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Marik Xypa — PykoBoautenb noapasaeneHns no MprMeHeHO
TEXHNHECKIX CPEACTB, KoMMaHa Kemira, nobbiHa HedT 1
paspaboTka MECTOPOXKOEHMIA

|_no6aanoe NCMNONIBb30BaHVE MPUPOAHOIO rada Kak

3 PEKTUBHON anbTepHaTMBLI HEPTY 1 APYroMy
XKUOKOMY TonmBy pacTeT. [JobbiHa cnanHueBoro rasa
13 MaIoNpPOBOAMMbIX MIACTOB TaKXKe PacTeT and
yAOBNETBOPEHWSA BbICOKOMO CMPOCa, a COOTBETCTBYIOLLAS
TEXHOMOMMSA U XUMUS CTUMYIMPOBAHWSA Pa3B1BaOTCS
ObICTPbIMM TemMnamy. Heo6xoaMMO NHTEHCHBHOE
CTUMYJIMPOBAHNE STUX CKBAXKWNH, N 3HAYUTENBHOMN
4acTblO JAHHOIo Npouecca SBNSeTCA XUMAS,
1NCNOMb3yemMas cneumanbHO 4Ns YMEHbLIEHNSA TPEHNS.
S heKTMBHOCTb MMAPaBNNYECKOro paspbiBa nnacrta
WA KUCNOTHOM 06paboTKM HanpsiMyto cBs3aHa C
paboTon noHmsuTensa Tpenna (MT) Ha nnowanke, u
nopasnTenibHO OrPOMHBIN AMana30oH COCTaBAAOLLMX
3M1EMEHTOB 3TOW PabOoThl MOXET BANATL Ha ee
nokasartenu. B gaHHoM cTaTbe 6yayT pacCMOTPEHbI
OCHOBHbIE PaKTOPbl, OTHOCALLMECH K XUMNYECKNM
npoueccam, KOTOPbIE OKa3bIBAOT BVSIHME HA
paboTy T, 0cobeHHO Npu BbIMOMHEHUM PabOT C
MNCMNOSIb30BAHNEM TUMa Pas3pbiBa, NPY KOTOPOM
MPUMEHAETCS PeareHT Ha BOOHOM OCHOBE OJ151 CHYDKEHNS
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Mike Hurd — Technical Applications Manager, Kemira Oil & Mining

lobal natural gas use is increasing as an efficient

environmental alternative to oil and other liquid fuels.
Production of tight shale gas formations is also growing to
meet that demand and the related stimulation technology
and chemistry required is developing quickly too. Heavy
stimulation of these wells is needed and a significant part
of that process is the chemistry used specifically for friction
reduction. The efficiency of a hydraulic fracturing (frac)
or acid job is directly related to the performance of the
friction reducer (FR) on location and a surprising number of
elements can affect that performance. The following article
will review the major chemically related contributors to FR
performance principally in ‘slick water’ type frac work where
limited sand transport capacity is required. It concerns
performance at the wellhead both during the treatment and
where lasting effects can be seen.

Viscosity and Reynolds

Viscosity is actually the driving force behind friction
reduction and molecular weight is the principle factor in
the generation of viscosity. While there are some other
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WELL STIMULATION

NOBEPXHOCTHOMO HaTSKEHUS W TPebyeTca orpaHnyeHHas
NPOMNYCKHast CNOCOBHOCTb MecHaHnKa. 3T0 CBA3aHO C
npon3BoANTESNIBHOCTLIO B YCTbEBOM OTBEPCTUN CKBaXKMHbI
KaK BO BpemM4, Tak 1 nocrie O4NCTKN.

BaskocTb 1 yncno PeitHonbAca

BaskocTb hakTU4eCKn ABNSAETCA OBVIKYLLEN CUNOWN
YMEHbLLIEHNS TPEHWS, & MOJIEKYISPHAA Macca SBNSETCS
NpUHUMNYaIbHBIM (DaKTOPOM 06Pa30BaHNSA BASKOCTH.
HecMoTps Ha TO, 4TO gpyrie hakTopbl TaKKe UMEKOT
3Ha4eHve, B OCHOBHOM BCE, YTO OKa3blBaET BVSAHME HA
MONEKYISAPHYIO MaCCy, TakuM e 06pa3oM BVSIET Ha
CHWXEHWe TpeHna. Ymcno PerHonbaca aBnaeTca OgHUM
KpUTEPUEM OaHHOro (DEHOMEHE, T.K. TYPOYNEHTHbIN
MOTOK CO3MAET HanbOoSbLLEE TPEHNE B CUCTEME
PEryNMpoBaHusa NoToka. B ynpoLlueHHon hopmyne vmucna
PenHonbaca, R = D p V/y, BA3KOCTb B 3HameHartene
OKasbIiBaeT 60MbLLOE BVSIHME HA MOTyHaeMytO CTEMNeEHb
TYPOYNeHTHOCTU 1, CNenoBaTesibHO, Ha TpeHne B Tpybe.
[Mpn 3TOM pacyeTsl, cAeNaHHble 32 CTOSIOM — STO OAHO,
HO B HaCTOSILLIEE BPEMS MOSIBIIAETCHA Tak MHOMO PasfnyHbIX
VHTEPECHBIX 1 HOBbIX MPOAYKTOB, KOTOPbIE MOMYT CTaTb
KOMMOHEHTaMIM HOBOW »KMOKOCTU Pa3pbiBa, YTO HEOBXOaMMO
NpOoBEeaEHME NAbOPaTOPHbIX
ncrbmanHni. [aHHble No BASKOCTU
SBNSKOTCA MNONE3HbIMM, T.K. MO HAM
MO>KHO CyaAMTb O B3aUMOOENCTBUSIX.
OnHako, HaNMYHLLIMW SIBNSIKOTCS
[JaHHbIE, MOyHeHHbIE Yepe3
CTaLOHAPHYKO CUCTEMY
MOPAaBNHECKOrO UCMbITATENBHOrO
CTeHOa 3aMKHYTOro TUMa, T.K.

