 3aKa4ku C BbICOKOW NMPOM3BOANTENBHOCTLIO BOAbI U
necka B OTHOCWUTENbHO rnyboko3anerarome KonnekTopbl yepes HKT.
311 nogaButeny TypbyneHTHOCTY NO3BOMASIM BO34ENCTBOBATb HA
TPELMHbI B OTHOCUTESBHO MyBOKMX KONNeKTopax nyTeM 3HauMTenbHOro
CHVKEHUA JaBneHusa B Tpybax. 3aHMmareneH cnepytowmin hakT: 3Tu xe
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Since the advent of hydraulic fracturing in 1947 there has been a plethora
of different and some times strange fluids used to create hydraulic
fractures and transport and suspend propping agents. The very
first fracturing fluid was gasoline gelled with World War |l surplus
Napalm. The fracturing treatment conducted in the Hugoton Gas
Field in Southwestern Kansas was quite small and was conducted using
cement pumping units. The gelled gasoline was prepared in the measuring
tanks of the cement trucks and less than 100 barrels of gel and fewer
than 50 sacks of river sand were pumped into the well. Thankfully, the
well had considerable skin damage and the treatment was a success.
Otherwise the inception of Hydraulic Fracturing as we know it would have
been delayed for some finite period. | believe that it would have been
eventually discovered due to the basic simplicity of what is accomplished
with Hydraulic Fracturing.

At the time of the first fracturing treatment, there was an almost
overwhelming fear of placing anything other than hydrocarbons on
producing formations. Because of this the dominant fracturing fluids for
many years were hydrocarbon based. Many treatments were conducted
using lease crude, diesel or condensate. These treatments suffered
greatly because of the lack of viscosity to carry and suspend proppants.
There was an obvious need for viscosity and the first attempts at
achieving viscosity other than the dangerous gasoline napalm mixture
were essentially soap type products which consisted of Toll oil fatty acids,
hydrocarbons and caustic soda. This type of product although suffering
from relatively high friction pressure was used well into the 70’s. Another
product developed was an oil external emulsion. At some point because of
all of the inherent danger and assorted problems with oil based systems
the industry started moving toward the use of water based fluids. Initially
early systems utilized were water and starch. Starch was found to be very
shear sensitive and did not last long with the advent of the use of guar
gum for thickening water. Guar based fluids and guar derivatives have
been in use as viscosifiers for creation of linear gels for over 50 years and
as base components for crosslinked fluids for nearly 40 years. lllustration
1 is a typical guar base gel with the consistency of syrup.

Another early innovation that occurred in hydraulic fracturing fluids was
the use of high molecular weight polyacrylamide polymers as friction
reducers to allow high rate pumping of water and sand in relatively deep
reservoirs down tubing. These turbulence suppression agents allowed
fracture stimulation of relatively deep reservoirs by dramatically reducing
the pumping pressure down tubulars. Interestingly enough these same
materials that have been in existence for nearly 50 years are the mainstay
for the Waterfrac Process which has taken over approximately 40% of all
fracturing treatments in the domestic US.

The first introduction of crosslinked fracturing fluids was in 1968 with the
pumping of a low pH guar based fluid crosslinked with Antimony. This fluid
was pumped by Halliburton. Within a few months all of the major service
companies were pumping crosslinked gels. The earliest systems from non
Halliburton vendors were all crosslinked Borates with guar as the base.
These early systems typically were 80 pounds per 1000 gallons of guar
and created some extremely viscous fracturing fluids. lllustration 2 is a
picture depiction of a Borate Crosslinked gel. It should be noted that the
dominate fracturing fluid used toady for conventional formations with a



camble BeLlecTBa, CNyCcTA NOYTY NONBeKa OT UX OTKPLITUA, ABNAIOTCA
OMopon AnA npouecca rMapaBfIMHeECKOro pa3pbiBa C NPYMEHEHNEM
3aryLéHHON BOAbl B KAYECTBE XXMAKOCTU pa3pbiBa, KOTOPbIN 3aHMMaeT
nopaaka 40% scex Pl BHyTpu CLLA.

