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Optimization of potassium
lignosulfonate drilling fluid
lubricating additive

VIIK 622.24.06

Onmumizo8ano 3mauyéanvHi 0oMiuiky 00 RieHOCYIbPOHAMHO-KANIEBOT OYPOBOI NPoMUBANvHOI piOuHu 07
OypinHs ceeponosun. I3 ypaxysanHsam pe3ynomamis 1a60pamopHux 00cnioneHs nidibpano onmumanvti i po6oui Kow-
UeHmpayii 3smauly8anvHux 00OMiuloK, po3pobneHo peyenmypy 06pobKu 6yposoi npomMusansHoi piouHu.

KiouoBi cmoBa: 3malyBanbHa JOMIIIKa, peareHT, 6ypoBa MpOMuBaIbHa PiAnHa.

Onmumusuposanvl cmasviearouue 006a68Ku K 1UHOCYTbPHOHAMHO-KANUEBOTE OYPOBOLL NPOMbIBOHHOTE HUOKOCHU
onst 6yperus ckeaxcu. C yuemom pe3ynvmamos 1a60pamopHbLx Uccie008anuii no0o6patvl onmumanvHole U pabouue
KOHUeHMPAayuu cMasvléarusux 000asok, paspabomana peuenmypa o6pabomxu 6yposoii npomvi60uHOT HUOKOCHU.

KiroueBble coBa: cMaspiBamolas f06aBKa, peareHT, 6ypoBas IPOMBIBOYHAsI KUAKOCTb.

Lubricating additives for potassium lignosulfonate drilling fluid have been optimized. Proceeding from lab tests
results, optimal and working concentrations of lubricating additives have been selected and formulation for drilling fluid

treatment has been developed.
Key words: lubricating additive, chemical agent, drilling fluid.

Byposi npommBanbHi piguanu (BITP) BUKOPUCTOBYIOTD LA pyit-
HyBaHHsI IIOPOAYU OYpiHHAM Ta [Is il BUHECEHHs Ha MOBEPXHIO 3
Bubo0 cBepmmoBuHM. HeobxinHiCTh OypiHHS CBEPA/IOBUH Y pis-
HOMAHITHUX T'€OJIOTiYHMX YMOBaX i Ha Pi3HMX ITMOMHAX CTaBUTD
eper; HayKOBISIMY 3aBJAHHS PO3POO/IEHHs IPOMUBA/IbHIX PifUH,
ONTUMIi3alil pelenTyp Ta BU3HAYEHHH iX BTaCTUBOCTEN.

Ilo BIIP, sixi BukopucroBywoTs y ITAT «YkpHadra» Ha cBepa-
JIOBMHAX POTOBHIL, BiTHOCATH GE3IMMHUCTI, MATIOITMHUCTI (BMICT
mvHKCTOL (asu o 70 Kr/m®), ITUHNUCTI HeMiHepasti3oBaHi (MeHIe
3 % comi), emynbcifiai. Ipymyroun ix 3a XiMivHMM CK/IagoM, BUpi3-
HAIOTb TYMaTHi, IIO/iMepryMarTHi, nirHocynb(’pOHaTHi, iHriboBaHi
nojiMepKajiesi, 6iomomiMepHi, eMy/IbCiliHi, ToBiitHOIHTI60BaH] 3
6araroaTromunmu crimptamu, 6esrmavicti BITP [1].

PearenTty Ha 0cHOBI nirHocynbdoOHaTiB 3a 06cATOM iX 3acTo-
CyBaHH 151 060pOOKY 6YPOBMX IPOMUBA/IBHIX PiIUH IOCIAAI0TH
Apyre Micue Imicas rymatiB. [OOBHMMM KOMIIOHEHTaMM JITHO-
Cynb(OHATHOTO PeareHTy € JIrHOCYNIb(pOHATY TeXHIYHi HATpieBi
(JICT-Na). Y mpaktuui 6ypiHHs mrHOCyn1b(oOHATH BIleplie BH-
kopucramu B 1936-1937 pp. I1.3. lsefiuep i €.A. fAinnikosa
[2]. TomoBHOW (yHKIIIEO LUX PEareHTiB € 3HIDKEHHs B A3KOCTI

Drilling fluids are used to break rock while drilling and re-
move the cuttings from bottom hole to the surface. The necessity
of wells drilling in various geological conditions and at different
depths challenges the scientists to develop drilling fluids, opti-
mize formulations and determine their properties.

Drilling fluids used by PJSC “Ukrnafta’ at the depo-
sit wells include: clay-free, thin clay (clay phase content of up to
70 kg/m?), clay fresh (less than 3 % of salt), and emulsion drilling flu-
ids. By chemical composition they are divided into humate, polymer
humate, lignosulfonate, inhibited potassium polymer, biopolymer,
emulsion, double inhibited with polyhydric alcohols, and clay-free [1].

In terms of scope of application for drilling fluids treat-
ment, chemical agents based on lignosulfonates rank next
to humates. The main components of lignosulfonate che-
mical agent are technological sodium lignosulfonates. Ligno-
sulfonates were used in drilling practice for the first time
in 1936 - 1937 by P.Z. Shveitser and Ye.A. Yaishnikova [2].
Their main function is viscosity reduction combined with
stabilizing and inhibiting effects. Potassium lignosulfonate
drilling fluids are mainly used for drilling of clay rocks and
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Bnnue koHUEeHTpaLii 3mMaLLyBanbHUX AOMILLOK Ha koedilieHT TepTsa/
Influence of lubricating additive concentration upon friction coefficient

TOMD-TRAS SE8-1 —a—388 —p—Lioroo —#—D2al]

3 NOENHAHHAM CcTabinisyodoro ta iHribyiodoro edexris. Jliro-
CynbOHATHO-Ka/Ti€BI TPOMUBA/IBHI PIAMHM BUKOPUCTOBYIOTH
HepeBaXHO s OypiHHA INIMHUCTUX TiPCHKUX IOPIA, a TaKOX
iHTepBaJIiB, IPeJCTaB/IEHNX TillcaMy, aHTiipUTaMMy, aprizitaMu i
Kap6OOHATHIMIU BifK/IajaMIL.

