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Horses & Zebras: Right Sizing Technology

for the Qilfield

pynHas nporpaMma no pa3paboTke HOBOro

HeOTAHOrO MecTopoXxaeHs B BoctouHom Crbmpn,
C nnaHamm BypPeHUst MHOrOCTBOIbHbIX/MHOrO3a00MHbIX
CKBaXXVMH, Obl/1a B CaMOM pasarape, Koraa BApyr Bce
OTUET/IMBEE CTasa NPOSIBATL CEDS KpariHe CIOXHas
npobnema BOAOOTAAYY B OCHOBHOM MPOAYKTMBHOM
nnacte. CoYeTaHne MHOrOUY1CIEHHbIX 3a00€eB (bonee
10) 1 BOKOBbIX CTBOJIOB MPOTAKEHHOCTLIO Bolee
6 000 MeTPOB B NMPOAYKTVBHOM NIaCcTe KaxKaom
CKBaXKVIHbI, KOTAA, Kak N0 00beMy, Tak 1 No naowaan
nnacT 6ypuTtcst B 60/1e€ NMIOTHOW/MEHEeE HacCbILLEHHOM
nopoae, 03Ha4aeT To, YTO BOAOOTAA4a CTaHOBUTCS
raBHOV 9KOHOMMYECKOW npobnemol. TpaauUMoHHbIe
METOp! PELLIEHVS STOW NPOBNEMbI BbLN UCHEPMAHDI,
YTO, B KOHEYHOM CYETE, MPUBESIO K HEOOXOOMMOCTY
MCMOJIb30BaHNSI MHOTOYMCEHHBIX M OOBEMHbBIX LIEMEHTHbIX
MPOOOK, COOPY>KEHHbBIX B MiacTe. Besakumin, KTo 4To-1mbo
3HAET O HEPTEMPOMBICAX, C FTOTOBHOCTLIO MOATBELOMT,
YTO, KOrda Bbl HAUMHAETE 3aKaYKy LIEMEHTHbIX MPOOOK
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major new East Siberian oilfield development

program with a multi-rig/multi-lateral drilling program
was well underway, when an increasingly difficult fluid
loss issue began to evolve within the principal pay-zone.
The combination of multiple-rigs (> 10), with multi-laterals
longer than 6,000m in the pay-zone in each well, with a
large areal field and reservoir footprint was increasingly
being drilled in tighter/poorer rock which meant that the
fluid loss was becoming a major economic issue. The
conventional approaches to solve the issue had been
exhausted, which finally lead to the use of multiple and
extensive cement-plugs being placed in the reservoir.
Anyone who knows anything about the oilfield would
readily admit that when you start pumping cement plugs
as a fluid-loss additive within the pay-zone, that this
cannot be a good solution or outcome.

The losses were resulting in millions of dollars of costs,
related to Non-Productive Time (NPT), pill and mud-

www.rogtecmagazine.com



DRILLING

B Ka4eCTBe perystopa BO4OOTAaY B MPOAYKTVIBHOM costs, on an annual basis, across a number of rig-lines.
naacTe, 3TO BPSL, /M, B KOHEYHOM CHETE, OKaXKETCSH Up to 20 cement plugs were being placed, to enable
PELLEHVEM MNPOBAEMBI U BbIXOOOM. the wells to be drilled to the planned TD, this approach
was simply not sustainable. Additionally, as the well
[MoTepu BbIIVANCE B MUSIIMOHBI AO112P0B YObITKOB, stock was increasingly being placed in poorer quality
CBSI3aHHbIX C HEMPOW3BOAMTENBHBIM BpemeHeMm (HIB), rock, the formation damage resulting from the losses
pacxogamim Ha Nadku pacTBopa U cam pacTBop, B and the supposed cement plug solution was extremely
rO40BOM BbIPaXKeHUW, MO BCEMY NapKy OYPUbHbIX impactful. The final nail in the coffin was the fact that
CTaHKOB. bbINio coopy>keHo 00 20 LeEMEHTHbIX even with this extreme solution of setting cement plugs,
npPo6oK, YTOObI METb BO3MOXXHOCTb A40OYpPUTbL 0 the planned reservoir metreage was progressively
MPOEKTHOM rNyBuHbI — 3TOT NOAXOM, OKa3ascs 9BHO being underdelivered. From 2018, 2019 and 2020, the
HECOCTOATENbHbIM. K TOMY »Xe, N0 Mepe Toro, Kak total reservoir metreage drilled dropped by 10,000m,
doHA ckBaXKKH BCe 60Oiee CMELLAanCs B 30HY MeHee 20,000m and 30,000m respectively; clearly a trend that
HacCbILLEHHOM Mopoapl, YXyOLEeHWE KOMIEKTOPCKMX could not continue. As well as the lack of the resulting
CBOWCTB MfiacTa, BbI3biBAEMOE BOJOOTAAYEN U productivity, the reduction in the planned multi-laterals,
npegnaraeMbiM pelleHrnem npobnemMbl C MOMOLLIO was creating undrained areas of the main field that
LIEMEHTHbIX MPOBOK, ABMUIOCH YPe3BblHaHO would never be able to be effectively or economically re-
OTPE3BASIOLLMM 06CTOATENBCTBOM. [locneaHnm developed in the future, in anyway.
FBO3OEM B KpbILLKY rpoba aTon naen obin akT Toro,
4TO JaXke Npu TakoM dKCTPeMasibHOM peLleHnn Engineering Approach
MPUMEHEHNS LEMEHTHbIX MPODOK, (hakTnyeckas As an engineering challenge, there are many different
npoxodka no njacTy Bce boniee n bonee oTctaBana oT  approaches to solve this problem, but to ensure that the
naaHoBbIx nokasatenen. C 2018-ro, 2019-ro n 2020- most effective solution was applied, a return to basic
ro roga, NpoxogkKa no nNiaacTy ynana CoOOTBETCTBEHHO well construction principles was required. This was key,
Ha 10000 m, 20000 M 1 30000 M. OnpeaenexHHo, because within engineering technical staff, there can
TPpeHa, KOTOPbLIN BPSA4, M CTOWIO0 NMPOAO/KaTb. be an inherent bias to want to work with interesting,
PaBHO Kak 1 OTCYTCTBME KOHEYHOW NMPOOYKTUBHOCTU technically advanced, challenging and complex solutions;
niacTa, CoKpaLleHne naaHoBoro KoNMyecTsa regardless of their merit.
OOKOBbIX CTBOJIOB, CO342BaJI0 HEAPEHVPOBaHHbIE
30Hbl OCHOBHOIO MECTOPOXKAEHWS!, KOTOPbIE, B JIIOOOM As the idiom states, “When you hear hoofbeats, think
cy4ae, HEBO3MOXKHO ByaOET NOBTOPHO 3KOHOMUYECKN horses, not zebras” is most appropriate. This means
3 dPeKTVBHO paspabaTthbiBaTb B OyaAyLLEM. that the mostly likely solution is the simplest one, not

