CoBpemeHHOoe pa3BuTue BypoBOW TEXHUKWN MO3BONAET NPOBOANTL
6ypeHne N 0OCBOEHWE TEXHONMOrMYeckn 6onee CNOXHbIX CKBaXKUH, YTO
paHee He NPeACcTaBNANOCh BO3MOXHbIM. ECnn paHblue, B Te4eHne
MHOrMx neT reorpadmA 6ypeHnA paclumpAnach B HanpaeneHnm
HOBbIX Hepa3BeAaHHbIX PErMoHOB, TO CErOAHALLHNE LieHbl Ha HedTb
caenanu npuenekaTenbHbIMM pas3paboTKy U SKCNyaTaumio CIOXHbIX
MECTOPOXAEHUN, a Tak Xe f06bl4y ¢ 06bEKTOB, TPEBYOLMX
[ONOMHUTESNbHBIX KanUTanoBNOXEHUN.

Bonbluoe pacnpocTpaHeHne B HACTOALLEe BPeMA HaXxoaAT
ckBaxuHbl HTHP, ERD, TTRD/CTD (*Cm.Tabn.cokpail.) u
MHOFOCTBO/bHbIE CKBaXXMWHbI. Pa3dBnTre AaHHbIX HOBEWLLNX
TexXHoNormn 6ypeHnA conpoBOoXAanoch pa3paboTKow
y3KOCneunanM3npoBaHHOro NoA3eMHOro 060pyaoBaHuA n
WHCTPYMEeHTa, HanpumMep, BHeApeHHbIX HeaaBHo RST (ynpasnaembix
POTOPHLIX KOMMOHOBOK) ManbIX AnaMeTpoB. B To BpemA Kak
HEBO3MOXXHO NepeoLEHNTL BONJIOLEHHblE B JAaHHOM 060pya0oBaHUM
TEXHONOrM4eCcKne AOCTUXXEHUA B 06MacTu CTONKOCTU K BbICOKUM
Temnepatypam 1 JaBfieHWAM, O4eHb YacTo yrycKaeTcA U3 Buay
BaXKHbI acnekT obuien kapTuHbl. CywecTByeT NOTpebHOCTb B
KayeCTBEHHO HOBbIX pacTBopax AfA 6ypeHna n 3akaHumBaHus, a
TaK>Xe B CYCMeH3nAX/NakepHbIX XUAKOCTAX.

Hanpwvmep, cTabunbHOCTb U PeonoruA, BaxHble CBOMCTBA
NPOMbIBOYHON >XXMAKOCTW, MpeaHasHa4YeHHon aAnA obbi4HOro 6ypeHus,
CTaHOBATCA aHTaroHNCTUYECKMMU B CUITy COBPEMEHHbIX TpeboBaHu.
HeobxoanMbl XXnAKOCTM MeHee BA3KUE, HO C ApYrov CTOPOHbI 6onee
cTabunbHble. PelleHreM AaHHON AuieMMbl CTasno Ucnosb3oBaHne
[OPOroCTOALLMX CONEBbIX PACTBOPOB BbICOKOWN NIOTHOCTHU.
HekoTopble Takve pacTBOpbl ABMNAIOTCA HEMpUEMSIEMbIMU MO
9KOMOrMHYECKNM M TUrMEHNYECKUM MpUYMHaM, B TO BPEMA Kak
ncnonb3oBaHue Apyrux AenaeTt TEXHUKO-IKOHOMUYECKMe nokasarenu
NPOEKTOB HenpuBneKaTenbHbLIMU.

B kayecTBe 3ameHbl 6apuTy ctaHgapTa APl B HacToALee BpemaA
B pacTBopax Kak Ha yrneBofopOAHOM, Tak U Ha BOAHON OCHOBE
MCnosnb3yeTcA HOBbIi MUKPOAMCNEPCHBIN YTAXENUTENb. OTn
pacTBOpbl MOKa3anmn aKCnyaTaumoHHbIe Ka4ecTBa, aHanornyHole
TAXENbIM CONEBbIM pacTBOpaM, NPy 3TOM UX CTOUMOCTb 6bina
3HaumTenbHo Huxe. (Puc. 1)

Bbinagexune 6apura

BbinageHve 6aputa ABNAETCA XOPOLLO U3BECTHbLIM ABNIEHUEM
B GYpeHNUM 1 NPUHNHON MHOTMX OCTIOXKHEHUIA - OT MOITOLEeHWIA
pacTBopa ¥ HedbTerasonpoABNeHUi, [0 npuxeara Tpy6 n aaxe
HeKa4yeCTBEHHOro LieMEeHTUPOBaHUA.

fABneHue BbinageHnA 6apuTta ABNAETCA CNeACTBUEM ABYX
PU3NYECKUX XapaKTepUCTUK yTAXeNMTena: pasmepa u Beca
KaxkAoW YacTuubl. BA3KOCTb HECYLen XNAKOCTM Tak e ABNAeTCA
HeoTbeMneMbIM CTUMYNMPYIOLMM NapameTpoM npoLecca, He
3aBUCALUMM OT Bblbopa yTAXenuTens.

