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BnnsiHne XXnakocTun riyweHnsa Ha OCHOBE
obpaTHOW aMynbCcUn Ha OUNbTPAaLVNOHHO-
EMKOCTHblE CBOWCTBA nsacra

The Impact of Invert Emulsion Killing Fluid
on Reservoir Permealbllity and Porosity

BBeneHwue

B naHHoM paboTe 66110 PacCMOTPEHO BANSHNE
YKNOKOCTEN MyLLEHWS Ha OCHOBE 0BpaTHOM 3MYIbCUM Ha
drAbTPaLMOHHO-EMKOCTHBIE CBOMCTBA NacTa. B mupe
83 % >XXMOKOCTEN, NCMONb3YyEMbIE A1 TYLIEHUS CKBaXKMH
— 3TO BOAOHbIE XXNOKOCTU. MNHYCOM TakMX XKNOKOCTEN
SABFETCA yXyALLEHNE NOPUCTOCTH, MPOHNLIREMOCT

nnacTa rnocne Kaxaom onepaunn rno riyweHnio CKBabKHbI.

HecmoTpst Ha TO, YTO SMYIbCUOHHBIE PACTBOPbI
TPeOYET NOBbILLEHHBIX MEP MOXKAPHOW 1 3KONIOMYECKOM
6e30MacHOCTW, VX MPUMEHSIKOT 13-32 MHOXXECTBA
MOJIOXKUNTENBbHBIX CBONCTB. B 4aCTHOCTU, B TEX C/y4dasiX,
Korga ¢ OpyrMmy TEXHOMOMMYECKMMM PpacTBOPaMm

He OOCTUYb OO/MKHOMO YPOBHS KadecTBa (hn3NKO-
XUMUHECKOrO BO3AENCTBUS HA HEDTAHbIE MIacTbI.
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Introduction

This paper describes the impact of invert emulsion killing
fluids on reservoir porosity and permeability. 83% of killing
fluids in the world oil and gas industry are water-based
fluids. The disadvantage of such fluids is a decrease in
porosity and permeability after each well kiling operation.

Despite the fact that emulsion solutions require strict fire
and environmental safety measures, these fluids have many
benefits. In particular, emulsion solutions are used in wells
where other solutions do not provide a proper quality of
physical and chemical impact on oil reservoirs.

Researchers pay a great attention to hydrocarbon-based

killing fluids, which have no negative effects demonstrated
by water-based fluids.
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Benvko BHUMaHWE UcCeaoBaTesnien 1 NpakTnkoB K
YKUOKOCTAM TIYLIEHVS! Ha YrIEBOOOPOAHOM OCHOBE, Y
KOTOPbIX OTCYTCTBYIOT OTpULUATESIbHbIE CTOPOHBI CUCTEM
Ha BOOHOM OCHOBE.

B CLLIA ncnonb3oBaHve pacTBOPOB Ha yYrNeBoaopOaHOM
OCHOBE COCTaB/geT 0koJ10 17 %, B PD To/1bKO 0,5 %.
OCHOBHbIM MPENMYLLIECTBOM TEXHOSTOMMUECKUX XKNOKOCTEN
Ha yr;1IeBOAOPOAHOM OCHOBE SBMSIETCA TO, YTO BOAHas
OVICMEPCUOHHasA Cpefia 3aMeHeHa Ha yrieBOAOPOOHYHO.
OTO CHWKAET XMMNYECKOE B3aMOOENCTBIE TaKnX
PaCTBOPOB C Pa3pe30M CKBaXKMH, OCOBEHHO B YCIOBUSAX
HaNINYNSE HEYCTOMHMBBIX XEMOMEHHbBIX U FIIMHUCTBIX
OTJIOXKEHWI, N 3HAYNTENTIBHO YMEHbBLLAET NHTEHCMBHOCTb
MPOSIBAEHNS KaNMNNSPHBIX CUA. [y STOM NS Takunx
CUCTEM PaCTBOPOB XapaKTePHb! H13KasA uibTpaLms
XKNOKOW (Pa3bl B MPOHML@EMBIE NIACTbI U BbICOKas
arperatveHas CTabuibHOCTb MPY BOSAENCTBUM 3aD0VHBIX
Temnepatyp ¥ NOCTYNNEHUM NAACTOBOro diomaa

1 MEIKOOMCNEPCHOM TBEPAOW hasbl. Kpome 3Toro,
PacTBOPbI Ha YrNEBOOOPOOHON OCHOBE NEPCNEKTUBHDI

B YCJ/IOBUSIX CEPOBOAOPOAHOM arpecCu, MOCKObKY
arperaTmBHO YCTOMUMBBI K BO3OENCTBUIO KACTIbIX Fa30B U
XOPOLO 1X NOMIOLLALOT.

B paboTe Mbl, y4nTbIBas OMbIT UCMOJIb30BAHNS XKUOKOCTY
Ha yr1eBOIOPOAHOM OCHOBE, MPOBENM SlabopaTopHble
NCMbITaHNS XKUOKOCTEN MYLLEHMS HA OCHOBE 0BPAaTHOMN
3MYJIbCUN, UCMOSIb3YS 12 SMYNbraTopos.

JTabopaTtopHble nccnenoBaHns MPOBOAVANCH AN
onpeaeneHVs crnenyoLLmyx KPUTEPUEB.

1. Bpemsi NpuroToBeHVs1 3MYIbCUN:

[aHHbI napameTp onpenenseT O6LLYH TEXHOIOMMYHOCTb
npoLecca, Bpems 3a0efCTBOBaHVSA CMELTeXHKN,

NepuoL, OCTAHOBKM CKB&XKWHbI, YTO B KOHEYHOM CUETE
CKasblBaeTCs Ha OKOHOMUYECKON PeHTabesIbHOCTI paboT.

2. CTabunbHOCTb aMyNbCUN (BPEMS XX3HN NP
3a[aHHOM TemnepaType):

CTabnnbHOCTb SMYBCUN ONPedenseT MakCUMasbHbIN
Neprnoa BO3MOXHOM TEXHUHECKON OCTaHOBKN CKB2XKMHbI
NPV KOTOPOM OTPULIATESTIBHOMO BO3AENCTBUA Ha NNacT

N yXyOLWeHVs (PrnbTPaLUmMOHHO-EMKOCTHBIX CBOCTB

HE MPOUCXOOMT, & MIacT CHNTAETCS «3aLLMLLEHHBIM>

OT narybHOro BANSIHUS PACTBOPOB MyLLEHNS U
TEXHOMOMYECKUM XKNOKOCTEN.

