lippMeneHne PacKNUHNBAIOWMNX aréHToB NPy

rmapopa3pbiBax

Propping Agents in hydraulic fracturing

MapopaspbiB 6611 BepBble NPUMEHEH B 1947 I. HA MECTOPOXAEHUN
XaroToH B wrate Kansac, CLUA. Npu 3Tom, B kavecTBe
PaCKMHNBAIOLLErO areHTa UCMonb30BarncA PEYHOWN NecoK, NOMy4eHHbIN
13 pacronoXeHHON Henopaneky peku. B kavecTBe xuakocTn anAa
rmapopaspbiBa B TOM Crlyqae Ucnonb3oBasncA 6€H3WH, 3aryLleHHbI
HananMoM M3 3anacos, ocTaBLUMXCA nocne Bropon MnpoBoi BOMHBI.
PeyHol necok ucnonb3oBarnca AnA NpefoTBpaLleHnA CMbIKaHNA
06pa3oBaBLUMXCA MPU MMApopaspbiBe TPELUMH. Takol pacKnMHUBaIOLLWIA
areHT 6bIn BeCbMa NoXoro Ka4ecTsa, K TOMy Xe ero 06bem 6bin
HepocTaTo4HbIM. K cHacTbo, B TOM Criyyae rmapopaspbiB MPOBOAWICA
B CKBa>KWHE C CUMbHO NOBPEXAEHHBIMU KONNEKTOPCKUMUN CBONCTBaMM
Npr3aboiiHOM 30HbI. TONbKO MO 3TOW MPUYKHE, AaXe NpU TAKOM
He3Ha4MTenbHOM rMapopaspbiBe Obinn NOMyYeHbl BECbMa XOpoLune
pesynbTaTbl, a B NPOTUBHOM Clly4yae BHEAPEHWEe AaHHON TEXHOMOrMn
MOrno 6bl BbITb OTCPOYEHO Ha MHOTME rodbl, NM60o oHa 6bina 6bl
npu3HaHa HenepcneKkTMBHOW. HeCMOTpA Ha BbiCKa3biBaBLUMECA
MHEHVWA O TOM, YTO PaCK/IMHUBAIOLWMIA areHT He Hy>eH (Ccblnka

1), OOLUMPHBIV OMbIT CBUAETENBLCTBYET B MOMb3Y HEO6X0ANMOCTH
MCMonNb30BaHWA ONpeaenieHHoro Matepvana AnAa NpeaoTBpaLleHns
CMbIKaHMA 06PasyoLLMXCA TPELLUMH 1 YBENIMYEHUA NPUTOKA
YIMEeBOAOPOAOB B CKBAKUHY.

NmeeTcA nHdopmaumsa no 60sbLLIOMY KONIMHECTBY rmapopaspbIBos,
NPOBEAEHHbIX B CKBaXXMHAX C CaMbIMM Pa3NyHbIMK TUNamm
KONNeKTopoB 6€3 UCMOoNb30BaHNA PACKIMHMBAIOLWMX areHToB,
nokKasblBatoLlan, 4To B NoAasnAoLLEM BONbLUMHCTBE CKBaXXWH Yepes
KOPOTKWIN NPOMEXXYTOK BPEMEHMN YCTaHaBNMBAICA paananbHbIv
pexum apeHnpoBaHnA. OCTUHCKWUIN Men NpeacTaBnAeT us cebA
M3BECTHAKOBYIO NOPOAY B LIEHTPanbHOM Texace C KpynHbiMm
€CTEeCTBEHHbIMW TpeLLMHaMu, KOTOPYIO 06bIMHO NPOXOAAT
rOPV30OHTASIbHBIMM YHaCTKamu CKBaXXVH NEPrNeHANKYNAPHO K
TpewmHaM. B ckBakMHax € 3TUM TUMOM U3BECTKOBOIO KOMnekTopa
NPOBOANINCH NEPBUYHbIE U NMOBTOPHbLIE MMAPOPa3pPbIBbI C
npvmeHeHneM 60bLIoro konnyectaa (>25000 6appenen) 3aryLeHHon
Boabl. OHa 13 nocnenHWX TEXHOMOMIA NpesycMaTpuBaeT
ncnonb3oBaHue cabiwe 400000 hyHTOB pacKIMHMBAIOLLErO areHTa
40/70 B Ka4ecTBe maTepuana aona ceieKTUBHOroO rmapopaspbisa
nnacta. Llenbto HacToALen cTaTbl He ABNAETCA NPOAOIKEHME cropa
0 HeO6XOAMMOCTN NPUMEHEHNA PACKIIMHUBAIOLLIETO areHTa, MOCKOMNbKY
AnA noboro Tuna KonieKkTopa MoOXHO nogobpaTb pacKIMHUBAIOLLWIA
areHT, KoTopbI ByaeT cnocobCcTBOBaTh NoAAep)KaHWIo He06X0AUMbIX
YPOBHE NpUTOKa 13 06pa3oBaBLUMXCA TPELUMH.

[1Ba 0CHOBHbIX CNOC062 MCNONb30BAHNA PACKNIMHMBAIOLLEro areHTa
ABTOp HacTOALLEN CTaTbl CHATAET, YTO CyLLEeCTBYET ABA OCHOBHbIX
crocoba MCcrnonb3oBaHMA packnMHMBaroLWero areHTa. Nepsbin cnocoo,
I/ICI'IOﬂbSyIOLLlI/II?I TpaguuMoHHbIe MeTOOUKN, NpeanonaraeT 3akadky
areHTa B OAHY TPELUMHY ANA CO3AaHUA Na4yKn PacKMHMBAIOLEro
areHTa. No4Tun BcA NybnvkyemaaA B 0Tpaciv nHdopmMauma rno
rMapONPOBOAHOCTY TPELLUMHBI C NAYKON PaCKIIMHUBAIOLLErO areHTa
OCHOBaHa Ha pesynbTatax M3MepeHu B pasinyHbIX YPOBHAX
packKnnHMBaroLlero areHTa npy COOTBETCTBYHOLLNX AaBNEeHUAX N
TemnepaTypax. OnbIT NPUMEHEHNA TEXHOMNOMMK rMApopaspbiBa ¢
MCNONb30BaHNEM 3aryLLeHHOWN BOAbl B Ka4eCTBe XUAKOCTU ANA
rmapopaspbiBa ABHO CBMAOETENLCTBYET O TOM, YTO Npu Takomn
CTUMYNALNN CKBa>XUH UCNOSb3yeMble pacKnHuUBaroLlme areHTbl
He 06pasyloT Navek, a BbIMOMHAIOT CBOK (PYHKLMIO MPenATCTBYA
CMbIKaHNIO NCKYCCTBEHHO OGpaSOBaHHbIX NN eCTeCTBEHHbIX
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The very first Hydraulic fracturing treatment ever pumped was in the
Hugoton field in the state of Kansas in 1947. This fracturing treatment
contained river sand from a nearby riverbed. The fracturing fluid was
gasoline, gelled with World War |l surplus Napalm. This river sand

was used to hold open the created fracture. This proppant was of poor
quality and the volume was small. Fortunately the well was severely
damaged prior to the treatment and the well responded well to the small
fracture treatment otherwise the age of Hydraulic Fracturing would have
been delayed or perhaps would not exist. Even though we have had
tremendous debates and discussions stating that proppant is not needed
(Ref 1), the overwhelming evidence supports the need for some type

of material to hold open the created fracture or fractures to allow for the
ongoing production of hydrocarbons.

| have seen a huge number of formations treated with fluid only and the
majority of the wells exhibit primarily radial flow after a short period of
time. The Austin Chalk is a formation in Central Texas with large natural
fractures and primarily completed using long horizontal laterals which are
drilled perpendicular to the natural fractures. These Austin Chalk wells
have been treated and retreated with large >25,000 barrel waterfracs.