B 0ZiHOI 1 TOW e HecyLen XXUAKOCTU, YacTuLbl remaTuTa ¢
NAOTHOCTLIO 5,2 r/cm® 1 cpegHum pasmepom Yactuy (D50) = 15-20
MUKPOH ocaxkaaroTcA BbicTpee, Yem YacTuubl 6apuTa nnoTHocTH 4,2
r/cM® ¢ TakuM ke pasMepoM. bonee mMenkune YacTuLbl ocaxaarTca
UK «BbiNagaloT» MeaneHHee.

OTOT hU3nYeCcKnin 3aKOH M3BECTEH Kak 3akoH CTokca. 3akoH
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The industry is drilling and completing more technically challenging
wells than ever before. While the focus has been for many years to
relocate drilling activities towards new ‘virgin’ unexplored regions,
today’s high oil price level has made development of complex oilfields,
as well as producing from the so-called brownfields attractive again.

HTHP, ERD, TTRD/CTD (*acronyms ref.) and multilateral wells
are more common. These advanced drilling techniques have been
marked with the development of specially dedicated down-hole tools
e.g. the recently introduced slimmer RST’s. While the technological
achievements of those tools in terms of resistance to high pressures
and temperatures in an always-slimmer “package” cannot be denied,
an important part of the overall picture is very often overlooked. Fluids,
whether drilling, completion or even suspension/packer fluids are now
facing new demands.

Stability and rheology of the fluid for example, which could be
accounted for on standard drilling operations, are now antagonistic.
Thinner but at the same time more stable fluids are required.

The answer to this new dilemma came at a high cost with the use of
heavy brines. Some brines proved HSE unacceptable, while others
jeopardised the economics of the projects.

New micro-fine weighting agents are now being used replacing API
barite in standard drilling fluids, whether non-aqueous fluids (NAF) or
water-base-muds (WBM). These new systems have already proven to
provide similar performance to the heaviest brines at a fraction of the cost.

Fig. 1: Synthetic manganese tetraoxide (Mn304) vs API Barite

Puc. 1: CuHteTnyeckunn TeTpaokena mapraHua v 6aput API

Barite sag

Barite sag is a well known phenomenon in the industry and the root
cause for many well problems ranging from lost circulation, well control,
stuck pipe and even poor cement jobs.

Simplistically, barite sag is a phenomenon directly resulting from
two physical properties of the weighting agent: the size and weight of
each particle. Viscosity of the carrying fluid is also an inherent driving
parameter whatever the chosen weighting agent.

In a similar carrying fluid, a particle of hematite with a density of 5,2
SG and a D50 = 15-20 micron will settle faster than a similar sized
barite particle with a density of 4,2 SG. A much finer particle will settle
or “sag” less quickly.

This physics principle is known as Stokes Law. Stokes Law describes
the relation of settling velocity to the particle diameter as below:

A=a*{n -0 beinarh



CToKca onucbiBaeT 3aBUCUMOCTb CKOpOCTN oCaxxaeHnA OoT anameTpa
YacTuvubl cnefyowmnmM ypaBHEHUEM:

=i '['l_ =10, Fginavh

roe,
a = [uameTp yactuupbl (cm)
Dp =T110THOCTb YacTULbI (r/cm®)
D; =TnoTHOCTb HecyLemn XXnakoctn  (r/cmd)
_1 = BaskocTb Hecywen xungkoctn  (cl)

TeopeTn4eckn, CKOPOCTb OCaXAEHVNA UHANBUAYAIIbHON YacTuLbl
B Boge coctaensAeT 0,34 cvm/aeHb anA 6aputa ctaHaapTa APl n 0,45
cM/geHb ana rematuta v nuwbs 0,002 cv/aeHb AnA MUKPOAUCNEPCHOTO
YTAXENUTENA, KaKnM ABNAETCA CUHTETUYECKUIA TEeTPAOKCHA,
mapratua (Mn,O,), cm. Tabnuuy 1.

B KOHLEHTPYPOBaHHbIX CYCMEH3NAX, TakMx Kak 6ypoBble pacTBOpbI,
NAOTHOCTb XXWAKOCTU 1 BA3KOCTb MOTYT BapbypoBaThCA.

in which,
a = Diameter particle (cm)
Dy = Density particle (g/cmd)
Di = Density carrying fluid (g/cmd)
1 = Viscosity carrying fluid (cP)

Theoretically, the settling velocity of a single particle in water is 0,34
cm/day for standard API barite, while it is 0,45 cm/day for hematite and
only 0,002 cm/day for a micro-fine weighting agent such as synthetic
manganese tetraoxide (Mn,0,), see table 1.

For crowded suspensions, such as drilling fluids, it is common to
modify the liquid density and viscosity to that of the suspension.