OHW Hanbosee TOYHO OTPaPKaKOT
COBbITVSA B peaSIbHbIX MOSEBbIX
ycrnoBusix. CyLLECTBYHOT Criopbl O
TOM, KaKast KOMMOHOBKA JTyLLE, HO
TO, YTO JaHHbIE MAOPABIINHECKOrO UCTILITATENBHOMO CTeHAa
3aMKHYTOrO TUMNa SBNSKOTCS CaMbIM OO BEKTVIBHBIMM — 3TO
6eccrnopHo.

Monumepbl

l'yap (06bl4HO ruapokeunponvn ryap — M) n
nonvakpunamng, (NAM) aBnstoTCS ABYMST XUMUHECKMM
cocTaBamu, OBbIHHO NUCTMONBb3YEMbIMU B KA4eCTBE
noHW3UTENen TpeHnd. Jns 06omx 3TUX NPOAYKTOB
CYLLECTBYIOT pasfinyHble BapuraLmm 1 K1accChl, KOTOpbIE
B HEKOTOPOW CTEMNEHN BAVAIOT Ha MPOU3BOANTENIbHOCTb,
HO YJyuLLEHNE 0BbIHHO AOCTUFAETCS 3a CHET CTOUMOCTMW.
Tak Kak TUNnYHbIE [O3NPOBKM KOIEBNKOTCA B Mpeaenax
250-750 ppm (nnm 0,25-0,75 1/T) Npu 3aKa4nBaHum
ThICAY KyDUYECKMX METPOB XXNOKOCTU, 60/1ee goporie
OMNuUMK O4eHb BbICTPO YBEMNHYMBAIOT CTOMMOCTb OYNCTKM.
Kaxxpl N3 3TUX NOJIMMEPOB TakXe UMEET napy
drsnYeckrx HopM, KOTOPbIE 3a4aCTyrO 3aBUCAT OT
NnepeBO3KM C MecTa NPOU3BOACTBA U CKJafa oo MecTa
OYUCTKU. Ha nyowanke HaMHOrro nerye UCnonb3oBaTb
YKUAKOCTb C MEHbBLIMM KOJIMYECTBOM TBEPABIX YacTuL,
NV SMYJIbCUOHHBIM MPOOYKT, OCOBEHHO eCv NoLlaaKa
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CyLecTByOT CNopbl O TOM,

KakaA KOMNOHOBKA Ny4Lue, HO TO,
YTO [AaHHbIE rMAPaBINYECKOrO
UcnbITaTenbHOro cteHaa
3aMKHYTOro Tuna ABMATCA CaMbIMU
06BHEKTUBHBIMN — 3TO 6€CCNOPHO.

There is debate on which setup is
better, but there is no debate that loop
data is better than anything else

factors involved, in general, whatever affects molecular
weight effects friction reduction in the same way. Reynolds
Number is one measure of this phenomenon since
turbulent flow generates the highest friction in a flowing
system. In a simplified Reynolds Number formula,

R =D p V/y, viscosity in the denominator has a great
effect on the resulting degree of turbulence and therefore
on the friction seen in the pipe. That said, calculations at
the desk are one thing, but there are so many great, new
products coming out that could become the components
for a new frac fluid that some lab testing should be done.
Viscosity data is good as interactions will show up there.
Flow loop data through a fixed system though is the best,
as it measures more closely the actual field events. There is
debate on which setup is better, but there is no debate that
loop data is better than anything else.

Polymers

The two chemistries normally used as friction reducers
are guar (usually hydroxypropyl guar — HPG) and
polyacrylamide (PAM) polymers. Variations and grades exist
for both of these products that will modify performance
somewhat, but improvement usually comes with a price.
Since typical dosages range
between 250-750 ppm (or
0.25-0.75 gpt) with thousands
of cubic meters of fluid being
pumped, more expensive
options add cost to the
treatments very quickly. Each
of these polymers also has a
couple physical forms that are
often dependent on the freight
from the manufacturing point
or warehouse to the treatment
location. Lower solids liquid

or emulsion product is much easier to handle and use on
location, especially if the footprint of the location allows
for the inventory. Dry products are less costly in freight to
location and may be the only option for platform inventory,
but command additional equipment to put them in solution
for use in the frac fluids.

Hot, Cold, and Salty

Similar products are already used in other areas of the
oilfield and some of these characteristics may already

be familiar there. Water salinity and well temperature are
commonly cited as the biggest culprit to performance from
typical polymers used elsewhere in the oilfields. There are
two big temperature concerns here with hot AND cold
water. Cold make-up or surface water causes a delay in
putting the polymers in solution. “Time to solution’ can be a
critical factor since water at a temperature <5°C can require
twice the time to put emulsions, dispersions, slurries, or
powders into a pumpable solution, than they would at

25°. Liquids can invert or dilute relatively quickly, but cold
water delays that reaction and hydration, often by several
minutes for each step. Yet both of these must occur for
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NO3BONSET UMETb TOBAPHbIE 3anackl. Cyxve NpoayKTbl
MEHee OopOorne Ans NepeBo3kM 40 NAOLWAOKN 1