Data gathering phase, formulation of the actual
LEVEL O problem, and understanding the physics and
nuances involved.

HORSES

Conventional oilfield Fluidd Loss Additive (FLA)
LEVEL 1 technology, off the shelf FLA mud additives and
approaches.

Advanced FLA technolgies, including placement
LEVEL 2 tools and delivery; low-energy methods, stress-
caging... etc.

INCREASING COST

Single-Phase solutions to reduce mud
LEVEL 3 hydrostatic, including Oil-Based Mud (OBM),
Hollow-Grass Spheres (HGS) ect.

INCREASING COMPLEXITY

ZEBRAS

Dual-Phase solutions to reduce mud hydrostatic,
LEVEL 4 energised fluids, complex rig equipment, tool
comms... etc.

Fig. 1: Engineering progression from most simple to more complex
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B bYPEHVE

YPOBEHbDb 0

YPOBEHD 1

YPOBEHb 2

YPOBEHb 3

YPOBEHbD 4

Puc. 1: VxkeHepHble peLleHrs OT Hanbosiee NPOCThIX A0 6Oee CIOXHbIX

NH>XeHepHbIV nogxomn,

C TOYKM 3PEHVSt MHXKEHEPHOW 3a4a4KK, CyLLIECTBYET
MHOXXECTBO PasiyHbIX MOAXOA0B K PELUEHNIO 3TON
nNpoBemMbl, HO Y4TOBbI BbITb YBEPEHHBIM, YTO BbIOPAHO
camoe ahPEKTNBHOE PELLEHME, CNeaoBano 0opaTuTbLCH
K MPUHLMNaM MOCTPOEHNS CKBaXKVH.

3T0 BbISIO KIIOYEBLIM MOMEHTOM, MOCKOJIbKY

cpeay VHXEeHepHO-TEXHNYECKOro cocTaBa 4acTo
CYLLIECTBYET XapakTepHoe npeanodTeHve nopadoTars C
NHTEPECHbBIMUN, TEXHUYECKM MPOABVHYTHIMM, BbI3bIBAKOLLE
CIOXHBIMU PELLEHNAMM, BHE 3aBUCUMOCTU OT UX
peasibHOro JOCTOVHCTEA.,

Hanbonee nooxoout Ans 3TOro Ciyvas ofaHa noroBopka:
“Korga Bbl CAbILLNTE CTYK KOMbIT, 3TO CKOpee sioLaau,

a He 3ebpbl». ITO 3HAYUT, YTO HaMbolee BEPOATHBIM
pelueHnemM ByaeT caMoe MpOCToe, HE MOTOMY, YTO Bosee
NPOCTbIE PELIEHNS BCerga npaBuiibHee, a NoToMy, YTO
Bbl MEHbLLIE BblAyMbIBAETE NINLLIHErO, Npeanonaras
nouwlanen, a He 3e6p. Kak Mbl BUAMM, Hapsay C TeM,

4TO ObINN 6OMIee AOPOrOCTOALIMNE, CITOXHbBIE 1, B CAMOM
aene, 60/1ee PUCKOBaHHbIE PELLIEHNS, C TOYKN 3PEHUS
nepcrneKTUBbl, MOCNe0BaTEIbHOE PACCMOTPEHVE
pelleHnin oT 6o1ee NPOCTOro K 6onee CAOXKHOMY (CM.
Pnc.1) no3Boamno caenatb Npamon Bbibop Hanbonee
9P (PEKTMBHOIO PELLIEHNS, OKYMMBLIErOCH BO MHOMMX
OTHOLLEHMSX, KOTOPblE A0 3TOro BPSA, I MOXHO Oblf10
cebe npencTaBnTb. Bo MHOrMX ciiyyasx, CyulecTByeT
VICKYLLEHME NEepPEeCKO4YUTb NPsMo € YpoBHA O Ha
YpoBeHb 4, Kak 3TO 6bIJ10 B OAHOM N3 KOMMEHTAPWER B
JaHHOWN cTaTbe.
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OT1an c6opa AaHHbIX, hopMynmMpoBaHme
aKTyanbHON Npobnembl, U NOHMMaHne prUsnkn n
HIOAHCOB, CBSA3aHHbIX C HEN.