It is interesting that the latest technology is to use greater than 400,000
pounds of 40/70 proppant as a “diverting agent” It is not the purpose
of this article to debate the need for proppant but there are virtually no
formations that some type of propping agent will not be beneficial in
maintaining flow rates of hydrocarbons from fractures.

Two Distinct Uses for Proppant

It is this writer’s opinion that there are two distinct uses of proppant. The
first relating to conventional thought and design is that the proppant is
pumped into a single fracture and creates a proppant pack. Virtually all
of the data published in our industry on proppant fracture conductivity
comes from multiple layers of proppant measured under stress and
temperature. With the advent of the phenomena of “Waterfracs” or

at least large volume slick water treatments, there is very substantial
evidence that the propping agents used in these treatments do not form
packs but function by holding open created or natural fractures. The

type of proppant used in most water fracs, if placed as a multilayer pack,
would typically have such low conductivity that they would not even allow
flowback of load fluids. For these small proppant 40/70 and even 100
mesh particles to function as a stimulation aide they can only be used as
a device to prop open natural and created fractures. In fact the secret to
the design of optimal waterfracs is to understand this phenomenon and
design the treatment to take advantage of proppant diversion, bridging or
other theories rather than the classical proppant pack.

History of Proppant

As stated earlier the first proppant was simple river sand found in creek
beds. It was felt that with the shallow formations where these materials
were used that the strength of the river sand would suffice for stimulation.
There was successful stimulation conducted using the river sand but
much of the stimulation related to damage removal and variations on

the “waterfrac” theory where the proppant simply held open created or
natural fractures and thereby succeeded where they would have failed

in a proppant pack. As time went on sand quarries were discovered with
much higher quality sand. In the US, three areas were found, (Figure 1)
where substantial quantities of better quality sand could be obtained. The
best quality sand is found in the Great Lakes area of the US with lower



TpewwmH. Tn NpuMeHAeMOoro B 60MNbLUMHCTBE MMAPOPa3pbIBOB C BOAOW
PaCK/IMHMBAIOLLErO areHTa, B crlyvae 06pasoBaHusa MHOMOCONHOW
nayvkum o6bIYHO UMEN TaKyH HU3KYIO MMAPONPOBOAHOCTb, KOTOpas

He No3BoJANa BbiTeKaTb 06paTHO AaXke 3aKayMBaeMON B CKBaXKUHY
Xnakoctu. B pabotax no CTUMyNAUMM NPUTOKA PaCKTMHUBAIOLLWIA
areHT Takoro HebonbLLoro pasmepa - 40/70 n gaxke 100 mMeww - MOXeT
MCronb30BaTbCA TOMbKO B KAYECTBE CPeacTBa AnA yaepXkaHuA
€CTECTBEHHbIX 1 UCKYCCTBEHHbIX TPELUWHBLI B OTKPbITOM COCTOAHWN.
Ha camom pene, CeKpeT cocTaBeHMA ONTUMabHOM NPorpaMmbl
rmapopaspbisa ¢ MPYMEHEHEM 3aryLLeHHON BOAbl 3aKnio4aeTcA B
MOHUMaHWN BbilLEeyKa3aHHOTo ABIEHUA 1 pa3paboTke NporpaMmbl
CTUMYNALMK C UCNONb30BaHNEM MPEVUMYLLECTB PaCcKMHMBAIOLWENO
areHTa anA OTKNOHeHUA XXNOKOCTU NMPU KNCNOTHbIX 06pa60TKax

Wnu onA NpeaoTBpaLleHnA ee yxoda B NnacT, a He ANA co3aaHuA
KNaCCU4ECKOW PacK/IMHMBAIOLLEN NayKM.

WcTopnAa npumeHeHua PacKNNHNBAIOLIEro areHTa

Kak y>ke roBopunock paHee, B ka4ecTBe NepBOro packnMHMBALOLLEro
areHTa NpUMEHANCA Pe4HON Necok, AobbiBaeMbIn U3 pycen pek. Kak
nonarann HetpTAHWKK, ANA CTUMYNALMW NPUTOKA N3 CPaBHUTESIEHO
HernyboKMX KOMNMEKTOPOB NPOYHOCTN PEYHOro necka byaeT BnonHe
[ocTaTto4Ho. [napopaspbiB € UCMoNb30BaHMEM PEYHOro necka
0KasarcA ycrneLHbIM, OAHAKO Npy 6ONbLUNMHCTBE MMAPOPa3PbLIBOB,
NPOBOAMBLLMNXCA B CKBaXXMHAX C NOBPEXAEHHOM Npu3abonHon

30HON, a Tak>Xe pa3pblBax C NPUMEHEHNEM 3aryLieHHOM BOAbl, rae
PaCKIMHMBAIOLLMIA areHT NPUMEHANCA NPOCTO ANA yAepXKaHnA oT
3aKPbITUA €CTECTBEHHbIX N MCKYCCTBEHHO CO34aHHbIX TPELUMH,

ycnex gocturasicA UMeHHO B TeX Cllydanx, Koraa cosfaHne navdkm
pacKNMHMBAtOLLEro areHTa npmeeno 6bl K Heyaade. Co BpemeHeM bbinm
OTKPbITbI NecHaHble Kapbepbl C MECKOM HaMHOTO Jy4LIero KavecTsa.
B CLLA 661510 06Hapy>eHo Tpu paroHa (Puc. 1), rae pacrnonaranucs
necyaHble Kapbepbl CO 3HAYMTESIbHLIMK 3anacamu necka oTNYHOro
KayecTBa. Camblil BbICOKOKA4YEeCTBEHHbIV Necok Ha Tepputopum CLUA
HaxoauTcA B parioHe Benukux O3ep, a necok 4yTb 6051ee HU3Koro
KayvecTBa 06HapYy>XXeH B 1Oro-3anaAHon Yactu wrata Texac v B paioHe
CkanucTbix rop. B apyrux paioHax mvpa necok, CpaBHUMbIN MO
MPOYHOCTMN M OKPYNOCTY C HAXOAALWMMCA B panoHe Bennkux O3sep,
6b1n 06Hapy>keH Tornbko B AHMMK. Mecok Mapku “OTTasa” (Puc.2)
nMeeT CepbesHble HeAOCTaTKMN NpY NCMOMNb30BaHNUN B Ka4ecTBe
packnnHuBaroLllero areHTa B YC/10BUAX BbICOKUX ,El,aBI'IeHVIVI 3aKpbITNA
TpewwwmHbl (cBbiwe 5000 - 6000 psi), KOTOpble NPeBpALLAOT €ro B Mblifb.
B TeyeHne MHOrMX NeT NpeanpuHMMAaIOTCA YCUNNA ANA CO34aHNA
UCKYCCTBEHHOIO PackMHMBAIOLLIEro areHTa AnA 3aMeHbl Necka,

unn, 4To 6onee BaxxHO, ANA AOMNOMNHEHVA KPEMHUCTOro MaTtepuana

13 necyaHbIX Kapbepos B Tex Cny4vanx, koraa TpebyeTcA Bbicokan
NPOYHOCTb paCKNuMHMBAroLWero areHTa anA ycnewHoro conpoTmerieHnA
BbICOKVM JABNEHNAM 3aKPbITUA TPELLUMH.