Particle D50 Dp DI Viscosity Settling
(micron) | (SG) | (SG) | liquid (cP) velocity (cm/day)
Barite 15 4.2 1 1 0,339
Hematite 15 52 1 1 0,445
Mn304 1 4,8 1 1 0,0018

Yactuua D50 Dp DI BAsk. Ckop.
(MKM) (r/em®) | (r/lem®) | >xnakocTm (cl) | ocaxkae HuA (cwm/a)
Baput 15 4.2 1 1 0,339
[emaTuT 15 5,2 1 1 0,445
Mn304 1 4,8 1 1 0,0018

Tabnuua 1: CKOpOCTb 0CaXAEHUA UHANBMAYANbHON YacTulbl B BOAE

MpepoTBpalleHne BbinaaeHnA 6aputa 4OCTUrAeTCA CO34aHNEM
60onee BA3KOWN XWNAKOCTM, @ TOYHEE YBENMUYEHNEM €€ BA3KOCTU
NpU HU3KKNX CKopocTAX caura. OfHaKo, orpaHnyeHna no
9KBMBASIEHTHOW NIOTHOCTM LMpKynAuum (ECD) B cuny coBpeMeHHbIX
TpeboBaHWi, UCKMIOYAT AaHHOE NPOCTOe peLleHne. OTu
TpeboBaHNA B 0CO6EHHOCTN BaXXHbl A1A 06BEKTOB, TPEOyoLWmnxX
[OMNOSTHUTENbHBIX BIIOXKEHWN, rAe CYLLECTBYIOT Y3KNe AnanasoHbl
mMexay NopoBbIM AaBNEHWEM U AaBNEHUEM rMApopaspbiBa, a TaKkxke
[NA NepcneKTUBHbIX CKBaXKWH CMOXHbIX KOHCTPYKLMUIA, TAKUX Kak
CBepXrnyboKoBOAHbIE CKBaXXMHbI U CKBaXXUHbI ERD.

OcHoBaHHbIV Ha 3akoHe CTokca, AaHHbIN noaxon Obin n3BecTeH
naBHO. OCHOBHbIM NPEeNATCTBUMEM OCTaBaNOCh €ro 0CO3HaHWe
cneunanuncTamm no bypeHuio. MI3BeCcTHO, YTO “MenkoancnepcHasn
TBepaan asa” ABNAETCA NPUYMHOMA POCTa M YXYALIEHNA Peonormu.
3T0 yBENNYEHNE PEONOrMN AENCTBUTENBHO NCXOAUT OT
MEeNKOANCMEPCHbIX YacTUL IMNH UK BbIGYpPEeHHON Nopoabl, HO
COBEpLUEHHO He HabnaaeTcA OT TeTpaokeuaa mapraHua ¢ 6onee
MENKUMWN OKPYIMbIMW YacTULAMW.

JlTabopaTtopHble nccnenoBaHvA, NPOBEAEHHbIE KPYMHBIMU
CepBMUCHbIMW KOMNaHuAMK Mo 6ypoBbIM pacTBopam, 1 nocneayLlee
npuMeHeHne B 6ypeHnn nokasanu, Y4To C UCMOoNb30BaHNEM
MWKPOANCNEPCHBIX Chepryeckmx YacTuL, BO3MOXKHO CO3aaHve
>KUAKOCTU C HU3KOW PEONormen N BbICOKON CTOMKOCTBIO K
ocaxaeHuio. B Tabnuue 2 nokasaHbl peanbHble napameTpbl pacTBopa
B npouecce bypeHuA

MapameTpbl Mud A Mud B
MnoTHocTb, doyHT/ran 1.7 1.7
OTHow: yrn.ocH/Boga 80:20 80:20
Yraxenutenb Baput Mn.O,
MnacTt.BA3KOCTb, CI1 35 13
OHC, cyHT/100cpyT2 20 9
CHC, dpyHT/100cbyT? 14/22 5/8

Tabnuua 2: PacTsop Ha yrnesoaopoaHoi ocHose (PYO) ¢
WCMONb30BaHIEM CUHTETUYECKOTO TeTpaokenaa mapraHua (Mn,0,) 1
6apuTta

YTaXenuTenb Ha 0CHOBE CMHTETUYECKOro TETPAoKCHAA MapraHua
CUHTETUYECKU TeTpaoKCHa MapraHua (MnSO 4) npeacTaenAeT cobomn
MWUKPOrpaHyibl, KOTOPblEe CUHTE3UPYIOTCA B NpoLecce, NocneayroLwmm
3a NPOM3BOACTBOM METaN/IMY4ECKOro MapraHua, 3akmo4atoLemMca B
npoayBke Bo3A4yxa Yepes pacnnaBfieHHbI MeTans. Takoi npouecc
npou3BoACTBa obecneynBaeT hopMMpoBaHNE Ype3BblHaiHO MasnbixX
MWKPOAUCNEPCHBIX YaCTUL, C BbICOKOWN CTaBUIbHOCTLIO NapamMmeTpoB.

Pa3mep, NNOTHOCTb, XMMWYECKMIN COCTaB 1 hopMa OCTaloTCA B
BbICLUEN CTENEHN CTABUMBHBIMU, YTO HE MOXET 6bITb AOCTUTHYTO
06bI4HBIM MOMONOM MUHEPAroB. )

Table 1: Settling velocity of a single particle in water.