MOTMYT SBNSATbCS 6AMHCTBEHHOM ONuUMEn 0becneveHmns
TOBAPHbIX 3anacoB MaaTOopPMbl, HO NP 3TOM TPEOYIOT
OOMNONHUTENBHOrO 060PYA0BAHNA ON151 CO30aHMS
pacTBOpa, UCMOMb3YEMOrO B XXNOKOCTSAX pa3pbiBa.

fopAYNiA, XONOAHDIIA U CONEHbIN

[Moxoxkre NPOOYKThI y>XKe UCMOb3YKTCS Ha

OPYrMX MECTOPOXKAEHUSAX, N HEKOTOPbLIE U3

OaHHbIX XapakTepUCTUK MOryT ObiTb 3HAKOMBI.
MwuHepanmusaums Boabl 1 TeMnepaTypa CKBaXKUHbI
3a4acTylo yKa3biBalOTCA Kak OCHOBHbIE MPUYNHBI
NI0XoM NPOU3BOAUTENIBHOCTU C UCMNOb30BAHNEM
TUMUYHBIX NOIMMEPOB, NMPUMEHSEMbIX Ha OPYIrUX
MECTOPOXAeHUAX. CyLLECTBYET ABE NPOONEMDI,
CBsI3aHHble C TEMMEPATYPOM Kak B OTHOLLEHWN
ropsiden, Tak 1 B OTHOLLEHUN XONOAHOW BOAbI.
XonogHasa CTpyKTypa UM Ha3eMHasi BOfa 3afep>KmMBaeT
co3faHne pacTeopa ¢ nonmmepamu. Bpemsa Ha
co3faHne pacTeopa MOXET ObITb KPUTUHECKMM
dhakTopom, T.K. Npu Temnepatype Bodbl <5°C MOXeT
noTpeboBaThCA B ABa pa3a 60/blle BPpeMEHN Ha
cOo30aHvne pacTeopa 13 aMybCun, UCnepcuin,
CyCMeH3U M NOPOLLKOB, NOAAAKOLLErOCH
nepekadmBaHuio, Yem npu Temnepatype 25°.
PKUAKOCTU MOTYT MHBEPTUPOBATLCA UM Pa36aBASATLCS
[0CTaTO4YHO ObICTPO, HO XON0AHast BOAA 3aMenseT STy
peakLMo 1 rnapaTaumio 3a4acTyto Ha HECKOTbKO MUHYT
015 KaXO0ro atana, v BCe XXe KaxXAblh 3Tan AOSKEH
ObITb 3aBepLLUeH A1 TOro, YTobbl NoNUMeEpPbLI OCTUM N
MNOMHOM BA3KOCTW B O4EHb XONOAHOM Boae. Ecnv ang
NpPOKa4MBaEMON XNOKOCTU OOCTVIKEHNE OHA 3aHUMAET
TONBKO 20 MUHYT, TO KaXK4asd MUHYTa 3a0eP>XKU B
CKBaXXWMHE YMEHbLLAET NPerMyLLLECTBO NMOMMMEPa Kak
NOHN3UTENS TpeHus. Tak Kak Tennas Boga Uan MeTOA,
ee NonyyeHVs He BCeraa aABnstoTCS AOCTYMHbIMU,
SMYIbCUOHHbBIE N XXUOKME MOUMEPDI, CReLmnansHO
paspaboTaHHble ANs MHBEPTUPOBAHUS XONOAHON BOAbI,
MOIYT KOMMEHCMPOBAaTb NMOOYI0 OOMONHNTENBHYIO
CTOUMOCTb NPOAYKTa MYyTEM CHUXXEHUS HEOOXOAMMOCTHU
OOMNONHUTENBHOMO 060PYAOBaHNSA HA NIOLLAAKE C
LIeNb KOMMNEHCaLMM NoTepb NPON3BOAUNTENBHOCTH,
Taknx Kak 6os1ee BblCOKas MOLLIHOCTb, a Takxe Ans
CHWKEHUSI BDEMEHW 3a[IEP>KEK Ha rMapaTaumio B

BUE OOMNONHUTENBHBIX CMECUTESbHBIX YCTAHOBOK Y
XPAHWNLL,.

Cyxve nonMMepbl MEIOT Takyto e npobnemy
rmopaTaumn, Kak u aMybCumn B XON04HOM BOAE, T.K.
rmopaTaums B JaHHOM Cllydae Takxke NpoucxoauT

C 3a[EeP>KKOW, HO MOCNeACTBUS MPU STOM MOTYT
ObITb 60s1eE TAXKENbIMN. Bpems, 3aTpadeHHOe Ha
rmopaTaumio, 3Ha4YUTENbHO OOSbLIE ANA CYXMX
BELLECTB, HEXEeNn ANS XXNOKOCTEN U 3MYJTbCUNA,
0COBEHHO B COJEHbIX BOAax. HerngpatnpoBaHHble
4acTuLbl CyXOro nonMMmepa MoryT 3acTpsaTb B
CTBOJIE CKB2XXWMHbI 1 MOMELLATb 3aKa4nMBaHUIO BO
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the polymers to reach full viscosity in very cold water. If it
only takes 20 minutes for the pumped fluid to reach bottom
then every minute delayed in the hole reduces the benefit
of the polymer as a friction reducer. Since warmer water or
a method to produce it isn’t always available, emulsion or
liquid polymers specifically designed for cold water inversion
can offset any additional product cost by reducing the need
for additional equipment on location to compensate for

the loss in performance. Such as higher horsepower, or to
work around the delay for hydration in the form of additional
blenders and storage.