3a 6onee Yyem 50 NeT NPMMEHEHWA rMAPOPa3pbIBOB NiacTa B KA4eCTBe
pacKnMHMBaKOLLEro areHTa 6b110 MCNONb30BaHO BCE YTO TOMbKO MOXHO
cebe npeAcTaBUTb B 3TON ponun. Kpome yke ynoMUHaBLIEroCA Pe4HOro
necka, oAHMM U3 npuMeYaTesibHbIX MaTepuanos, NPUMEHABLLUUXCA B
paHHWX TEXHOMOIUAX rMApopas3pbIBa, ABMAMACH CKOpyna rpeuKkmx
opexoB. Ha 3ape npumeHeHuA ruapopaspbiBa CHUTANOCh, YTO BCE
TPELLMHbI PacnosiokeHbl COrNacHo K NAOCKOCTM HannacToBaHuA. Maen
NPUMEHEHNA CPABHUTESBHO HU3KOMPOYHOW CKOPSIYMbl FPELIKMX OPEXOB
3akrnoyanacb B MPOCTOTE VX MEPEMELLEHUA B HYXXHOE MECTO, T.K
CKopnyna ABNAeTCA nnaBy4MM matepuasriom, a Takxxe B TOM, 4TO noa
[OEeCTB/MEM AABMEHNA 3aKpbITUA TPELMHBI ckopnyna byaeT cxxmmaTbea
a He pa3mesibyaTbCA, U MNPV UCMOMb30BaHNN B HEBGOMBLUMX KONMYECTBaxX
06pasyeT KaHasbl C HEOrpaHNUYEHHOW FMAPONPOBOAHOCTBLIO

[ONA NpUTOKa YrneBofopodoB B CKBaXkuHy. [laHHaA KoHuenuma
nechopmmpyoLLErocA pacKNMHMBAIOLWEro areHTa NPUMEHAETCA

cerofHA ANnA pacnpeneneHns TOHeYHOM Harpy3ku ¢ UCNoSb30BaHNEM
maTepuana ¢ OTBEPXAEHHLIM CMOMAHBIM NMOKPbITUEM, @ KOMNaHWA

BJ SERVICES B kayecTBe 0651€r4eHHOro packiMHUBAIOLEro areHTa
MCMONb3yeT CKOpNymny rpeLKnx OPEXOB C OTBEXAEHHBLIM CMOMAHBIM
nokpbITUeM. Vicnonb3oBaHne CKOpnynbl FPELIKUX OPEXOB B Ka4eCcTBe
packnMHMBaroLero Marepuana 6biyio CpaBHUTENBHO HEAONTM

no TOW NpUYMHE, YTO NoAasnAoLee 60MbLUNHCTBO TPELUMH Obinn
BEPTMKASIbHBIMM, U CKOPITyra FPeLIKUX OPEXOB B HWX, OCTaBaACh Ha P p

quality sand found in Southwest Texas and in the Rocky mountain area.
Other than a quarry in England there have been no quarries located
elsewhere in the world where sand has been found with the strength and
roundness found in the Great lakes area of the US. The “Ottawa” quality
sand (Figure 2) does have serious drawbacks when closure pressures
exceed 5-6000 psi reducing the propping agent to dust. Historically,

and to the present day, there has been an ongoing effort to produce

man made proppant to replace sand or more importantly to supplement
quarried siliceous material where the proppant lacks the strength to
withstand high fracture closure pressures.
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Puc. 1: MNMecuaHble kapbepbl B CLLA
Figure 1: Sand Quarries in the United States
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Puc. 2: MecyaHble YacTuLbl OTTABCKOro Necka pa3mepom 20/40
Figure 2: 20/40 Ottawa Sand Particles

Over the nearly 50 years that hydraulic fracturing has been conducted
virtually everything imaginable has been tried as a propping agent. In
addition to the aforementioned river sand, one of the more interesting
early day propping agents was particles of Walnut Hulls. In the early
days of hydraulic fracturing it was felt that all fractures propagated
horizontally at bedding planes. The idea behind the soft Walnut hulls

is that they would be easily transportable, i.e. they would float, and

that under pressure of the closing fracture face they would compress
rather than crush and used at low concentration would leave infinitely
conductive flow paths for hydrocarbons to produce through. This concept
of a deformable proppant is being used today in distributing point stress
with resin coated proppant and BJ SERVICES COMPANY Services
Company is in fact running a walnut hull proppant impregnated with
resin as a light weight proppant. The use of Walnut hulls as a functional
material was fairly short lived due to the fact that the vast majority of
fractures were vertical and the walnut hulls would float and converge
and with closure would create something akin to fiber board which has
virtually no permeability. p p
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nna.sy, CKansneanacb 6bl B 0QHOM MeCTe 1 oA AaBneHeM 3aKpbITNA
TPeLWmnHbI OﬁpaBOBblBaJ’la 6bl HeYTO NnogobHoe ,D,peBeCHOBOJ'IOKHVICTOVI
nnanTe C NnpakTu4eckn HyJ'IeBOl7I NPOHNL2EeMOCTbIO.

CTtanbHaa apobb, antoMUHUEBBIE FPaHyibl U BbICOKOMPOYHbIE
CTEKIAHHbIE WapuKN TakxXe NCrnonb30Ban1cb B KayecTse
packnuHusatoLero areHta. CtanbHyto Apobb 6b110 BECbMa
TPYyAHO 3aKaumBaTh M NepemellaTb B HEO6X0AUMOE MECTO.
AnOMUHUEBBIE rpaHyJsibl OblIv NOABEPKEHBI KOPPO3UK, K KpOME
TOro, 3akayaTb KX Tak>e 6bl10 He NpocTo. YTo KacaeTcA
BbICOKOMPOYHbIX CTEKIAHHbIX LIAPUKOB, OHU B TEYEHNE MHOMUX
NeT NPUMEHANNCb B OTPACNN KakK €ANHCTBEHHbIN BbICOKOMPOYHbIV
packnuHuBatowWwmn areHT. B 1977 r. uccnegosartenbckas

rpynna otaena aobbiun komnaHum dkcoHMobun (ExxonMobil)
onybnukosana nHopmaumto no npobnemam, CBA3aHHbIM CO
CTEeKNAHHbIMU WapnkKamu 1 npegnoxXxkuna ncnonb3oBaTb rpaHy bl
13 CMeYeHHOro antoMUH1eBoro cnnaea. Mo4Tn MoMeHTanbHO
NpeKpaTnIoCch UCMOJSIb30BaHNE BbICOKOMPOYHbIX CTEKIAHHbIX
LapuKoB, NocTaBNABWNXCA KoMmnaHuen KOHMoH Kapbang (Union
Carbide). CnegyeT 0TMETUTb, YTO NPY BCEX CBOUX HEAOCTATKax
37K abCONOTHO KPYrIble LAPVKN BCE XX YCMELIHO NPUMEHANNCH
B OTpacnu B Te4eHne onpenesieHHoro nepnoaa BpeMeHu B
paboTax no CTUMynAUUM CKBaXKMH. OTMeYeHHbIe cneunanucTamm
OKcoHMob6un HefoCTaTKN OTHOCWUIUCH K MOBbILEHHON
YyBCTBUTENIbHOCTM K BO34ENCTBUIO CONMEHON BOAbI, a TakXXe
NOMHOMY paspyLUEHUO NPYU BO3AENCTBUN YPE3MEPHOW TOHEYHHOM
Harpy3Kku B CBA3M C TEM, YTO MCMONb30BaBLUMECA B Ka4eCcTBe
PacKIMHMBAIOLLErO areHTa Wapukn nmenn abconioTHO KPyryo
dopmy. C 1977 . Hayanacb apa antoMUHUEBBIX rpaHyn. OgHako
cyuiecTsoBana npobriema BbICOKON CTOMMOCTU 3TOro Matepuana
C NPeBOCXOAHbIMU MPOYHOCTHLIMW XapaKTepucTnkamm, npu Tom,
YTO BO MHOTUX Cly4YasX ero NpUMeEHEHME B YCNOBUAX, KOraa Necok
6bIn1 HeCNOCO6€eH BblAepXKaTb AaBMEHNE 3aKPbITUA TPELUMHbI, 6bIS10
3KOHOMUYECKN HEOHOCHOBAHHO. OTO NpMBENO K pa3paboTke u
CO34aHUNI0 PacKNUHMBAIOLWMX MaTepManoB CO CPEAHUMMU YPOBHAMM
NPOYHOCTU, KOTOPbIE NPEACTaBNANN COO0N CMECb antOMUHNEBOWN
pyabl n KpemMHesema. Matepuan nMmen NPoMeXXyTO4HbIN YPOBEHb

MNPOYHOCTUN MeXAY OTTaBCKUM NEeCKOM U antoMUHUEBbLIMU rpaHynamu.