[MepBO€E NPUMEHEHVE XMAKOCTEN paspblBa, 3aryLeHHbIM CLUMTbIM
nosiMmepom, oTMedeHo B 1968 roay, Koraa XXnAKOCTb Ha ryapoBoW
OCHOBE C HM3KWM nokasartesiem pH 6bina npowuTta cypbMon. 3akadka
>KNOKOCTUN NMPOM3BOAMNACH KOMMNaHNEn «XannmnbepToH». CnycTa Kakue-
TO HECKONbKO MecALleB BCe KPYynHble CepBUCHbIE KOMMNaHUM HavYanm
KayaTb CXkuTble renu. bonee paHHUe cMCTEMbI OT APYrnX NOCTaBLUVKOB
NpeAcTaBnAm cobow cLumTblie 60pathbl C ryapoM B Ka4eCTBE OCHOBBI.
Takve paHHMe CUCTEMbI, Kak NpaBuiio, BKOYau ryap B KOHLEHTpaumm
80 cpyHTOB Ha 1000 rannoHoB 1 co3aaBaeMble Ype3BbIHaNHO

BA3KME XWNOKOCTU ruapopaspbisa. Ha PucyHke 2 nsobpaxaetcA
6opaToBbIN CLUNTLIV renb. CnegyeT 0TMETUTb, YTO Npeobnagatolan

B HacToALLEee BpeMsA XXUAKOCTb paspbiBa AnA 06bI4HbIX MacToB C
3abonHomn TemnepaTypon meHblue 300 rpagycoB dapeHrerita ecTb
mMoandmumMpoBaHHaa 6opaToBan ryapoBas cuctema.

MapannensHo ¢ HayYHbIMX UCCeaoBaHNAMM MO HEPTAHBLIM
3arycTuTenam oT KomnaHum «[loy kemukan», upmont «fayan» B
KOHLIe 60-X 6blIM BHEAPEHbI 3HA4YUTENBHO YCOBEPLLEHCTBOBAHHbIE
HedbTe-renesble CUCTEMbI. HenpepbiBHbIN LMK NPOTUBOCTOAHWA
CMCTEM Ha BOAHOW 1 HE(hTAHOM OCHOBE CyLLIECTBYET C Camoro Havana
npoBeAeHnA rmapopaspbiBOB M NPOAOIKAET A0 CMX NOP, NPU 3TOM
Hed)TAHbIE renn NPOABUraloTCA 3a CYET TOrO, YTO OT BOAOOCHOBHbBIX
cucTeM npegrnonaraeTcA noBpexaeHue. PaspaboTaHHble «[layan»
(cemnyac «LLntombepxxe») HedpTAHbIE renv COCTOANM M3 3anyLUEHHbIX
C OCHOBaHveM achvpamu choccparta anoMmMHUA. [JaHHble TUMbI renemn
no-npexxHemy npeobnafatoT B OTPACNM, HECMOTPA Ha TO, YTO

ofHa cepBucHaA komnanua - BJ Services («bu-[bxein Cepsurcu3a»)

— pa3paboTana 1 NpUMeHAET 3anaTeHToBaHHYyo HedocdaTHyto
cuctemy. Bce Takue cucTembl BbILM U3 BOEHHbIX UCCNEA0BaHWN

Hananma. OfHol 13 Hanbonee UHTEPECHBIX XUAKOCTEN, pa3paboTaHHbIX
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bottom hole temperature less than 300 degrees Fahrenheit is an updated
Borate guar system.

Coinciding with research on oil gelling agents by the Dow chemical
company much improved oil gel systems were introduced in the late 60’s
by Dowell. There had been an ongoing cycle of water based versus oil
based systems since the inception of fracturing and this cycle still goes on
today with oil gels being promoted due to assumed damage from water
based systems. The oil gels developed by Dowell (now Schlumberger)
consisted of aluminum phosphate esters triggered with a base. These

gel types still dominate the industry although one service company,

BJ Services, has developed and is using a proprietary non Phosphate
system. All of these systems came from Military Napalm research. One

of the more interesting fluids developed in the 60’s was a fluid developed
by Exxon Production Research with the name “Superfrac” This fluid was