3. TepMmocTabunbHOCTb (MakcmasibHas Temneparypa,
npu KOTOPO 3aMyNbCKsi CTabusbHa):

4. Pacxop peareHToB:

LaHHbIA KPUTEPUIA KOCBEHHO OMPEedensieT SKOHOMUYECKYHO
COCTaBJIFOLLYIO TEXHOJIOTUW, a TaKXE TEXHOSIOTUYHOCTb
npoLiecca.
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In the USA the use of hydrocarbon-based solutions is
about 17%, in Russia only 0.5%. The basic advantage

of hydrocarbon-based fluids is that the water dispersion
medium is replaced by the hydrocarbon one. This reduces
the chemical interaction of such solutions with the well
rock, especially in wells with unstable chemogenic and clay
deposits, and significantly reduces capillary forces. Such
solutions are characterized by low fluid phase filtration into
permeable reservoirs, and high aggregate stability under
the influence of downhole temperatures, reservoir fluid and
finely dispersed solid phase. Besides, hydrocarbon-based
solutions perform well in the conditions of hydrogen sulfide
as these solutions are steady against acid gases due to a
high absorption ability.

Taking into account the experience with hydrocarbon-
based fluid, in this study we carried out laboratory tests of
invert emulsion killing fluids using 12 emulsifiers.

Laboratory research was conducted to determine the
following criteria.

1. Time for emulsion preparation:

This parameter determines the overall operation
performance, the time period when special equipment is
involved, the time period of well shutdown, which ultimately
affects the economic profitability of the operation.

2. Emulsion stability (emulsion lifetime at a given
temperature):

Emulsion stability determines the maximum period of
possible well shutdown at which there is no negative
impact on the reservoir and deterioration of porosity and
permeability, and the reservoir is considered «protected»
from the harmful effects of killing solutions and process
fluids.

3. Heat stability (maximum temperature at which the
emulsion is stable):

4. Chemical agents volume:
This criterion indirectly determines the economic feasibility
of the technology, as well as the operation performance.

5. The need to use additional agents (oil, salts, etc.):

This is one of the crucial factors which, depending on the
technology and chemical agents, dictates the need to use
oil tank trucks, oil, salts, etc. Using additional agents require
extra care, safety and environmental protection. At the

best case no additional agents are required to prepare the
emulsion.

6. The type of emulsion (direct or invert):

The type of the prepared emulsion determines the
protective properties of killing fluids. The invert emulsion
is an emulsion of the water-in-oil type, i.e. with an external
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1. Emultech-E
CMecb MasiopacTBOPVIMbIX
[1AB - aMVHOB »XMPHBIX KNCOT
B anmnaTnyeckyx yrieBoaopoL,
CO CTabumsaTopom

1. Emutech-E
Mixture of slowly-soluble
surfactants — amines of fatty
acids in aliphatic hydrocarbons
with stabilize

5. COHOKC-9M
[NoaBMKHasH XKNOKOCTb
CBET/I0-KOPWYHEBOTO LIBETA.
PeLienTypa He 6blna packpbita
npovaBoaMTENeM

5. SONEX-M
High-mobility fluid with light
brown colour.

The recipe was not disclosed by
the manufacturer

9. PUHIO-OM
40% pacTBOp CIOXHbIX APVPOB
BbICLUMX HEHACHILLIEHHBIX
KVCIOT »KVPHOrO psiga v
CMOSISHBIX KACTIOT € flobaBKamm
crabwmsatopa
9. RINGO-M
40% solution with complex
ephires of higher fatty non-
saturated acids and resin acids
with temperature stabilizer
additives
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2. Emultech-T
CMeChb ManiopacTBoOpUMbIX
[MAB - aMVNHOB »VPHBIX KACOT
B annaTnHeCcKyIX yrieBoA0POL,
co cTabunusatopom +50-70%
YB »xungkoctn
2. Emultech-T
Mixture of slowly-soluble
surfactants — amines of fatty
acids in aliphatic hydrocarbons
with stabilizer + 50-70% of
hydrocarbon fluid

6. HimInvert
2KNOKOCTb Ha OCHOBE
MPOU3BOLHBIX MUPHBIX

KWCOT, BABKOCTb KOTOPOrO
perynmpyeTcst OTHOLLEHEM
YreBOAOPOAHOM hasbl
6. HimInvert
Fluid based on fatty acids
derivatives, the viscosity is
adjusted by the ratio of the
hydrocarbon phase

10. CUHOJ1-OM
PacTBop KMCMoro »1pHoro
psiga (nvHonesas,
0NlenHoBas, NaHONMHOBas
1 ap.) ¢ nobasneHem
TepmocTabunmsaropa 1 2%
okeuda ankunoumeTiaMmaa
10. Sinol-M
Fatty acid solution (linoleic, oleic,
lanolin, etc.) with temperature
stabilizer additive and 2%
alkyl dimethyl amine oxide

3. 3KC-3M
XVMUYeCK peareHT,
BKJTKOYatoLLWN Komreke MNAB
1 [06aBKY, CHUKAIOLLYIO
Temneparypy 3acTbiBaHVa U
NOBbILLAIOLLIYIO CTabUIBLHOCTb
SMYNLCUN
3. Ex-M
Chemical agent including a set
of surfactants and additive that
lowers temperature of thickening
and increases emulsion stabilit

7.RQ-737
OMyNBCUOHHBIN COCTaB Ha
OCHOBE YrNeBOA0OPOAHOrO
pacTBOpWTESNS, aMysbratopa v
cTabunmsatopa aMyLCUn

7.RQ-737
Emulsion composition based on
hydrocarbon solvent, emulsifier
and emulsion stabilizer

11. COH3KC-P
YrneBofopoaHbIN pacTBop C
[MAB - NpoAyKTOM KOHAEHCaLMN
NOMMSTUNEHNONMAMNA0B
C >KUPHBIMW KNCIOTaMn
TaNNoBOro Macna
11. SONEX-R
Hydrocarbon solution with
surfactants - a product of
condensation of polyethylene
polyamines with fatty acids of
tall oil

4. 3H-34
YrneBogopoaHbIn pacTeop
AMVHOaMUA0B XXUPHbIX
KWC/IOT, MOJyHaeMbIX 13
OTPabOTaHHOIO PaCcTUTENLHOMO
Cblpbsi ¢ JO6aBNEHNEM
TEPMOCTaBUIIBHBIX AMYTTLCU
4. EDN-34
Hydrocarbon solution with
aminoamides of fatty acids
derived from used raw vegetable
materials with temperature-
stable emulsions