BHayane 6bin co34aH TONbKO OAUH NPOMEXYTOYHbIV MaTepwuan,
0[HAKO CO BPEMEHEM YNCIO TaKUX MaTepuanoB C MPOMEXYTOYHOW
NMPOYHOCTBIO Y Pa3NMYHbIM Pa3MepoM HacTul YBENNYNUIOCH.

B 310 e BpemA npoucxoanna paspaboTka n BHeagpeHue

APYyrux 3Ha4nTeNbHbIX HOBLLUECTB B obnacTtu packnnHuBarLWmx
areHToB. ViccnegoBaTenbckana rpynna otaena gobbldm KoMnaHum
OkcoHMobun nposoamna paboTbl ¢ NONNCYNbOHOM MracTuka.
OTOT pacKnMHUBAKOLWMI areHT ¢ yaeNbHbIM BecoM 1,25 3akaumBanca
B rny6oKo 3anerawowmin nnact AnneHbeprep, a Takxe B rny6oKuia
MHTEpBarn C BbICOKOW TeMnepaTypou, pacronoXeHHbIe Ha tore wtara
Texac. PacknuHuBarowmin areHT okasanca HepaboTocnocobeH npu
BbICOKMX 3a60MHbIX TEMNepaTypax, MOABEPrcA pacnnaBfieHuio 1
BbIHOCY U3 CKBaXWHbI. [10 MpoHMM cyap6bl, CUIbHO 06NEryeHHbIN
paCKJ'IVIHI/IBaIOLLlI/IVI areHT co CBOI7ICTBaMI/I, O4eHb CXOoAHble C TeMu,
KOTOpbIMM 06nafaloT NPUMEHAEMbIE CEroaHA obneryeHHble
packnvHuBaroLwme areHTbl, 3aKka4msasncA B KoHue 60x n Havyane 70x
IT. U nepecTan UCnonb30oBaTbCA, MOCKOJbKY Npeanonaranock, YTo OH
NPUrofeH TOMbKO AJ1A CKBaXXUH C BbICOKOW TeEMMNepaTypow.

HamHoro ycneluHee okasanucb Havatble B 70x rogax paboTbl

C ucnonb3oBaHMeM Marepuana ¢ 0TBeP>KAEHHbIM CMOMAHBIM
nokpbITMeM. Kak nonaranu BHavarne, aToT marepuan AOMKeH 6bin
NPUMEHATLCA rMaBHbIM 06pa3oM AnA NpeaoTBpaLleHnA 0bpaTHOro
BbIHOCA PACK/IMHUBAIOLLErO areHTa 3a CYeT UCMOoMb30BaHWA

adhdhekTa 0TBEPXKAESHNA CMOMAHOTO MOKPbLITUA NOCe 3aKa4ykn

necka B NNacT, B pesdynbTare 4ero (hopMypoBanach NioTHaA nadvka
pacKMHMBAIOLLErO areHTa. PacKnMHMBaIOWMI areHT ¢ 0TBepXAaeMbIM
B MnacTe CMOMAHbLIM MOKPLITUEM € BOMbLUMM YCEXOM MPUMEHANCA

1 NpUMeHAeTCA ANA 3aKayku B NacT € Lenbio npegoTspatleHna
06paTHOro BbIHOCA packnuHuBeatoLwero marepuana. OTsepxaaemoe
CMOJIAHOE MOKPbITUE MPUMEHASIOCh CO BCEMWN BUAAMU NECKa, a Takxe
PacKNVHNBAIOLWLMMW areHTaMm ¢ KepaMmn4ecKMmm 1 antoMMHUEBbIMU
rpaHynamu. MNpu nepsoHaYanbHbIX UCMbITAHMAX PACKIMHUBAIOLETO P p
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Steel shot, Aluminum pellets and high strength glass beads were used
as propping agents. The steel shot was extremely hard to pump and
transport. The aluminum pellets were prone to corrosion and also difficult
to pump. High strength glass beads were used for many years as the
sole high strength propping agent in the industry. In 1977 ExxonMobil
Production Research published papers on the problems with glass
beads and proposed the use of sintered aluminum pellets termed
bauxite. AlImost overnight high strength glass beads which were supplied
by Union Carbide ceased to be used. It should be noted that with their
drawbacks these perfectly round beads did achieve good stimulation for
several years in the industry. The drawbacks noted by ExxonMobil related
to sensitivity to salt water and total destruction when failure occurred
due to extreme point stress occurring due to the proppant’s perfect
roundness. After 1977 the age of Bauxite proppant began. The problem
with Bauxite was the extreme cost of the product and there was a large
area of closure pressures where sand would not work and something as
strong and costly as bauxite was an overkill. This led to the development
of intermediate strength products which in fact were a mixture of
aluminum ore and silica. These products were in fact intermediate in
strength working between the range of Ottawa sand and bauxite. Initially
there was only one intermediate material but with time many products
were offered with various strength and sieve size. During the same time
frame there were other significant developments occurring in the area of
proppant. ExxonMobil production research did some work with a plastic
polysulfone proppant. This proppant which had a specific gravity of 1.25
was pumped into a deep Ellenberger formation and also into a deep high
temperature zone in South Texas. It turned out that the proppant was not
functional at the high bottom hole temperatures and in fact melted and
was produced out of the wells. The significant part of this testing is that a
very lightweight proppant with much the same properties of some of the
light weight proppant of today was pumped in the late 60’s and early 70’s
was dismissed due to the supposition that it would only have application
in high temperature wells.

A much more successful work initiated in the 70’s was resin coating of
proppant. Initially it was felt that the major application for this material
was to use it to control proppant flowback by allowing the resin to cure
once the sand was in place thereby creating a consolidated proppant
pack. There has been and continues to be a tremendous amount

of success with “curable resin coated Proppant” pumped to control
proppant flowback. The curable resin coating has been placed on every
type of sand, ceramic proppant and bauxite proppant. It was noted in
early testing of the curable resin coated proppant that significantly higher
conductivities were seen compared to the same proppant without resin.
It was theorized that the extra strength and conductivity shown by the
resin coated material was due to distribution of point stress (Figures 3
& 4). There was also conjecture that the increased conductivity of the
resin coated material was due to the coating tying up the inevitable fines
created during crushing. | believe both of these characteristics are true
and have led to an ongoing increase in resin coated proppant in the
industry. Today there is a good deal of work that is hypothesizing that
the enhanced conductivity of the proppant is due to the resin negating
dissolution of the proppant due to contact with produced water during
production. Irregardless of the reasons for success the phenomena

of resin coated proppant has continued to grow with time. The use of
“Precured” resins, particularly precured resin coated sand has literally
exploded and the products have been in short supply due to heavy use
with high oil and gas prices. The precured resin coated sand materials
allow the use of a lower cost proppant up to closure pressures above
8,000 psi. A plethora of resin coated proppant names and applications
have come forward from the resin coated sand suppliers. In most cases
the various names relate to whether the proppant contains 2%

or 4% resin, whether it is precured or curable, and in some case
relates to a particular type of resin used on the proppant. One of
the major reasons for the widespread use of the precured resin
coated sand is there are significant numbers of wells with closure
pressures on the proppant between 5,000 and 9,000 psi. The resin
coated sand gives the operator a lower cost choice compared

to ceramics. There is a great deal of controversy between the
resin coated sand suppliers and the suppliers of the light weight
ceramics as to which product is best. pp
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areHTa c oTBep>XX/AaeMbIM B MiacTe CMOMAHBLIM MOKPbITMEM bbina
OTMeYeHa 3Ha4MTenbHO 6oree BbicOKaA UHTEHCUBHOCTb NMPUTOKA
>XXMAKOCTU K 326010 CKBa>KMHbI MO CPaBHEHMIO C PACKITMHNBAIOLLUM
marepuanom 6e3 CMONAHOro NOKpbITUA. Bbina BblaBUHYTa