TpapyLUmoHHas TEXHOMOMMS MPUMEHEHNS
perynsitopoB BOAOOTAAYN Ha HehTENnpombIce.
TunoBble [OGaBKMN PETYNSTOPOB BOAOOTAAUM K
pacTBopy ¥ Nopxombl K NPYMEHEHNIO.

MpoaBYHYTbIE TEXHOMOMN PEryNsTOPOB
BOLOOTAAYM, BKITHOYAS VIHCTPYMEHTbI Pa3MeELLIEHIS! 1
[OCTaBKW; HU3KO3HEPreTuieckrie MeTofpbl, 3thtexT
KOJbLIEBBIX CXKVIMAIOLLVIX HANPSKEHNI 1 TA,

OpHohasHble peLeHns Mo CHUXKEHNIO
rMapoCTaTVIK1 pacTBopa, BK/OYas pacTBOPbI
Ha HepTSHO OCHOBE, MOJSIble CTEKNAHHbIE
Mukpocdepsl (NMCM) n T4.

MOBbILWEHUE CJTOXKHOCTU
MOBbILWLEHUE CTOUMOCTHU

[ByxcasHble peLleHrsi MO CHUXXEHUIO
rMOpOCTaTVKK PacTBOPA, aspripoBaHHble
>KMOKOCTU, CNOXHOE 06opynoBaHve 6ypoBon
YCTaHOBKU, MHCTPYMEHTbI CBA3U U TA.

because simpler explanations are more correct, but
because you make fewer assumptions when looking for
horses instead of zebras. As we saw, while there were
more costly, complex and indeed riskier solutions from

a safety perspective; a progression of consideration
from the simplistic to the complex (See Fig. 1.) resulted
in the direct selection of a much more effective solution
that paid off in many more ways than had been originally
imagined. In many cases, the temptation is to jump
straight from Level O to Level 4, as was the case with the
discussion in this article.

Data Gathering and Continuous Learning

(Level 0)

The progression in drilling improvement had been
underway since the original development drilling
operations had begun in 2015, and in the initial stages
(LEVEL 0), conventional oilfield drilling data gathering
had been occurring (Aliyev et al., 2017). At this time,

in the higher permeability Southern section of the field,
where drilling was concentrated, the losses occurred
but were more typically intermittent. Additionally, most of
the drilling was simple horizontals with limited reservoir
exposure (750 — 1,000 m per well). Even so, the nature
of the losses had been well classified and as the multi-
lateral program was initiated; further evidence was
collected and presented which indicated that there were
in fact measurable directional features within the reservoir
which were associated with the losses (Rylance et al.,
2018) and (Rylance et al., 2020). Furthermore, extensive
evidence had been gathered that identified) that a
threshold loss initiation pressure existed at a certain
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AIRRO

/ Schoeller-Bleckmann i
Darron Russia N/

LLupKynaumnoHHbi nepesogHUK PBL®
ABTO3aTBOpHaa cucrteMa o6xopa C MHOroKpaTHOM
akTuBauuen B Poccurckoun Pepepauum

MuweTe cKBaXMHHbIA MHCTPYMEHT ANS LUpKynauun?

NweTe KOMMaHUI0, KOTOpPasa MOXeT NMpeanoXXnutb KOMMJIeKCHoOe pemeHMe?

NweTe KOMMaHuIo, Npon3eogdLlyro | HeobxopuMble BaM uspenua?

Y koMnaHum Schoeller-Bleckmann Darron Russia ectb Bce, YTO BaM HY)XXHO.

OTpaboTraHHas
TexHonorua

TexHuyeckasa HapexHasa
noppepxka 24/7 KOHCTPYKLUS

YHUKanbHbIN
LUPKYNALLMNOHHBIN
nepeBogHuK PBL®

CTporui pernamMeHT
npou3BoOACTBa

Bbicokas 1 BbicOyaiilme

3(pheKTUBHOCTb cTaHpapThbl
3KcnnyaTauuu TexobcnyxuBaHus n
KoHnTpons Kauectea/

YnpaBneHus

KauyectBOoM

MNpocTtoTa
3KCnayaTauuu

MHorokpaTHas aKTMBaLus
(MakcMManbHbIM NoKasaTenb,
3aperucTpupoBaHHbIN B
Poccuiickoit Pepepauum: 15
NOMHbIX LUKMOB C MPUMEHEHUEM
UHcTpyMeHTa PBL® B
MHOFOCTBOJSIbHOW CKBaXWHe).