Preventing barite sag can be achieved by creating more viscous
fluids or more precisely by increasing its low shear viscosity. However,
ECD-related restrictions have ruled out this easy approach in the
most demanding applications. This is particularly the case in the
so-called “brownfields” showing very narrow pore-frac windows or
in complicated and challenging well designs, such as the deeper
deepwater or ERD wells.

The approach from Stoke’s law to use finer weighting agent has
been long known. A major obstacle remained in the minds of drilling
personnel. “Fines” were known to deteriorate and increase fluid
rheology.

This rheology increase seems indeed to apply for “fines”, such as
clays or fines picked-up during drilling, but this clearly shows wrong for
much finer, round particles like synthetic manganese tetraoxide.
Laboratory testing conducted by all major drilling fluid services
companies and subsequent use in the field have shown that low
rheology fluid, with high sag resistance can be developed using micro-
fine round particles. An example of fluid performance from an actual
field use is presented in table 2.

Property Mud A Mud B
Density, ppg 11.7 1.7
Oil:water ratio 80:20 80:20
Weighting material Barite Mn.O,
Plastic viscosity, cP 35 13
Yield point, Ibs/100ft? 20 9
Gels, Ibs/100ft? 14/22 5/8

Table 2: NAF using synthetic manganese tetraoxide (Mn304) and Barite

Synthetic manganese tetraoxide weighting-agent

Synthetic manganese tetraoxide (Mn,0,) particles are micron-sized
particles, which are synthesised during a process following the
manganese metal production by blowing air through the molten metal.
This production process provides extremely fine micron sized particles
with a high consistency. Size, density, chemical composition and
shape, are extremely constant, something which cannot be achieved by
standard milling of minerals.

A unique aspect of synthetic manganese tetraoxide particles is not
only their size but also their spherical shape that seems to act similarly
to small bearings in the carrying fluid. This round shape is clearly
seen on the picture comparing the synthetic manganese tetraoxide
weighting-agent to a standard AP barite (figure 1).

The most relevant properties of synthetic manganese tetraoxide (Mn,0,)
for the drilling industry vs. API barite are presented in table 3. ) )

Property Barite Mn.,O,
Density (g/cmd) 4.2 4.8
Mean particle diameter (micron) 15-20 0.5-1
Hardness (Moh’s scale) 3.0-35 5.0-5.5
Abrasiveness (relative scale) 1 0.3
Shape Angular Spherical

Table 3: Comparison of synthetic manganese tetraoxide (Mn30 4) and Barite

ROGTEC | 53



YHUKanbHoe CBOMCTBO CUHTETMYECKOro TeTpaokenaa MapraHua
3aKNoYaeTCA He TOMbKO B pa3mepax ero YacTul, HO Takxe B ero
chepuyeckon opme, Takme YacTulbl, BEPOATHO, AENCTBYIOT B
HecyLLen XXMAKOCTN KakK MAKPONOALMMHMKW. Takaa oKpyrnaA dopma
OTYETNIMBO BUAHA HA CPaBHUTESbHbIX (hoTOorpadmAx yTAXenuTenen
CMHTETUHECKOTO TETPaoKcHaa MapraHLia v 6aputa ctaHaapta APl (Puc 1).

Hawnbonee BaxxHble AnA 6ypeHna xapakTepucTUKN CUHTETUHECKOro
TeTpaokcuaa mapraHua B cpaBHeHun ¢ 6aputom API npeacTasneHb! B
Tabnuues.

XapaKTepucTuku Baput Mn,O,
MnoTtHoCTb (r/cm®) 4.2 4.8
CpeaHuin gnameTp YacTumu (MKm) 15-20 0.5-1
TeepaocTb(no wkane Mooca) 3.0-3.5 5.0-5.5
ABpa3nBHOCTb (OTHOCUT. LKana) 1 0.3
dopma Yrnosarbliii Cdpepuy.

Tabnuua 3: CpaBHUTENbHBIE XapaKTEPUCTUKN CUHTETUHECKOIO
TeTpaokeuaa mapraHua (Mn,0,) u 6aputa