Dry polymers have the same hydration problem as
emulsions in cold weather since hydration is also delayed
here, but the consequences can be more dire. The
timeline for hydration is considerably longer for dries

than for liquids and emulsions, especially in salty waters.
Un-hydrated particles of a dry polymer can lodge in the
wellbore and plug off injection during the treatment,
remaining even after flowback as formation damage.
Various grades of polymer can have different particle
sizes and that can also impact the hydration timeline.
The larger the particle, the longer it takes to go into
solution. Cheaper grades of polymers may also have
higher insolubles in them which never go into solution
regardless of temperature or salinity, but act the same as
an un-hydrated particle of polymer in terms of formation
damage. Finer grinds of higher quality dry products and
better hydration techniques on location may be additional
costs, but they are essential to treatment performance
should the decision be made to use dry products.

We need to go back and pick up the discussion of hot
conditions, too. High bottom-hole temperatures can also
cause significant problems and need to be addressed.
There are realistic limits on both guar and PAM’s. Guar
can handle up to 100-125°C in fresh water while PAM’s
can perform well in the same range. The additional
conditions of the fluids also matter. Salinity, hardness,
and pH all become more critical as temperature goes
up. Here is where some of the modified polymers work
well and the added expense may well be worth the cost.
AMP’s copolymers of PAM’s are resistant to both higher
temperature and salinity effects while additives and
crosslinkers in guar can also boost their performance
under these conditions. There is continued debate on
the significance of bottom-hole temperatures and most
models suggest that the high rate of surface water
injection will serve to cool the reservoir several degrees
and protect the fluids being pumped to some extent.

If the bottom-hole temperature (BHT) is within 25
degrees of the perceived limits of the polymer the
injection rate, particularly with colder surface water in
winter, will save you the cost of higher temperature
products. If the BHT is beyond 50 degrees over the
product limits you’ll definitely need to have a high
temperature package and plan.
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BPEMS OYUCTKM, OCTaBasICh Aaxke nocne obpaTHOro
NpUTOKa B BUAE MOBPEXAEHNSA NPOAYKTUBHOMO
nnacta. PasnuyHble Knaccbl NOAMMEPOB MOMYT UMETb
pasfnuYHble pasMepbl YaCTUL, 1 3TO TaKXe MOXET
NOBNUSATb Ha Bpems ruapartaumn. Yem 6onblue
yacTuua, TeM DOfblLE BPEMEHN e TpebyeTca Ans
nepexofda B pacTteop. bonee
JOeLleBble KnacChl NONMMepoB
Takxe MoryT numeTb 601bLue
HepacTBOPUMbIX NPUMECEN,
He nepexofsLLmx B pacTBOp
He3aBMCUMO OT TeMnepaTtypsb!
AN MUHepanuaaunn, Ho
OENCTBYIOLLMX TaK XXe, Kak n
HernapaTMpPOBaHHbIE HaCTULb!
B OTHOLLIEHWM MOBPEXAEHNSA
NPOAYKTUBHOIO Nnacta. bonee menkoe opobneHune
CyXMX NPOAYKTOB DONEe BbICOKOro Ka4ecTBa, TakxKe
Kak 1 bonee NPOAYKTUBHbIE METOAp! rMapaTauum

Ha nnoLwlagke MOryT NPUBECTU K AOMNOHUTENBbHBIM
pacxofam, SBASIOLNMCH CYLLIECTBEHHBIM (PAKTOPOM
npu OYNCTKE B Cllydae, ecnv 6yaeT NPUHATO peLleHne
NCMNONb30BaTb CyxXune NPOAYKTHI.

nonvumepa

Heobxoaumo BepHYTbCS Hasag 1 06CYaUNTb TakXKe
YCJIOBUS! NMPU BbICOKNX TemrepaTypax. Beicokune
TeMnepaTypbl B 3a00€ CKBaXKWHbI TaKXKe MOryT
CTaTb NPUYMHON CEPbE3HbIX MPOBIEM N TPEOYIOT

Tel: +7 495 258 1474
Fax: +7 495 258 147!
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UniTruck - ny4wuin Bei6op ana ycngsun Cnupw

u -
BO3MOXXHOCTb NOCTAaBKU Ha LAcCC

Texnopaepikka ocyLiecTBnAeTcs

Xopowaa éuoumaHaa nporpamma
ANA Ha3eMHOW BoAbl BaXkKHa
He3aBMCUMO OT TUMa UCMNoNb3yemMoro

A good surface program is important
regardless of the polymer you choose

As suggested above, salinity, defined by Total Dissolved
Solids (TDS), plays an important role in the development
of the polymer’s viscosity. Different elements that make
up the term ‘salinity’ have a different impact on the
polymers themselves. Calcium limits the potential of both
types of polymer to fully hydrate and build viscosity.

In careful lab observations of
fresh water systems the effect
can be seen on viscosity in

as little as 50 ppm Ca. But
performance effects in the
field with all the other additives
in the system aren’t typically
seen until 100-400 ppm Ca

is reached. Soda ash can
complex the Ca and reduce
the effect if it doesn’t interfere with other additives. In
higher TDS systems (above seawater) chlorides tend to
overtake the calcium as the problem forcing the basic
PAM molecule to collapse on itself rather than hydrate
fully. Some PAM polymers are being developed that can
withstand a higher degree of salt, but guar tends to be
less effected by monovalent

salinity overall.