JlirHocynb(OHATHO-Ka/Ti€B] TPOMUBA/IbHI PIAMHY — 1€ PIVIHIL,
crabinmizoBaHi mirHocynsgonaraumu pearentamu (KCCB-MT, PB-
CM, ®XJIC) y xombinanii 3 monimepamu (peryasropamu ¢insrpa-
uii KMII, ITAA Tomro) i 3MalyBanbHUMM HOMIIIKaMIL.

Ockinbky sMalryBa/ibHi JOMIIIKM BUKOPUCTOBYIOTb Y PisHO-
MaHITHMX T€O0/IOTO-TeXHIYHNX yMOBax OypiHHS CBepH/IOBMH, TO
3HAYHY yBary IpUAUIAIOTh 6araToyHKIIOHAIBHOCTI X Aii.

PesymbraTi mpoMmCIOBUX BUIPOGYBaHb PARY BIIOMUX IIPO-
LYKTiB Iif 9ac OymiBHMIITBA CBEpPA/IOBMH IOKA3ajIM, M0 B OiTb-
IIOCT] BUIAAKIB BOHM MaKCUMAIbHO eeKTUBHI JIMIe B CHCTEMAX
OypOBUX NPOMMBATBHUX PiAMH BU3HAYEHOTO KOMIIOHEHTHOTO
CK/Iafly i 3a71e)KaTh BiJi KOHKPETHMUX I'e0JI0T0-TeXHIYHMUX YMOB, TO-
610 He € yHiBepcambHUMM. [IOBEpXHEBO-aKTUBHI KOMIIOHEHTH Y
CKJ/IaJli 3MallyBa/JIbHMX JOMILIOK BIUIMBAIOTh Ha iX IMOIAPU3ALIIO Ta
CTPYKTYpY, Ha IOKpALIeHHs aficOpOLiiiHO-130/ILIHOTO edeKTy
tomo [3].

3HavyHMIT BiICOTOK MAacTMI CBITOBOrO BMPOOHUIITBA MICTUTDH
MUIa — COMi OpraHiYHMX KMCIOT; IX XiMiYHa IIpMpOfia CYyTTEBO
BIUIMBA€ Ha TEXHOJOTIYHi BIACTMBOCTI 3MAal[yBa/JbHUX JIOMIIIOK
I1s1 6YPOBUX IIPOMMBA/IbHIUX PIfIUH.

I[Tpo HasBHICTD MOMi(YHKIIOHATBPHNX BIACTMBOCTEl IOBEPX-
HEBO-aKTMBHMX 3MAIyBa/JbHMX JOMIIIOK, OKPIM 3HIDKEHHS KO-
edinienTa TepTHA, MOXYTb CBIIYUTH JIETKICTh AUCIEPTYBAHHS Y
6ypoBOMY pO34NMHi, CyMICHICTb i3 XiMIYHMMM peareHTamm — iH-
rpefieHTamMy OYpOBMX PO3UMHIB, 3HATHICTD O OOMeEKEHH Tifpa-
Talii po3OypIOBaHNX IIMHUCTUX MiHEpasiB, eMY/IbIyIOdi, aHTHU-
KOPO3iliHi BIaCTUBOCTI, CTIilIKiCTb 10 arpeCMBHOTO BIUIMBY COJIEN
OJIiBaJIEHTHNUX MeTaIiB [4].

HaBopnumo BifoMy 3 miTepaTypHuX Axepen iHpopMaLio oo
[IesKVX BUITPOOYBAaHMX 3MAII[yBaTbHUX HOMILIOK.

intervals, represented by gypsums, anhydrites, claystones
and carbonate deposits.

Potassium lignosulfonate drilling fluids are fluids stabilized
by lignosulfonate chemical agents (condensed sulfate-alcohol
stillage modified technical (CSAS-MT), RV-SM, ferro-chro-
melignosulfonate (FCLS)) combined with polymers (filtration
regulator CMC, surfactants etc.) and lubricating additives.

Due to the fact that lubricating additives are used in different
geological and technical conditions of wells drilling, great atten-
tion is paid to their multifunctional performance.

The results of industrial testing of a number of well-known
products in the course of wells construction have demonstrated
that in most cases they are maximum efficient only in drilling flu-
ids systems of a definite composition and depend upon particular
geological and technical conditions, thus, they are not multipur-
pose. Surfactants in lubricating additives influence their polari-
zation, structure and enhancement of adsorptive and insulating
effect etc. [3].

Significant percentage of globally produced lubricants con-
tains soaps which are salts of organic acids; their chemical nature
substantially influences the processing properties of lubricating
additives for drilling fluids.

In addition to reduction of friction coefficient, the presence
of multifunctional properties of surface active lubricating addi-
tives can be evidenced by easiness of dispersion in drilling fluid,
compatibility with chemical agents which are drilling fluid com-
ponents, ability to bound hydration of clay minerals being drilled
out, emulsifying, anticorrosion properties, resistance to aggres-
sive action of polyvalent-metal salts [4].

Given below is the information on some lubricating additives
being tested as taken from the literary sources.

Bit Lube Export [5] is produced by M-I Drilling Fluids
(USA). The main advantages of this additive: highly efficient in
fresh clay drilling fluids and significantly minimizes drag and po-
tential for differential sticking. Disadvantages: high cost (multiple
times more expensive than similar-level domestic lubricating ad-
ditives); significant transportation expenses; incompatibility with
the systems with highly mineralized dispersion media; insuffi-
ciently low solidifying temperature (above - 12 °C).

TORQ-TRIM is produced by Halliburton (USA). Its main ad-
vantages: imparts additional lubrication properties to fluids under
pressure; functions in fresh water- and salt water-based fluids at
varied pH levels; does not grease out from fluids with high calcium
or magnesium content; readily biodegradable; does not foam in
drilling fluid; stable at temperatures above 205 °C. Disadvantages:
too high price and significant transportation expenses.