8. OeBoH-4B
VHepTHas aMybCOHHas
cucTema NS rayLeHvs

CKB&XKVH C BA3KOCTBIO
150-300 cekyHg,
8. Devon-4V
Inert well kiling emulsion with
viscosity 150-300 SSU

12. CHMNX-9777
YrneBofopOAHbI PacTBOP
a30TCOAEPKALLVX NPOU3BOAHBIX
BbICLLIbIX XXUPHBIX KUCIOT
12. SNPKh-9777
Hydrocarbon solution with
nitrogen-containing of higher
fatty acids derivatives

Puc 1: BHelwHu BMA, 1 NOPSOKOBBI HOMEP UCCNenyeMbix 06pasLIoB
Fig. 1: Visual appearance and order number of the studied samples

5. HeobxoamMmMocTb B MPYMEHEHNN LOMOHUTENBHbIX
peareHToB (HedTb, CONMV 1 Np.):

OavH 13 onpegensaioLmi (hakTopoB, KOTOPLIN B
33BVICMMOCTW OT TEXHOJIOMN U PeareHToB AVKTYET
HEOBXOOMMOCTb MPUMEHEHVS HEDTEBOSOB, HEDTN,
conen u T.4. TpebyeTcs NOBbILLEHHAS OCTOPOXHOCTb MPW
1CMOB30BaHUM, COBMOOEHNE TEXHNKM BE30MAaCHOCTA 1
OoXpaHbl OKpy>katoLen cpedbl. Cambli yHLINA BapUaHT,
Koraa Ans NpUroTOBAEHUS SMYIbCUM HE TpebyeTcs
OOMONHUTENBHBIX PEAreHTOB.

6. Tun nonyyaemown amynbcun (Npsmasi unn obpartHas):
Tun nony4aemMon amybCU ONPEeOenseT 3alUTHbIE
CBOVICTBA BIOKMPYIOLLIVIX XKUOKOCTEN rnyLueHus. ObpaTHas
3MYNbCUS MPEACTaBNSET CODOM SMYILCUO TMa BoAa

B Macrie, T.e. C BHELUHeN yrieBogopoaHoM hason. A
npsMas aMyibCua HAOBOPOT. BHeLLHSSA hada fAosmKHa
ObITb YrIEBOAOPOOHOM, T.€. AMYIbCUS 0OPATHOro TMMNa

He [OJPKHA BbI3bIBATb KaMMIAPHBIA 3MEKT, MOHMKaTb
(hasoByto MPOHULIAEMOCTbL A1 HEPTN.

7. BA3kocTb amynbCcum:

Bs3KOCTb 9BNSIETCH OOHUM 13 OCHOBHBIX MEXaHU3MOB
onpeaensoLLX 3PHEKTUBHOCTb NPUMEHEHNS
ONOKNPYIOLLIMX XKNOKOCTEN rnyLueHns. [Nnoxoe
MPOHVKHOBEHNE 3MYJTbCUM B MIACT CBSA3AHO C BA3KOCTBHO.
2KnOKOCTU C MOBbILLEHHOW BA3KOCTbLIO TPEOYIOT 6OMbLLErO
nepenaga gaBneHvs ana puastpaumn.
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hydrocarbon phase. The direct emulsion is the opposite.
The external phase must be hydrocarbon, i.e. the invert
emulsion should not cause capillary effect and reduce
phase permeability for oil.

7. Emulsion viscosity:

Viscosity is one of the main factors that determine the
efficiency of killing fluids. Poor emulsion penetration into
the reservoir is due to viscosity. Fluids with higher viscosity
require a higher pressure drop for filtration.

Temperature Stability

This test was conducted with each killing fluid sample at
3 temperatures (12°C, 20°C, 25°C), due to different well
conditions at different depths.

Figure 2 shows the highest and the lowest temperature
stability.

Assessment of the Risk of Insoluble Residues
Formation when Mixing the Killing Fluid with
Reservoir Fluids

The test is carried out by mixing the studied well killing fluids
with formation water/oil in the ratio 75/25, 50/50, 25/75.
The resulting sample is mixed by turning the container
tenfold and assessed visually for miscibility. Then the
sample is placed in a thermal oven with the set formation
temperature (25°C) and kept for 14 days. The sample

www.rogtecmagazine.com
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B KAMUTANBHBLIV PEMOHT CKBAXKIH

Jlyywas TepMocTabunbHOCTb
The highest temperature stability

. -
by

12°C 20°C 25°C

OMynbeunst cTabunbHa Ha MPOTSIXKEHW BCEro BPEMEHW, N3MEHEHWI He
HabnopaeTcs B TedeHne 14 aHel Npuw 3aaHHbIX Temnepatypax. Ons
NPUrOTOBSIEHUS 3MYNLCUN HEOBXOANMO NpeaBapuTensHoe fobasneHe B
cocTaB «Emultech-E» yrneBogopogHoi xunakoctv B o6beme 50-70% ot
ob6bema amynbratopa. Bpems npuroToBneHns He oTANYaeTCs OT 3asiBIEHHOMO
npov3BoAUTENEM.

The emulsion is stable throughout the entire test, no changes are observed for

14 days at pre-set temperatures. To prepare the emulsion it is necessary to

add hydrocarbon fluid in the volume of 50-70% of the emulsifier volume to the
composition “Etifsb-E”. The preparation time does not differ from the one declared by
the manufacturer.

Puc 2: PesynbTaTbl UCCeaoBaHNs TEPMOCTaOUIbHOCT 06pasLIOoB
Fig. 2: Test results on temperature stability of samples

TepmocTabusibHOCTb

[aHHoe rccnefoBanmne NPOBOAMIOCH Haf, KabKObIM
06pasLOM XNOKOCTU MyLLEHWS Mpr 3-X TeMnepaTypax
(12 °C, 20 °C, 25°C), 06ycnOBAEHHBIX CKBAXKVHHBIMI
YCIOBUSIMI Ha PasNYHbIX ryouHax.

Ha pricyHke 2 npeacTaBneHbl, HaUMYYLLIUA 1 HAUXYOLLINA
nokagaresib TEpPMOCTabUIBHOCTY.