Biology

An additional concern that is growing in importance is
biological activity and its relationship to these polymers
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paccMmoTpeHnd. CyLLECTBYIOT pealibHble OrpaHnYeHns
Kak onsa ryapa, Tak u ans NAM. T'yap MOXeT 6biTb
ncnonb3osaH Npu Temnepatype 100-125°C B NpecHoOw
BofAe, Torga kak NAM MoxkeT HopmasbHO paboTtaThb B
TakOM >Ke TeMnepaTypHOM pexxnme. [JOnonHUTENbHbIe
YCIOBUS XXNOKOCTEN TakXKe UMEIOT 3HAYEHMe.
MuHepanmsaumns, >XecTKoCTb U pH cTaHoBATCS

Bonee KpUTUYHBbIMI NP MOBbLILLEHUM TEMMNEPATYPbI.

B Takux cny4vaax HekoTopble 13 MOONMPULMPOBAHHBLIX
NonMMepPOoB paboTaroT XOPOLLO, U AOMONHUTENBHbIE
3atpatbl BNosiHe okynatoTcd. AMP (mokpbiTeie
akpunatHbIM Kay4dykom) cononumepsl NMNAM cTonkmne
Kak K BbICOKMM TemMrnepartypam, Tak 1 K adpdekrtam
COMEHOCTU, B TO BpeMs Kak fobaBku 1 cLumBaTenm
ryapa Takxxe MOryT yBENNYUTb UX MPOU3BOANTENBHOCTL
B JaHHbIX YCIOBUAX. Crop B OTHOLLEHUN 3HAYMMOCTU
TemnepaTypbl B 3a00€ CKBaXXMHbI MPOOO/MKAETCS, U
OONBLUMHCTBO MOAENEN yKa3bIBaKOT HA TO, YTO BbICOKas
CKOPOCTb 3aKa4MBaHNa Ha3eMHOW Bodbl OyaeT
oxNlaxk4aTtb ra30HOCHbIN NNacT Ha HECKOMBKO MpafyCcoB
N 3alLMLLATL 3aKavMBaeMble XXMOKOCTU 4O HEKOTOPOM
cTeneHu. [NpeanonaraeTcs, 4YTO eCnmn Temnepartypa
3ab0s ckBaxuHbl (T3C) HaxoauTcs B Npegenax

25 rpafyCcoB 3afaHHbIX OrpaHn4YeHnr nonnMepa,
CKOPOCTb 3aKa4dku (0COBEHHO NPKY UCMONB30BaHUN
Bonee X0N04HOM Ha3eMHOW BOAp! B 3UMHNIA Nepromn)
MO3BOJIUT COKOHOMUTb HA CTOUMOCTU NPOAYKTOB C
Bonee BbICOKMM TemnepaTypHbIM pexxumom. Ecam T3C
NpeBbILLaeT orpaHnyeHns npopykra donee 4em Ha 50
rpagycos, TO Bam B ntobom cnyyvae 6ygeT Heobxoamm
nakeT 1 nnaH ansd paboTbl B YCNOBUSIX BbICOKMX
Temneparyp.

Kak 6b110 ykasaHo BblLLEe, CONEHOCTb, onpedensemMas
obwmm conecogepxarmnem (OCC), nrpaeT BaxKHYO POJib
B pasBuUTUN BA3KOCTU NoiuMepa. PasnnyHblie 3neMeHThl,
BXOAALLME B ONpefeneHne TepMmHa «CONEHOCTb»,
0KasbIBaKOT Pa3NYHOE BNSHNE HA CaMu MOIMMEPBI.
Kanbumin orpaHnymMBaeT noTeHUman 06oux TUNnoB
MOVIMEPOB 1A MOHOW rnapaTaumm n BAskKoCTw. [pu
TLaTebHOM 1abopaTopHOM UCCed0BaHNN CUCTEM
npecHor BoApl 3PEKT, OKasblBaeMbI Ha BA3KOCTb,
MOXXET HabIOOATLCS MNPY Takom Masion BEIMHMHE Kak
50 ppm Ca, HO athdeKTbl Ha MPOM3BOANTENBHOCTb

B MOJIEBbLIX YCOBUSIX CO BCEMU APYrMKN fobaBKamu

B CUCTEME ODbIHHO HE3AMETHbI [0 OOCTVXKEHUS
Benm4mHbl 100-400 ppm Ca. KanbuyHnpoBaHHas coga
MOXXET OCIOXKHUTb Ca 1 YMEHbLLINTb 3hdEKT, ecnm

He CTONKHETCS ¢ apyrimMm gobaskamun. B cuctemax ¢
6onee Bbicokm OCC (BbiLLE MOPCKOM BOAbI) X1opwabl
VNMEIOT TEHAEHLMIO 3axXBaThbiBaTb KabLIWA, 3aCTaBNsas
OCHOBHYIO Monekyny NAM pacnagatbcs, Hexxenm
MONHOCTLIO MMapaTNpPoBaTh. PadpabaTbiBatoTcs MAM
NoJIMMEpPbI, KOTOPbIE MOMYT BblOEpP>KMBaTb bonee
BbICOKOE COAEPXXaHne Cofn, HO ryap B NpUHLMNE UMEET
TEHOEHUMIO ObITb MEHEE MOABEP>KEHHBIM OAHOBANIEHTHOM
COJIEHOCTN.
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in friction reduction. On the front end of these jobs
there is a concern about ‘bugs’ in the surface water.
Guar is particularly susceptible to a poorly designed
biocide program with many species considering it a
nutrient. Without a biocide program in place guar can
lose viscosity within a matter of minutes depending

on the bug population in the surface waters. PAM
polymers aren’t as susceptible to the bugs even in highly
populated fluids, but degradation does eventually occur.
So a good surface program is important regardless of
the polymer you choose.