HapyweHune npoHnyaemMocTH NPOAYKTUBHOIO NNacTa,
TUrMeHa U 3aliUTa OKPY)XXatoLeil cpefbl
Vcnonb3oBaHWe MenkoaMcnepcHbIX YacTuL, NPY BCKPbITUM
NPOAYKTUBHOTIO MNJiacTa Bbi3blBano onaceHne BBuay BO3MOXHOIO
NoBpeXAEeHNA NPOAYKTMBHOrO NyacTa B pesynbTare 3akynopuBaHuA
nop. Jo Havana ncnonb3oBaHmA PYO B Ka4yecTBe XWUAKOCTH
NepBUYHOTO BCKPBITUA Bbiny NpoBeAeHbl UCMbITaHUA Ha HapyLLeHue
NPOHMLIAEMOCTH, KOTOPbIE NOKa3anu, YTo CTeNeHb NOBPEXAEHNA
He Bbllle, YeM OT TPaAMLIMOHHBIX pacTBopos ¢ 6aputom API.
CoobuaeTca, 4To AebuTbl CKBaXKWH, NPpobypeHHbIX B CeBepHOM
MOpE C MCMOMNb30BaHNEM YTAXENUTENA Ha OCHOBE CUHTETUYECKOrO
TeTpaokcuaa mMapraHua, Bbile YeM npeanonaramcb n3HayanbHo.
C6poc faHHOro Marepuana He pernameHTUpyeTcA, N03TOMy ero
MCMOMb30BaHMe NPMEMITIEMO C TOYKM 3PEHNA OXpaHbl OKpY>KaloLen
cpenbl, faxke B NPUPOACOXPaHHbIX 30Hax. BcneacTere YpesBblyanHom
MENKOAVNCTNEPCHOCTH, AJ1IA UCKIIOYEHUA NonagaHnA B OpraHbl
[ObIxaHnA pekomeHayeTcA npu paboTe ¢ MaTtepuanom UCnonbL3oBaTh
3alMTHBIE pecnmpartopbl.

Wcnonb3oBanue Ha MecTOPOXKACHUAX

B TeueHunn nocnegHux 10 neT yTAXenNuTenb Ha OCHOBE
CMHTETMYECKOro TeTpaoKcmaa MapraHua WMpoKOo UCNonb30BarcA
B onepaumAx LeMeHTUPOBaHUA AfA NpUroToBieHNA
BbICOKOTEXHOMOMMYHbIX LLlEMEHTHbIX cMecen 1 6ycdepos ¢
NMOHWXKEHHBIMW PEONIOrMYEeCKMMU NapameTpamu.

B cepeanHe 90-x ronoB B HopBernm CUHTETUYECKUA TETPAOKCHS,
6b151 BNEpBblE UCMONb30BaH BMECTO 6aputa Ana yTaxeneHus
HacCbILLEHHOro CONeBOro pacTeopa gopmuara Kanua. TakaA 3ameHa
yTAXENUTENA NPOBOAMNACH C Liefbio NpeAoTBpaLleHA pacTBOpeEHUsa
6apwvna B pacTBope chopmmarta n obecnedeHna BO3MOXHOCTH copoca B
OKpY>XaloLLyto cpeay.

OnbIT NPUMEHeHna

PacTBopbl ¢ HU3KUM ECD

Ha cTapbix MecTopoxaeHusax 6ypeHne ropu3oHTanbHbIX CKBaXXUH
[aeT KOMNaHuM BO3MOXHOCTb U3BNEYEHNA LOMONHUTENbHbIX
3anacoB U3 UCTOLLEHHbIX NnacToB. OAHaKo, 3TO YacTO COMPAXEHO
¢ 6ypeHneMm B 30Hax, rae AvanasoH Mexxay nopoBbiM LaBfieHWEM
1 rMApopaspbiBOM ABAAETCA y3kuM. [nAa npefoTepaLleHma
HaBeAEHHbIX NOrMoLweHnn, KoHTponb ECD ABnAeTCA KpUTUYECKUM
Ha JaHHbIX CKBaXXMHaX, B TO Xe BPeMA, B TaKMUX HarnpaBieHHbIX/
rOPV30HTasNbHbIX MPOAYKTUBHBIX CTBONAX C 60MbLUMM OTKIIOHEHUEM
OT BepTMKanu He JoryckaeTcA BbinaaeHve 6aputa. 3a3opbl B
KOMbLIEBOM MPOCTPAHCTBE Marsble (Kak npasuno 2-7/8” B 4-1/2”) u,
COOTBETCTBEHHO, NOBbILLIAETCA PUCK BOSHUKHOBEHMA NpuxsaTa.

B naHHOM KOHKpPeTHOM crny4ae, onepaTop nnaHuposan

6ypenue 5 ckBaxuH TTRD. [lo Hayana paboT rugpasnunyeckoe
MOAEenupoBaHMe nokasasno, YTo ec/iM UCNoMb30BaTh TPaAVNLMOHHbI
PYO c 6aputom ctaHgapTa API, Ha 3 n3 5 cKBaXXMH MOXeT
BO3HUKHYTb rMapopasphblB, BCNEACTBUE orpaHuyeHuin Ha ECD.
OueHKa 3KOHOMUYECKKX PUCKOB MPOEKTA, BKIOYaA BO3MOXHOCTb
BO3HUKHOBEHWA MNOrMOLLEHN BO BpemA 6ypeHus, 3acTaBuna
0TKa3aTbCcA OT NPUMEHEHUA JOPOrOCTOALMX TAXESbIX CONeBbIX
pacTBopoB. Bbin BbIGpaH anbTepHaTUBHbLIN BapnaHT, B KOTOPOM

B KQYeCTBe €AMHCTBEHHOIO YTAXENUTENA pacTBopa Ha
yrnesopopoaHoi ocHose (PYO) nnoTHocTy 1,67 6bin Ucnonb30BaH
CUHTETUYECKUI TEeTPaoKCcUa MapraHua.