a combination of very thick oil heated to 180 degrees Fahrenheit. This
heating was required so it would thin and become pumpable. This oil was
then emulsified with a small amount of water and surfactant to disallow
the acceptance of more water into the emulsion. This very viscous product
which was the consistency of tar was then pumped down the well mixed
with proppant. To be able to pump this mixture a mechanical device was
installed on the wellhead whereby there was an external water ring created
in the casing or tubulars. There were hundreds of these jobs pumped in
the domestic US prior to the advent of Crosslinked gels. It is the opinion of
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B 60-e roapl, 6bina paspaboTaHHaA UCCNeaoBaTESIbCKUM LIEHTPOM
OKCOH «3JKCOH MpoaakLiH Prucepy» noa ovpMeHHbIM Ha3BaHWeM
«Cynepdpak». 3Ta XXMAKOCTb ABNANACH COHETAHNEM O4YEHb IyCTOM
HedpTu, HarpeTou Ao 180 rpaaycos dapeHrenTta. Takon nogorpes
TpeboBarnca anA Toro, YTobbl HehTb CTaa MOABUXKHOW U MPUFOAHON
OnA 3aKavku. 3Ty HepTb 3aTeEM aMymbrMpoBany C HeOOMbLLINM
Konu4ecTsoM BoAbl 1 [NAB, 4TO6bI BOCNPENATCTBOBATb AMYNbCUA
npuHUMaTh 6ornbLue BoAbl. Takol o4eHb BA3KUIA NPOAyKT, obnaaaBLumi
KOHCWCTEHLMEN ryapoHa, 3aTeM 3aKa4ynBasiv B CKBaXXVHY B CMECU C
nponnaHToM. YT106bI AaTb BOSMOXXHOCTb NpoKavnBaTb AaHHYO CMEChb,
Ha YCTbe CKBa>KUHbI yCTaHaBNUBAN MEXaHNYECKOE MpuUcnocobneHue, 1
Takvm 06pa3oM B 3aTpy6HOM M TPyOHOM NPOCTpaHCTBax co3aasanach
BHELLUHAA BoAgAHaA 3aBeca. [1o noAasneHua cumTbix renev BHyTpu CLLA
6bInM NPOM3BEAEHBI COTHM TaKMX 3aKadek. 1o MHeHWIo aBTopa, UMEHHO
Takve HegocTaTkn «Cynepdpaka», kak Heo6XoaAMMOCTb paboTbl C O4EHb
ropAYMM ryapoHONoA06HbIM BELLECTBOM CTanu nobyamTenbHON CUov B
pa3paboTke >xugkocTen, bonee yaobHbIX B o6paLLeHnu.

Cpean cobbiTuin 60-x bbina Takxke paspaboTka >XUAKOCTU KOMNaHUen
«[loyan» nop Ha3saHuem «[a3 dpak». [laHHaA cuctema npeacrasnana
cobom cmecb CO,, nponaHa u cnupTa. «[oyan» nocTpouna cneunasbHble
HamnopHble 6rieHaepbl ANA NepemMeLLMBaHnA XUAKOCTU 1 aHOHCupoBana
ee KaK 3BTEeKTWNYECKYIO CMECb, T.€. XXMAKOCTb, MpeBpaLLatoLLytocA

B MapoobpasHoe COCTOAHME Ha ocHoBe oTHoLweHnA CO, K nponaHy.
«XannmbepToH» 1 Apyrue CEepPBHICHbIE KOMMaHUW NocneaoBanm
npyumepy co cMecAmm 3areneHHoro cnupTa n CO,, a Takxe cMecAMU
apomaruyeckux yrnesonoponos 1 CO,. XoTA AyManocb, YTo Takue
cucTembl ByayT NocneaHVMM B pAAY HEMOBPEXAAIOLLMX XXMAKOCTEN
paspbIBa, OHU CKOPO MpuKasanu A0MTo >XuUTb. Bbinn NnpeanpuHATO He
MeHee YeTbIPEX-MATY MOMbITOK BHEAPEHNA CUCTEM Ha OCHOBE CrivpTa
v cnmpTa n CO,, 1 BCe OHU Maro WM NPaKTUHECKN COBCEM HE UMENn
ycrexa B CpaBHEHWM C TPAAVLIMOHHBIMU CUCTEMA XXMAKOCTEN paspbiBa.
3aeck Takxe crnegyeT 0TMETUTb, 4TO ogHa 6asupytolaAcA B KaHane
KOMMaHuA nocTpouna o60pyaoBaHNE 1 OTKPbINa HECKOMBKO CTaHLWN

B CLUA, 3aaBnAs o Hanuumm cuctembl ana MPI ¢ 3arywerHbiM CO,.
OrpaHuyeHnem cucTembl 6bina MOLWHOCTb 3akadvku — MmeHee 40 000
PYHTOB NpOMNnaHTa, 1 BO3HMKASIM HEKOTOPbIE COMHEHWA MO NMOBOAY
3hHEKTUBHOCTN UCNOMb3YeMoro reneobpasytoLero areHTa. Kak v «fas
Ppak», aTa cUcTeMa NPocyLIEeCTBOBasA O4eHb HEONrO.