Hold that thought for a minute. In either case the
downhole effects of the biocide added to protect your
polymer in the surface can be equally remarkable or
devastating on the success of the treatment long-term.
Most of the bugs on the surface are aerobic (oxygen
loving) in nature and a good biocide program will Kill
them quickly and easily. But guar and PAM still get
pumped down the hole and introduced as a nutrient

to an anaerobic (no need for oxygen) population in the
reservoir. While the aerobic population would likely die
in the anaerobic reducing environment of the reservoir
anyway, the starved anaerobic population will now
thrive with the thousands of cubic meters of nutrients
that have been introduced. Consider that the downhole
population usually consists of Sulfate Reducing Bacteria
(SRBs), Acid Producing Bacteria (APBs), Iron Reducing
Bacteria (IRBs), and others. That’s enough of a list
when you consider that the SRBs generate hydrogen
sulfide (H2S) which corrodes pipe and the other two
corrode pipe directly. Biocides added at the surface
have to also protect long-term. Gluteraldehyde and
THPS are the typical biocides used in frac jobs and they
kill quickly at the surface, but degrade as quickly with
little or no lasting effect. Other biocides like DBNPA and
quats offer quick kill and a little longer lasting effects,
but may have some environmental issues associated
with them in certain areas. TDTT offers good long-
term Kill, but is not particularly good at quick kill on the
surface. Fortunately, some of these, like DBNPA or
quats and TDTT can be dual injected to achieve both
quick kill on the surface and long-term preservation
down-hole.

Let’s go back to the surface treatment for a minute

and look at the biocide effect directly on the polymer.
While we are most concerned with whether biocides

kill the bugs and protect the polymers there are also
component reactions to consider within the fluid. It can
get complicated here as new components, biocides,
polymers, and fluid characteristics like pH are being
introduced all the time. Gluteraldehyde and THPS, for
example, are the most used biocides for surface water
treatment, but addition of these products has an adverse
effect on both guar and PAM polymer viscosity. Not a
huge amount of degradation of course, in comparison to
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B VHTEHCU®UKALIMA CKBAXWH

buonorua

[ononHUTenbHOM MpoBnemMon, BaXKHOCTb KOTOPOW
pacTeT, SBNSeTCs O1ONornHecKast akTUBHOCTb U ee
B3aMMOOTHOLLIEHVE C AaHHbIMM NOIMMEpaMn B MpoLiecce
YMEHbLLIEHNS TpeHWs. Ha nepenHeM nnaHe HaxoamTcs
npobnema 6axkTepuii B Ha3eMHoM BoAe. ['yap 0COBeHHO
BOCMPUNMYMB K MIOXO paspaboTaHHOM B1oLMOHON
nporpamme, T.K. MHOXXECTBO BUAOB OpraH1M3MOoB
MPUHAMAIOT ero 3a NUTaTesnbHOE BELLECTBO. [1pn
OTCYTCTBUM BUOLIMOHOM MPOrpaMMbl riyap MOXET
MOTEPSITb BA3KOCTb B TEHEHNE MUHYT, B 3aBMCUMOCTU OT
nonynsumm 6akTepuin B HazeMHom Bode. INAM nonmmeps
HEe HaCTOJ/bKO BOCMPUMMUMBBI K STVM OpraHv3mam, Javke
B XKWOKOCTSIX C BbICOKOW MOMYNSALMEN, HO CO BPEMEHEM
Jerpagauvs Bce-Taku MpoVCXOanT. TakmM 06pasoMm,
XopoLlasa droumaHas nporpamMma ansi Ha3eMHoOM BOAp!
BaDKHA HE3aBWCKMO OT TUMa UCMOsb3yeMoro nomMepa.

OcTaBMM 3Ty MbICIIb Ha MUHYTY U BEPHEMCS K HEW
nosgHee. B nobom cnydae, CKBaXKMHHbIE 3O deKTbI
froumaa, NCnonb3yemoro Ang 3aluTbl noMMepa Ha
MOBEPXHOCTW, MOIYT ObITb OOMHAKOBO HE3AMEHMBIMIA U
paspyLUUTENBHBIMI AN yCnexa A0rOCPOYHON OHNCTKM.
BoBLIMHCTBO OpraHM3MOoB Ha MOBEPXHOCTU ABNSKOTCSA
a3POOHBIMM (Hy>KOAMOLLMECS B KUCIOPOAE) MO XapaKkTepy,
1 xopoLuas broumaHas mporpamma yoeeT Ux 6bICTPO

1 nerko. Ho ryap n NAM 3aka4nBaroTCst B CKBaXKUHY U
NPeACTaBNAoTCA B KA4ECTBE MUTATENBHOMO BELLECTBA
HeasPObHON (He Hy>KOArOLLENCS B KMCNOPOAE) NONynALmm
B ra30HOCHOM MacTe. Torga Kak aspobHast nonynsaums
NOrMBHET B Cpefe ra30HOCHOIO NiacTa ¢ yMEHbLUEHHbIM
COAEePXXaHeM KI1Cnopoaa, ronoaHas HeaspobHas
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having no biocide treatment at all, but DBNPA and quats
offer quick kill along with TDTT for long-term kill without
the degradation to the polymers provided pH and other
components like clay stabilizers are also compatible.
Since dual addition was mentioned be aware that even
certain biocide interactions take place. For example BIT
is incompatible with any aldehyde and TDTT particularly
in water. At this point it is probably easier to say — make
sure your chemistry suppliers are checking compatibility
with the full set of chemistries you are trying to use on a
well and have a logical alternative plan through the test
work that gives you realistic set alternatives if you find
serious interactions.