54 | POITEX

Formation-tlamage, heaith, environment
Use of such fine particles to drill through a reservoir raised concerns
about potential damages due to plugging. Formation damage tests
were run prior to the use of NAF systems as drill-in fluids and showed
no more damages than a conventional API barite system. Wells drilled
using the synthetic manganese tetraoxide weighting-agent in the North
Sea were reported to produce more than originally expected.
Discharge of the product is not controlled making the product
environmentally acceptable even in the most sensitive environments.
Because of its extreme fineness, use of dust masks is recommended
when handling the product to prevent inhalation of the particles.

Field applications

For the last 10 years synthetic manganese tetraoxide weighting agent
has been routinely used in oilfield cementing applications to prepare
high performance, low rheology cement slurries and spacers.

In the mid-90’s Synthetic manganese tetraoxide was first used as a
replacement for barite to weigh up saturated potassium-formate brine
in Norway. The substitution of weighting agent aimed at preventing
barium dissolution in the formate brine and its potential environmental
discharge.

Case histories

Low ECD fluids

In mature fields, drilling slimhole horizontal wells allows the operator to
recover additional reserves from depleted zones. However, this often
involves drilling through zones with narrow pore-frac windows. To
prevent induced losses, ECD management is crucial for these wells,
while at the same time barite sag cannot be accepted on these fairly
long deviated /horizontal drains.

Annular clearances are small (typically 2-7/8” in 4-1/2”) and the risk to
become stuck increases accordingly.

--..---1

Fig. 2: ECD reduction using Synthetic manganese tetraoxide NAF

Fig. 2: CHuxeHne ECD npuv NCNonb30BaHWN CUHTETUHECKOTO
TeTpaokcuaa mapraHua B PYO

In this particular case, the operator planned on drilling 5 TTRD wells.
Hydraulic simulations prior to the campaign showed that 3 out of the

5 wells would be fractured using standard API barite-NAF systems due
to ECD restrictions. Economic risk evaluation of the project including
the potential for losses during drilling ruled out the use of expensive
heavy brines. A new approach was followed in which the Synthetic
manganese tetraoxide product was used as sole weighting agent in the
1,67-SG NAF.

Switching the type of weighting agent allowed the drilling fluid
Service Company to cut the fluid rheology by half, while maintaining
excellent sag control. The designed fluid confirmed considerable lower
ECD (figure 2), allowing the operator to drill the 5 wells without major
losses. No fluid related incident was reported. Additionally, finer screens
were run showing substantial benefits in terms of cutting removal and
waste disposal volumes.

On one well the fluid was left in the hole for more than 4 weeks. Its
virtually non-sagging performance was confirmed when the well was
re-entered and the string easily run to bottom.

Stable packer fluids

Packer Fluids are used to prevent annular pressure built-up during the
life of the well. These fluids are often either brines or weighted NAF/
WBM systems.



Mepexoa Ha Apyrov TMN yTAXENUTENA NO3BOMUI CEPBUCHON
KoMnaHuy no 6ypoBbiM pacTBopaM B ABa pasa CHU3WUTb
peonorvyeckue napameTpbl XXUAKOCTU, NPeAoTBPaTUB NpU 3TOM
BblNageHue yTaxenutena. ONnTMMU3MpOBaHHaA XXMAKOCTb No3Bonuna
[OCTUYb 3HAYUTENBHOIO CHKEHWA 3HadYeHnin ECD (Puc. 2),
n onepartop 3aBepwmn bypeHne 5 CKBaXKMH 6e3 3HaYnTEeNbHbIX
nornoLweHnn. HMKakmx oCnoXXHEHU, CBA3aHHbIX C PaCTBOPOM,
OTMEYEHO He 6bino. B gononHeHne K ykasaHHOMyY, NpUMeHANMch 6onee
MenKmMe CETKU, YTO TaK Xe Aarno CyLeCTBEHHbIE BbIroabl B NiaHe
yaaneHnAa BblbypeHHON nopoabl 1 06 bEMOB YTUMM3UPOBaHHbLIX OTXOAO0B.
Ha oaHol 13 ckBaXkuH pacTBop 6bin OCTaBfeH B CKBaXKMHE
Ha BpemA bonee 4 Hepenb. [ocne Toro, Kak cKBaxkuHa 6bina
packoHcepBMupoBaHa v nNpu crycke 6ypuribHaA KOMOHHA Nerko
powna o 3aboA, npucyllee pacTBoOpy Ka4yecTBO NPeaoTBpaLLEHNsA
BbiNnageHuA yTaxenutena 6b1y10 NoATBEPXAEHO.

CTabunbHble NaKepHble XUAKOCTH

[MakepHble XMAKOCTN NCMONb3YIOTCA ANA NPefoTBpaLlIeHnA pocTta
[aBneHvA B 3aTPy6HOM NPOCTPaHCTBE B Nepuos aKCnyarauum
CKBa>XXKUHbI. B KayecTBe NakepHbIX XWAKOCTEW 4acTo UCMONb3YTCA
nnbo conesble pacTBOPbI, NNMOO yTAXeNneHHble PYO/PBO.

