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XapvcoB PuHat AMuraHHypoBuY: KaHa. XvM. Hayk, 3aBefytoLmii nabopatopren
TexHonoruin OrN3 000 «PH-YhaHWMHedhTb».
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VBaHoBckas [dapbsa AnekcangposHa: VHxeHep HIILL OO0 «PH-IPr1».

B cTtatbe npriBeaeHbl NepBble Pe3ybTaTh!

MCMbITAHNS TEXHOIOMUM XUMUYECKOIO 3aKPEMIEHS
HM3KOTEMMepaTypHOro nponnaxTa nocne NPl 8
YC/I0BUSAX HU3KMX TemnepaTyp BepxHeuoHCKOro
mecTopoxaeHuns MAQO «BepxHeuoHCcKHedhTeras».
VicnblTaHUs MK yCTaHOBJIEHbI 3 MEKTLI CHUXEHNSA
BbIHOCa NpOonMnaHTa Npu 0CBOEHUN 1 SKCMJlyaTauum
CKBaXKMHbI, YBENNYEHNS HAPabOTKM Ha oTka3 3LH,
CHU->XXEHWS 3aTpaT Ha KanuTaslbHbI PEMOHT CKBaXKWH
€ 3amMeHon SLUH 1 npuMeHeHne KOATIBMHIa npu
BOCCTaHOB/EHNN 32005 B FOPU3OHTa/IbHBIX CKBaXKMHAX.

BeepneHue

B HacTosuee Bpems rugpopaspsie naacta (I'PI)
NPUMEHSETCA Kak /19 O4YUCTKM Npr3aborHom
30Hbl CKBaXXWHbI, Tak 1 A5 CTUMYASALMN CKBaXKWNH
B HU3KOMPOHMLaemMbix nnactax. Co BpeEMEHEM
113-3a YMEHbLUEHWS LWUMPWHbI TpewmHbl [PT1
CHWXXATCS ee NPOBOAMMOCTb 1 MPOHMLIAEMOCTb,
4YTO NPUBOANT K NaAeHUIO 006bIYN HEDTU UK
rasa, Npex4eBPEMEHHOMY U3HOCY CKBa>KMHHOIO
060pPYAOBaHNA U, KaK CNeacTBue, yXyoweHno
9KOHOMUYECKMX MoKasaTenen.
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This article discusses the initial results of the low-
temperature proppant chemical consolidation technology
testing after fracking at low temperatures in the Verkh-
nechonsky field of Verkhnechonskneftegaz.

The tests showed the following effects: a decrease in
proppant backflow during completion and operation of
the well; increase in ESP time between failures; decrease
in workover costs and ESP replacement and use of
coiled tubing when cleaning the bottom hole in horizontal
wells.

Introduction

Today hydraulic fracturing (HF) is used both to remove
clogging in the bottom hole zone and stimulate wells in
low permeability reservoirs. Over time, as the HF fracture
width decreases its conductivity and permeability falls.
This brings about a decrease in oil or gas production, a
premature aging of the downhole equipment and, as a
result, deterioration in the economic performance.

These days a vigorous flowback of proppant and a
concurrent reduction in reservoir pressure, by 40% of its
initial value in some reservoir areas with high permeability
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B nocnepHee Bpems Ha (POHE U3MEHEHUS MOpPHO-
reoIorM4YecKmx yCAoBuin (N1acToBOro AaBneHus,
FOPHbIX HAMPSPKEHWI) B HEKOTOPBIX 30HAX

naacTa C BbICOKOMPOHNLAEMbIMI MPOCIOSMU
BEPXHEYOHCKOIro ropm3oHTa BepxHe4YoHCKoro
HedbTera3zokoHaeHcaTHOro MectopoxxaeHus (BHHITKM)
MAO «BepxHe4oHCKHedTeras» HabnoaaeTCcs akTUBHbIN
BbIHOC MponnaHTa nocne nposegenHus MPI.

B cTaTbe paccMOTPEHO OAHO M3 BO3MOXKHbIX PELLIEHMIA
JaHHOV NpobeMbl C MPUMEHEHNEM TEXHOIOT N
XMNYECKOIo 3aKperuieHnd npornnaHTa co CMONAHBbIM
nokpbiTem (RCP-nponnaHT — resin coated proppants) B
YCNOBUAX HU3KMX TemnepaTyp.

13BECTHO, 4TO BbIHOC MPOMMNaHTa 13 TPELLMHbI B
CKBaXXVIHY MPOUCXoauT nocre nposepeHns Pl B xone
NepBUYHOM OYUCTKU, a B PAOE ClydaeB gaxe nocsne
MOJSIHOFO OCBOEHNS CKBavKMHbI [1, 2]. [pn HNU3KIKX
naacToBbix Temnepatypax (10-21 °C) BHYHI'KM paHHoe
SBNEHVE YCYryDISeTCs HU3KOM CKOPOCTLIO AECTPYKLMM
rens [Pl1, cBagaHHOW C TeM, YTO TPAAMLMOHHO
NPUMEHsiEMblE BPENKEPbl OKUCASKOLLErO TUMNa
(Hanpumep, nepcybdaT aMMOHKS) HAYNHAKOT padboTaTb
npw TeMmnepatypax Bbilwe 60 °C. [1nsa 6penkepos
3H3VMHOMO ThNa HEOOBXOAMMO YMEHbLLEHME LLENTOYHOCTM
Cpembl, Tak Kak NpuUMeHsemMas »xmnakoctb [Pl Ha
ryapoBoW OCHOBE UMeET pH > 8, a 3TO BO3MOXXHO
TOJIbKO MPU OCBOEHNW CKBaXKMHbI B MPOLIECCE CMELLEHNS
»xungrocth [Pl ¢ nnacTtoBbIMY BogamMu NOCe Hadana
npuToKa nx 13 nnacra.