C koHua 1960-x 1 B JanbHenLem Mo MoLLHble pa3paboTku B
06nacTy XXNAKOCTEN KaK Ha BOQHON, Tak 1 HedhTAHOM ocHose. B
0651acTV NMMHENHbIX NMONMMEPOB OTPaC/b BBES1A HECKOMbKO pasHbIX
Npoun3BOAHbIX ryapa. MHorue rogel npeobnaaatoLumm refieM OCHOBbI B
OTpacn Cry>uno OKCMMPonuinpoussogHoe ryaposoi cmonbl (OC).
OrC coctaBnaAno no4tn 70 NPoLEHTOB BCEX BOAOOCHOBHbIX XXNAKOCTEN
— JINHENHBIX W CLUMTbIX. OCHOBHON KOMMEPYECKMIA apryMEeHT B MOSb3y
Ol C 3aknto4ancA B TOM, YTO MPOM3BOAHOE He TONMbKo 0bnagano
YNYYLEHHbIMW BA3KOCTHBIMM U CLUMTBIMU CBOMCTBaMK, HO U OCTaBANO
3HauMTesIbHO MeHbLLIe ocaaKa Ha paspbise. ocne neprosa MaccoBoro
npyYMeHeHnA 6opaTHbIX renen, B KoHLe 60-x CepBUCHbIE KOMNaHUN
npeacTaBwn 60MbLLIOE KONMYECTBO APYrvX XXMAKOCTEN pa3pbliBa.
Cpeau pasHbix «ClumBaTenen» MCnonb3oBanu TUTaH, antoMUHUIA,

XPOM, LIMPKOHWI, a Tak>Xe paHee YNoMUHaBLLIYIOCA CypbMy. C MOMOLLILIO
OKWCIIMTENBbHO-BOCCTAHOBUTENBHOMO MEXaHn3ma 6binin co3AaHbl eLle
HEKOTOpble CLUMBAIOLLME CUCTEMBI, OOHAKO B KOHLIE KOHLIOB OTpachb
nepeLuna K ncnonb30BaHUIO NUraHa0B METanIoB TUna TpraTaHonammHa
TWUTaHa, nakTata upkoHusa u ap. B koHue 70-x npeobnaparowien
XnakocTbto ctano OrC, clumsaemoe nuraHgamm TutaHa. C
HacTynneHvem 80-X . 0Tpacnb nepeLuna K NpYMEHEeHUIo NUraHaoB
LIMPKOHUA, CLUMBAIOLLMX KapOOKCMMETUMMAPONPONUI-NPOU3BOAHOE
ryapoBoi cmorbl. bnaronapa csoei aHnoHHow npupoae, KMITIrC
CTano NoAXOAALLEN XNAKOCTLIO ANA KONNEKTOPOB € 3a60NHbIMU
Temneparypamu oT 300 F 1 Bbiwe. Kak ykasbiBanocb paHee, CHoBa
HabnioaancA pocT Cnpoca Ha 3Ha4YUTENbHO YCOBEPLLEHCTBOBaHHbIE
6opaToBble ryapoBble CUCTEMbI, AOMUHVPYIOLLME HAA CLUMTHLIMM
XXUOKOCTAMM, KOTOPbIE UCTONbL3YKTCA NpY TemMnepaTypax Huxe

300° F. B 06nacTi aspmpoBaHHbIX 1 BCMEHEHHbIX XXWMAKOCTEN

pa3spbiBa 1 ryaposad cmona n KMITIFC nenonb3yoTcA B MIMHENHbIX
neHax. MNpeobnaparoLlent >XnaKOCTbIO, 3aryLEeHHOW CLUNTbIM
nonvmepom cpeau cogepxatmx CO, ABNAETCA XXMAKOCTb C HU3KUM
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the author that the negative parts of “Superfrac” such as handling the very
hot tar like material were a driving force in the development of more user
friendly fluids.