SBR (Ukraine) is produced on the basis of plant prod-
ucts with the addition of tall oil. Ammonium form of sapon-
ificated fatty acid products is characterized by low ionization,
which facilitates their resistance to washing off and aggressive
action of polyvalent-metal ions. Carbamide, being an ingredi-
ent of this drilling fluid, causes its effective homogenization,
selective adhesion, and facilitates inhibition of hydration of
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Bit Lube Export [5] - mpoxgyxt xommanii M-I Drilling Fluids
(CHIA). OcHoBHi mepeBaru Lji€l F06aBKM: BICOKOe(eKTMBHA B
HPICHUX DIVHUCTUX GYPOBUX IPOMMBAIBHUX PiMHAX Ta 3HAYHO
MOMIMINYE iX TPOTU3HOLIYBa/IbHi, IPOTUIIPUXOIIIIOBA/IbHI BIaCTH-
BocTi. Hemormixnm: Bucoka BapTicTb (y pasy BuIla, HDK BITUM3HAHNX
3MallyBa/IbHMX IOMIIIOK aHa/IOTiYHOTO piBHA); 3HAYHi TPAHCIOPT-
Hi BUTPATV; HEMOXX/IMBICTD 3aCTOCYBaHHA B CUCTEMAX i3 BMCOKOMi-
HEPaTi30BaHUMM AUCIEPCIIHMMU CEepPeNOBUILAMY; HEJOCTaTHHO
HI3bKa TeMIlepaTypa 3acTuranus (sume - 12 °C).

TORQ-TRIM - mpopykr kommanii Halliburton (CIIA). Oc-
HOBHi JIOTO TlepeBaru: HaJa€ NONATKOBY 3MAlllyBa/IbHY BIaCTUBICTh
pO3YMHaM IIifJ TMCKOM; IIpalll0€ B PO34YMHAX HAa OCHOBI IIPiCHOI Ta
COJIEHOI BOJI 3a Pi3HUX 3HaYeHb pH; He BMBOOUTHCA 3 PO3YMHY IIPU
BUCOKVX KOHIIEHTPAIIifAX Ka/IbI[il0 i MAarHii0; 1erko miffaeTscs 6io-
JIOTYHOMY POSK/Iafiy; He YTBOPIOE MiHNU B OYPOBIil IPOMUBAIBHII
pimuHi; cTiitkuii mpu Temmneparypax noxap 205 ‘C. Hegonikn: HagTo
BJICOKA IIiHa Ta 3HAYHi TPAHCIIOPTHI BUTPATHL.

CBP (YxpaiHa) BUTOTOB/IAETLCA HA OCHOBI IPOAYKTiB POC/INH-
HOTO TTOXOJ)KEHHs 3 OAABaHHAM TaIeBOro Macia. AMoHieBa ¢op-
Ma HPOAYKTiB OMIIEHMX >KMPHUX KUC/IOT XapaKTePU3YETbCA Ma-
TIMM CTYTIEHEM iOHi3allii, o CIIpHsI€ iX CTIMIKOCTI 10 BiiMMBaHHA Ta
arpecuBHOI fii 1OHIB HoNiBaeHTHMX MeTantiB. Kapbamif, sk onus
i3 iHTpefieHTIB L[LOTO peareHTy, CIPUYNHIOE eeKTUBHY JOTO ro-
MOT€eHi3allilo, CeJIEKTUBHICTD a/iresii, a TAKOX CIIpUIE iHri6yBaHH10
rigparanii MinepaniB. OCHOBHI 110T0 HepeBaryt: IBNAKA afcopOLis
Ha IIOBepXHi MeTany (3a paXxyHOK aMiHOCIOYK); COMECTilKiCTb;
TePMOCTINIKiCTh (32 paxyHOK aMOHi€BOI Qopmu); IONINIIEHHA
BIUIMBY Ha TEXHOJIOTiYHi ITapaMeTpy IIPOMMBAIbHNUX PifiVH; 3MEH-
IIEHHST TOKAa3HMKa KOeilli€HTa TePTS KipKIL.

[I3-10 - opHopigHa pimuHa TeMHOro (YOPHOrO) KOMBOPY Ha
OCHOBI BifIXOJIiB BYI7TIEBOJHEBOI CHPOBMHN. 3a CTyIIeHeM Aii Ha op-
ranism mopuau [13-10 Hanexxuts 1o IV kmacy Hebesmeku — pedoBu-
uu manotokcuydi (TOCT 12.1.007-76).

Ipadir I'CB-1 (Ykpaina) - 3MallyBabHa HOMiIIKa IIOPOLIKO-
nozibHa — BUTOTOBIAEThCA 3rigHo 3 TY YV 26.8-31223865-001:2010
i3 xpucramigHOrO NpUpOAHOro rpadiry; BiH OTPUMAHWIT LIIAXOM
36aradenHs rpaiToByX pyz i KpUCTaTiYHOrO TpadiTy, a TAKOX 30a-
ravyeHHs BiXOAiB MeTalTypriifHOro BUPOOHMIITBA Ta BUPOOHMIITBA
Kapbiny KpemHio, o MicTaTb rpadir. Ipagir 'CB-1 mpusHauenmit
LS TIOKpAIIleHHsI 3MAI[yBa/IbHIUX B/IACTUBOCTEN OYPOBOI IpOMU-
BAJIbHOI PiIMHM 3 METOKI0 3HIDKEHHS JIMOBIPHOCTI BMHMKHEHHA
HpyXOIUIeHb mif ac 6ypinus. OCHOBHI Or0 HmepeBaru: COMecTiii-
KiCTb; TEPMOCTINKICTh; 30epeKeHHs BIACTMBOCTEN IPY HUSBKIX
Temneparypax. Hepgomiku: Benmka JIMOBIpHIiCTb BifiCifoBaHHA Ha
BibpocuTax; HOPIBHAHO 3 OKPEMIMI 3MAIIyBaIbHIMI JOMILIKaMI
He Mae 6araTo(yHKIIOHAIbHOTO BIUIVBY Ha TOKPAII[EHHS OCHOBHUX
nokasHukis BITP.