COBOKYMHOCTb YKa3aHHbIX PakTOPOB MPUBOAUT K
HenonHoMy cuenneHnto RCP-nponnaHTa v NOBbILLEHWIO
BbIHOCA N3 CKBa>XKMHbI HE3aKPEMNIEHHOIrO NPOnnaHTa.
CyLLECTBYET HECKOJIBKO TEXHOTOMUIA KOHTPOSA

BbIHOCA NMponnaHTa, Cpean KOTOpbIX HaMbosbLuee
pacnpoCTPaHEHME NOJYHMNIN: YCKOPEHHOE 3aKpbITe
TpeLmHbI [3]; opmneHTUpoBaHHas nepdopauus [4];
NPUMEHEHNE CreLmasbHbIX NponnaHToB: RCP-
nponnaHTa Co CMOMSIHLIM MOKPbLITUEM [5] nnn
UMHOpUYeckoro [6].

YCKOpEHHOE (MPUHYANTENBHOE) 3aKPbITUE TPELLUVIHDI.
Mocne npekpalleHnst 3aKayki Bbi3bIBAETCS MPUTOK,
0151 TOro YTOBbl Kak MOXXHO CKOPEe 3aKpbITb TPELLWHY
C NPOMMNaHTOM. STOT MeTo UMEET PUCKU, CBA3AHHbIE
C BbIHOCOM MpoMMnaHTa resieM BbICOKON BA3KOCTH,
KOTOPbIN OKOHYaTENIbHO HEe AeCTPYKTUPOBal.

OpueHTupoBaHHasa nepdopadys. Npu BCKpbITUX nnacTa
CKBa)KMHa nepecekaeT 30HbI C Pa3dHbIMY HANPSXKEHUAMM.
3HaHWEe HanMPsSPKEHW HeOBXOOMMO A5 OLEHKN
napameTpoB TPeLLVHbI. [NNepdopaumoHHble KaHasbl
pacnonaratoTcst B NJIOCKOCTY pa3BUTUS TPeLLMHbI. [pn
OTOM B Mnepuno BBOOa CKBaXKWHbI B 3KCriyaraunto
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of individual interlayers in the Verkhnaya Chona Horizon,
following HF are observed in the Verkhnechonskoye

Oil and Gas Condensate Field (VCNG) of
Verkhnechonskneftegaz. Employing a chemical-based
system for resin coated proppant consolidation (the RCP
proppants) in sub-zero temperatures as a way to deal
with this issue is discussed in this article.

Proppant flowback from the fracture to the well is known
to occur following HF during initial cleaning or even
following the well completion in a number of cases [1,2].
This phenomenon at a low reservoir temperature (10-21 °C)
at VCNG is aggravated by a low HF gel breakdown rate
connected with activation of the conventionally used
oxidizer breakers (e. g., ammonium persulphate) at
above 60 °C. The enzyme breakers require lowering the
medium alkalinity since the HF guar based fluid used
has a pH over 8. And this is only possible during drilling
development when the HF fluid mixes with the produced
water prior to the start of its inflow from the reservoir.

Such superimposed factors lead to an incomplete
bonding of the RCP proppant and a heightened flowback
of the loose proppant from the well.

There is a range of the proppant flowback control

techniques, with the most popular ones being:

e Faster fracture closing rate [3]

¢ QOriented perforation [4]

e Use of special proppant grades: either an RCP
proppant with a resin coating [5] or a cylindrical
proppant [6].

Accelerated (forced) fracture closure - when pumping
is completed, the well is flooded so that the fracture with
the proppant closes as fast as possible. This method
carries some risks related to proppant flowback by a
highly viscous gel that has not fully broken down.

Oriented perforation - when the reservoir is penetrated,
the well passes through the zones with the different
stress levels. They should be known to estimate the
fracture parameters. The perforation channels are
located within the fracture propagation plane. And when
the well is commissioned, the quantity of the proppant
flowing back from the fracture drops along with a
significant reduction in the chances of creating multiple
fissures. If the stress difference is small and the crush
strength of the RCP proppant pack is less than 6.8 atm
(100 psi), then a 180-degree phasing may be considered
in any direction.

The flowback control of the cylindrical proppant, which
has not yet become widely popular and is costly, is
related to the special aspects of the cylindrical proppant
uneven packing.
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CHIKAETCS KOJIMYECTBO BbIHOCUMOIO U3 TPELLWIHBI
nponnaHTa, a TakXke 3Ha4YNTESIbHO YMEHbLLAETCS
BEPOSATHOCTb 0OPa30BaHNS MHOXKECTBEHHbIX
TpeLmH. Ecav paznmyne Hanps>KeHnn HebOoIbLLIOE

M YCTOMUYMBOCTb K cxxaTuto RCP-nponnaHTHOM

nayku meHee 0,68 MIMa (100 psi), To 180-rpagycHas
dhasupoBka nepdopaunn MOXXET paccMaTpmBaTbLCS B
NtOBOM HanpaBAeHUM.