Also occurring in the late 60’s there was a fluid developed by Dowell
termed “Gas Frac” This system was a mixture of CO,, Propane, and
Alcohol. Dowell built special pressurized blenders to mix the fluid and
advertised it as a eutectic mixture, i.e. a fluid that would convert to a vapor
based upon the ratio of CO, to Propane. Halliburton and other service
companies followed suit with mixtures of gelled alcohol and CO, as well
as mixtures of Aromatic hydrocarbons and CO.. These systems although
thought to be the ultimate in non-damaging fracturing fluids were short
lived. There have been at least four or five more attempts at introducing
alcohol or alcohol CO, based systems and all have found little or no
success compared to conventional fracturing fluid systems. It should also
be noted that one company located in Canada built special equipment and
opened several stations in the US claiming to have a system for fracturing
with viscosified CO,. The system was limited to pumping less than 40,000
pounds of proppant and there was some question as to the effectiveness
of the gelling agent used. Like the Gas Frac this system had a very short
lifespan.

From the late 1960’s onward there were tremendous developments in the
area of both water base and oil base fracturing fluids. In the area of linear
polymers the industry introduced several different derivatives of guar. For many
years Hydroxypropylguar was the dominate base gel used in the industry.
Nearly 70 percent of all water based fluids both linear and crosslinked were
HPG. The major sales point for HPG was that the derivative, which was not
only had better pound per pound viscosity and crosslink properties, also

had considerably less residue on breakdown. After the initial high use of
Borate gels in the late 60’s the service companies introduced a large number
of different fracturing fluids. The different crosslinkers used were Titanium,
Aluminum, Chromium, Zirconium as well as the previously mentioned
Antimony. Some of the crosslink systems that were created used a redox
mechanism but eventually the industry moved to the use of ligands of metals
such as Titanium Triethanolamine, Zirconium Lactate, etc. In the late 70’s the
dominate fluid was HPG crosslinked with Titanium Ligands. As we moved into
the 80’s the industry moved toward the use of Zirconium Ligands crosslinking
Carboxymethylhydroxypropylguar. CMHPG, because of its anionic character,
has become the fluid of choice for reservoirs with bottom hole temperatures
of 300 degrees F and higher. As stated earlier there has been a resurgence
of the use of much improved Borate guar systems which dominate the
crosslink fluids used at temperatures below 300 Fahrenheit. In the area of
energized and foamed fluids both Guar and CMHPG are used in linear
foams. The dominate crosslinked fluid containing CO is a low ph fluid using
a Zirconium Ligand which function in the pH range of CO.. There is a fairly
widely used CO, system using guar crosslinked with a Titanium Ligand.
This fluid which has been around for more than 20 years comprises

most of the use of Titanium in the industry. Virtually all of the previously
mentioned fluids are compatible with Nitrogen and there are very large
numbers of both energized and foamed crosslinked systems using virtually
all of the metals and base gels.

In fairly recent years the service companies have developed some new
fluids which are being field tested around the world. Schlumberger has
developed a series of non-polymeric “Surfactant gels” which create high
viscosity fluids with no gel residue. These fluids have excellent properties
but suffer from high cost. Halliburton has developed a fluid which consists
of low molecular weight particles of derivatized guar crosslinked with

a high concentration of Borate. This system is purported to have good
cleanup properties and have some functionality in reuse. Like the
surfactant gel this product suffers from high cost and secondarily due its
low molecular weight has high pumping friction. Another development in
fracturing fluid from Schlumberger is the addition of slowly soluble fibers
to fracturing gels to assist in proppant transport. This system if being field
tested and we are awaiting field results on its performance versus more
conventional fluids.

B Fracturing Fluid Additives
There have over the years been significant advances in various additives
utilized in the fracturing gels. The wide array of low moderate and high
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Obnagas BbICOKOKBaNMMLMPOBaHHBIM MEPCOHANoOM B 06n1acT CTUMynALUn

no GT“ ra ﬂ CKBaXXVH ¥ nosblweHnAa HedpTeoTaaqum, Oilfield Technology Group komnaHum

Hexion ABnAeTcA NnpM3HaHHbIM NnaepomM B obnactu pa3paboTkum n
NpPOU3BOACTBA PACKIIMHUBAIOLLETO MaTepyana AnA rmapopaspbisoB. Hosas