TeopuA O TOM YTO MOBbILWEHHAA NPOYHOCTb U UHTEHCUMBHOCTb
npvTOKa B MaTepuane co CMOJIAHbIM NMOKPbITUEM CO3A4aBanNncb
6narogaps pacnpeaeneHuo TodedHo Harpysku (Puc. 3 u 4).
Bbina Tak>xe BblABMHYTA rMnoTe3a 0 TOM, YTO NOBbILWEHHAaA
MHTEHCUBHOCTb NPUTOKA BO3HMKAET bnarogapa TOMy, Y4TO MOKpbITE
CBA3bIBAET HEN36EXHO BO3HMKAaIOLWME NPU pasmenbyeHun

MenKue YacTuubl. ABTOpP HACTOALLEW CTaTby Nnonaraet, 4To obe

3TV rMNOTE3bl ABMAITCA BEPHLIMU, U YTO OHU CNOCOBCTBOBANM
6onee MHTEHCMBHOMY MPUMEHEHUIO PACKTMHMBAIOLLErO areHTa ¢
OTBEPXAAEMbIM CMOMNAHBLIM NMOKPbITUEM B A00bIBaOLWEN OTPaCu.
CerogHA MHOMMe nccnepoBaTeny NOAAEPXKNBAIOT FMNOTE3Y O TOM,
YTO NOBbILEHHAA NHTEHCUBHOCTb NPUTOKA BO3HMKAET bnaroaapA
TOMY, 4TO CMOJIAHOE MOKPbLITUE NPENATCTBYET PACTBOPEHNIO
pacK/IMHMBAIOLLErO areHTa Npu KOHTaKTe C BOAOW, coaepxallenca
B nnacTtosom dnonae. BHe 3aBUCMMOCTU OT NPUYKHbLI yenexa,
PacKNMHUBAIOLMIA areHT C OTBEPXXAAEMbIM CMOMAHBIM MOKPbITUEM
HaxoAwn co BpeMeHeM Bce b6ornee LMpoKoe NMpUMeHeHne npu
rmapopaspbiBax. O6beMbl UCMONb3YEMbIX PACKINHUBAIOLLMX
areHToB 3TOro TMNa, B HaCTHOCTM Necka C OTBEPXAEHHbIM
CMOSAHBIM MOKPbLITUEM, YBENUYUIINCL BO MHOTME AECATKM pas, B
pesynbTaTe Yero BO3HWKNA HeXBaTKa 3TUX MaTepuarnos Ha poHe
BO3pacTatoLlen NoTpebHOCTN B HUX B CBA3M C BbICOKUMU LileHaMu
Ha yrneBoAOPOAHOE Cbipbe. [1eCoK C OTBEPXAEHHBIM CMONAHBLIM
NOKPbITUEM, UMEA CPABHUTENIbHO HEBLICOKYIO CTOMMOCTb,

XOPOLLO 3apekoMeHaoBan ceba B yCnoBMAX AaBMEHWA 3aKpbITUA
TpewmHbl Ao 8000 psi n gaxe 6onee BbICOKMX. [locTaBLIMKM
pPacKNMHMBAIOLLErO areHTa C OTBEPXAAeMbIM CMOMAHBLIM NOKPbITUEM
obecneymBaloT HanMume Ha pbliHKE JOCTATOYHOIO KOJIMYECTBO 3TOrO
marepuana AfnAa pasfnu4yHbIX YCOBWIN NPUMEHEHUA. B 6onblunHcTBE
crnyyaeB pasnuyHas MapKupoBKa 3TOro Matepuana otpaxaeTt
TaKyo MHopMaumIo, Kak COAEePXUT N pacKNHUBaOLWNA

areHT 2% unu 4% cmonbl, ABNAETCA NI CMOSMAHOE MOKpbITMe
3apaHee OTBEPX/AEHHbIM UMK OTBEPXAAaeMbIM B MnacTe, a B
HEKOTOPbIX Cryyaax Takxe 0603Ha4YaeT KOHKPETHbIN TUM CMOSb,
MCMONb30BaHHOW ANA NOKpbITUA. OfHOW U3 OCHOBHbIX MPUYNH
LUIMPOKOrO NPUMEHEHMA Necka ¢ OTBEPXKAEHHbIM CMONAHbLIM
NOKpPbITMEM ABNAETCA Hannyne 60NbLIOro KONMYecTBa CKBaXKUH

C AaBNEHUAMM 3aKPbITMA TPELWH C PACKNIMHUBAIOLWMM areHTOM

B HUX oT 5000 go 9000 psi. [ecok o cMONAHBLIM NOKPLITUEM
ABnAeTcA 6o5ee 3KOHOMUYHbLIM ANA UCMOMb30BaHUA Mo
CPaBHEHMIO C KEpPaMMYECKUM PacKMHMBAOLWMM areHTom. Cropbl
npou3BoAMTEsIeN Necka Co CMOMAHBIM MOKPbLITUEM U 06NeryeHHbIX
KepamMmnyecKmx packvHUBaOLWMX MaTepuanos No NoBOAY TOro, Yewn
NPOAYKT Ny4lle, He NPeKpaLLalTCA A0 CUX Mop.

KpaTKoBpemeHHble U ANuTenbHbIe UCNbITAaHUA PACKNNHNBAIOLWNX areHToB
B Hayane 80x rr. cTana NpUMEHATLCA METOAMKA ANMTENBbHOIo
MCMbITAHMA PACKNNHMBAIOLLIEro areHTa B NNacToBbIX YCNOBUAX.

B npeawecTsyoWwWNiA 3TOMY Nepmos BCe METOANKN UCMbITAHNA
pacKnnHMBAIOLWEro areHTa Ha UHTEHCUBHOCTb NpUTOKa
nnacToBOW XWUAKOCTU NMPOBOAUSINCE MPOCTO BO3AEUCTBMEM Ha
Hero AaBfIeHUA 3aKPbITUA TPELUMHbI U NNacTOBOW TemnepaTtypbl
N U3MEPEHNEM MHTEHCMBHOCTM MPUTOKA B 3TWX YCIOBUAX.