LleHa Ha coneBble pacTBOPbI pacTeT ‘9KCMOHEHLUNansHo’

C yBEMUYEHUEM MX NNOTHOCTH, MPU ITOM TEXHONOrMYECKN

ANA npuMeHeHnA B ycnosmAax ¢ H,S 1 Bbicoknx Temnepatyp
npeanoyTUTenbHee ncnons3osartb PYO. NpuaHaeTcA, 4TO 60nblInM
He[0CTaTKOM TakuX pacTBOPOB ABMAETCA OCXKAEHWNE YTAXENUTenA,
Hanpumep 6apuTa.

YCcoBepLUIEHCTBOBAHME XXNAKOCTW HanpaBneHo Ha MakcuMarnbHO
BO3MOXHOE 3ameAnieHne OCaXKAeHVA 1 NpeaoTBpaLleHne
06pas3oBaHnA No60ro crnoA TBepAOro 0caaka, KOTopbln MOXeT
OCIIOXXHUTb U3BNE4YeHMe NoA3eMHOro 060opyaoBaHMA 3aKaHYMBaHUA
CKBa>KUHBI.

B cny4yae, onnucaHHoM ganee, onepaTtopy notpebosanacb
nakepHas >xnakocTb PYO AnA BpeMeHHOW KoHcepBaLuum
CKBaXWHbI. [InA TOro, 4Tobbl CBECTU K MUHUMYMY OcaxkaeHue, bbina
pa3paboTaHa >XUAKOCTb C BbICOKOI peonornei, ¢ MCnonb3oBaHNem
MWKPOAUCNEPCHOTO YTAXENUTENA HA OCHOBE CUHTETNYECKOro
TeTpaokcuaa mapraHua u peareHta Bentone38 (Tabnuubl 4 u 5).

[Ous.Tonnuneo 280 rp
M3BecTb 5 doyHT/6app
ZnOx 5 oyHT/6app
BTopuyH. amynbraTop 10 cpyHT/6app
MepBW4H. amynbratop 5 dHT/6app
Bona 22,75 p
Mn.,O, 398 chyHT/6ap
Bentone38 8 doyHT/6app

Tabnuua 4: CoctaB NakepHOM XWUAKOCTH

MapameTpbl

MnoTHOCTb, OyHT/rannoH 14.2
CooTH.: YrnB.chasa/Boga 87:13
Mnactny. Baskoctb, cll 16
[HC, cpyHT/100cpyT2 24
CHC, cdoyHT/1cpyT2 16/23
OnekTpocTabuibHOCTb 1895

Ta6bnuua 5: MNapameTpbl NakKepHON XXNUAKOCTH

B TOM cnyyae, ecnv npoucxoauT ocaxkaeHue, okpyrnaa opma
YacTuL M y3KUiA AnanasoH pasbpoca ux pa3mMepoB cYUTaloTCA
6J'IarOI'IpI/IF|THbIMI/I, TaK KaK He MponucxoauT ux yniaoTHEHUA. L'|aCTI/IL|I:;I
JIErko paccpenoTo4MBalOTCA U CTAHOBUTCA BO3MOXHBIM U3BEYEHNE
CKBaX>XMHHbIX MP160pPOB.

MpenwecTBytowme nabopaTopHble UCCNEeaoBaHUA TAXKENbIX
AnCnepcHbIX CUCTEM CUHTETUYECKOro TeTpaokcmga mapraHua B
YrNeBOAOPOAHON OCHOBE NMOKa3anu Ux Ype3Bbl4aiHO BbICOKYHO
CTabunbHOCTb U IErKOCTb BOCCTaHOBMEHWA, T.€. OTCYTCTBUE
YMNOTHEHUA.

MHOrocTBONbHbIE CKBAXUHbBI

MHOrocTBOMbHbIE CKBaXWHbI UCMOMNb3YIOTCA C LIENIbIO CHYXKEHMA
3aTpart Ha 6ypeHue 1 NoBbllWeHNA HedhTeoTaaum 06beKToB. Mo
XapakTepy Takne CKBaXXUHbI ABMAIOTCA FOPU3OHTANbHBIMW UK
Cy6ropn3oHTasbHbIMU C HECKOMbKUMM YANMHEHHBIMW CTBOMaMm.
[nA Toro, 4Tobbl NPefoTBPaTUTL OCeAaHne TBEPAbIX YacTul B
3aKOHCEPBMPOBAHHbIX CTBOMAX CKBaXWHbI, AnA OypeHus Takux
CKBaXuH TpebyeTcA NpUMeHeHe pacTBOPOB AJ1A BCKPbITUA,

Heavy brine cost increases ‘exponentially’ with density, while technically
NAF-systems are often preferred in presence of H2S-gas and high
temperature applications. Settling of the weighting agent in those fluids
prepared for example with barite has been recognised as a strong limitation.

Fluid improvement comes by delaying settling as much as possible
and preventing the formation of any hard solid layer, which could make
retrieval of any downhole completion tools difficult.