Ha“nvqm“x cepuA HaWKnx NpoayKToB 1 yCcnyr nogHUMaeT TEXHONOMMIo rmgpopaspbiBa

Ha HOBbIN YpOBEHb, MomoraA Bam gocTuyb Haunyywnx pesynstaTos. Hexion
ABnAeTcA Bawum HageXHbIM napTHepoM, obecneymnBatoLLMM NOCTaBKY

n e 3vn bTaTo B Heo6X0AMMbIX O6BEMOB BbICOKOKAYECTBEHHOIO packnuHmnearoLero

areHTa, ABMAKLErocA KOMMNOHEHTOM AnA caMblX NePefoBbIX TEXHOMNOTUIA.
Hawa cny>6a TeXHNYECKON NOAAEPXKKM BCEraa rotosa nomoys Bam.
HononHutensHaA nHdopmauua Ha canTe OIITG.com

PacknuHuBatowme areHtbl gna MFPMN KoHTponb coaepxaHuAa necka

HEZJION'
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pH, ncnonbaytoLana nMraHa, LMPKOHNUA, KOTOPbI (OYHKLMOHUPYET

B pH-ananasoHe CO,. CylecTByeT AOBOMBHO pacnpocTpaHeHHaA
cuctema CO,, ncnonb3yroLanA ryapoByro CMOFY, CLUMTYHO JTUraHaoM
TMTaHa. 3Ta XXMAKOCTb 3aHMMaeT 3aMeTHoe nonoxkeHve bonee 20

neT v npeacTaBnAeT coboi HOMbLLYIO YaCTb UCTONL30BAHWA TUTaHa B
oTpacnu. MNpakTnyeckn Bce paHee YNOMAHYTbIE XMAKOCTN COBMECTUMbI
C a30ToOM, U eCTb O4eHb MHOIO KaK as3pupoBaHHbIX, TakK U BCNEHEHHbIX
CLUMTBIX CUCTEM, UCNOMb3YIOLLWX MOYTU BCE METANSIbI 1 OCHOBHbIE renu.

CpaBHVITeJ'IbHO HeaaBHO CepPBUCHbIe KOMNaHU pa3pa60Tan|/| HOBble
>KUIKOCTM, MPOXOAALLME NONEBbIE UCTbITAHWA MO BCEMY MUPY.
«LLIntombep>ke» paspaboTana ceputo HEMOIMMEPHbIX «MOBEPXHOCTHO-
AKTUBHbIX FGI'IGI?I», co3aaromnx XXnaKocTn BbICOKOW BA3KOCTHU

6e3 ocanka rena. [JaHHble XXUAKOCTM 0611afatoT NPEBOCXOAHbIMU
CBOWCTBaMU, HO UX HEAOCTATOK — BbICOKAA CTOMMOCTb. «XannmbepToH»
paspaboTana >XnaKoCTb, COCTOALLYIO U3 HU3KOMONEKYNAPHBIX YacTuL
NPOM3BEAEHHON ryapoBOW CMOJbl, CLUMTOW BbICOKOW KOHLEHTpaumei
6opata. 3Ta cuctema npeTeHayeT Ha Halimume XOPOLUMX APEHUPYIOLLMX
CBOWCTB M YaCTU4YHble BO3MOXKHOCTU NOBTOPHOIo NCNONb30BaHUA.
AHaNOrMYHO NOBEPXHOCTHO-aKTUBHOMY Tefito, TaKoN NPOAYKT OTin4aeT
BbICOK@A CTOMMOCTb, @ BTOPON HEOCTATOK — HU3KUA MOMNEKYNAPHbIV
BEC NPMBOAUT K BbICOKOMY TPEHMIO Npu 3akadke. [pyron pa3paboTkoi B
KUOKOCTM paspbiBa oT «LLntombepyke» Takxe ABNAETCA BBOA MEASIEHHO
pacTBOPMMbIX BOMOKOH B refin paspbiBa, YTo6bl CnocobCcTBOBAThL
nepeHocy nponnaHTa B TPeLumHy. 3Ta cucTema NpPoXoauT NnoneBsble
UCTIbITaHUA, U Mbl XXAEM Pe3ynbTaToB ee paboTbl OTHOCUTENBHO
06bIYHBIX XNOKOCTEN.