MpUMeHeHe UMNMHOPUYECKOro NPOornaHTa, KOHTPOJIb
BbIHOCA KOTOPOr0 CBA3aH C 0COBEHHOCTAMM ero
HEepPaBHOMEPHOM YNaKOBKMW, MoKa He Mosydnio
LLIMPOKOrO pacnpocTpaHeHus. KpoMe Toro, OH UMeeT
BbICOKYH CTOUMOCTb.

MpumereHne RCP-nponnaHTa, cnekarollerocs

nofa, BOSAENCTBMEM BbICOKUX TEMAEPATYP Uan
XUMUYECKNX areHTOB C 06pa3oBaHMeEM MPOHULLAEMBIX
arfioMepaToB, NPENATCTBYIOLLMX BbIHOCY 0ObIYHOIO
nponnaHTa 13 TPELLMHbI, MOYYNIO0 3HAYNTEBHO
bonbluee pacnpocTpaHere. OgHaKOo B YCI0BUSIX
HM3KoTeMnepaTypHbIX naactos BHHITKM ons
1cnonb3oBaHng RCP-nponnaHToB HEO6X0aMMm
3HaYNTESbHbIN MPOrPeB 30HbI M1acTa BOKPYI TRELLMHbI
P, 4ToBbl 06eCneUnTL HEOBXOOMMOE BPEMS MPOrpeBa
1 OCTbIBaHUS /19 3PHEKTMBHOIO CNEKAHMS CMOISIHOO
MOKPbLITUS NponnaHTa.

B cBa3u ¢ aTuM Hanbonee npremsemMbiMy BapuaHTamm
YMEHbLLEHWSI BbIHOCA NPOonMaHTa SBASKOTCSA TEXHONOM N
XMMUYEeCKoro 3akpennenHnst RCP-nponnaHTa, Korga
nog AeNCTBNEM XNMWNYECKOro areHTa NpouCXoaaT
pasMsaryeHre NoJIMMEPHOW MIEHKN, pa3pblB ee NOA
OaBneHneM 1 06pa3oBaHne BOKPYr MecTa KacaHus
3epeH NonMMepHoro Konblia. JaHHoe KOonbLo
yAEPXXMBAET 3epHa NponnaHTa B CBA3AHHOM MeXdy
CcObO COCTOSAHUKN. DTa TEXHOOTNA
YCMELLHO NMPUMEHSIETCS HA HEKOTOPbIX
MECTOPOXAeHVAX 3anagHo-
KaHagckoro cegumMmeHTaLUmMoHHOro
bacceiHa (Slave Point, Cardium,
Bakken, Viking v gp.) [7]. OgHako
nJacToBble TeMnepaTypbl Tam
HECKOJIbKO Bbille (0ko10 40 °C), yem Ha
BYHIKM.

Conductivity, mD*ft

Permeability, Darcy

MpoHnuaemocTb, Darcy

The RCP proppant consolidates in high temperature or
with chemicals. One of the most used technologies is to
consolidate the RCP proppants with high temperature
and connect them together thus forming the permeable
agglomerates to prevent the flowback of the conventional
proppant from the fracture.

However, the low temperature VCNG reservoirs take
significant heating of the area around the HF fracture
to ensure the required heating and cooling time to
consolidate the resin coating on the proppant firmly
together.

For this reason, in the VCNG geophysical conditions,
the most preferable alternative to decrease proppant
flowback is to chemically consolidate the RCP proppant.

In this case the chemical agent causes the polymer film
to soften, breaking under pressure and form a polymer

ring around the particle interface region. This ring keeps
the proppant particles together.

This technology proved itself to be quite powerful in a
number of fields of the Western Canada Sedimentary
Basin (Slave Point, Cardium, Bakken, Viking etc.)

[7]. However, the reservoir temperatures there were
somewhat higher (40 °C) than at VCNG.

When selecting the low temperature RCP proppant,
several grades produced in Russia were considered.
The properties of the A proppant that turned out to
possess the most suitable characteristics are shown
in Table 1 and 2 [1].

This paper discusses the results of the lab tests and
initial findings of the field tests for the integrated RCP

OaBneHune, psi / Pressure, psi

MapameTp chpakuma nponnaHTa
Parameter Proppant particle size m 4000 | 6000 | 8000 | 10000

lMpoBoagnmocTb, mD*ft

12/18 20053 11137 6968 5197 2738
16/20 8131 6935 5490 3815 2266
12/18 995 583 428 311 181
16/20 462 403 326 231 141

Ta6nuua 1: Ceonctea RCP-nponnaHTa mapkm A
Table 1: Properties of grade A RCP proppant

[Npu BbIGOPE HUBKOTEMMEPATYPHOMO
RCP-nponnaHTa paccMaTpuBanoch

Mpo4HocTb cuenneHus
nponnadTa, psi
Proppant bond strength, psi

HECKOJIbKO MapoK, MPON3BOAMMbIX

B Poccun. ConcTBa nponnaHTta A,
OKa3aBLLErocs Hanboee NOAXOOALLM
no napameTpam, NpPUBEAEHbI B