OueHka pmckoB o6pa3oBaHus
HepacTBOPUMbIX OCaAKOB NpY CMELUMBaHNU
XXNOKOCTU rJyLLEHNA C N1acTOBbIMU
donrongammn

|/|CCJ'Ie,D,OBaHI/I9| NnpoBOOATCA nyTeMm cMeLlIBaHNA

Jlyywas npoba
The best sample

T5 L=

Xyawas TepMoCcTabuiibHOCTb
The lowest temperature stability

e 1 o
et

12°C 20°C

OMybCUS HecTabubHa ¢ NEPBOro AHS NMPoBeAeHVs onbita. Hanbonee
VHTEHCVIBHOE paspenenue daa npouexoaut npu 25 °C, Ho 3HauMTenbHoe
paccnoeHve HabntopaeTes 1 npn 20 1 12 °C ¢ NepBoro axHst. Mpn NpUroToBIEHAN
[OMONHUTENBEHO TPEbyeTCa CTabnmn3aTop aMybCumn 1 yrnesoaopoaHas asa.
Bpemsi NpuroToBneHns 3HauMTeibHO 6onbLue, YKa3aHHOro NPOV3BOAUTENEM.

The emulsion is unstable from day one. The most intensive phase separation
occurs at 25°C, but significant separation is also observed at 20°C and 12°C

from day one. Additional emulsion stabilizer and hydrocarbon phase are required
during preparation. Preparation time is significantly longer than that specified by the
manufacturer.

condition is evaluated visually every 24 hours.

Figure 3 shows the best and the worst results on the
study of the assessment of the risk of insoluble residues
formation.

Physical Simulation of the Impact of Well
Killing Fluids on Rock Samples with Various
Permeability

Physical simulation is a method of experimental study of
various physical phenomena based on its physical similarity.
Therefore, during physical simulation of the impact of killing
fluids on rock samples it is necessary to create conditions
similar to reservoir conditions, i.e. reservoir pressure and

Xyouwas npoba
The worst sample

Puc 3: PesynbTaThl OLIEHKN PUCKOB 06Ppas0oBaHNs HEPaCTBOPUMbIX OCAAKOB MPY CMELLMBAHWN XXUOKOCTY MYLLEHWS C NIacToBbIMU hriiovaamm
Fig. 3: Results of the assessment of the risk of insoluble residues formation when mixing the killing fluid with reservoir fluids
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B PA3PABOTKA MECTOPOXOEHINA

mcenenyemMbix OIIOKUPYHOLLIMX XXUOKOCTEN FyLLIEHMS
CKB2XXMH — C N1aCTOBOW BOAOW/HEDTHIO B COOTHOLLIEHNSIX
75/25, 50/50, 25/75. MNpoba nony4eHHOro

obpasLia NepemMeLIMBasTCs NyTeM OECATUKPATHOMO
rnepeBopaYqMBaHis EMKOCTU W OLIEHMBAETCS BU3YaUTbHO
Ha NpeoMeT CMELLIMBAEMOCTU. 3aTemM nosydeHHas npoba
NMOMELLIAETCS B TEPMOLLKAd C YCTaHOBMEHHOW M1acTOBOM
Temnepatypor (25 °C) 1 BblOEPXMBAETCS B TEHEHWE
YyeTblpHaaUaT cyTok. CoCTosiHME MPOO6bl OLEHNBAETCSA
BU3yaslbHO C (DMKCaLMEN Yepes Kakable 24 vaca.

Ha pucyHke 3 npeacTaBieHbl HAUYHLLAIA 1 HAUXYOLLWIA
Pe3yNbTaT UCCIENOBaHNS OLEHKM PUCKOB 0Bpa3oBaHns
HEPaCTBOPUMbIX OCaAKOB.

MNMpoBepeHne akcrnepumeHToOB No
domanueckomy MooenmMpoBaHULO BSINSHUSA
XKNOKOCTEWN riyLleHns Ha obpasLbl FOPHOW
nopoabl passINYHOMN NMPOHNLLIAEMOCTH
Puranydeckoe MoOeMpoBaHe - MeETO, SKCNepMeHTas1bHOIro
N3YHEHUS Pa3NINYHBIX OUSNHECKUX SABIEHMIA, OCHOBaHHbIN Ha
VX hr3mnHecKoM Noaobum. Takm 0bpasom, MNP Pr3NHECKOM
MOOESIMPOBaHNA BO3,D,eI7ICTBI/I9| )KI/IJJ,KOCTGI;I rNyLeHna Ha
FOPHYO MOPOAY HEOOXOAVIMbIM SABNSIETCSA CO30aHME YCII0BUM
I'IO,EI,O6HI::IX M1acToOBbIM, TO €CTb MJ1IAaCTOBOIrO OaBJ1EeH4,

¥ Temneparypbl Npy KOTOPbIM UCCReayemMast XXMOKOCTb
KOHTaKTUPYET C MOPHOM NOPOAON.

MopenmpoBarme npoxoduio Ha yctaHoske [MNK-O®MT-1-
40-AP/PP, npenoctasnerHyto GPreQY BO Caml Y

OTarnbl NpoBefeHNs 3KCNepUMeHTa:

1. HacbliweHre o6pasLoB KepHOBOIO Matepviana
MacToOBOW BOAOW

2. OnpepneneHne NCXOOHOW MPOHULIAEMOCTY Mopop!

ons HedbTn

MogenmpoBaHme npouecca MPOHMKHOBeHWS XKITC

4. OnpefeneHne NPOHNLIAEMOCTb NOPOabl ASA HEDTU
nocne NPOHNKHOBEHKSA XKI'C

5. Onpepnenerne KoahdrumeHTa BOCCTAHOBNEHNS
(ha30BOV MPOHULIAEMOCTY MO HEDTU

@

Pe3ynbTathl akcnepumMeHTa no husnyeckomy

MOAENNPOBaHWIO

ObpaboTka pe3ynbTaTtoB hUbTPALMOHHBIX MCCEO0BaHUI

3aKJIKHAETCS B CIEAYIOLLEM:

1. OnpepeneHve nepenana AasneHns 0o 1 nocne
3aKaykM BIOKVPYIOLLEN XXUAKOCTU MYLLEHNSI B KEPH,
Ha OCHOBE KOTOPbIX PaCCUMTLIBAKOTCH KOS(MMULMEHTbI
(ha30BOW NPOHNLLIAEMOCTM NO MIACTOBOW HEPTM A0 U
NoC/e 3aKaukn UCCeQyeMOro CoCTaBa B KEPH;

2. BbinonHeHve pacyeTa koahduumeHTa noTepm
MPOHMLIAEMOCTU U KOS MUMEHTA BOCCTAHOBIEHNS
MPOHMLIGEMOCTU KepHa Nocs1e ero 06paboTkm
ncenenyemMmoin 61OKVPYIOLLEN XXUAKOCTU FyLLEHNS
CKB2XXMH.
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Puc 4: BHewnwin Bug yctaHoskuy MAK-O®I-1-40-AP/PP
Fig. 4: Visual appearance of the PIK-OFP-1-40-AR/PR unit

temperature at which the fluid interacts with the rock.