Il [Jo6aBKu B XXMAKOCTU pa3pbiBa

3a nocnegHne rofbl UMenu MecTo 3Ha4UTeNbHbIe AOCTUXKEHUA B
pas3nuyHbIX Jobaskax, UCronb3yembix B renAx paspbisa. Maccvs
pa3paboTaHHbIX PeareHTOB - Pa3XWXXWUTENen C HU3KOMN, CpeaHen 1
BbICOKOW TeMnepaTypon Aan HaM BO3MOXHOCTb UMETb naeasbHbie
nponnaHTo-nepenaroLline >XXUaKoCcTu, Bblaep>xmsaroLume pasymMmHyo
ASMTENbHOCTb 3aKaykuy npy Temnepartypax ot 70 u go 350

rpagycoB dapeHrewiTa, NOC PasNOXEHNE XMAKOCTEN A0 BA3KOCTM
BOAbI. K AaHHbIM peareHTaM OTHOCATCA OKUCIUTENN HU3KO- N
BbICOKOTEMMNepaTypHble, NePOKCUabI, 3H3UMbI U KancyrbHbIE BEPCUN
BCEX 3TUX MPOAYKTOB. MNpaKTN4eckun BCe KPymnHble CepBUCHbIE KOMNaHWN
MMEIOT MOSHbIV CNEKTP peareHToB AnA paspyLUeHnsA, OXBaTbIBaOLLMIA
BCe AnanasoHbl Temnepatyp v pH. Kpome pasxwkutenei, 6binv
pa3paboTkm B 06racTi A0H6aBOK — 3aMeniTenei CLuMBaHmA u
yCKOpUTEnen cLUMBaHNA, MO3BONAIOLLMX TOYHO PErynmMpoBaTh BpeMA
CLUMBAHWA TaMm, [Ae 3TO Heo6X0ANMO 13-3a TPeOOBaHWIN N3BUNUCTOCTY
WM NOTepu AABNEHNA HA TPEHMe.

Byayuwue notpebHoCTH B

HUOKP no »uakoctaAm paspbiBa
BTopranacb B 60nee rnybokosaneratoLme 1 ropAyme KonneKkTopbl, Mbl
oKasblBaeMcA y npeaenia BO3MOXHOCTEN NONIMMEPOB Ha OCHOBE
ryapoBOW CMOSIbI UMW €€ NPOM3BOAHBIX. Ha pblHKe OTCYTCTBYIOT
XXMOKOCTU, ocTarowmeca CTabunbHbIMM NpY TemnepaTypax Bbile
375 rpapycos F. icnbiTaH pAAa CLUMTbIX akpunaMmuaos, OAHAKO
OHW CTPaAAIOT OT HEYCTONHYNBOCTU UX AECTBUA KaK CNeacTBUA
TeXHOI'IOFI/IVI, HGOﬁXO,ElI/IMbIX B Npon3BoAcTBe nosmMmepa OCHOBbLI.
370 HanpaBneHWe He NCCNEAOBaNOCh M3-3a OTCYTCTBUA PbiHKA
cbbiTa, O4HAKO OHO BBICTPO CTAHOBUTCA 06A3aTENbHbIM, KOTAa Mbl
BXOAUM B NPOAYKTUBHbIE TOPU30HTbI C 3a60MHbIMU Temnepartypamu
Bbiwe 400°F.

Bcneacteme o4eHb 60MbLLIOrO 06bema UCMob30BaHHbIX XXUAKOCTEN
paspblBa Ha BOAHOW OCHOBE TPEBYIOTCA AONOMHUTENBHBIE YCUIUA B
06nacTv ONTUMU3NPOBAHHBIX A0H6ABOK — NogaBuUTeNen TypoynNeHTHOCTM
N opyrux xmMmpeareHToB Aj1Aa ontuMmsauum ,El06bl‘-ll/l N3 CUNbHO
TPELUMHOBATbIX 0BbIYHBIX Y HEO6bIYHbIX KOMIEKTOPOB.

Ewle 6onblue o6aBo4YHbIX ycunuin TpebyeTcA B obnactu
PYHKUMOHANBHOCTUN NMOBEPXHOCTHO-AKTUBHBIX BELLECTB B 3TUX
»xuakocTax. CylecTByeT cepbe3Hoe CBUAETENbCTBO TOr0, HYTO pAL
MAB He HecyT Nosb3bl, @ B HEKOTOPbIX Cly4YanX BpeaHb! B ciyyae
MCMOJIb30BaHUA B KOMNIEKTOPAX C O4EHb Masio MPOHULIAEMOCTbHO.