Tabn. 1. VchbiraHmsa npoYHOCTH
CueneHns nponnaHTa NPOBOAUINCH
non, gasneHvem 1000 psi. OAns
dhpakunn nponnanta 12/18 n 16/20
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®dpakuus nponnaHTa T.°C LNaBneHune, psi |Bpems cnekaxus, 4acos
Proppant particle size | "’ Pressure, psi [Consolidation time, hours
20 12

12/18
35 1000 4 47
16/20 20 12 92
35 4 117

Tabnuua 2: MNpoyHocTb cuenneHna RCP-nponnaHTa Mapku A B Nadke B
cpene 2%-Horo pacteopa KCl

Table 2: Bond strength of the packed grade A RCP proppant in a

2% KCI solution
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npw Temnepatype 20 °C n BpeMeHn
cnekaHnsa 12 4 NPOYHOCTb CrekaHns
COCTaBNSAET COOTBETCTBEHHO 46 1

92 psi, npu Temnepatype 35 °C 1 521;26;’;:;8“9”"
BPEMEHN 4 4 — COOTBETCTBEHHO 47 1 Broua
117 psi [1]. Biocide

Crtabunusartop rivH
Clay stabilizer

[eamynsratop
Gel breaker

B cratbe npuBeneHbl pesynbTaTsl
NabopaTtopHOro TECTUPOBAHNS 1
nepBble PE3YJSIbTaTbl MPOMbICIIOBbIX
NCMbITAHNIA KOMIMIEKCHOW TEXHOI0M
XUMUYECKOIO 3aKpenieHns
Hn3koTemnepartypHoro RCP-
nponnanTa npu P Ha TeppureHHsIX
konnektopax BHHIKM.

OH3UMHbIN Bperikep
Enzyme breaker

KomnoHeHT
Component

CuwwuBaTtenb 6bICTPOro AencTems
Rapid-acting crosslinker

e KoHueHTpauus / Concentration
Un;t of measure JIvHeHbIN renb CwuTblA renb
Linear gel Crosslinked gel

Kr/m®
kg/m® 14 3.6
Kr/Te

kg/t® 0.02 0.02
n/mé

Vme z 2
n/mé

Vm? 2 2
n/mé

/e 0 1.25
Kr/Te

kg/t® 0.57 0.57

Tabnuua 3: KOMMNOHEHTHbIM COCTaB resieBo CUCTEMBI

Table 3: Gel system components

JlabopaTopHble nccriegoBaHus

CornacHo TY rapaHTUpOBaHHOE

crneKaHve nponnaHTa A NpoucxoamuT Npu TemMnepaTtypax
Bbiwe 20 °C. [Mo3ToMy HEOBXOOMMO ObISIO MPOBECTY
nabopaTopHOe TECTUPOBAHNE MPOYHOCTU ero
cuenneHns npu 6os1ee HU3KKX TeMnepaTypax.
dU3n4ecKoe MOAENNPOBAHNE XUMUHECKOTO
3aKpenIeHNss HU3KOTEMMEePaTYPHOro NponnaHTa b0
BbINOJSIHEHO HA HACbIMHbIX MOAENAX B XWUAKOCTU [PI,
NPEACTaBNSIOLLEN COBOM reNeByto cUcTeMy (Tabs. 2) 1
ncnoabayrollenca npy nposeaeHun PN Ha BHHITKM.

Dr3NYECKOE MOOENNPOBAHNE BKIIHOHAIO MPOLIECCHI
cnekanus RCP-mponnaHTa A Kak 6e3 akTuBaTtopa,

Tak 1 B ero NpUcyTCTBMU. AKTUBATOROM CIY>K/1
OpraHn4ecKuin pacteoputeb. [ns cnekaHnsa obpasel,
nponnaHTa B CLUMTOM refle BHOCWUSICS B SHENKY
paspyLUeHns MponnaHTa, KoTopas noMeLanach

B OPYryO S4EnKy

0115 BbIOEPXKKM

obpasLa nponnaHTa

nof, OaBNeHNEM

C BO3MOXHOCTbIO
OTUNBTPOBbLIBAHWA
0CBOOOXJAOLLENCs 13
obpasLia XnaoKocTu.
3atem obpasel
TepMocTaTMpoBasCs B
XONOONSIbHUKE B TEYEHWE
24 4 npw fasneHnn 6,8
MTlla (1000 psi).

PesynbTarsl
TECTUPOBAaHMS NMokasasnu,
4yTO obpazeL, RCP-
nponnaHTa MapKn

A dpaxumm 16/20
YOBNETBOPSAET
KPUTEPUIO OTCYTCTBUSA

chances of its activation
aKTBaL W B yCJZ1IOBUAX

PucyHok 1: Auenka, ncnoabdyemast Ans BblOEPIKKM
nponnaHTa 1 onpeaeneHnst ero BOSMOXHOWM akTUBaLMK
Picture 1: The cell used for proppant curing and defining

proppant chemical consolidation technology during HR
at the VCNG terrigenous reservoirs.

Lab testing In accordance with the specification the A
proppant is guaranteed to consolidate at a temperature
above 20 °C. In view of this its bond strength it was
required to be lab tested at a lower temperature.

The physical modeling of the low temperature chemical
consolidation was carried out for the sand packs in an
HF fluid, a gel system (Table 3) used for HF at the
VCNG fields.