BbINno NnpoAeMOHCTPUPOBAHO Hann4yme adexkTa 3HaYNTENbHOro
yXyaweHnA ahpHeKTUBHON UHTEHCMBHOCTMN NPUTOKA CO BPEMEHEM
1 noj BO34ENCTBMEM NNacToBon Temnepatypsl. Ha Puc. 5 un

6 nokasaHa cyllecTBeHHanA pasHuua Mexay pesynbratamu
KpaTKOBPEMEHHOI0 U ANINTENBLHOIO UCNbITAHUA PaCKNUHMUBAIOLLEro
areHTa Ha MHTEHCMBHOCTb nNputoka. icnonb3oBaHune
pe3ynbTaToB ANIUTENbHbIX UCNbITaHMI obecneymBano 6onee
peanncTUYHbIA NOAXOA MPU CO34aHWMM NPOorpaMM rmapopaspblisa.
[nuTenbHoe cnbiITaHWe NpeaycMaTpuBaeT BO3AENCTBME HA
packnuHuBalLWwmin areHT 3abonHoM TemnepaTypbl 1 AaBneHuA
3aKpbITUA TPeLuHbl B TedeHne 6onee 100 YacoB. YxyaweHue
CBOWCTB pPacK/IMHMBAIOLWWEro areHTa 3a npegenaMmm BpeMeHu
MCnbITaHMA XOTA U NPOAONXKAEeT YMeHbLIaTbCA, HO NpubnunxaeTtca
K acumnToTe. pp
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Figure 4: Resin Coated Sand Particles

Short Term versus Long Term Testing of Proppant

Another development that occurred in the early 80’s was the introduction
of long term testing of proppant under in-situ conditions. Prior to the 80’s
all of the conductivity testing of proppant had been done by simply taking
the proppant to a closure pressure and temperature and measuring the
conductivity. It was demonstrated that there was significant deterioration
of effective conductivity occurring with time and temperature. Figures

5 and 6 demonstrate the significant difference between short term
conductivity testing and long term testing data. The use of long term
data has allowed a more realistic approach to fracture design. The long
term test involves keeping the proppant at bottom hole temperature

and closure pressure for in excess of 100 hours. The deterioration of

the proppant although continuing to decrease typically appears to be
approaching an asymptote after this period of time.

Selection of Propping Agents

For many years a standard way of selecting proppant was to find a
proppant which would yield a dimensionless conductivity of greater than
10. This translates into having fracture permeability 50,000 times higher
than the formation permeability. This selection process is flawed b p



From AcFrac® o

HEZIION

Specialty Chemicals

Hu3kas Temneparypa
Bbicokas [1pogyKTHBHOCTb.

SiberProp™ SiberMax™

Packnuuusatowme HanonHutenu (nponnadt) SiberProp™ u SiberMax™
o6ecne4nBaloT BbICOKYH0 NPOYHOCTb CBA3M B Pa3fioMe NPU O4eHb HU3KMX

3a60MHbIX TemnepaTypax 6e3 HeoOX04MMOCTU BO BHEWHMX aKTUBaTOpaXx.

Oilfield Technology Group komnanum Hexion Specialty Chemicals npegctasnset
packnuHmBatowme HanonHutenu SiberProp™ u SiberMax™, cosgaHHble cneuuanbHo
ON5 NPUMEHEHNA B HU3KOTEMMepaTypHbIX pa3pbiBax nnacta. ObecneumBas BbICOKYHO
MPOYHOCTb CBS3N 6€3 MCMONb30BaHUS BHELWHEro aktueartopa, SiberProp n SiberMax
SBMAIOTCH HOBEMLWMA TEXHUHECKUMM JOCTVXKEHWUAMI HaLen KOMaHAabl uccnegoBare-
nei n paspabotynkos. Bam 6Gonblue He

HY>KHO J06aBNATb AONONHUTESbHbIE XMU- MPOYHOCTL CLIENNEHUA

KaTbl, 4TOObI CNOCOOCTBOBATH CLENNEHNIO TToH S0 Teuneparypax Tl e ascour reurepar
nponnaHTa Npy HU3KNX Temneparypax. Bol i B e
BblurpaeTe 6narofaps MeHbLUEen XuMmn4ec-

KoW 00paboTke W B3aMMOLENACTBUMIO 200

XUAKOCTU ANS rMapopaspbiBa, COXpaHas

250

g 1:0
NPy TOM HaMBbICILYID MPOBOAUMOCTL =
CKBaXMHHOrO pasnoma. lMokpbiTna Siber- %m
Prop (necouHoe) n SiberMax (kepamuyec- =
KOe) BKIIOYAKT HOBEMILYl0 CMonsHyo — -50
TEXHOMOrMo, KOTOpas [JaeT BbICOKYIO 0
MPOYHOCTb MEX3EPHOBOMN CBSA3W, COXPaHAS 49°C 60°C
npy 3TOM Hawwm u3BecTHole SB cBoMCTBA [ 12118 SiberMax 1 unm 12/20 SiberProp
(Stress to Bond / Hanpspkenue gnsa Cesian). 12118 Konsenuwonnbiit RCP (MponnanT co
CmonsaHucTbiM MokpbiTHem)
. .to XRT™ Focused on Production. Quality You Can Trust.5"

Hexion Specialty Chemicals




MopGop pacKNMHMBAIOWNX areHToB

B TeyeHne MHOrvMx neT cTaH4apTHbIN MeToh noabopa
pacKnMHMBAIOLLEro areHTa NpeaycMaTpyBan HaxoXxaeHne Takoro
martepwuana, rmaponpoBoOAHOCTb KOTOPOro B 6e3pa3MepHOii TpeLumHe
npeBbiwaeT 10. 3TO 03HAYaET, YTO MPOHNLIAEMOCTb TPELLMHbI

B 50 000 pa3 npeBbIaeT NPOHMLAEMOCTb NnacTa. OTOT MeToA
BblbOpa packnuHMBAIOLWErO areHTa UMeeT ABa HeaocTaTka. Mpexae
BCEro, Npv rmapopaspbiBe nnacTta ¢ NPOHNLAEMOCTbIO CBbile 1
MUnnaapcu NoYTN HEeBO3MOXXHO no,u,06paTb paCKﬂI/IHI/IBaIOLLl,I/IIZ areHt
[0CTaTOYHOro pasmMepa Wim ¢ AOCTaTOMHON FMAPONPOBOAHOCTbLIO
ONA JOCTUXeHNA Tpebyemoro koadpchmumeHTa ruaponpoBogHOCTH
10. BT0 cTaHOBUTCA eLle bonee npobremaTuyHbIM Npu
rmagpopaspbiBe nnacTta ¢ NPOHULAEMOCTbIO, BblpaXkaroLlenca B
Mukpogapcu. Mpu ncnonb3oBaHun akTopa ruaponpoBOAHOCTM B
6e3pasmepHon TpewmHe pasHoM 10 npu BbIGOpe pacKMHUBaoLWero
areHTa, 6yaeT BblbpaH MaTepuan o4eHb MOXOro KayecTBa,
HanpvMep Necok ¢ pa3mepoM 3epeH 40/70 Mew AnA 3akayky Ha
rmny6uHy 20 000 cyTOB, NPOHULAEMOCTb KOTOPOro MNocsie 3aKayku B
nnacT OKaXeTCcA HeLOCTATOYHOM ANA NPUTOKA MNacTOBOW XUAKOCTU
Yyepes obpasoBaBLUMeECA TpeLwymHbl. HamHoro 6onee noaxoaawmm
cnocobom Bbibopa packIMHMBAIOLWEro areHTa ABMAeTCA
MCMonb3oBaHWe MUHUMAabHOIO Ko3guumeHTa ruaponpoBoAHOCTH
PacKNMHMBAIOLLErO areHTa B TPELUMHE B MIacTOBbIX YCIOBUAX