AkTunBauusa cébpocom wapa
WU OpPOTUKA.

dyHKUMOHUPOBaHME MpU
BbICOKOM paBneHumn / BbICOKOU
TeMmneparype.

AKTuBaUUs UNU peaKTUBaLUs
nop, no6bIM yriom.

BoccTaHoBneHue unpkynauum
NP1 HEBO3MOXXHOCTU NPOKAYKU
wapa.

Oona nonyvyeHusa 6onee nogpobHoM MHGopMaLUK:

TEJ1.: +7 912 423 80 55 / +7 982 160 36 97
WWW.SBDR.RU

3J1.TTIOYTA: pbl@sbdr.ru




B bYPEHVE

C60p [paHHbIX 1 MOCTOAHHOE U3y4veHue
nHcopmaumm (YposeHb 0)

YnyulleHns B npoLecce BypenHust b HanmLo co
BPEMeHW, KOraa onepaum SKCnayaTaumMoHHOro

OypeHns ctapToBasiv B 2015 rofy, 1 Ha Ha4aubHbIX
atanax (YPOBEHb 0), npoucxoamn TpaayumoHHbIN

cbop AaHHbIX BypeHus Ha HedTenpoMmbicae (AnveB

n ap., 2017 r.). B aT0 Bpems, B 60/1e€ NPOHNLIZEMOW
FOXKHOWM 30HE MECTOPOXXAEHNS, KOTOpasi B HAaMBObLLIEN
CTeneHn Toraa pasdypuBaniack, CYYUINCE ABNEHMS
BOOOOTAA4M, KOTOPbIE BCE »Ke Oblniv NEPUOONHECKMU.

B nononHeHwe, 60MbLUyto YacTb OObEKTOB OypeH s
COCTaB/IAIM FOPUOHTTbHbIE CKBaXK/HBI C OrPaHUHEHHBIM
Bo3dencTBreM Ha niacT (750-1000 M Ha CKBaXKMHY).
HecmoTpst Ha 3TO, BbINT XOPOLLIO ONpedenieH xapakTep
BOOOOTAA4YN, 1 KOTAA Ha4aslack Nporpamma bypeHus
MHOFOCTBOJIbHbIX CKBaXKWH, OblV MOJyYeHb! U
npencTaBneHbl OOMONHUTENBbHbIE CBUAETENBCTBA,
MOLTBEPOMBLUME, YTO B MACTE OblN 3HAYUTENBHBIE
aHOMa/ M HanPaB/IEHHOMO XapakTepa, CBA3aHHbIE C
BopooTaaden (PavneHc v op., 2018 r.) n (PainneHc n

ap., 2020 r). Kpome Toro, 6biiv cobpaHbl 0bLLMpHbIE
[OaHHble, KOTOpbIE MOATBEPANIM, YTO NOPOr AaBEHNS
HaYaUTbHOWM BOOOOTAAYM HAXOANIICS MPW ONpedeneHHbIX
3HAYEHUAX SPIEKTUBHON (SKBMBAUTEHTHOW) MIOTHOCTA
LMPKYISLMOHHOIO pacTeopa (AL, 4To Ka3anochk WMPOKO
pacnpocTpaHeHHsIM. 10 Mepe MPOABVKEHVS MPOrpaMMbl
OypeHns, bblIn cobpaHbl NoceqoBaTesbHbIE U
COBOKYIMHble AaHHble, MOATBEPKAAOLLME STO, MONYyYEHHbIE
Kak NOCpPenCTBOM onepaum BypeHns, Tak 1 B pesysbtarte
OOMOSTHUTENBHBIX N3MEPEHNI, TaKNX KaK PaCLUNPEHHbIE
nchbITaHys nnacta Ha rmapopaspbiB (XLOT), NpoBoavMbIX
B MWIOTHBIX CKBEXKMHAX C 6OBbLLMM YIr/IOM OTKJIOHEHWS.

TpaauunoHHble nogxonbl K npobneme
BogooTaaum (YpoBeHb 1)

Mo Mepe NpoABMXKEHMS MPOrpamMMbl BypeHus,
MpoeKTHas rpynna 3apsanna ceds Ha ycnex,
3aHaBLUKCL acnektamu (YPOBEHbD 1) no3sonsoLpmm
aHaMsMpoBaThb, PEryIMPOBaTb U U3MEPSTb
yBEIMHMBAIOLLIMECS C/lyHan NoTepb pacTBopa BO
Bpems onepauun dypenna (Anves n ap., 2017 r.).
[NoaroToBka BK/OYaia B cebst obecnedyeHre gocTyna K
TpaguLMOHHOMY Habopy PeryasTopoB BOAOOTAENEHNS
(FLA) B yoaneHHOM panioHe C CE30HHOW NTOMUCTUKOWN, YTO
YCNOXXHSO yNpaBieHe MaTepuaibHO-TEXHNYECKNM
CHab>keHneM. B nononHeHne, BHECEHNE PEryNaTOpPOB
(B cBS3M € BOOoOTAAYEN, MPOSBNSABLLENCS MMLb B
OTAENbHbIX MeCTax) SBNAI0Ch KIHOYEBOW NPOBIEMON,
1 COBMECTUMOCTb AaHHOIrO NoAxoAa ¢ 06opyaoBaHNEM
019 HanpaBneHHoro BypeHust He Bcerga dblna
o4eBuaHON. LIMPKYSILUMOHHbIE NEPEBOAHNKM LLMPOKO
pacnpocTpaHeHbl Mo Bcen Poccumn, HO NepUoanHecKn
NCNONb3Ys KX, MNoJsly4aemM OTAeSbHbIA BONPOC Mo
HaOEXXHOCTU 1 BOCMPOM3BOAMMOCTY peaybTaTa.