The physical modeling included the A-RCP proppant
curing processes both with and without an activator. An
organic solvent served as an activator.

For consolidation, a
proppant sample in a
crosslinked gel was
placed in the proppant
crush cell (Picture 1)
put inside another cell
with a released fluid
filtering capability to
cure the proppant
sample under pressure
(Picture 2). Then the
sample was maintained

| in a temperature control
cooling incubator for 24
hours at a pressure of 68
atm (1000 psi).

The tester press to crush
the sample and the
pressure gage to measure
the ulti-mate strength are
shown in Picture 4.

www.rogtecmagazine.com
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PucyHok 2: Avenka

05 BblAep>KKM obpasua
nponnaHTa nof, AaBsieHNeM
C BO3MOXHOCTbIO
OTOUILTPOBbLIBAHMIA
0CBODOXAANOLLIENCS N3
obpasLia XnaKocTn
Picture 2: The cell used

. for proppant curing under
pressure with a released fluid
filtering capability

TPaHCMOPTUPOBKN N XPaHEHWS: BblAEPXXKa Npu
nasnerun 0,01 MiMa n Temnepartype 35 °C B TeueHue 3
Y He NpwBesa K ero CriekaHuio.

PesynbTarthl 3KCNeprMeHTOB, NPOBOAVMbIX B PaCTBOPE
aKTvBaTopa npw TemnepaTtype 8 °C B TeueHue 24 4,
rnokasasiv, YTO TEXHOOMVS XUMNYECKOTO 3aKpenieHns
He obecneymBaeT B MOJSIHOM Mepe HEOOXOAMMOrO
cnekaHus Hu3koTemnepatypHo RCP-nponnaHTHOM
navkuy oas noayyeHmns 4OCTaToOYHON NPOYHOCTH
conpoTuBAeHUto Ha cxaTue (150 psi, nnm 1,05 Mla)
[5, 9]. B nabopaTopHbIx ycnoBusax B xxugkocTtu [Pl
npefen npoyvHocTn ans RCP-nponnaHTa mapku A
dpakumm 16/20 coctasmn 20-22 psi (0,136-0,15
MMa) (prc. 1). Vicnonb3oBaHue akTuBaTopa He
MOBJINAIO CYLLECTBEHHO Ha 3 PEKTMBHOCTL
CKpenneHns nponnaHTa. Tak, B 4eNOHN3NPOBAHHOM
BoAe 6e3 akTMBaTopa Npeaes NPOYHOCTN COCTaBU
36 psi (0,245 MIla), npn KOHUEHTpAaLUMK akTneaTopa
20 % — 40 psi (0,272 MMMa), 40 n 50 % — 42 psi
(0,286 Mrla).

Mo peasyneTatam 1abopaTtopHOro TECTUPOBAHNS,
MOKa3aBLLUEro HE3HAYUTENBHOE BIMSIHNE aKT/BaTopa
Ha Npo4YHOCTb Nadky RCP-nponnaHTa Mapkn A

Mpepen NPOYHOCTM NayKn NPU UCMONb30BaHUN
K:::_‘::;?gu:ﬂ COOTBETCTBYyHOLWEero nponnaHTa
, P Ultimate pack strength when using the
Activator relevant proppant
concentration
e | am/am |
0 36 2,45
20 40
40 42 2,86
50 42 2,86

Tabnunua 4: PedynbtaTbl TECTOB MO ONPEAESIEHNIO
npenena npoyHocTy nadek RCP-nponnaHTa mapku A
(TepmocTaTMpOBaHne B pacTBOpe akTmBaTopa npu 8 °C
B TeYeHVe 24 4acoB)

Table 4: Test results for the ultimate strength of the
grade A RCP proppant packs (maintained in an activator
solution at 8 °C for 24 hours)

dhpakumm 16/20, 66710 NPUHATO pelleHne 06 OTKase OT
akTMBarTopa npw NPOBEAEHNN OMbITHO-MPOMbIC/IOBbIX
menbirannia (ONKN).
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PucyHok 3:
XonoannbHuK,
NOAOEPXKNBAIOLLMI
Temnepatypy 8-11°C
Picture 3: Cooling
incubator to maintain
temperature at 8-11 °C

The test results showed that the grade A 16/20-sized
RCP proppant sample meets the criterion for «<no

Y

PucyHok 4: Tpecc, ncnofbdyembsl Ans onpeneneHns
npegena NPoOYHOCTU Ha paspyLLeHne obpasua nadkm
nponnaHTa

Picture 4: The tester press to determine the ultimate
strength of a proppant pack sample to resist crushing

activation» during shipping or storage: Curing at a
pressure of 0.1 atm for 3 hours and a temperature of
35 °C didn’t cause any consolidation.