JIa6bpuxon (YkpaiHa) BUTOTOB/IAETbCA HA OCHOBI IPORYKTiB
POC/IMHHOTO MOXOKEHHs 3 JOAABAHHAM Cynbdaraoro Mmma. Oc-
HOBHI J10TO IepeBary: IIBUAKA afcOpOLis Ha MOBEPXHI MeTany;
COJIECTIMKICTD; TEPMOCTIKICTD; TOJINIIEHHs BIUIMBY Ha TEXHONO-
riyHi mapamMeTpy NPOMMBAIbHUX PifiviH, 3MEHIIEHHA NOKa3HMKA
koedirienTa Tepts Kipku. Takox Oro MO>XHa BUKOPUCTOBYBATI

BYPIHHA CBEPOJTIOBUH

minerals. Its main advantages: quick adsorption on metal sur-
face (due to amino compounds); salt resistance; thermal sta-
bility (due to ammonium form); improvement of influence
upon process parameters of drilling fluids; decreasing of cake
friction coefficient.

DZ-10 is a homogeneous fluid of dark (black) colour on the
basis of raw hydrocarbons waste. By the level of human health
hazard it belongs to the IV class of hazard - low-toxic agents
(GOST12.1.007-76).

Graphite GSB-1 (Ukraine) — powdered lubricating additive -
produced in accordance with TU 26.8-31223865-001:2010
from crystalline natural graphite obtained through benefici-
ation of graphitic ores and crystalline graphite as well as by
beneficiation of graphite-containing wastes of metallurgical
production and silicon carbide production. Graphite GSB-1 is
intended to enhance the lubricating properties of drilling fluid
with the aim to minimize sticking possibility during drilling.
Its main advantages: salt resistance; thermal resistance; reten-
tion of properties at low temperatures. Its main disadvantages:
high probability of mud screens sieving; in comparison with
some other lubricating additives it doesn’t have multifunctional
impact upon improvement of the main parameters of drilling
fluids.

Labrykol (Ukraine) is produced on the basis of plant
products with the addition of sulfate soap. Its main advan-
tages: quick adsorption on metal surface; salt resistance;
thermal resistance; improvement of impact upon tech-
nological parameters of drilling fluids; reduction of fil-
ter cake friction coefficient. Also it can be used as a thick-
ening agent and gelling additive of thinned salt-saturated
drilling fluids.

Nowadays, in the course of lubricating additives testing spe-
cialists pay attention to:

— shear rate of filter cake. It is the value which characterizes
strength of filter cake and is determined by ratio of strength nec-
essary for tangential displacement of cyclic load across the cake
to its weight;

- friction coefficient of filter cake. It is the value which indi-
rectly characterizes lubricating properties of drilling fluid [6].

Friction coeflicient is the main criterion for evaluation of lubricat-
ing properties of additives and its decrease is characteristic for their ef-
fectiveness. Due to the fact that along with the necessary highly effec-
tive lubricating additives the less effective agents are sometimes being
tested, the use of the latter being able to deteriorate the technical and
cost performance of drilling, the drilling fluid performance and cost
overrun, the said testing shall be carried out using several profession-
al instruments, such as KTK, KTK-2, Sticking Tester OFI (USA). The
latter is used in accordance with API standard to measure friction co-
efficient when the v-block is pressed to the ring at the load of 1.03 MPa
(150 pounds per square inch) and shaft rotation frequency of 60 min ™"
(see Fig.).

The evaluation results has proven the Labrykol lubricating
additive to be the most appropriate for our conditions in terms
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MopiBHANBHUI aHani3 BNAUBY Pi3HOMAHITHNX 3MaLlyBanbHUX AOMILLOK

Ha TeXHOroriyHi napameTpu GypoBOi NPOMMBArbHOI PiaUHN /

Tabnuus 1 /Table 1

Comparative analysis of influence of different lubricating additives upon

technological parameters of drilling fluid

Cknap, po3unny / P> Kr/m* / T, D, K, mm/ pH KTK (mpu- |KTK KTP/ n, T, nlla /
Drilling fluid composition p, g/m? c/ |[3a30xs, K, mm nag KTK)/ (upumag Friction mlIa-c/ 1,dPa
T,s |cm®/ Friction KTK-2)/ coefficient n,

B, coefficient | Friction (Sticking Tester | mPa-s

in 30 min, (KTK) coefficient OFI)

cm?® (KTK-2)
Buxipgnuit 6ypoBuit po3uns i3
CBSPJIIIOBI/IHI/I AHacTaciBCbKOTro
poposua / 1170 48 12,0 2,0 8,03 0,16 0,1051 0,345 12 143
Base fluid from
Anastasivske field
N° 1+2 % Bit Lube Export 1170 40 11,0 2,0 7,34 0,07 0,0699 0,07 19 105
N 1+2 % TORQ-TRIM 1170 40 10,5 2,0 8,01 0,07 0,0699 0,08 15 120
Ne 142 % ICh-1/ 1170 48 11,0 22 8,12 0,09 0,0745 0,17 16 110
Ne 1+2 % GSB-1
Ne 1+2 9% CBP / 1170 56 9,0 1,5 7,34 0,06 0,0568 0,06 19 106
N 1+2 % SBR
N 1+2 % Jlabpukon / 1170 52 8,5 1,5 8,52 0,06 0,0554 0,04 12 158
N2 1+2 % Labrykol
Ne 142 % [13-10/ 1170 42 11,0 2,0 8,01 0,08 0,0745 0,16 10 144
Ne 1+2 % DZ-10

AK 3aryllyBad i CTPYKTYpOyTBOproBay coneHacuyenux BIIP, y axux
HacTaso crabimisariiiHe po3pimKeHHsI.