The previous paragraph makes it sound like there are
no alternatives; picking the best of the worst to pump
downhole. Compatibility testing can also find you

some real synergistic improvements in the frac fluids

of choice. For example, TDTT works well with certain
emulsion PAM packages, offering 5-10% faster viscosity
generation (remember ‘time to solution’) and 5-10%
higher friction reduction from higher solution viscosity.
The ultimate result can be a lower dosage of polymer
that still gives higher performance in the end. TDTT

also appears to extend oxygen scavenger performance
driving ORP lower into the reduction values than other
biocides which lower oxidation potential and reduces
short-term corrosion and long-term deterioration of
tubulars. Again, nothing replaces data run with the actual
set of components in the frac fluid compared to a few
alternatives.

www.rogtecmagazine.com



WELL STIMULATION =

nonynaums 6yaet OynHO paspacTaTbest bnarogaps ThicaHam
KyOUHECKNX METPOB MUTaTENbHBIX BELLECTB. Heobxoammo
TaKKe yHeCTb, YTO CKBXKMHHAS MOMy LM OObIHHO
COCTOUT 13 CyNbdhaT-BOCCTaHABIMBAIOLLMX OaKTEpUIA
(CBB), kucnotoobpasytoLLyx bakTepuii (KOB), »xeneso-
BOCCTaHaB/MBaroLLmX 6axkTepuin PKBB) n ap. 3ToT cnncok
OyOeT AOCTaTO4HbIM, ECIM MPUHSTL BO BHUMaHME, HTO

CBbB cospatoT cepooaopos (H2S), KoTopbi padpyLuaeT
Tpyby, a Aga apyrnx Braoa 6akTepuin HaNPSMYO pasbedaroT
Tpyby. Brouyabl, [o6aBNeHHbIE Ha MOBEPXHOCTU, TaKXKE
obecneyrBatoT JONrOCPOYHYHO 3alumTy. [noTepansaera,

1 THPS (TeTpa-rmapokcnumMeTns1-poctoHmn) ABNSKOTCH
TUMNYHBIMI BroLMAAMK, UCMOMBb3YEMbIMU MPY Pa3pbIBax,
KOTOpPble YOMBaIOT BbICTPO Ha MOBEPXHOCTU, HO TakKe
ObICTPO AerpaavpyroT C MasbIM UMM C OTCYTCTBUEM
OJMTENBHOrO BO3AENCTBUA. dpyre bruouvapl, Takue

kak DBNPA (2,2-a16pomMo-3-HUTpraonponamMmna) 1
YETBEPTUNYHbIE aMMOHIMEBbIE COEAMHEHVA MpeasiaratoT
ObICTPOE UCTPEDNEHNE U HEMHOIO B0S1EE MPOAOIHKUTENBHOE
BO3OENCTBME, HO MOIYT ObITb CBA3aHbI C 3KOMOMNHECKMMM
npobnemamm B HekoTopbix obnactax. TDTT (S-Trifluorom
ethyldibenzolb,d]thiophenonium trifluoromethanesulfonate)
npenfaraeT XopoLLee AONrOCPOHHOE UCTPEOEHIE,

HO He OOCTaTO4HO XOPOLLIO CMPaBAAETCS C ObICTPbIM
NCTPEBNEHNEM Ha MOBEPXHOCTU. K CHACTLIO, HEKOTOPbIE
13 HKX, Takme kak DBNPA nnn 4eTBepTUHHbIE aMMOHMEBBIE
coeanHeHus 1 TDTT MoryT ObITb 3akadaHbl BMECTE A5
OOCTVPKEHUS KaK BbICTPOro MCTPEONEHNS Ha MOBEPXHOCTH,
TaK W OONrOCPOHHOM 3aLLUTbI B CKBEDKMHE.

[asate Ha MUHYTY BEPHEMCS K HA3EMHOM O4YNCTKE U
MOCMOTPUM Ha MPsiMol adhdhekT Brioumaa Ha MoMMep.
HecMoTpst Ha TO, HTO HanbosbLLEN NPOBNEMON ABNAETCA
TO, YObET MM Broum, 6aKTEPUN C LIENBIO 3aLLINTDI
nonmMmMepa, HEOBXOOMMO TaKXKe YYUTLIBATL PeakLm
KOMIMOHEHTOB CaMOW >XMOKOCTU. 3TO MOXKET OKa3aTbCH
CIIOXKHBIM MPOLIECCOM, T.K. MOCTOAHHO MOSABAAOTCS HOBbIE
KOMMOHEHTbI, B1OLMAbI, MOUMEPBI U XapaKTEPUCTUKIM
YKNIOKOCTW, Takme kak pH. Hanpumep, rioTepansgervig, v
THPS aBnstoTcs Hanbosee MCMonb3yeMbiMm BrouvaamMm
O OYUCTKI Ha3EMHOM BOAbI, HO JoDaBNeHe STX
NPOOYKTOB MMEET HEBNaronpUATHbIN pedybTar Ha
BSI3KOCTb Mo/mMmMepoB ryap v INAM. KoHeuHo, peydb naeTt