The tests showed that the chemical consolidation
technology does not provide for enough consolidation of a
low temperature RCP proppant pack to reach the desired
strength to resist crushing assumed to be equal to 150 psi
(10.5 atm) (Table 4) [5, 9]. During laboratory testing, the
value of this parameter for the grade A 16/20-sized RCP
proppant in the HF fluid was only 20-22 psi (1.36-1.50
atm). Use of an activator did not lead to any significant
improvement in the proppant consolidation. The difference
was 6 psi (0.46 atm) or 14.3% of the maximum value measured
for demin-eralized water with the activator added (42 psi; 2.86
atm) and 18.7% without the acti-vator (36 psi; 2.45 atm).
Based on the lab test results that showed only a minor
effect of the activator in consolidating the grade A
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MpombicnoBble NCNbITaHUS

Mepen nposegerHmnem Ol oueHMBanMChb cneayouime

PUCKW:

¢ cnekaHe RCP-nponnaHTa Ha MOBEPXHOCTW B
pesynbTaTe HENPaBUIbHOMO XPaHeHs
(nonagaHue Bnarwn);

* nonyyeHue adpdekta «CTOlM» Npy NPOXOXKAEHNMN
H13koTemnepatypHoro RCP-nponnaHTa vepe3 HKT 3a
CYeT aKTMBaLuM ero NOBEPXHOCTY HarpeTon BOLAOW;

® HeNOCTaTOYHOCTb MIaHMPYEMbIX OOBEMOB NPOMNMNaHTa
019 OOCTVKEHUST HEOOXOOMMOrO 3aKpenieHns
TpeLwmHbl [P n3-3a HeonpeaeneHHoCTn ee
PaCnOSIOXKEHNS MO CTBOJTY FTOPUIOHTASIbHON KBEXKUHBI.

[ns oueHkn noTeHUMana XMMMYECKOro 3aKpensieHns
Hn3koTemnepartypHoro RCP-nponnaHTa mapku A
dpakumm 16/20 1 BO3MOXKHbBIX PUCKOB ObISIO MPOBEAEHO
NaTb 06PabOTOK B rOPU3OHTASIbHBIX CKBaXKMHAX.
OuzanH Pl npegnonaran nocnenoBaTeNbHy0 3aKadky
KepamMn4eckoro nponnaHta dpakuuin 20/40, 16/20

1 HM3KoTemnepatypHoro RCP-nponnaHTa Mapku A
hpaxumn 16/20 (tabn. 3).

OcBOEHVE 1 MPOMbIBKA CKBaxKH nocne PT1
BbIMNO/THAINCb KONMTHOOUHIOM C MMOPOMOHUTOPHOM
HacaOKom C NCMNOJIb30BaHVEM ra3rpOBaHHOM

a30TOM HeETU 1 HEDTU, FENMPOBAHHOM C MOMOLLIbIO
nosvMepa n aktmearopa. JaHHas cuctema npm
Pa3HbIX KOHLEHTpauUMsX NoaMepa 1 clumsaTens
obnagaeT NoBbILLEHHOW BA3KOCTLIO (150-400 Mllac) n
CMOCOBOHOCTBIO MEPEHOCUTL NponnaHT. B cke. 1 13-3a
HW3KOro NJacToBOro AaBJIEHNS B MPOLECCE OCBOEHUS
1 NPOMbIBKU MPOUCXOANIO MOTIOLLEHNE MPOMBbIBOYHOM
XKUOKOCTU (ra3vpOBaHHOM HeTY), YTO He MO3BOUIIO B
MOJTHOW Mepe BbIMbITb MPOMMAHT 13 CTBOS1A CKB&XKVHBI.

AHanua peaynbTtatoB OMNY TeXHO0rMM XUMNYECKOTO

3akpenneHnsa HM3kotTemnepatypHoro RCP-nponnaHTa
nokasan, YTo NPOoMNMnaHT MapKM A He CNeKaeTcs Ha

C|10006 3aKaHuYMBaHusa Macca 3akayaHHOro nponnaHTa, T
CKBaX>XUHbl Weight of pumped proppant, t

Ne ckB.
Well No. :
Well completion type | 20/40 | 16/20 “
1 OTKpbITbIA CTBON 2 10 7.5
Open well bore
XBOCTOBUK
2 Liner 3 23 4,4
XBOCTOBUK
8 Lier 2 18 8,1
XBOCTOBUK
4 Liner 2 6 41
OTKpbITbI CTBOS
5) 2 27 59

Open bore
* nornowieHne NpPoMbIBOYHOM XuaKocTu / Lost circulation

Tabnuua 5: KonmyecTBo 3aka4aHHOrO NponnaHTa
Table 5: Pumped proppant quantity

Macca BbIMbITOro Nnponnasra,
T

PucyHok 5: Bua 3akpenneHHbix nadek RCP-nponnaHTa
Mapkn A dpakumn 16/20: a) 4o paspyLLeHns;

6) nocne paspyLueHus

Picture 5: The consolidated grade A 16/20-sized RCP
proppant packs A) Prior to crushing B) After crushing

16/20-sized RCP proppant packs, it was decided not to
use the activator for field testing.

Field Tests

Prior to field testing a number of risks were considered:

* RCP poppant curing on the surface caused by its
improper storage (moisture ingress)

e Screenout conditions caused by the low temperature
RCP proppant flowed through the string due to its
surface activation by a heated water

e Uncertainty of the HF fracture location in a horizontal
wellbore imposes the risks of inadequate estimated
proppant quantity to reach the target consolidation.
At the moment there is no established methodology to
estimate it.

5 treatments were performed on the horizontal wells to

assess the chemical consolidation capability for the low
temperature grade A 16/20-sized RCP proppant and its
likely risks.