B pesynbTarte pgga UcnbitaHni, nocae yCneLliHbIX
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Effective Circulating Density (ECD) which appeared

to be ubiquitous. As the drilling program progressed,
continuous and cumulative evidence was gathered for
this, through the drilling operations themselves and
additional potential measurements were collected, such
as eXtended Leak-Off Testing (XLOT) in wells with high-
angle pilot holes.

Conventional Fluid-Loss Approaches (Level 1)
As the drilling program progressed, the drilling
engineering Team set themselves up for success, by
managing (LEVEL 1) aspects, to be able to treat, manage
and measure the increasing fluid-loss occurrences during
drilling operations (Aliyev et al., 2017). This preparation
included ensuring access to the conventional suite of
Fluid Loss Additives (FLASs), in a remote region that

has seasonal logistic supply chains which complicates
material management. Additionally, solids placement
(due to localised losses) was a key challenge and the
compatibility of this approach with a directional drilling
assembly is not always straightforward. Circulating subs
are in widespread use across Russia, but cycling them,
reliably and repeatability is a separate matter. After a
number of trials, the SBD PBL sub tool was selected
after a number of very successful deployments. The

use of this tool became the norm, and this has become
the backbone of the FLA placement approach. These
methodologies for dealing with mud-losses proved more
than sufficient for the Oil-Water Contact (OWC) region,
while continuing to drill the relatively simplistic 750-1,250
m horizontal wells.

However, as the Development area moved from the
OWC area to the Gas Qil Contact (GOC) area, in the
Northern region, the well design and completion strategy
was no longer sufficient. In the area below the gas-cap,
there was a requirement for a very limited drawdown
(10% of OWC area), in order to avoid gas-coning. In turn
this meant that production delivery was unacceptable
with a 750-1,250m horizontal. The new well design,
between 7 and 15 open-hole multi-laterals, delivering
between 6,000 — 12,000m of reservoir exposure allowed
for this very low drawdown to provide acceptable
production rates (Rylance et al., 2018). So, in field
Development terms, the new well design had been found
and the associated production rates were acceptable.

Clearly the new well trajectory design resulted in a
significant uplift in the magnitude of reservoir metreage
being drilled, indeed anywhere from 5 — 16 times more in
any single well. Additionally, this well design has a much
larger areal footprint, as the low draw-down demands a
two-dimensional distribution within the reservoir. While
this greatly assists production, any directional nature to
losses will be exacerbated by this approach and the early
evidence supported this inference. As the multi-lateral
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MOBUJ/IbHAY TEPMOOECOPBLIMOHHASA YCTAHOBKA

ang NOJIHOU OMUCTK

BUEPOCHTO

SKCTPY3MOHHOE
BPUKETMPOBAHWE

PE3YNbTAT:
KYBOBMOHBIA LUEBEHE 20-40MM

MobileTDU-5 Induction MobileTDU-0,5 Induction

+ MHOrOApYCHaA KOHCTPYKLUMWS NpoLiece MOAYNA ¢ 4-6 KaMepaMu aecopbepa

= M (BOCC

yrnesofopoabl) MOMeT Bo3BpallaTecs B GypoBoi npouece
« lopenka MomeT paBoTaTh Ha BOCCTAHOBNEHHbIX HedTenpoayKTax
« CHCTEMa 3arpy3xM QNA CYXHX UM, HMEKMX 1

» 2dgperTMBHOE pacnpegeneHne TeNNa oT OOHOW ropenku
» OTCYTCTEBME F 6

k L

Hac Kamep-aec

BYPOBbIX OTXO4 OB
WNAMOBbBIX AMBAPOB

UCXOOHbIA MATEPUATT

(pMabileTOU

Mgbile Thermal Desorption Unit

BypoBO# WnaM (rpyHT)
C cofiep)X{aHneM Mo Becy:

5-15%
5-15%
T70-90%

+7 495 649 63 02

Yrnesonopop! tdu@pmi-systems.ru

Bopga
Teepnan dasa

TexHuyeckan Boaa
BocTaHoBNEeHHOE TONAKMED
BocTraHoBneHHan HedTe
HMcxoaHulii MaTepran
OUMLLEHHDIV TPYHT

WWW.PMI-S.COM

Bynaem pagbl OTBETUTb
Ha Bawwu Bonpocbl!

McxoaHbll MaTepuran HENPEPBIBHO NepeMeLln-
BaeTcq, NoA6packiBAETCA U NPU CoyAAPeHKI 3a-
TPAZHEHHBIX Y4aCTMYEK CO CTEHKEMW Kamepsl
NPOUCXOAMT MHTEHCWMBHOE MCNApeHWe Bonsl U
AecopbuMa yIMeso0opoaos.