Ha cporopi creniamicTu y Xofi TeCTyBaHHA 3MalyBaJbHMUX
IOMIIIIOK 6epyTh O yBaru:

- koedilieHT 3cyBy inbTpaniiiHOi KipKy — Ije BeTUYMHA, 1110
XapaKTepusye MILHICTb (iNbTpPALiifHOl KIPKY i BUSHAYAETHCS Bifj-
HOLIEHHM 3yCUUISA, HeOOXiJHOTO [/Is1 TAHTeHIIia/IbHOTO 3MillleHHS
KiZIbLIEBOTO BaHTaXXy 110 KipIli, 0 JI0r0 Baru;

- xoediuient teprs ¢inprpauiiuoi kipkn (K,,) - e BemrunHa,
1[0 OIIOCEPENKOBAHO XapaKTepN3ye 3MallyBaIbHi BIACTUBOCTI OY-
POBOI IIpOMUBaNbHOI pimyau [6].

Ockinbku KoeQilieHT TepTs € OCHOBHMUM KPUTEPIEM OLiHIO-
BaHHA 3MAIlyBa/IbHMX BIACTMBOCTEN TOMIIIOK, 3HVDKEHHSA SKOTO
XapakTepusye ix eeKTUBHICT, a MOPSF, i3 HEOOXITHMMM BICOKO-
ebexTVBHMMY 3MAI[yBabHUMIY AOMIIIKaMM IS JOCTIKEHb iH-
KOV HA[IXO[SITh HE[OCTATHBO e(DeKTUBHI peareHTH, BUKOPUCTAH-
HA AKUX MOXK€ IPU3BECTM [0 IOTipLIEHHS TeXHiKO-€KOHOMIYHMX
MOKa3HUKIB OYpiHHA Ta SIKOCTi IPOMUBAJIbHOI PifVHM, MepeBu-
TPaTM KOMITiB, TO TECTYBaHH: IIPOBOAMMO Ha KiZbKOX NpuIajax:
KTK, KTK-2, Sticking Tester OFI (CIIIA). OcraHHiit BifIoBigHO
[0 CTaHAAPTy AMEPMKAHCHKOrO HAaTOBOrO IHCTUTYTY BUMIpIOE
KOeILliEHT TepTs Iy MPUTUCKAHHI IPU3MI [0 Ki/IbIIS 3 HABaHTa-
xennsaM 1,03 MITa (150 ¢yur/mroitm?) Ta gacToTi 06epTaHHs Bama
60 xB™' (pUCyHOK).

3a pesy/nbTaTaMM OLiHIOBaHHA BCTaHOBJIEHO, IO 3a TEXHOJIO-
TiYHOI0 e(PEKTMBHICTIO Ta L[iHOBOIO IO/ TUKO HANIIPUITHATHILION

of process efficiency and price policy. Among the drilling flu-
ids, it has recommended itself to be the most effective one as
it guarantees decrease of friction at concentrations of 1.5 and
2.0 % respectively.

Further investigations (Table 1) have been carried out
aimed at determination of optimal lubricating additives in
potassium lignosulfonate fluid with mineralization of 8.7 %,
Ca""/Mg™" ionic composition of 1002/121.6 mg/1, KCI - 2.3 %,
CO,™ - 163 mg/l and HCO,™ - 1750 mg/l). Special atten-
tion has been paid to multifunctional lubricating additives.
Lubricating additives have been tested in their marketable
state. According to the investigations results, the additives
can be ranked as follows by their stabilization effective-
ness: Labrykol » SBR » TORQ-TRIM - Bit Lube Export >
Graphite GSB-1-> DZ-10.

As it is clear from the Figure, optimal concentration of lu-
bricating additives (Labrykol, SBR, TORQ-TRIM, Bit Lube Ex-
port) is 1.5 — 2 % in their marketable state, which allows for
reduction of filter cake friction coefficient. Some lubricating
additives being multifunctional chemical agents facilitate in op-
timization of formulation for regulation of filtration, structural
and rheological parameters of potassium lignosulfonate drilling
fluids, and their effect increases in combination with polymers
(Lignoksyn, RV-SM) (Table 2).

On the basis of the data obtained, the search has been car-
ried out for the effective formulations using lubricating ad-
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JU/Ls1 HAIIVIX YMOB € 3MalllyBa/ibHa gomiruka Jlabpu-
Kom: y cepepouui BIIP BoHa 3apekoMeHpmyBanma
cebe sk HaileeKTUBHIIIA, IO 3abe3ledye 3HMU-
JKEHHSA CUJIU TePTsA y KOHIIEHTpallii BiflIOBiTHO Ha
1,5i12,0%.

[Mopmanpiui gocmimkenHs (Tabm. 1) mposomu-
MM 3 BM3HAYEHHA ONTMMAIbHMX 3MAI[yBa/JbHUX
[OMIIIIOK Y JHTHOCYNb(OHATHO-KAIEBIN pignHi 3
MiHepamisarieo 8,7 % Ta ioHHMM cxmagom Cat'/
Mg - 1002/121,6 mr/m, KCI - 2,3 %, CO,* -
163 mr/n Ta HCO; - 1750 mr/n. OcobnuBy yBa-
Iy NpUAUIEHO HAOMilKaM 6araTo(yHKIiOHA/b-
HOi fil. JlocmimKyBanmm 3MallyBajbHi JOMIIKK y
TOBAapHOMY BMITIAJL. BifIOBiHO 10 pe3y/nbTaTiB
[IPOBEEHNX [OCTIPKEHb 32 e(eKTUBHICTIO CTa-
611i3yr040i Ail JOMILIKY MOYKHA BICTABUTH TaKVMM
uyHOM: JIabpuxon->CBP->TORQ-TRIM-Bit Lube
Export->Ipadit TCB-1->]13-10.