The simulation was carried out using the laboratory unit
PIK-OFP-1-40-AR/RR provided by Samara State Technical
University.

Simulation stages:

1. Saturation of core samples with reservoir water

2. Determination of initial rock permeability for oil

3. Simulation of water-gas fluid penetration process

4. Determination of rock permeability for oil after
penetration of water-gas fluid

5. Determination of recovery factor of phase permeability
for oil

Results of the physical simulation.

Processing of filtration data is as follows:

1. Determination of a pressure drop before and after
injection of killing fluid into the core. These values
provide data for further calculation of coefficients of
phase permeability for oil before and after injection of
the studied fluid into the core;

2. Calculation of permeability loss factor and core
permeability recovery factor after processing of the
killing fluid under study.

The permeability loss factor K ;7 7. is calculated with a

formula;
K _ (kn _kﬂ') (1)

I7.17. o
ku

where k,,' initial rock permeability for oil, m?; k”
rock permeability for oil after penetration of the killing fluid
into the pore space, m?.

www.rogtecmagazine.com
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B KAMUTANbHBLIM PEMOHT CKBAXUH

KoahduumeHT notepu K 71.17. MPOHMLI@eMocT
BbIYNCIIAETCH MO hOPMyIe:

. (kh‘ _kn') (1)

. — >
k

H

K

roe k},' HaYasIbHas MPOHULIAEMOCTL MOPOAL! 414

2 -

HedbTH, M2, kﬂ MPOHMLIAEMOCTb Nopodb! 419 HeddTn
MOC/1e MPOHNKHOBEHUS XXUOKOCTU MYLLEHNS B MOPOBOE
MPOCTPAHCTBO, M2,

dopmyna ans BbMUCAEHNS KOSDDULMEHTA
BOCCTaHOBJIEHNSI MPOHULIAEMOCTU VMEET BUL;

k r
— M
K B.IT. — k- @
M
[Py 3TOM 0715 XKUAKOCTEN MYLLEHUS, HE OKa3bIBAIOLLIX

HeraTMBHOE BO3OENCTBME Ha NPOHNUAEMOCTb

npu3aborHOM 30HbI
" Kn,n, _>05 Ks,n, — 1.

[MpoHMLaeMOCTb 06pa3La KepHa PacCHNTLIBETCS Ha
OCHOBaHWK hopMySbl dapcu:

ot L9
S-AP’

roe k —NpoHMLaeMocTb 0bpaslia kepHa, M?;
U — AnHaMMYeckast BA3KOCTb »MAKOCTH, a-c;
L — oivHa obpasua KepHa, M;
Q — 3a0aHHbIN PaCcXOM, XKNOKOCTU HYepPEe3 KepH, M3/C;
S — nnowaap nonepeYHoro ceveHns obpaatia kepHa, M?;
AP — nepenap, faBneHnst Ha KoHLIax obpasLia kepHa npu
3a0aHHOM pacxope, Na.
1,8

©)

The formula for calculating the permeability recovery factor

is as follows:
k,
Ky = k_ )]

M
For killing fluids that do not adversely affect the permeability

of the bottom hole zone Kﬂﬂ‘ — 0, Kg,n, —1.

The core sample permeability is calculated with Darcy’s
formula:

L0 o
S-AP

where k - core sample permeability, m?;

u — dynamic fluid viscosity, Pa-s;

L - length of the core sample, m;

Q - pre-determined fluid flow rate through the core, m%s;
S - cross-sectional area of the core sample, m?;

AP — pressure drop at the ends of the core sample at a
given flow rate, Pa.

The main controlled parameter during the test is the change
of a pressure drop that provides data for further calculation
of the change of the oil mobility after pumping the killing
composition.

In the vast majority of cases it was found that the killing
fluid is not filtered through core samples, which is due not
only to high viscosity of the killing compositions, but also
to mechanical blocking of small diameter filtration channels
with emulsion particles, including channels blocking in
narrow and deviated sections. Filtration was only available

0,8

0,

o)

0,2

3. 3KC-aM
Emulsifier EKS-EM

~

1. Emultech-T 2. Emultech-E 6. Himinvert

12. CHMX-9777
SNPKh-9777

11. CoHakc-P
Sonex-R

10. CuHoN-Om
Synol-M

9. PuHro-om
Ringo-M

8. [eBoH-4B
Devon 4v

Puc 5: CpaBHeHvie KOathULEHTA BOCCTAHOBIEHWS MOOHMLIGEMOCTH

Fig. 5: Comparison of permeability recovery factor
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B KAMUTANbHBLIM PEMOHT CKBAXUH

OCHOBHbIM KOHTPOJSIMPYEMbIM MapamMeTpoM Mpu

NnpoBeaeHNN SKCNeprMeHTa ABJIAETCA NSMEHEHNE

nepenaga gabBJieHNA, Ha OCHOBaHN KOTOPOIro

onpenenseTcs U3MeHeH1e NnoaB/KHOCTU HedbTV B

pesy/bTaTe Npokadki G/IOKMPYIOLLEro COCTaBa.

B nopgasnsoLlem GobLUNMHCTBE CIy4aes YCTaHOBEHO,

YTO XKMOKOCTb MJ1yLLUEHVS He hunbTpyeTCs Yepes

KEepHOBblE 06Pa3Lpbl, YTO CBSI3AHO HE TOSbKO C BbICOKMMM
BSABKOCTSIMW COCTABOB IJTyLLUEHWS, HO MEXaHNYECKIM
BIOKMPOBAHMEM YacTULAMN SMYTbCUN (DUBTRALIMOHHBIX
KaHas10B Masioro AMameTpa, B TOM YMC/ie B MeCTax KX
CY>KEHVIS! U UCKpVIBieHNS. DunbTpaums yeTaHoBIeHa
TOJIbKO Ha 06pasLax C BbICOKOW MPOHMLIAEMOCTLIO.