KOHOEHCALMS

TepmMoNecopBUMA MNPOUCXOOMT B M3CNMPOBAaH-
HOW OT KMCNOpPOoAa 3aKpbiTol cpene 6e3 uabbl-
ToMHOMO naBneHus, 6ez cropadus, Gez Hanuna-
HWS BELLECTBa Ha CTeHkW, bes obpasosaHns Ha
BHYTPEHHEM NOBEPXHOCTM KaMephb! cKepaMuue-
CKOM KOPKW», CHWMAOWEN nepegadvy Tenna.
Teeppan ¢aza BLIFPYMASTCA MNONHOCTEIO OUM-
weHHoW, 6e3 06pa3oBaHuA WNakKa.

OTAenseMble ra3bl Uepes cheuMansHyio NUHWIo
TPEXCTYNEHYaTON CHMCTKW HaNpPaensATca B GNok
KOHOEHCALMMA ra30B, FAe NPoUCXOaMT UX nepe-
XOf W3 rasocOpasHoOro B JKMOKOE COCTOAHWE.
Mocne rpaBuMTaUMoOHHOro cenapaTopa NonyyeH-
HaA MWAKOCTE Pa3nenseTcs Ha COCTaBNRIWMeE
TEXHWHECKYIO BOOY W YIMeBOAOPOOHYID MWO-
KOCTb [TOMHBIA COCTAB M OKTAHOBOE YUCNO NOMHO-
CTBIO 32BMCAT OT MCXOAHOMD MaTepWanal.

CTapToBoe nNuTaHWe ropenku obecnednsaeTca
AMZENBHEIM TONAMBOM, AanbHelWwes nUTaHWe
BO3MOMXHO OTAENAEMBIMM HEKOHAEHCUPOBaHHBI-
MU rasamMm (SKoHOMKA A0 30% MUOKoro Tonnuea)
W BOCCTAHOBRNEHHBIMKU YINEBOACPOAHBIMKA MNpo-
AyKTamu (3KoHoMKA Tonnmea =100% - NoNHoCTbIo
aeToHoMHanA pabota).

MobileTDU-3

&
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B bYPEHVE

onepauui, 6bii BbibpaH LIMPKYASLUMOHHBIA NEPEBOAHVIK
SBD PBL. Vicnonb3oBaHme JaHHOro NHCTPyMeHTa
BOLLIJIO B HOPMY, 1 3TO CTa/10 OCHOBOW BCEr0 NOAxXoaa
C 1CNOb30BaHME PErynaTopoB BOAOOTAAUU. [laHHble
METOOMKI BOpbObLI C MOTEPSMI pacTBOPa OKa3anCh
Bonee Yem 0OCTaTOYHBIMU /19 30HbI BOAOHEMTAHOMO
koHTakTa (BHK), noka 6ypunnchb ynpoLLeHHble
rOPU3OHTasIbHbBIE CKBaXKVHbI MPOTHAXKEHHOCTLIO OT 750
0o 1250 meTposB.

OpHako, Korga panoH OCBOEHUSA NEPEMECTUNICA C
30Hbl BHK K 30He rasoHedhTaHoro koHTakTa (FHK),

B CEBEPHOWM 0B1acTu, CTpaTerms NPOeKTUPOBaHNS U
3aKaH4MBaHUS CKBaXKMH Y>Ke He Oblla 4O0CTaTO4YHON.

B 30He Hxe rasoBou Lwanku 6biia HeobXoANMOCTb

B O4eHb orpaHuyeHHon genpeccumn (10% oT 30HbI
BHK), 4Tobbl n3bexxaTtb NpopbiBa ra3a B CKBaXKMHY.

B cBoto o4epenb, 370 03Ha4asno, 4To gobblya ¢
750-1250-MeTpOBbIX FOPU3OHTaSIbHbIX CKBaXKMH Oblna
Henpvemniema. HoBast KOHCTPYKLMS, C KOSIMYECTBOM
0T 7 0o 15 HeobCcaXKeHHbIX MHOrOCTBOJIbHbIX CKBaXKMH,
obecneyvBatoLyx ot 6000 go 12000 METPOB KOHTaKTa
C NacToM, Aana BO3MOXHOCTb OCYLLECTBUTb Takyto
HeboMbLUYK Aenpeccuto, obecnednsas 4OMyCTVMbINA
pabounn oebut (PanneHc n gp., 2018 r.). Tak 4To,
rOBOPS A3bIKOM pPa3padoTymka MECTOPOXKAEHNS,
y0an0oChb HaNTN HOBYIO KOHCTPYKLIMIO CKBaXKMHbI

N COXPaHUTb CBA3AHHbIN C HEM pabouni oebuT B
OOMNyCTUMbIX Npeaenax.