SIK BU[IHO 3 PUCYHKa, ONTMMAa/bHA KOHIIEH-
Tpauisa pomimox 3smauryBaabHux (Jlabpukor,
CBP, TORQ-TRIM, Bit Lube Export) crano-
BUTh 1,5-2 % y TOBapHOMY BUITIAML, IO Ja€
MOXX/IMBICTD 3MEHIIUTH MTOKA3HUK KoediljieHTa
TepTs Kipkn. OKpeMi 3Mal[yBaabHi JOMIlIKM AK
peareHTH 6araTo(yHKIIOHAIbHOI Ail FomOMa-
raloTh ONTUMI3yBaTU PELENTypPU PerymoBaHHA
¢binbTpaniifHux Ta CTPYKTYPHO-PEOTIOTiYHUX
[IOKa3HUKIB JHIHOCYIb(OHATHO-KA/MIEBUX MPO-
MUBAJIbHUX PifVH, a KOMOiHaLis 3 moniMepamu
(JTirnokcun, PB-CM) migcuroe ix giro (Tabm. 2).

Ha ocHOBI OTpMMaHUX HAHMX 3[iJICHEHO IIO-
YK eeKTUBHUX PELENTyp i3 BUKOPUCTAHHAM
3Mall[yBa/JbHOI JOMIIIKM 3 peareHTamy, AKi 3a-
CTOCOBYIOTb /I 0OpOO/IEHHs JrHOCY/Ib(OHAT-
HO-Ka/lieBUX OYPOBMX IPOMIUBA/IbHNX PiiMH.

3naiieHo edext 3acrocyBaHHA Jlabpuxony B
KoM6iHariii 3 JlirnokcutoM (aHamisu 1-3, y Tabmmwi
panku 1-3 BignosigHo), PB-CM (an. 4-6) ta coms-
Mu-iHribitopamn (an. 10-11). 3ayBaxknmo, 1110 B Tiep-
IIOMY i PyTOMy BUIAZIKy Taka KOMOIHaist IpusBo-
IUTD IO eeKTUBHOTO MOKpallieHHs (QiIbTpaLifiHmx
Ta 3MalllyBaJbHMX TOKA3HMKIB; B [JPYTOMY BUITaji-
Ky — IO TIOCWIeHHI iHriOyI04o0i Aii (BMICT KOOITHOL
(asu 3menmyerscst 3 3,6 10 1,9 %). O6pobusum
nirHocynbdonarHo-kaniesy BIIP pearentom Jla-
6pukon, BigMiTIUI HO3UTUBHMIT eeKT Jioro il Ha
TEXHOJIOTIYHI TIOKa3HMKY (aH. 7-9).

Ha ocHOBi mabopatopHyx JOCTIKEHb PO3po-
6/1eHO JTrHOCY/Nb(OHATHO-Ka/Ti€BY OYpOBY MpO-
MUBA/IbHY PifiVIHY, IKY PEKOMEHJOBAHO M IIPO-
MIC/IOBOTO BUKOPUCTAHHA (Tab7. 3).

[TpoMucioBi BUIIPOOYBAaHHA 3MAl[yBajb-
HOI gomimky JIabpuKON MiATBEPAMIN He JIMILe

BYPIHHA CBEPOJTIOBUH

Tabnuus 2 / Table 2
Pesynbratn 06pobkn mogensoBaHoi cycneHsii Ta BlP i3
3aCTOCyBaHHAM 3mallyBanbHoi AoMiwwku Jlabpuvkon /

Results of modeled suspense anddrilling fluid treatment,
using Labrykol lubricating additive

B, 3a CH3
30 xB, K, 1 x8/10 xB alla /
Ckuajx po34uuny / pkr/m*/ [ T,c/ |em®/ MM / KTK Static Shear H
Fluid composition p,kg/m* [T,s |[B,in K, Stress P
30 min, | mm 1 min/ 10 min
cm’ dPa
1. Imun. cycnensia 8 %
KOHII. + 3 % Jlirnokcuny /
1040 24 6,0 1,0 | 0,09 19/86 10,2
Clay slurry 8 % +
3 % Lignoksyn
2.Ne 1+ 1 % Jlabpukon /
1040 28 4,5 0,5 | 0,06 38/96 9,81
Ne 1+ 1 % Labrykol
3.Ne 1 + 2 % JTabpukon /
1040 32 3,5 0,5 | 0,05 40/116 9,77
Ne 1+ 2 % Labrykol
4. [nnu. cycniensis 8 %
KoHII. + 4 % PB-CM /
1030 22 7,5 1,0 0,14 15/33 9,35
Clay slurry 8 % +
4 % RV-SM
5.Ne 4 + 1 % JTabpukon /
1030 24 6,5 1,0 0,10 23/31 9,19
Ne 4 + 1 % Labrykol
6. Ne 4 + 2 % JIabpukon /
1030 26 5,0 1,0 | 0,07 20/33 9,14
Ne 4 + 2 % Labrykol
7. BypoBa npomuBanbHa
PpigyHM 3i CBEpIIOBUHI
Tony6iBcbKoi ot / 1160 78 4,0 1,0 0,08 84/131 9,08
Drilling fluid from
Golubivske field
8.Ne 7 + 1 % Jlabpukon /
1150 75 3,0 0,5 | 0,05 78/103 9,05
N7 +1 % Labrykol
9. Ne 7 + 2 % Jlabpukon /
1150 79 3,0 0,5 0,04 84/128 9,07
Ne 7 +1 % Labrykol
10. Ne 7 + 1,5 % KCL +
0,5 % CaCl, /
2
Ne7+15%KCL + 1170 88 8,0 0,5 | 0,09 99/143 8,87
0,5 % CaCl,
11. Ne 10 + 2 % JTabpukony /
1170 86 5,0 0,5 0,06 78/106 8,90
Ne 10 + 2 % Labrykol
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BYPIHHA CBEPOJIOBUH

O

Po3pobneHnuii cknag pianHu ans 6ypiHHS cBepaoBuH /
Developed fluid composition for wells drilling

Tabnuus 3 / Table 3

ditive with chemical agents that are applied
to treat potassium lignosulfonate drilling
fluids.

Effect of application of Labrykol in com-
bination with Lignoksyn (tests 1-3, rows 1-3 in
the table, respectively), RV-SM (tests 4-6) and
inhibitor salts (tests 10-11) has been found. It
is to be noted that in the first and in the sec-
ond case such combination results in effective
improvement of filtration and lubricating pa-
rameters; in the second case it is followed by
enhancement of its inhibitor performance (col-
loidal content is decreased from 3.6 % to 1.9 %).
Upon treatment of lignosulfonate drilling fluid
with Labrykol, the positive result of its com-
bined effect with drilling fluid shall be observed
(tests 7-9).