AnA niobbix XapakTepucTuk nnacTta. Mpu pacyeTe achheKTUBHOM
OJIVHbI TPELUMHbBI aBTOP 3TOW CTaTbu UCMONb3yeT 3HayeHne 1000
MUNMAapcH B Ka4eCTBE MaKCMMarnbHO AOMYCTMMOro, OCHOBbIBAACH
Ha Nnofly4eHHbIX OT CePBUCHbIX KOMMaHun n PasnnYHbIX
KOHCOPUMYMOB pe3yfibTaTax ANMUMTEeNbHbIX UCMbITaHWA. DTa BENUYMHA
1000 Munmaapcu yunTbiBaeT UCNOSb3yeMOe aBTOPOM CHUXEHWE
pesynbTaToB ANUTENbHbIX UCMbITaHWUM Ha 50%, NpUHMMaA BO
BHMMaHue, 4TO co34aBaeMble TPELUMHbI HE NMOXOXW Ha AYerikn API,
Mo KOTOPbIM MOMYYalTCA AaHHbI, UCNbITaHui. C TaknM ypoBHEM
3(hHeKTUBHON rMAPONPOBOAHOCTU MOXHO AOBUTLCA HEMOXUX
pe3ynbTaToB NpU MApPOPaspbiBE B CKBAXUHAX C MOHUXKXEHHBIM
nnacToBbIM AABMEHNEM 1 n3bexarb MIoXMX pesynbTaToB npu
rmapopaspbiBax B 30Hax ¢ 6onee BbICOKON MPOHULIAEMOCTbIO.
HanHaa BenuynHa 1000 munmaapcu ¢ KoaHuuMeHTomM noTepb
50% [OBOMbLHO NIErKO AOCTUraeTCcA B HONbLINHCTBE KOMNIEKTOPOB,
3a UCKNK4YeHneM Tex cny4aes, rage gaBneHnA 3aKpbiTUA TpewnH
CTaHOBATCA YPE3MEPHO BbICOKUMU. K cHaCTbiO, MHOMME KOMNEKTOPbI
C BbICOKUM [aBfIEHNEM 3aKPbITVMA TPELLWMH NOABEPKEHBI BbICOKOMY
AaBNEHNI0 CO CTOPOHbI BbllLENeXxalumx naactos, YTo NO3BONAET
KOMMNEHCUPOBaTb HEBO3MOXHOCTb AOCTUMXKEHUA BeNn4nHbl 1000
Munugapcy Ha 6onblimnx rmybuHax. CnegyeT oTMeTUTb, 4TO 6onblioe
KOSINYECTBO rMApopaspbIBOB ObII0 NPOBEAEHO Ha rybrHax CBbiwe
20 000 chyTOB C NPUMEHEHEM pacKIMHUBAOLWEero marepuana us
anioMVHUEBBIX FPaHyn 1 Npy 3TOM AocTUranacb MakcumanbHanA
BenuMynHa npoxHuuaemoctn 1000 munuaapcu.

MoBpexaeHune NauKky PacCKNMHNBAIOLLEro areHTa 13-3a “o0cTaTo4Horo rena”
Bbino MHoro nybnukaumin n o6cy>kaeHni HeratuBHoro adcpekTa
renesblx 06aBOK Ha r’MAPONPOBOAHOCTb NayKW pacK/IMHUBAIOLLErO
areHTa. ABTOp HaCTOALLEN CTaTby nonaraert, YTO 3TO HeraTMBHOE
BNIMAHNE B 3HAYUTENbHOW CTENEHM CUSBHO npeyBesindeHo.
CepBuCHbIE KOMMaHUK pa3paboTany 60MbLLOW aCCOPTUMEHT
peareHTOB AnA H6bICTPOro Un NOCTEMNEHHOrO PaspyLLEHUA renen,
KOTOpble NpUMeHAOTCA B o6bemax B 20 pas npesbllLalowmx
KONMMYECTBO TaKOoro areHTa, B AefCTBUTENbHOCTM HeOHX0ANMOro
ONA paspylweHua rend. B npoBoamBLUMXcA Hamu rugpopaspbiBax
ncnonb3oBannuChb resin NOBepXHOCTHO-aKTUBHbIX BELECTB a TakXxe
rMapopaspbiBbl B COCEAHUX CKBaXXMHAX C NPUMEHEHNEM renem

C ryapocogep>atiymMu cmonamu bbina npakTuyecku abconoTHO
He3aMeTHa pasHuua Kak Npu KpaTKoBpeMeHHOMW, Tak 1 npu
nonroBpemeHHoln gobbive. B oTpacnu npoBoaMnuck rmapopaspbiBbl
¢ ncnonb3oBaHnem 80-150 dyHTOB Ha 1000 rannoHoB nonumepa,
npv KOTOPbIX BbIM NONYy4YEeHbl O4EHb XOPOLUNE pe3ynbTaThbl.
Bonblwasa YacTb MHOPMaLMK O “NOBPEXAEHNUMN NPU BO34ENCTBUN
renAa” ucxoauT n3 nabopaTopuil, CCbINAOLWMXCA HA CHUXKEHNE
npoHMUaeMoCTu Npu NPOHUKHOBEHUW renAa B MaTpuuy. Ha

camom pene, 3hpeKT Takoro BuAa NoBpeXAeHU Ype3BblHanHo
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from two aspects. First of all where one is treating formations with
permeability greater than 1 millidarcy it is almost impossible to find
proppant large enough or conductive enough to achieve the required
factor of 10. An even more important consideration is where one is
attempting to stimulate formations with microdarcy permeability. If
one used the dimensionless conductivity number of 10 to select a
proppant you would select a very poor proppant such as 40/70 sand
to use at 20,000 feet, which would have insufficient in-situ perm to
produce back the frac fluid. A much better mode of selecting proppant
is to use minimum in-situ fracture conductivity for all applications.
Using the long term data available from the service companies and
various consortiums | use a 1000 millidarcy feet value as a cutoff

for effective fracture length. This 1000 millidarcy number takes into
account the fact that | decrease the long term data by 50% taking into
account the fact that our created fractures do not resemble the API
cells where the data is gathered. With this effective conductivity one
can achieve stimulation in under pressured wells and will not hugely
over design treatments in higher permeability zones. This 1000
millidarcy value with a 50% damage factor is fairly easy to achieve

in most reservoirs until closures become extremely high. Thankfully



ManeHbKWIn, Npy YCroBMN CO34aHNA Ka4eCTBEHHON Naykmn
packnMHMBAIOLLEro areHTa C BbICOKON rMApPONpOBOAHOCTLIO B
CoOTBeTCTBYIOWeEN 30He. CnepyeT yunTbiBaTb HEraTMBHOE BNVMAHNE
TONCTOW FMMHUCTON KOPKU NPU UCNOMb30BaHNN COOTBETCTBYOLWMX
Mep MO CHWXXEHWIO BOAOOTAAYM, N NMPEANpUHNMATL BCE yCUNuA

ANA CO30aHNA Ka4eCTBEHHON NaYvkn pacKNMHUBAIOLLEro areHTa B
HeobxoanMMoi 30He. OnbIT rMApopPaspbLIBOB B OFPOMHOM KOM4eCTBe
CKBaXXVH He JaeT NpAMbIX CBUAETENbCTB HAaNM4nA npobnemsl
HeraTyBHOrO BIMAHUA reneil.