In this particular application, the operator required a highly stable
NAF packer fluid for temporary suspension of the well. In order to
minimise settling, a high rheology fluid was designed, using the
Synthetic manganese tetraoxide micro-fine weighting agent and
Bentone38 (see table 4 and 5).

Diesel 280 gr
Lime 5 ppb
ZnOx 5 ppb
Sec. Emulsifier 10 ppb
Prim. Emulsifier 5 ppb
Water 22,75 p
Mn,O, 398 ppb
Bentone38 8 ppb

Table 4: Packer fluid design

Property

Density, ppg 14.2
Oil:water ratio 87:13
Plastic viscosity, cP 16
Yield point, Ibs/100ft? 24
Gels, Ibs/100ft? 16/23
Electrical stability 1895

Table 5: Packer fluid properties

The round nature of the particles and its narrow PSD is considered
beneficial in case settling occurs, as compaction of solids is not
expected. Particles would easily re-disperse making the removal
of the downhole gauges possible.

Previous laboratory studies of high density Synthetic manganese
tetraoxide in oil dispersions have proven to be extremely stable and
easy to restore i.e. not packing.

Multilateral wells

Multilateral wells are used to reduce cost of drilling and enhance oil
recovery. By nature these wells are highly deviated and long drains.
Drilling these type of wells require the use of highly stable drill-in fluids
in order to prevent settling of particles in the suspended sections of
the wells.

In some cases, the time between the end of the drilling of the first
and the last leg can be as long as 6 months. The suspending fluid
must be stable for as long under the extreme conditions encountered
downhole.

Micro-fine weighting agents can be used to design highly stable
HTHP fluids, while at the same time minimising rheology for ECD
control during the drilling phase.

Acronyms
CTD Coiled Tubing Dirilling
ECD Equivalent Circulating Density
ERD Extended Reach Drilling
HTHP | High Temperature High Pressure
NAF Non-Aqueous Fluid
PSD Particle Size Distribution
RST Rotary Steerable Tool
TTRD | Through Tubing Rotary Drilling
WBM Water Base Mud

Definition:

Barite sag; a significant variation in mud density, both higher and lower
than the nominal mud weight, while circulating bottoms-up after a trip
or a logging/casing run.
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B HekoTOpbIX cry4aAx, BPEMEHHON NPOMEXYTOK MeXay
OKOHYaHWeM 6ypeHnA NepBoro CTBOMA U NOCNEAHEr0 CTBOMA MOXET
cocTaBuUTb A0 6 MecALeB. Ha Takol nepuos NpoMblBOYHAA XXUAKOCTb
[OMKHa 0CTaBaTbCA CTabUNIbHOW B 3KCTPEMASIbHBIX YCNOBUAX
npn3aboriHON 30Hbl.

MwukpoavcnepcHble YTAXEeNUTENn MoryT 6bITb UCMONL30BaHbI ANA
NMPOEKTUPOBaHUA PacTBOPOB, CTABWIBHBIX B YCMNOBUAX BbICOKMX
nasneHun n Temnepatyp (HTHP), no3BonAA B TO Xe BpeMA CHMXKAaTb
00 MUHMMyMa peornoruio anAa obecneyvenuns HU3kmx ECD Bo BpemA
6ypeHuA.

CTD BypeHue ¢ ncrnonb3oBaHWeM HEMPEPbLIBHOWM KONMOHHbI HKT
ECD OKBVBaNeHTHaA MNOTHOCTb LMPKYNALMK
ERD BypeHune ckBaXKuH C yBENMYEHHbIM OTX0A0M 3a60A
HTHP | B ycnoBuAx BbICOKMX TEMMepaTyp U AaBIEHWI
NAF PacTBop Ha yrnesoaopoaHoi ocHose (PYO)
PSD PacnpegeneHune pasmepos YacTul
RST YnpasnAeman poTopHaA KOMMOHOBKa
TTRD PoTtopHoe 6ypeHue Yyepes KonoHHy HKT
WBM | PacTtsop Ha BogHom ocHose (PBO)
Onpeneneune:

BbinaaeHve 6aputa: Habnopaembivi npy NPOMbIBKax CKBaXKUHbI
nocne ClNO, reodunsnyeckmx paboT nnu crnycka o6cafHON KOMOHHbI,
CYLLECTBEHHbIV pa3bpoc NIOTHOCTU PacTBOpa, Kak B 6OMbLUYIO, TakK U1
B MEHbLLIYIO CTOPOHY OT HOPMasbHOWM NIOTHOCTHU.
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Please contact ELKEM ASA, Materials for more information on Synthetic
manganese tetraoxide or other application areas at
wdp.materials@elkem.no or by phone in Europe:+33-450-773 967 and
in the Middle East/ASIA: +971-4-881 7769.

Figure 3: Multilateral wells require the use of highly stable drill-in
..i fluids to temporary isolate.

Puc. 3: MHOrocTBOMbHbIE CKBaXXWHbI AJ17 BPEMEHHOIO

M30/IMpPOBaHNA TPebyIOT NPUMEHEHNA PACTBOPOB AIA BCKPbITUA,

obnaparoLmx BbICOKON CTabunbHOCTbIO.