On the basis of laboratory tests, potassium
lignosulfonate drilling fluid has been deve-
loped, which is recommended for industrial use
(Table 3).

Industrial testing of Labrykol lubricat-

Kinpxicamit
KommoneHTHMIT CKIaf
CKIap, XxiMpeareHTis, HMapameTpu 6vpoBoi
Tun posunny / xiMpeareHTiB / Kr/m* / - (I))MMBaII’le(Z;P —
Type of fluid Compositional Volume Dl: illing fluid frfme Tors
analysis of chemical | composition of 8 P
agents chemical agents,
kg/m®
IIBMA / 50
Bentonite I'ycruna — 1040-1080 xr/m® /
Jiraonon-C / Density - 1040-1080 kg/m?
Lignopol-C 20 YMmoBHa B’s13KicTb — 40-95 ¢ /
PB-CM / Relative viscosity — 40-95 s
RV-SM 10 dinprpania - 3-6 cm*/30 xB /
Jlirno- Filtration - 3-6 cm?/30 min
IenTaxc /
cynbgoHarHo- Pentaks 3 CH3,10 - 30-60/60-90 /
Kasieswit / q ; Static Shear Stressy/io —
Potassium adra 100 30-60/60-90 /
Oil .
lignosulfonate Kipka - 0,5 mm /
Ca(OH)2/ 3 Filter cake - 0,5 mm
Ca(OH)2 KTK - 0,04-0,08 /
KCl/ Filter cake friction
80
KCl coefficient - 0,04-0,08
Jlabpuxon / 20
Labrykol

ing additive have not only proven its high
efficiency but also existence of polyfunc-

ii BUCOKY e(eKTUBHICTD, a I HAasBHICTb MOMi(yHKIIOHATBHUX
B/IACTUBOCTell. BOHA JIETKO JNUCIEPryeThcsi B OYPOBUX IIPOMIU-
BaJIbHUX PiMHAaX, CyMiCHa 3 XiMiYHMMM peareHTaMu-ctabimisa-
TOpaMM, ITOKDPAlyE€ TEXHONOTIYHi BIACTUMBOCTI NPOMMUBATIbHUX
pinuH. PasoM i3 TuM, HOTPiOHO 3ayBaXkKNUTH, LIO OBEPXHEBO-AK-
TUBHMII 3MalllyBa/jbHNUIT peareHT JIabpuKoI, 1m0 BUPOOTIAETHCA
B YKpaiHi, Ma€ CyTT€BI IepeBaru Haji BifoMuMu 3apyObKHMMM
aHa/IoraMIm.

BucHoBKM

o JTabpMKOII peKOMEHIOBAHO O BUKOPYMCTAHHA K 3MalllyBa/lb-
Hy pomimky no BIIP, mifibpaHo onTyManbHy 0ro KOHLEHTpPALio
IULs1 TIOKPAILeHHsT eKO/IOTiYHOTO CepelOBMILA, 3aIIPOIIOHOBAHO 00-
MEXWTU BUKOPUCTAHHSA HaTHU Y BePXHIX TOPU3OHTAX PO3PI3y Mix
9ac pO3KPUTTA BOLOHOCHMX TOPM3OHTIB MUTHOI AKOCTi;

* HeOOXi/THOI0 YMOBOIO [/Is1 6e3aBapilfHOTo OYAiBHUIITBA CBEPS-
JIOBVH € 3aJIy4eHHA 1o 06po6ky BITP HOBUX edeKTUBHUX, BUITY-
JeHH: 3aCTapinx Ta MajoeeKTUBHIX 3MalllyBa/IbHIX JOMIIIOK;

e OIITMMAJIbHUIA BMICT JOCTIIKYBaHMX JOMILIOK CTAHOBUTD Bifl
1,5 no 2,0 %;

o Hajle(eKTUBHIIIIE 3HVDKYIOTh KOCDILIIEHT TepTs, a TAKOX I0-
KpalyIOTb iHIIi TeXHOJNOTri4yHi mapamMeTpyu OypOBMX IPOMMUBAIb-
Hux pigyH gomiuiku CBP, JTabpukor;

* TOCTI/PKEHHS TIOKa3a/IM, IO BiTUM3HAHI 3MallyBa/IbHi JJOMIIIKN
32 3MallyBa/IbHOIO 3/JATHICTIO Ta YHIBEPCA/IbHICTIO He TIOCTYNAIOThCA
IMIIOPTHMM aHajIoraM, a B JIEIKMX BUIIA/IKaX HaBiTh Kpallli 3a HIX;

* Ha OCHOBI BMOOPY ONTVMMa/IbHOI 3MAIyBa/IbHOI ZOMIIIKI PO-
3po6IeHO perenTypy 6ypoBol IPOMMBA/ILHOL PiAMHIL

tional properties. It is easily dispersed in
drilling fluids, compatible with chemical stabilization agents
and improves technological properties of drilling fluids.
Meanwhile, it should be mentioned that Labrykol surface ac-
tive lubricating agent which is produced in Ukraine has sig-
nificant advantages in comparison with its known foreign
counterparts.