The HF design envisaged a sequential
pumping of a 20/40 & 16/20-sized ce-

Weight of the proppant flowed
Dackt ramic proppant and a low temperature
0* grade A 16/20-sized RCP proppant
(Table 5).
5.1

A coiled tubing fitted with a jet nozzle
and the oil energized with nitrogen as
well as a polymer and activator gelled
0.4 oil was used for well completion and
clean-up following HR. This system

at varying polymer and crosslinker
concentrations has an increased
viscosity (150-400 cP) and a proppant
carrying capacity. Due to a low
reservoir pressure at completion and

0.042

0.684
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3ab0e B CTBOJIE CKBaKMHbI. OOHAKO OTMeYeHbl (haKTbl
06pa3oBaHMa KOPKUM CNEKLLErocs NpornnaHTa B panoHe
NHTepBaIoB nepdopaumn, ons yoaneHns KoTopom
npunMeHda1acb rmgpoOMOHNTOPHAA HacaaKa. Takxke
ObINK BbISIB/IEHbI PUCKM YYyBCTBUTENIbHOCTU K BAare: nNpu
nonagaHnm Bnaru B NpoLecce XpaHeHns 1 NpoBeaeHns
paboT Habtaanock CrvnaHre, cnoCobHOe NPUBECTU
K CPbIBY 3aKayKu rpornaHTa, YTo MOXXET BNocCsieaCTBUA
HapyLLNTb PaboTy CKBaXKMHHOIMO 0O0PYA0BaHMUS.

O DHEKTUBHOCTL 3aKPENIEHUS TPELLVHBI Onpenensaiach
MO BPEMEHN PabOoThbl SNEKTPOLEHTPODEXXHOIO

Hacoca (SLH) — mexxpemoHTHOMY nepuroay (MPIT).
CpenHuin 6a3oBbii MPI OLUH B ckBaxkmHax ¢ PT]

Ha BYHI'KM coctasnsaet 120 cyT. [Ong npuHaTus
peLleHns 06 3DEKTUBHOCTU TEXHOTOMMN XVMUYECKOTO
3akpenneHnsa RCP-nponnaHTa Mapkn A 6bi1 MPUHAT
MPT1, paBHbIr 181 cyT, Npy KOTOPOM YYUTbIBAKOTCS
YMEHbLLIEHME SKCMJlyaTalMOHHbIX 3aTpaT 3a cyeT
yBenm4eHns nepmoga padotsl SLH 1 pacxogp! Ha
nponnaHxT. Mo pesynbtatam OlNV 1 nocnenyoLlero
MOHUTOPWHIra paboTbl CKBEXKWH OMpeaeIeHbl 3Ha4YeHs
MPT1 (pric. 2). HapaboTka Ha oTkas 3LH no natu
ckBaxkmHaMm BHHITKM npeBbicuna cpegHion HapaboTky
SLIH ckBaxkmH nocne Pl Ha 42 cyT v npoaos/hkana
pacTW, MPEBLICUB AN ABYX CKB2XXMH MPOEKTHbIE

181 cyT.

CoxpaHeHre obbema nponnaHTa B TpeLuymHe [Pl
NO3BOJINIO YBENNYUTL Nepuro cTabunibHoM paboThbl
TPELLMHbI B MPOLECCE SKCMlyaTaLui CKBaXKMHbI, B TOM

clean-up, lost (gelled oil) circulation occurred in 1 well
that prevented the complete removal of the proppant
from the well bore hole.

The field test analysis of the chemical consolidation
technology for the low temperature RCP proppant
showed that the grade A proppant does not connect
to-gether at the bottom hole. However, the moisture
sensitivity risks surfaced: Moisture introduced during
storage and work led to sticking with a potential of a
proppant pumping failure that may also later cause a
disruption in the subsurface equipment operation.

The consolidation performance was assessed based
on the ESP run time, the time between overhauls
(TBO). An average baseline TBO for the HF wells at
VCNG is 120 days. To determine the efficiency of

the grade A RCP proppant chemical consolidation
technology we assumed a value equal to 181 days,
which ac-counts for a reduction in the operating costs
due to an extended ESP operation period and the
proppant costs.

The test results for the grade A RCP proppant chemical
consolidation technol-ogy and well operation monitoring
outcomes yielded the TBO values shown in Picture 6.
The current time between failures for 5 VCNG wells

had exceeded the average ESP run time for the wells
following HF by 42 days and kept growing. The designed
181 days were exceeded for 2 wells.

Keeping the proppant amount in the

196
200 186 173 HF fracture supported an increase in

2 180 +— 181 the stable fracture performance during
© . . . .
S 160 L well operation including the increased
N 140 drawdown cases.
S 140 +— —
g 114 120 o
=z 120 +— The proppant consolidation results are
: 100 L as follows:
o .
% 20 1. Cost reduction for well workover and
9 coiled tubing to clean up the horizontal
6 60 T bore hole
% 40 +— 2. Cost reduction for a replacement ESP
S 5 L 3. Well idle time prevention and a

0 subsequent incremental oil production

1 2 3 4 5

Ne ckBaxkuHbl / Well No.

Hapa6oTtka 3LUH, cyT. / ESP run time, days

== BazoBas HapaboTka SLH (6e3 RCP) / Baseline ESP run time (no RCP)

=== [TpoekTHbIn MPI1 (181 cyT) / Design TBO (181 days)

Puc 6 : HapaboTtka SLIH nocne 3akpenneHns HU3koTeMnepaTypHbIM

nponnaHToMm Ha 13.12.2015 .