Hacroawee u 6yaywiee uccneanosanuii U paspabotox B o6nacTu
PacKNUHNBAIOLYUX areHToB

Ha ocHOBe JOCTUrHYTOro onpefenieHHoro ycrnexa Bo BHOBb
HayaBLIeMCA MPUMEHEHNN CEPBUCHBIMU KOMMaHUAMMU
0bneryeHHbIX packMHUBAIOWWX areHToB, NOYTU BCE KPYMHbIe
CepBUCHble KOMNaHMN B HacToALWlee BpeMA roToBbl NPUMEHATb
3TOT NPOAYKT. B 6ONbLUIMHCTBE Cry4aeB OH MPUMEHAETCA Npu
rmapopaspbiBax ¢ UCMOSIb30BaHNEM 3arycTeBLlIen BOAbI, UK

B Tex cnydanx, Kkorga paCKI'II/IHVIBaI'OLLlI/IVI areHT MoxeT bbITb
3aka4vaH anA opMMpoBaHUA YaCTUYHON OAHOCNOWHON MayKu.
Bbinu oTMeYeHbl xopolume pedynbTaThl NPYU UCNONb30BaHWUU
06/1Er4EHHOr0 PacK/MHUBAIOLWWErO areHTa B KONJieKTopax

C €CTECTBEHHON TPELUMHOBATOCTbIO, OAHAKO ycrnex He 6bin
[OCTUTHYT B TeX Cny4vanx, Koraa NpoAyKTUBHbIA nnacT
npeacTasnan cobon AOBOMbHO H60MbLIOW TOMLWMHBI OA4HOPOAHYIO
matpuuy. BepoAaTHO, of4HUM U3 caMblx 60MbWKX NPENATCTBUN
Ha NyTW LUMPOKOIo NMPUMEHEHMA NAaBy4YMX YacTuu ABNAeTCA
Heo6xoAMMOCTb ob6ecneyeHnA BbICOKOKAYeCTBEHHON
[OCTaBKMW matepuana B Hy>HYI0 30HY U He orpaHu4nBaeTcA
(hopMMpPOBaAHMEM HEMPOHNLLAEMOWN NAYKM.

B oTpacnu npeanaraioTcA ANA UCMONb30BAHUA HOBbIE BUAbI
PacKNMHNBAIOLWMX areHTOB PasfinyHbIX AMaMeTpPOB, OTIMYAIOLMXCA
OT cTaHgapTHbIX APl. 3T ncKyccTBEHHbIE MaTepuanbl NOBCEMECTHO
NPUMEHAIOTCA ¢ 6onbLIMM ycnexom. 1o MHeHWIo aBTopa 3TOM cTaThby,
HeobxoaMMo nepecMoTpeThb cneundmkaumio APl, koTopas He
yKasblBaeT ruapornpoBOAHOCTb, a NULLb pacnpeaeneHne aguameTpos
YyacTuu. PacknmHvBaloWmM areHT 04eHb MNoXoro ka4yecTsa, B
YaCTHOCTW NECOK, O4EHb XOPOLLIO COOTBETCTBYET cneumdukaumm
API| B OTHOLIEHWUN AnameTpa 4acTul, OAHAKO COBEPLUEHHO He
06A3aTeNbHO NOKaXKeT XOPOLUYO MAPONPOBOAHOCTL B TPELUMHE.

[MpoBoAMNOCH MHOIO 06CY>XXAEHUA OTHOCUTENIbHO NCMOMNb30BaHUA
pasnunyHoro poaa 406aBOK B pacKNMHUBAIOWMIA areHT. Takue
pobasku moryT BkntovaTk MAB, paspywutenu renei, uHrnbmuTop
OTNOXEHUN 1 T.N. [pK BLICOKMX LieHax Ha yrneBoAopOAb CyLLecTByeT
pearnbHasa BO3MOXHOCTb TOr0, YTO 3TV BUAbl 4O6ABOK MOTYT HaTK
pearsibHOe npuMeHeHue. B HacToALlee Bpemsa OHU cuynTatoTCA
XOpOLLEeW, HO OTHOCUTENbHO Aoporov naeen. Heobxoamma
[ononHuTenbHan paboTa AnA o6HapyXXeHWA NecyaHblX Kapbepos C
TpebyeMblM Ka4eCTBOM Mecka B ApYyrux permnoHax mupa. bonbluyto
4YacTb CTOMMOCTM Necka CoCcTaBnAET ero TPaHCNopTUPOBKa U

B 3HAYUTENIbHOM KONMMYECTBE MNNIACTOB MOXET NPUMEHATLCA
rmapopaspbiB ¢ UCMONb30BAHNEM MECKA BbICOKOrO KayecTsa.

3aknioyenue

Vcnonb3oBaHne pack/IMHMBAKOLWMX areHToB B rmapopaspbiBax
ABnAeTcA HeobxoammocThio. C 1947 r. 6bina npogenaHa
6onblwan paboTa, HO MPEACTOUT eLle MHOro caenatb B 06nactu
YCOBEPLUEHCTBOBAHNA PACKIIMHMBAIOLWMX areHTOB U Yy4LleHna
KOHTPOJIA Ka4YecTBa U Bbl60pa packnMHuBawLWmNX areHToB,
OCHOBaHHOM Ha AOCTUXXEHUM 3PPEKTUBHON rMAPONPOBOAHOCTH,
a He ycTapeBLUel xapaKTepUCTUKM Bpoae pasmepa Jactuu. B
3aknYeHnn A 6bl XO0TeN Bbipa3nTb 61aro4apHOCTb XypHany
ROGTEC 3a BO3MOXHOCTb Ny6nnkKaumMm HacToALen cTaTbu.
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many of the high closure pressure reservoirs are geo-pressured
which compensates for our inability to achieve the 1000 millidarcy value
at great depths. It should be noted that many treatments have been
accomplished at depths greater than 20,000 feet using bauxite and
achieving the 1000 millidarcy feet cutoff.

Damage to the Proppant Pack due to “Gel Residue”

Much has been published and much more has been said about the
adverse affects of gelling agent upon proppant pack conductivity. It is
my opinion that these affects are very much overplayed. The service
companies have developed a huge assortment of rapid and delayed
release breakers which typically are run at more than 20 times the
amount of breaker required to break the gel. We have run treatments
where the latest surfactant gels were used with treatments containing
guar gelling agents on offsets and saw absolutely no difference in
either short or long term production. Historically there have been
treatments which ran 80-150 pounds per 1000 gallons of polymer and
excellent stimulation was achieved. Most of the data on “gel damage”
has been generated in the laboratory relating to regained permeability
damage due to invasion of gel into the matrix. In reality the affects

of this type of damage are miniscule if one has properly placed high
conductivity proppant packs across the zone of interest. One should
be concerned about negation of thick filter cakes using proper fluid
loss control and do everything possible to maintain perfect proppant
transport during and after the frac treatment. Field experience on
thousands of wells gives no real indication to support gel residue
problems.

Present Day and Future Research and Developments in Propping Agents
Based upon some success with the reentry of light weight proppant
into the service company product line virtually all of the major
service companies are looking into this type of product. Most of the
application is in “Waterfracs” or in applications where the proppant
can be placed in a partial monolayer. We have seen success of the
light weight proppant in naturally fractured reservoirs but have seen
failures where the formation produces from a fairly thick homogenous
matrix. Perhaps the biggest obstacle in widespread use of the
buoyant particles is assuring proper placement and not ending up
with an impermeable pack.

New types of proppant have come forth with variations on sieve size
differing from standard API specifications. These man made materials
have found wide spread success where they apply. | believe that we
need to take a hard look at API specifications which do not specify
conductivity but specify mesh size distribution. Very poor conductivity
proppant, particularly sand, will fit nicely within API specifications of
mesh size, but will not necessarily yield high conductivity fractures.

Much discussion has been forthcoming about incorporating various
additives into the proppant. These additives could include surfactants,
breakers, scale inhibitors etc. With higher priced hydrocarbons there
is the real possibility that these types of additives may come to reality.
Presently they are in the realm of good ideas but very expensive.
More work needs to be done to find quarries of sand which exist

in other parts of the world. The major cost of the sand used is
transportation and a very high percentage of formations can be
treated with high quality sand.

Summary

Propping agents are indeed a necessity in hydraulic fracturing. We have
come a long way since 1947 but there is still a great deal to be done

in the area of improved propping agents and better quality control and
selection of proppants on effective conductivity and not on antiquated
sieve specifications. | would like to thank ROGTEC for allowing me to
publish this short paper in their publication.

References:
1

SPE Paper No. 38611-MS: “Proppants? We Don’t Need No Proppants”
D.N. Mehan, etal. m

ROGTEC | 57