Considering the above, the following conclusions can be
made:

- optimal concentration and quantity of Labrykol has been
selected and recommended for application as a lubricating addi-
tive for drilling fluids. It has been suggested to limit use of crude
oil in upper layers in the course of drinking water-bearing forma-
tions development;

- to guarantee trouble-free wells construction, drilling fluids
need to be treated with the new and eflicient lubricating addi-
tives, obsolete and low-efficient additives to be excluded;

- optimal concentration of additives under investigation is
1.5-2.0 %;

- such additives as SBR and Labrykol are the most efficient
in terms of the friction coefficient decrease and improvement of
other technological parameters;

- the investigation has shown the domestic lubricating addi-
tives to match its foreign counterparts and in some cases to even
rank over them as to lubricating properties and serving multiple
purposes;

- on the basis of lubricating additive selection, drilling fluid
formulation has been developed.
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ABTopu ctaTTi

Mazyn Muxaiino Apocnasosuu

Tlposionuii inotcenep i00iy mexHiKu, mexHoo-
2ii Oypinns ma kpinnenns ceeponosur HAIII TIAT
«Ykpnagpmay. 3axinuue IPHTYHI 3a cneyiany-
Hicmio Oypinna, Ilpuxapnamcokuii HayioHanbHull
yHieepcumem imeni B. Cmeghanuxa ma acnipan-
mypy yb020 Jic YHi6epcumemy 3a CneyiaibHiCmio
ximiss BMC. Hayxosi inmepecu nog’sisami 3 yoo-
CKOHQNLEHHAM Deyenmyp ma CmeOPeHHAM HOGUX
cucmem OYpoBUX NPOMUBATLHUX PIOUH.

T'ypcokuii Cepeiii Anamoniiiosuy

Hauanvnux epynu 6i00iny 6yposux posuumie i
mexnonoeiunux pioun HIJIITIAT « Vkpraghmay .
3axinyue IPIHI 3a cneyianvuicmio Gypinus.
Hayxosi inmepecu nos’azani 3 po3pobroio Oy-
POBUX NPOMUBANLHUX PIOUH A MECIMYBAHHAM
HOBIMHIX XiMpeazeHmie ma mamepiaais.

Hosuii mepminan 311" y Qinnsanoii

3invkoe Pycnan Bonooumuposuu

Inocenep I kamezopii 8i00iny 6yposux po3uunie
i mexnonoeiunux pioun H/III ITAT «Ykpragp-
may. 3axkinyue IOPHTVHI 3a cneyianvnicmio
oypinna. Haykoei inmepecu nos’ssawni 3 pos-
&7 POOKOIO Ma YOOCKOHANEHHAM iH2I008AHUX NPO-
MUBANLHUX PIOUH.

-~

Bepcma Oxkcana Muxaiiniena

Kano. xim. nayx, ooyewm Ilpuxapnamcwvrozo
yuisepcumemy im. Bacuns Cmegpanuka. 3axin-
yuna Hayionanonuii ynisepcumem «JIlvgiecvka
nonimexuikay. Haykosi inmepecu nog’szami 3
Haghmoximiero ma ximiero cemepocucme.

Komnanis Wartsila wie na nouamxy 2014 p. nogidomuna npo Hamipu no6ydysamu mepminan 3pioxceHozo npupooroeo easy (3I1I') nobnusy nopmy

ToppHio 075 3a6e3neueHHs yum NArUBoM nigHiunoi yacmunu QinasHoil.

Komnanis nouunae 6ydisnuymso Ha maiidanuuxy Henodanix nopmy Toppuio na nowamxy 2015 p. Bapmicmv npoexmy ouiHwoemvcsa y
122,8 mnn 0on. CIIIA. Tepminan 8Knouae 6U8aHMaxNeHHs manxepis, 30epicanus i peeasugikayiiine oonaonanns ons 3L Ilomysxcnocmi w4000 36epi-

eanns 3II" cmanosumumymo 50 muc. m>.

OO0HUM i3 207I06HUX KOPUCINYBAUIE IMNOPINOBAH020 NPUPOOHO20 23y OYOe PO3MAUL0BAHUI Henodaik cmanennasunvHuii 3a600. Ilepedbauaemo-

s nobydysamu 2a3onposio 0o NPoMuUcn08020 pationy, de po3miujeHo 3a600. [Jo0amxosumu NOMeHUitIHUMY Kopucmysauamu 2asy 6y0ymo waxmu,

3a600u ma iHwi NPomMuUcno8i cnoxcusayi nieniunoi Qinasnoii i llseyit. Tepminan 6y0ymv sukopucmosysamu sk ckaao, a Mmaxkox Ons Kopaonie, ki
npautoromo Ha easosomy nanusi. 3III" saminums HadmonpoOdyKmu ma iHuwi nanusea, w0 0ACMo SHAUHULL eKONo2iuHUTL ederm.

3a mamepianamu caiimy http://www.Ilngworldnews.com/bremen-gets-eu-funding-for-Ing-terminal/

Hopeezis 3a6e3neuye nonao 20 % nompe6 €C y 2asi

Hopeezist € mpemim nicns Pocii i Kamapy natibinvuium y ceimi ekcnopmepom npupooHozo 2azy. Y 2013 p. 6ona 3abesneuuna 21 % 6i0 3a2anvHoeo
cnosueanns 2asy 6 €C. Hopsesvkuil eas mpancnopmyemocs 00 iHWUX €6PONELiCLKUX KPAiH 8 OCHOBHOMY Hepe3 PO3BUHEHY CUCHEMY eKCNOPHIHUX
2a301p0o600is, HesenuKa HacmuHa nodaemuvcsi manxepamu y euenaoi 3I1I. Hatibinowumu imnopmepamu Hopeesvkozo 2asy 6 2013 p. 6ynu Benuko-

6pumanis, Himewuuna, Ppanyis, Hidepnanou i Benveis.

3a oyinkoro Energy Information Administration (EIA), 6 Hopeezii'y 2013 p. 6udo6ymo 112,4 mapo m? a3y, uio Ha 5,1 mapo m® meruie, Hizx y 2012 p.
Obcsz excnopmy Hopeesvkozo 2a3y 0opisHiosas 107,6 mapo m, abo 96 % 6id ioeo 6udoOymky.

Brusvko 60 % Hopee3vkozo 2a3y OMPUMaHo 3 Homupvox pooosuuy: eieanmcvkozo Troll (28,3 mapo m> ab6o 27 % 6i0 3azanvHoz0 6u006ymKy) i
mpvox maxux eenuxux, sixk Ormen Lange (21,0 mapo m*), Asgard (9,0 mnpd m*) i Kvitebjorn (6,0 mapo m?).

Pipe & Gas Journal/August 2014/p. 57
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