OueBnaHO, HOBasA KOHCTPYKLMSA TPAeKTOpUM OoTpasmnaach
Ha 3HAYUTETbHOM MOAbEME MAPAMETPOB MPOXOOKM
pa3byprBaeMoro naacTa; Ha caMoM gene, ot 5 oo

16 pa3 no Kaxaown oTAeNlbHOW CKBaXKMHe. BoobaBok,
[aHHas KOHCTPYKLMSI CKBaXKMHbI UMEET 3HaUYUTENbHO
O0NbLUNA OXBAT NO MIOLLAAM NAacTa, MOCKOIbKY H3Kas
aenpeccus TpebyeT ABYXMEPHOrO pacnpeaeeHuns
BHYTPMW nnacTta. HecMoTps Ha TO, YTO 3TO O4YeHb
CNocobCTBYET A0ObIYE, MO0V HanpaBEHHbIN
XapakTep noTepb OyOeT yCyrybnsaTbCs npu 4aHHOM
noaxofde, 1 JaHHOE 3aKJ/IKYeHME BCKOPE ObINo
noaKpeneHo gaHHeIMU. 1o Mepe pa3BUTUS MporpamMmbl
MHOIOCTBOJIbHOrO BYPEHUSI, KaXKETCS, MOSABUINCH
CUJbHbIE JIMHENHbIE CTPYKTYPbI, MEOLLIE OTHOLLEHUS

K moTepsam pacTteopa (PanneHc n gp., 2018 r.). Takne
KpYMHble MOTEPU PacTBOpPa YacTo MOXHO ObIfIO
HabNOOAaTb B K&XKAOM MOCAEOyOLLEM OTBETBEHNN,

1 Ha TOW XKE& CTOPOHE LIEHTPAIbHOrO CTBOA; NOTEPU
TakKe OblIM YaCTO CBA3aHbl C MaAeHMEM A0JI0T, YTO
MOXXET FOBOPUTb O «CTRYKTYPHOW aHOMam» U o
KakKoM-TO «siBNieHUM» B naacTe. Kak ecnv 6bl 3TOro
ObINIO HEOOCTATOYHO, FEONIOMMYECKME daHHbIE TakXKe
CBUOETENBCTBYOT O TOM, Y4TO MPOXOAKA B CEBEPHOM
cekTope bonee HacblleHa pasaioMamm, 6osiee CrnoxxHas
TEKTOHWNYECKM, N MEHEE CMJIOLLHAsA, NOTEHLUMaIbHO
cnocobHasa NpenogHoCUTb NPO6eEMbI. EANHCTBEHHBIM
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program evolved, there appeared to be strong linear
features associated with the fluid losses that were being
encountered (Rylance et al., 2018). These major fluid
losses could often be seen in each subsequent lateral
and on the same side of the mother-bore; the losses
were also often associated with a bit-drop that would

be indicative of a ‘feature’ or an in reservoir ‘event’.

As if that was not enough, geological evidence also
demonstrates that the Northern acreage is more faulted,
more tectonically complex and less continuous; bringing
additional potential for issues to arise. The only ‘silver-
lining” was that the threshold initiation ECD pressure that
had previously been identified, ca. 1.17 SG, appeared to
be equally applicable even in these more complex areas.

Advanced Fluid Loss Technologies (Level 2)
Given these additional complexities, with increased
frequency and severity, and also a clear association with
certain areas and pads; preventing mud-losses became
a more urgent priority. The Team placed an emphasis

on ensuring that mud losses were tracked, recorded
and categorised with as much detail as possible,
including the solutions being applied. This approach
then allowed for an emerging suite of categories to be
applied (on a well pad basis), see Fig 2., Low, Moderate
and Critical. This range allowed for the Team to focus on
the locations with the major losses, while progressing
with the Development drilling program. This (LEVEL 2)
approach, focussed efforts and allowed a new dimension
to be added with more exotic materials and approaches.
These approaches included considering the use of a
potential stress-cage approaches (Alberty and MclLean,
2001), as a solution. Such an approach was selected

as the nature of the features suggested a re-opening

of natural fractures; while not in itself successful as an
approach, the data that was gathered suggested an
encouraging relationship between the particle-size range
which was recorded for future consideration.

During this time period a range of additional and more
exotic FLA materials were brought forward for trial;

but they were not measurably successful in preventing
fluid losses. Given the clear emerging relationship with
the ECD, an effort began to look at reducing the ECD
through a low-energy drilling approach. This would
consist of minimising the pressure losses at each and
every stage of the drilling process. Such efforts would
include, reducing the pump rate, increasing bit size

and examining pressure losses at every location within
the system. Indeed, this low-energy drilling approach
brought some much-needed relief for a few months as
the program progressed. However, at the same time, the
production plant was fully commissioned (at 100,000
bopd), but the gas-compression system had not and so
the reservoir offtake was at a peak but the reinjection
system was not yet optimised. This meant that the
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Fig. 2: Classification of Well Losses, Low, Moderate and Ciritical.

«JTly4OM CBETa» 34EChb ObIIO TO, YTO MOPOr AaBIEHNS
cTparvBaHunsa adMEKTVNBHOW (3KBMBANIEHTHOW) NNOTHOCTU
LMPKYISLUMOHHOMO pacTBopa, KOTOPbLIN paHee Obin
onpeneneH Kak npmbnnantensHo 1,17 r/cm3, okasancs
NPYIMEHVIMbIM OaXKe B AaHHbIX C/TOXKHbIX YCIOBUSIX.