72 | POITEX

temperature breakers which have been developed has allowed us to be
able to have perfect proppant transport fluids which last for reasonable
pump times at temperatures as low as 70 degrees F to as high as 350
degrees Fahrenheit and also have the fluids degrade back to water
viscosity. These breakers include low and high temperature oxidizers,
peroxides, enzymes, and encapsulated versions of all these products.
Virtually all of the major service companies have a complete spectrum
of breakers which cover all temperature and pH ranges. In addition

to breakers there have been developments in the area of crosslinker
delay additives and crosslink accelerators which allow precise control of
crosslink time where this is required due to tortuosity or friction pressure
requirements.

Future needs in research

and development on Fracturing Fluids
As we are moving into deeper and higher temperature reservoirs we
are at the limit of guar based or guar derivative polymers. There are no
commercially available fluids which will remain stable at temperatures
above 375 degrees F. Some crosslinked acrylamides have been
tested but suffer greatly from inconsistency in performance due to the
methods required in manufacture of the base polymer. This area has
not been pursued in the past due to lack of market but is fast becoming
a necessity as we move into productive intervals with bottom hole
temperatures greater than 400 Fahrenheit.

Because of the very large volume of the Waterfrac fluids used additional
work is needed in the area of optimized turbulence suppression
additives and other chemicals to optimize production from highly
fractured conventional and unconventional reservoirs.

Additionally more work is need in the area of functionality of surfactants
in these fluids. There is substantial evidence that some of the surfactants
are not beneficial and in some cases are detrimental when used in
extremely tight reservoirs.

A recent development has been the incorporation of a degrading

agent for polyacrylamide friction reducers used in Waterfracs. These
additives have been particularly beneficial in areas where oil production
is achieved from source rock. Because of the very large treatments and
concurrently the very large amount of acrylamide used there were prior
to the advent of the breakers large amount of the viscous acrylamide
produced out of wells disrupting production.

This has been a short summary of where we have been and where
we are now with Hydraulic Fracturing Fluids. We have numerous tools
with which we can effectively stimulate virtually any lithology up to 380
degrees F. With a small amount of effort we will have a stable fluid

for use well past 400 degrees F. There is much work to do not only in
high temperature areas but also in improving the systems used in the
exploding work in very tight and unconventional reservoirs.

HepnaBHel pa3paboTKoi CTano BKIKOYEHWE peareHTa pasfiokeHus

[NA NMOHU3UTENEN TPEHUA Monmakpunammaa, ucnosnbsyemoix B [P

C ucnonb3oBaHeM BOAbl. Takne Ao6aBKu okasanncb 0CO6EHHO
nonesHbIMK TaMm, rae Aobbl4a HePTH OCYLLECTBNAETCA U3 MaTEPUHCKON
nopogpl. M13-3a o4eHb 60nblumx o6bemos Pl 1 ogHOBpEMEHHO O4eHb
60MbLLIOr0 KOMMYECTBA UCMONb3YEeMOro akpunamMmaa Ao noABMeHna
pasxmxkutenen bonbluan macca BbipabaTbiBAEMOrO 3 CKBaXKUHbI
BA3KOIO akpunamuaa noapbiana nobbidy.

370 6bIN KpaTKWin 0630P MPOLLIIOrO U CErOAHALLHErO NOMOXEHNA

B OTHOLUEHUM XWAKOCTEN ANA ruapopaspbisa nnacra. Viveetca
MHOXECTBO CPEACTB, C MOMOLLbIO KOTOPbIX MOXHO MOAENMpOoBaTb
npakTnyecku nobyto nutonoruo Ao 380 rpaaycos F. MNpunoxus HeMHOro
Tpyaa, Mbl ByaeM MMeTb CTabUNbHYO XXUAKOCTb ANA MPUMEHEHWIA

3a npepenamu 400 rpagycoB F 4oCTaToMHO NPUSIOKUTL HEMHOTO

TpyAa. Mpu 3ToM MHOro paboThbl HEOH6XOAMMO NPOBECTU HE TOMLKO B
0651acTu BbICOKUX Temrnepartyp, HO Haf, COBEPLLUEHCTBOBAHNEM CUCTEM,
MCMNOoMnb3yeMblX BO B3PbIBHbIX paboTax Ha KOMeKTopax ¢ 04eHb Mason
MPOHNLIAEMOCTbLIO N HEOBbIYHBIX NMOPOAAX.
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