Hanbornblilee BOCCTaHOB/EHNE NPOHNLIEMOCTU

YCTaHOBNEHO Yy »XuakocTen «<Emultech-T», «Emultech-E»,

PuHro-OM, CuHon -OM (Puvic 5).

Peonornyeckune nokasarenm
[ns 6onee oeTanbHOro NOHVMaHWS MPOLIECCOB

MPOUCXOASALLMX B MacTe, BO BPEMS 3aKaqK XUAKOCTA
rnyLeHns 6bino NpousseaneHo nccnegosaHns CHC, OHC,

MaCTUHECKON U Ka)KyLLI,eIZCﬂ BA3KOCTW.

BbIn MPUroTOB/EHbI (MO PEKOMEHOALMSIM MPOV3BOANTESS)

in samples with high permeability. The highest permeability
recovery has been found in fluids Emultech-T, Emultech-E,
Ringo-M, Sinol-M fluids (Fig. 5).

Rheology Parameters

For more detailed understanding of reservoir processes
during the injection of a killing fluid, studies were carried out
to determine static and dynamic shear stress, plastic and
apparent viscosity.

Compositions based on emulsifiers were prepared
(according to the manufacturer’s recommendations). Table
1 presents the rheology parameters measured using OFITE
model 800 viscometer.

Note: Well killing fluids Ne1 Emultech-E and Ne2 Emultech-T
are the most viscous compositions. Rheology parameters
of these fluids cannot be measured using the rotary
viscometer. Therefore, the Anton Paar Physica MCR 52
rheometer will be used in the future to determine rheology
characteristics.

For Emultech-T and Emultech-E, the effective viscosity of
emulsion solutions increases as the shear rate decreases.
It can also be noted that at high shear rates the viscosity

Homep B0 Oso0 CHC 10c/10mMuH | CHC 10c/10MuH | PV, | PV, YR, YR, A, | AV
cocTtasa en. WK. npubopa yHT/100cDyT 2 MNa chs Ma*c yHT/100cyT 2 Ma cla | MNa*c
of C@“mmggirﬂ - B600/Osors Static shear stress, |~ Staticshear | PV, | PV, YR YR AV | AV
P scale unit 10s/10min, stress, cP Pa*s Ib/100ft? Pa cP Pa*s
lb/100ft? 10s/10min, Pa
1. Emultech-E He namepseTca _ _ _ _ _ ) B _
not-measured
2. Emultech-T | H© VIBVEPAETCA - - - - - - - -
not-measured
3. OKC-OM
Emulsifier 278/181 16/16 7,66/7,66 97 0,097 84 40,2192 139 0,139
EKS-EM
6. Himinvert 250/162 22/22 10,53/10,53 88 0,088 74 35,4312 125 0,125
8. lesor-48 270/178 24/24 11,49/11,49 92 0,092 86 41,1768 135 0,135
Devon 4v
9. PUHro-9Om
) 290/192 28/28 13,4/13,4 98 0,098 94 45,0072 145 0,145
Ringo-M
10. Curon-Sm 270/180 27/27 12,92/12,92 | 90 | 0,09 90 43,092 | 135 | 0,135
Synol-M
11. CoHakc-P
320/265 102/102 48,83/48,83 55 0,055 210 100,548 160 0,16
Sonex-R ’ ’
12. CHIMX-9777
SNPKh-9777 298/234 67/67 32,02/32,02 64 | 0,064 170 81,396 | 149 | 0,149

Tabnuua 1 - Table 1
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COCTaBbl Ha OCHOBE 3MY/IbraToOpOB 1 COCTaBfeHa TabnmLa
1, B KOTOPOW NpeacTaB/IEHbl PEOSIOTMHECKNE NapaMeTPbI,
VIBMEPEHHbIE C NCMOMb30BaHVeM Brcko3umeTpa OFITE
model 800.

[Mpumedanme >KnokocTu riylerHns Ne1 Emultech-E

1 Ne2 Emultech-T aBnstoTcst Hanbonee BA3KUMM
COCTaBaMu, SMEPEHME PEOSTIOMMHECKMX NapaMeTPOB
KOTOPbIX HEBO3MOXXHO OCYLLIECTBUTb HA POTALMOHHOM
BUCKo3umMeTpe. CrneaoBaTenibHO, AN ONpeaeneHns nx
PEOSIOTNYECKIMX XapaKTePUCTVIK B dasibHenLLemM byaeT
1Cnob30BaThcs peomMeTp Anton Paar Physica MCR 52.

[na coctasos «<Emultech-T» 1 «Emultech-E» achdekTnHas
BSIBKOCTb 9MYJ/IbCUOHHBIX PACTBOPOB YBENMYMBAETCH

MPU CHYDKEHUM CKOPOCT CABUMA. TakoKe MOXXHO
OTMETUTb, YTO MPWV BbICOKNX CKOPOCTSX COBUIa BA3KOCTb
CUCTEMbI HAYMHAET YMEHBLLIATHCS, @ Ha PEONOMMHECKIX
KPVBbIX MOSIBASIKOTCS OTAE/bHbIE CKaYKM — Takoe
MoBEeAEHVE SMYJIbCUN MOXHO OOBbACHUTL OBPAaTUMbIMW
KPaTKOBPEMEHHBIMI PA3PYLLEHNSMI TUKCOTPOMHON
CTPYKTYPbI 1 ahhekTamun penakcaumn. [Nockoneky npu
3TOM He MPONCXOOUT PACCIOEHMS UM HEOOPATUMOrO
pas3pyLUEHNS CUCTEMbI, AaHHBIN 3MEKT MOXKET OKa3aTbCH
O2>Ke Moe3HbIM MPY MPOKaYKe PaCTBOPOB LLAASALLErO
rnyweHns Yepes HKT, korga noTpebyeTcs MeHbLLEE YeMm
OXMAaEMOE HEOOXOAMMOE AaBfIEHNE.