0 HebOMbLLIOM KONMMYeCTBe Aerpadaiv Mo CPaBHEHMIO C
MOSTHbIM OTCYTCTBMEM DUOLMAHON O4MCTKM, HO DBNPA

1N YETBEPTUYHBIE aMMOHMEBbIE COEOVHEHVIA NpeaiaraloT
BbIcTpoe UcTpedneHne, a TDTT — 4OArocpo4HOe
ncTpebnenve 6e3 aerpagaum NOIMMEPOB MPW YCIOBUM,
4TO PH 1 Opyrne KOMMOHEHTbI, Take Kak CTabunm3aTops!
HEYCTOM4MBBIX [MNH, TakKKe COBMECTUMBI. Tak Kak paHee
BbIM10 YNOMSIHYTO COBMECTHOE A0DaBneHme, HEO6XOaMMO
YUUTbIBaTb, HTO UMEKOT MECTO OTAEeSbHbIE B3aUMOLAENCTBUSA
Brounaos. Hanpumep, BIT HECOBMECTVIM HI C KaKM
anspgerngom n TDTT, ocoberHo B Boge. B gaHHOM

Cnyyae NpoLLe Bcero byaeT yoeamntses B TOM, HTO Balum
MOCTaBLLVKM MPOBEPSIHOT COBMECTUMOCTb BCEX XUMUHECKIX
COCTaBO0B, MCMOb3yeMbix Bamu B CKBXVHE, a Takke
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Conclusions

This is not an exhaustive list as you well know if you've
done this work already. There are reservoir engineering
and mechanical factors to also consider as well as the
economics of both the gas being produced and the
service being performed. This was only intended as a
check list to remind us of some additional considerations
in designing and developing frac jobs. One last reminder
- nothing can replace data and the continued search for
a new way of doing what needs to be done to produce
tight gas. The growth of the market itself in the last 10
years is proof of that!

MMETb Hapa6OTaHHbII7I OrbITHbIM MyTEM TIOrNHECKNIA
aﬂbTepHaTl/lBHbIVI rnnaH, B COOTBETCTBNN C KOTOPbIM
npegcTaBSIAETCA BOSMOXXHOCTb NCIMOIb30BaHA peaanoM
AJIbTepHaTBbI B Clly4ae CyLLI,eCTBeHHOIZ HECOBMECTUMOCTW.

MpenbioyLmin ab3al, He MPenoCTaBNSeT anbTepHATVBI;
MPUXOOUTCS BbIOMpaTh fyLLee U3 XyOLLero 419 3aKaqKky
B CKBaXKUHY. CUHEpreTUHeCcKmE YyHLLIEHNS B BbIOpaHHbIX
YKNOKOCTSAX padpbiBa Takke MOryT ObITb HaaeHb! Mpm
MPOBEAEHVN UCTBITaHW HA COBMECTUMOCTb. Hampumep,
TDTT xopoLuo paboTaeT € OTAENbHbIMM 3MYIBCUOHHBIMM
MAM nakeTamn, Npennaras 6onee ObICTPOE Co3aaHVe
BA3KOCTM Ha 5-10% (MOMHUTE Bpems Ha co3aaHme
pacTBopa) U yny4LleHHoe Ha 5-10% ymeHbLueHme

TpeHvs 6rarogaps 60ee BbICOKOM BASKOCTM pacTBOpA.
KOHEeYHbIM pe3ybTaToM MOXKET ABNATLCA Bonee H13Kkas
JO3MPOBKa MosiMMepa, JaroLLero 60ee BbICOKYHO
npousBoauTENbHOCTL. TDTT Takke yBenmymBaeT
MPOU3BOOUTENBHOCTbL MOMIOTUTENSA KACOPOaa, MOMBOLOS
OKUCIUTENBHO-BOCCTaHOBUTESBHBIM MOTEHLMAN K 6osee
HU3KMM 3Ha4EHVAM BOCCTAHOBIEHWA, YeM AN OPYrnX
BrOLMOOB, YMEHBLLAKOLLIX OKUCUTESNBHBIN MOTEHLMAN, 1
YMEHBLLIAET KPaTKOCPOUHYIO KOPPO3WIIO 1 AONrOCPOHHOE
paspyLLleHne cucTeMsl TRYO. B ovepeaHor pas, Hansmy LM
CNOCOBOM SABMSAETCH CPaBHEHNS MPOroHa AaHHbIX C
HaboPOM peasTbHbIX KOMMOHEHTOB »XXMOKOCTY pa3pbiBa C
HECKOJTBKUM arbTEPHATUBHBIMY BapaHTaMu.

Jakniouenua

Ecnn Bbl yke BbIMOMHSNM Takyto paboTy, To Bbl

XOPOLLIO 3HAETE, YTO AaHHbI CMIMCOK HE SBNAETCA
ncHepnbiBaroLM. CyLLECTBYIOT TEXHOMOMM NIACTOBbIX
VCCReqoBaHnn U MexaH4eckme hakTopbl, TpedytoLme
PaCCMOTPEHUS HAPSAAY C 3KOHOMUKOW MPOU3BOAVMOIrO
rasa 1 NpegocTaBnsieMblx ycnyr. [laHHas CTatbs SBnseTcs
JMLLb CBOEro poaa KOHTPOJbHbIM MEPEHHEM C LIENLIO
HaNoMMHaHNS O OOMOSHUTENBHBIX (hakTopax, KOTopble
HeoOX0OMMO MPUHATL BO BH/MAaHME MNP MPOEKTUPOBAHUN
1 paspaboTKe paspbiBHbIX PaboT. W xo4eTcs eLle pa3
MOBTOPUTLCS U CKaldaTb — HUHTO HE MOXET 3aMEHUTH
OaHHbIE 1 MOCTOSIHHBIA MOVCK HOBbIX MyTen A00bIHM ra3a
B M/IOTHbIX NMopoaax. POCT pbiHKa 3a nocnegHve 10 net
SBNAETCA MPSMbIM [OKA3aTENBCTBOM!
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