Pic 6: ESP run time following the low temperature proppant

consolidation as of December 13, 2015
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Lessons learned

e The lack of a model to calculate the
required quantity of the RCP proppant,
regardless of its grade, necessitates an
adherence to the accumulated experience
for its service: From 15 to 40% of the total
proppant delivered to the HF fracture. The
RCP poppant will not provide for good
consolidation if the weight of the pumped
proppant is inadequate.
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FRACTURING M

YMCIIE 1 Ha MOBbILWEHHBLIX AENPEeccusx, n obecnedmnno
cnenyoLme pesybTaTbl:

1. coKpalleHe 3aTpaT Ha KanuTasbHbI PEMOHT
CKBaXKMH U KOATHOOWHI aond ,EI,OI'IOJ'IHI/ITeJ'IbHOI7I MOOMbIBKWN
FOPU30HTasIbHOrO CTBOJIA;

2. CokpallleH e 3aTpar Ha 3akynky HoBbiX OLIH;

3. npeaynpexneHne NpoCcTos CKBaXKMHBI U, Kak
chencTsBue, OOMOSIHUTENbHAsS 406bIYa HedhTL.

BbiBoAObI

1. NicnbitaHne TeXHO0MMM XUMNYECKOTO 3aKpenieHNns
nponnaHTa Co CMOJISIHBIM MOKPBITMEM MOKa3aso ee

3P EKTNBHOCTL B YCNOBUSAX HU3KUX TEMMepaTyp
BEPXHEYOHCKOro ropmaoHta BHHIMKM. TexHonorus
NJIaHVPYETCS K BHEOPEHUIO B KXKOOW CKBaxKMHe ¢ [P,

2. B ropnaoHTasbHbIX CKBXKMHAX C HU3KUM M1acTOBbIM
OaBfEHNEM U3-3a C/IOXKHOCTU MPOrHO3NPOBAHNS
HanpaBneHVs Pa3BUTUS TPELLWHBI MPW pacyeTe MacChl
HN3KOTEMMEPATYPHOIrO XUMNYECKW 3aKPEMNIAEMOro
RCP-nponnaHTa HEO6XOAMMO Y4nTbIBaTb OO BEM
rOPW30OHTaIbHOIrO CTBO1a O4/19 0becneyeHns
JOCTaTO4YHOr0O KoM4ecTBa NpomnnaHTa B TpelumHe PI1.

3. OTcyTCcTBME MOAENM pacHeTa HEODXOAMMOro
konmdyectBa RCP-nponnaHTa BHe 3aBUCUMOCTM OT ero
MapKu TPeOYET NPUBIEHEHNS MPAKTUYECKNX OAaHHbBIX ero
npumMmeHeHns: oT 15 0o 40 % obLyen macchbl NponnaHTa,
pasmMeLLEeHHOro B TpeLmHe NPT, MNpu HegoCTaTouHOM
KONMMYECTBE 3aKadaHHOro nponnaHTa 3deKTBHOMO
3akpennenns RCP-nponnaHToM He MPOUCXOAMT.

4. B cKBaXKMHAX C MOHVXXEHHbIM M1acTOBbIM AaB/IEHNEM,
roe HabnogaeTcs NnorsoLleHne pacTeopa B NpoLecce
OCBOEHWS U MPOMbIBKN, HEOBXOONUMO OOBUTHCS MOSHOM
OUMCTKM CTBOJA CKBaXKMHbI C MPUMEHEHMEM, HanpumMep,
BbICOKOBSIBKUX MEH, MMEIOLLMX MEHbLLYIO MI0THOCTb, HO
JOCTaTO4YHYIO NMECKOHECYLLIYHO CrOCOOHOCTb.

Ota cratbs bbla onyb/mKoBaHa B XXypHase «Hay4Ho-
TexHudeckuii BecTHuk OAO «HK «PocHedTs» (Ne 4,
2016 roga, c1p. 56-59; ISSN 2074-2339). lNeyaTaercs ¢
paspeLLeHns: PedaKLOHHOM KOJIIErviv.

This article was published in the Nauchno-
technicheskiy vestnik OAO «NK «Rosneft» (Ne 4, 2016,

p. 56-59; ISSN 2074-2339).
Printed with the permission of the editorial team.

POCHEDTb
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¢ The volume of the liner and open hole where the the
RCP proppant will settle down not filling up the fracture
shall be considered for calculating its pumping quantity
for the horizontal wells.

¢ The efforts should be made for a thorough clean-up of
the bore hole in the wells with a low reservoir pressure
and lost circulation during completion and clean-up, for
example, through the use of the highly viscous foams
with a lower density but an adequate sand carrying
capacity.

Conclusions

1. Testing of the resin coated proppant chemical
consolidation technology proved its efficiency at low
temperatures of the Verkhnaya Chona Horizon at VCNG.
This technology is contemplated for implementation at
every HF well.

2.When calculating the weight of the low temperature
chemically consolidated RCP proppant, the horizontal
well bore volume should be considered for the horizontal
wells with a low reservoir pressure due to the difficulties
of predicting the fracture propagation direction to ensure
its adequate quantity in the HF fracture.
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