BbiBoa: Ha ocHoBaHWM MpoBeOEHHBIX MCCEA0BaHMM MO
ONPELENEeHNIO PEOTIOMMHECKUX MapaMeTPOB UCCeayeMbIX
BONOKMPYIOLLIMX COCTaB MOXKHO WX K/laccnhuLMpoBaTh
KaK HEeHbIOTOHOBCKME cpefpl. [1py 3TOM HanBObLLIYIO
BSIBKOCTb UMEIOT XKnaxkocT Emultech-E (Ne1) Emultech-T
(Ne2). B cBs13u C 11X BbICOKOW BA3KOCTHIO M3MEPEHME
PEOSIOrNYECKX NAPaMETPOB Ha POTALMOHHOM
BMCKO3UMETPE SABSIETCH HEBOSMOXXHbIM, MO3TOMY
PEKOMEHOYETCH MPOVBBOANTL UBMEPEHUS HA PEOMETPE,
npeaHasHa4eHHOM 0151 TECTUPOBaHNI BbICOKOBSA3KIX
COCTaBOB. TakXXe OTMEYEHO, UTO Y BCEX XXUAKOCTEN
nokazartens CHC npw Bblaep>xke 10 MmH 1 10 C
coBnagaeT.

KoppoO3noHHasa akTMBHOCTb

VIchbITaHnst KOPPO3MOHHOW arPECCUBHOCTY PeareHToB
(ToBapHOM hopMbl 1M BOAHBIX PaCTBOPOB) MPOBOOST
B cootBeTCcTBUM ¢ [OCT P 9.905. KopposroHHas
arpecCMBHOCTb OLIEHVBAETCS MPaBUMETPUHECKM
METOOM, MO MBMEHEHMIO MaCChl 06pas3LIoB 13
YrNepoamucTon CTasn.

Vicnbiryemble 06pasLbl — MIaCTUHbI U3 YrepoaucTom
ctam C13 (Puvic 6) . [Ins nogBecku 0bpa3sLoB B HX
CBEPNST OTBEpPCTUE AvaMeTpoM 5 MMm. [nolaas
obpasLoB 25 cM?.COOTHOLLIEHME N0LLAAM MOBEPXHOCTA
00pasLoB K 0ObeMy peareHTa A0/MKHO COCTaB/ AT

He meHee 1:10 (Ha 1 cm? nowwaam obpasLos 10 cm®

www.rogtecmagazine.com

of the system starts to decrease resulting in spikes on
rheological flow curves - this behavior can be explained by
reversible short-term destruction of thixotropic structure
and relaxation effects. Since there is no layers separation
or irreversible system failure, this effect can even be useful
when pumping non-damaging killing solutions through the
tubing when less than expected pressure is required.

Conclusion: On the basis of these researches on
determination of rheology parameters of the killing
compositions, these compositions can be classified as
non-Newtonian fluids. Emultech-E (#1) Emultech-T (#2)
fluids have the highest viscosity. Due to high viscosity
measurement of rheology parameters using a rotary
viscometer is not possible, therefore it is recommended to
perform measurements using a rheometer designed for
testing high-viscosity compositions. It was also noted that
all fluids have the same static shear stress at 10 min and 10
S exposure.

Corrosiveness

Corrosion tests of chemical agents (product form or
agueous solutions) are conducted in accordance with
GOST R 9.905. Corrosiveness is evaluated by the
gravimetric method by changing the weight of carbon steel
samples.

Test samples are St3 carbon steel plates (Figure 6). A5
mm diameter hole is drilled inside each plate for hanging.
The sample surface area is 25 cm?. The ratio of the sample
surface area to the agent volume should be at least 1:10
(10 cm? of the agent per 1 cm? of the sample area). Thus,
250 ml glass vessels were selected for the test (Fig. 7).

Puc 6: MnactuHbl ns yrnepoaucTon ctanmn Ct3
Fig. 6: St3 carbon steel plates

ROGTEC |53



B KAMUTANbHBLIM PEMOHT CKBAXUH

peareHTa).B cOOTBETCTBUM C 3TUM 4719 NPOBEOEHNS
MCMbITaHWS BbIOpaHbl CTEKNSHHBIE COCYAbl 06bEMOM 250
mn (Puc 7).

Mepen NpoBeOEHVEM NCTbITAHWN
MOBEPXHOCTL 06Pa3LOB LLAMGYIOT
00 wepoxoBarocTu Ra He 6onee

1,6 Mkm no MOCT 2789, npoTtuparoT
BaTOV N (OUNBTPOBASTLHON
Oymaron, 06e3xMprBaroT aLETOHOM,
BbIAEPXXMBAIOT 1 4 B 3KCKKaTOPE

1 B3BELLVBAIOT Ha aHaIUTNYECKIMX
BEcax C MOrpeLUHoCTbIO He 6osiee
0,0002 r. MNoaroToBeHHbIE 06pa3LpbI
3aKPENIAOT B AAepKaTesisxX yCTaHOBOK
B BEPTUKA/IbHOM MOSIOXKEHNM U
MOMELLIAIOT B UCMbITATENbHBIE AHENKA,
3anoJIHEHHbIE PeareHTOM (TOBapHOW
dhopmon peareHTa nan ero BOAHbIM
PacCTBOPOM).

/chnbITaHvst NpoBOASATCS MPW KOMHATHOW TeMnepaType
B TeYeHVe 24 4acoB B 3aBMCKMMOCTM OT HamnpaB/ieHns
CMO/b30BaHNA XUMNYECKOrO peareHTa.

Cpagsy nocre ncnbitaHuin obpasLibl NoaBepraoT
BM3ya/IbHOMY OCMOTPY: OMPedSSIAoT HaIUMe U XapaKTep
NMPOAYKTOB KOPPO3UK, NOCSIE CHATVIS MPOOYKTOB KOPPO3UM
- XapaKkTep Koppoaun. [na onpeaeneHns notepu Maccsi
06pasLoB VX MOBEPXHOCTL A0KHA BbITh OUMLLEHA B
clenytoLLel NoceqoBaTelbHOCTL:

®  pbIXJible MPOOYKTbI KOPPO3WM YOAISHOT LUNATENEM U
PE3VNHKOM KapaHaallHOW;

°  MPW HIMHAN MNIOTHOW MAEHKM 13
MPOOYKTOB KOPPO3WM [OMYyCKAETCS
VX yONIEHNE XUMUNYECKM
meTogom no FOCT P 9.907;

e 06pasupbl MPOMbIBAIOT
BOOOMNPOBOAHON U
OVICTUNIMPOBAHHOM BOOOW,
BbICYLLMBAIOT (PUNBTPOBASTBHOM
Bymaroin, 06e3KNPUBAIOT aLIETOHOM,
YMaKoBbIBaOT B (OU/LTPOBASTBHYHO
Bymary 1 BblOEPXXVBAIOT B
9KCUKATOPE C BMaronor/ioTUTeNemM B
TeyeHre 1 yaca, nocsie Yero

® B3BELUVBAOT Ha aHa/UTNYECKMX
BEcax C MOrpPeLLHOCTbLIO He Bonee
0,0002 r (Puc 8.).

BbiBOoAO: Ha ocHoBaHWM NpoBeaeHHbIX
mcenegosanHnn (Prc. 9.) MOXHO
chenatb BbIBO[, YTO BCE UCCNedyeMble
YKUAKOCTUN HE SBNAKOTCH KOPPOSVOHHO-
AKTUBHBIMU.
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Puc 7: CTteknaHHas s4enka ¢ 06pasLom
Fig. 7: Glass cell with sample

Puc 8: AHanutnyeckue Becbl
Fig. 8: Analytical scales

Before testing, the surface of samples is ground to
roughness Ra no more than 1.6 microns according

to GOST 2789, wiped with cotton wool or filter paper,
degreased with acetone, kept for 1

hour in the drying oven and weighed on
the analytical scales with an error of no
more than 0.0002 g. Then, the prepared
samples are fixed in the plant holders in
an upright position and put into the test
cells filled with the agent (product form or
aqueous solution).

The tests are carried out at room
temperature for 24 hours depending on
the application area of the chemical agent.

Immediately after testing, the samples
are visually inspected to determine:

the presence and nature of corrosive
products, and once the corrosive products have been
removed, the nature of the corrosion. In order to determine
the loss of the samples mass, the samples surface must be
cleaned in the following sequence:

* |oose corrosive products are removed with a pallet knife
or a pencil eraser.

e fthereis a dense film of corrosive products, the
removal by chemical method is allowed in accordance
with GOST R 9.907;

e the samples are washed with tap water and distilled
water, dried with filter paper, degreased with acetone,
packed in filter paper and kept in a drying oven with a
dehumidifier for 1 hour, after that the samples are
weighed with analytical scales with an error of no more

than 0.0002 g (Figure 8).

Conclusion: Based on the conducted
research (Fig. 9.) it can be concluded
that all the fluids studied, are not
corrosive.

Conclusion

According to the conducted researches
it can be concluded that invert emulsion
kiling fluids are the most promising fluids
for using at the field. Physical simulation
has confirmed the benefits of using
these fluids: maintaining and increasing
core permeability, temperature stability,
low corrosiveness.

It can be noted that these killing fluids
have a wide range of applications at
various reservoir depths, in reservoirs
with abnormally high and abnormally
low reservoir pressures, in horizontal

www.rogtecmagazine.com



WELL WORKOVER M
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KopposunoHHas - Corrosiveness
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1. Emultech-T 2. Emultech-E 3. OKC-3aM
Emulsifier EKS-EM

6. HimiInvert

8. [leBOH-4B
Devon 4v

10. CvHON-3Mm
Synol-M

12. CHIMX-9777
SNPKh-9777

11. CoHakc-P
Sonex-R

9. PyHro-om
Ringo-M

Puc 9: CpaBHeHme KOppO3I/IOHHOl7I AKTUBHOCTU TEXHOJIOIMHYECKNX )KI/I,EI,KOCTeIz

Fig. 9: Comparison of corrosiveness of the killing fluids

3akntoyeHune

CornacHo NpoBeaeHHbIM UCCNEOOBAHNSM MOXXHO
chenaTb BbIBOL, YTO XXMOKOCTW MyLLEHWS HA OCHOBE
obpaTHOM aMyIbCUN Hanboiee NePCNeKTUBHBI OJ15
NCNONb30BaHNS HA MECTOPOXAEHNSAX. DU3MHECKOE
MOLENMPOBaHVe NOATBEPANIIO MOSTOXNTENbHbIE
CBOWCTBA XUAKOCTEN: COXPaHEHNE U yBENNYEHWE
MPOHULIAEMOCTU KEpHa, TEPMUYECKAsd CTabUIbHOCTb,
HM3Kas KOPPO3NOHHASA aKTUBHOCTb.

MO>XHO OTMETUTb, YTO AaHHbIE XXUOKOCTW MyLIEHNS
MMEIOT LLUNPOKYIO obnacTtb nprMeHeHa Ha Pas/inyHbIX
rybuyHax 3aieraHns NPOayKTUBHbIX NIacToB, Ha
0B6bEKTaxX C aHOMasIbHO BbICOKMMM 1 @aHOMaJTbHO
HU3KVMW M1ACTOBbIMU AABMEHSIMA, HA FTOPU30OHTasIbHbIX
CKBa&XXMHHbIX, Ha niacTax ¢ TEXHOMOMen rmapopaspbisa
nsacTa, Ha BbICOKOTEMMEPATYPHbIX 3a/ieXxax, Ha
HyBCTBUTEJIbHbLIX K UBMEHEHUIO XapaKTepa HacbILLieHWA
naacTa, CKJIOHHBIX K CH/XXEHNIO NPOHMLIZEMOCTH,
HabyXxaHWIO MOPO., 1 PasBUTUIO HEGArOMPUATHBLIX
KanuISPHbIX 3dEKTOB.

BonbLwmm nntocom aBaseTca CTabunbHOCTb
TEXHOMOMYECKMX CBOVCTB XXMOKOCTV MYLLEHUS B TEYEHNE
6onee 14 cyToK, YTO 0OECNEUMBAET LUTATHBIN PEXIM
NPOBEAEHNS PabOT Ha CKBaXKMHAX.

B 3aksto4eHme BCEro Bbillie CKa3aHHOMO, XKWUOKOCTU
FNYLLEHNSI Ha OCHOBE 0BPAaTHOW 3MYNIbCUN SBNSKOTCS
JNyYLIMM BapUaHTOM, KOTOPbIM ECTb HA PbIHKE
HedTerasosbIx yCyr. HeobxoaymMbl gasibHeENLLINE
nccnegoBaHys Mo JaHHOMY HampaBIEHIHO.

www.rogtecmagazine.com

wells, in reservoirs developed with hydraulic fracturing
technology, in high-temperature reservoirs, in saturation-
sensitive reservoirs with permeability reduction, rock swelling
and adverse capillary effects.

A significant advantage is the stability of technological
properties of the killing fluid for more than 14 days, which
facilitates a regular failure-free operation mode.

In conclusion, invert emulsion killing fluids are the best option
available on the oil and gas services market. Further research
in this area is needed.
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