MpopoBuHyTbIe TeXHOMOrMK 60pbObI C
BogooTaaven (YpoBeHb 2)

C y4eTOM AaHHbIX JOMOSHUTENBHBIX CIIOXHOCTEN,
MPOSBNSBLUVMXCS C PACTYLLEN YacTOTOM U
NHTEHCMBHOCTBIO, & TaKKe CBA3AHHbIX C ONPEeAeIEHHbIMM
30HaMU1 1 KycTamu, NpeaoTepaLLleHie NoTepb 6ypoBOro
pacTBopa CTasio Hanbosiee BaXKHbIM MPUOPUTETOM.
[pynna obpatuna ocoboe BHUMaHe Ha obecnedeHne
BO3MOXKHOCTW OTCNEXMBATL NOTEPW BYpPOBOrO PacTBopa,
3anm1cbiBaTh 1 KNacCUMUUMPOBATb VX C MaKCUMasbHOM
OeTanvisaLpmen, BKtoYasi CocTaB pacTBOPOB, KOTOPbIE
NPUMEHAUCE. Takom NoaXom 3aTemM obecrnedmn
NpUMeHeHne Habopa KaTeropui (Mo KaxxaoMy KycTy), CM.
Puc.2, Huskun, CpeoHui n Kputndeckuin. 9T0T amanas3oH
MO3BOJNI MPYMME CKOHLIEHTPUPOBATHLCS Ha TOUKax
KPYMHBIX MOTEPb, MPOA0/MKasd padboTy Mo NporpaMmMe
aKcnyaTauyoHHoro bypeHins. Takon nogxon, (YPOBEHb
2) CKOHLIEHTPVIPOBaUT yCUNS 1 MO3BONI PacLLMPUTL

3TO HOBOE HampaB/eHVE PaboTbl MPUMEHEHVEM Bonee
3K30TUYECKMX MaTepUasioB 1 MeETOAVK (AnbepTu n
MaksvH, 2001 r.), B Ka4ecTBe peLleHrs. Takor noaxon,
ObIn BbIOpaH, MOCKOJIbKY XapakTep aHOMasIini roBOpWU O
BO3MOXKHOCTW MOBTOPHOIO BCKPbLITUS MPUPOAHbLIX TRELLVIH;
1 XOTS MOAxon, ObIT HEe CambIM MaeanbHbIM, COOPaHHbIE
OaHHble CBMOETENbCTBOBa/N 06 OOHAOEKMBAKOLLEN CBSA3N

www.rogtecmagazine.com

reservoir pressure was continuing to fall, particularly
under the gas-cap where no injection was taking place,
and with the reservoir pressure falling so to was the
associated fracture gradient. Therefore, while helpful,

a low-energy drilling approach would only potentially
provide a very short-lived respite as the situation
continuously deteriorated.

Reduced Hydrostatic Head (Level 3)

The next level of consideration was using a reduced
hydrostatic-head (LEVEL 3), but with a single phase,
this single-phase is a key aspect as more involved
energised fluids (as we shall see), bring an entirely new
level of complexity. The existing drilling fluid was a Water
Based Mud (WBM), a drilling system which had been
optimised over several years. However, consideration
was now being given to using alternative mud systems.
In fact, while the low-energy drilling approach had been
underway, a project had been in implementation to drill
a well with an Oil-Based Mud (OBM), using a diesel-
formulated base fluid that would potentially reduce the
ECD to within an acceptable operating range. In fact,
an invert emulsion OBM system was trialled (at great
expense), and the unfortunate reality of this system was
that an increased associated frictional loss meant that
the ECD was not that much more of an improvement
over the WBM system. In fact, this low achievement in
the ECD reduction is not unusual moving from WBM to
OBM; on occasion it can be sufficient but in this case it
was not. Considering the additional costs of the OBM
preparation; meant that such an approach would in
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MeX [y AvianasoHOM pasmepa YacTuL, YTO BbIi10 3aHECeHO
19 PACCMOTPEHVS B OyayLLEM.

3a 970 Bpemsa Obl NpeacTasaeH ang UChbITaHWs pag,
OOMOSTHUTENBHBIX 1 60J1ee 9K3OTNHECKMX MaTepPMaion
perynpoBaHvis BOOOOTAauM, HO OHW He Obln OLLYTUMO
ycnelHbIMM B NpeaoTBpaLLeH NoTepb pacTeopa. B
CBA3K CO BCe 60oiee 04EBNOHOM CBA3BID NPOBAEMbI

¢ 9L, cTann nckatb BO3MOXHOCTY COKpaLLeHVs
3HauveHun Il 4epes NOAXOA HN3KOSHEPreTUYECKOIO
Oyperus. MNoaxon coCTOUT B MUHUMM3ALMM NMOTEPH
OaBMNEHNst Ha KaXXOOM KOHKPETHOM 3Tare npoLiecca
OypeHns. Takme BO3MOXHOCTU BKJIKOHAtOT B Cebs
CHW>KEHVE CKOPOCTU 3aKayky, yBEMYeHVe pasmepa
0OJ10T, U aHaNM3 CryYaeB NafeHVs AaBneHns

Ha KaXXOOM y4acTKe CUCTEMbI. [JeNcTBUTENBHO,

TakoM HU3KOBHEPIETUYECKNIA NOaX0M K BypeHuto
NPUHEC HEKOTOPOE BECbMA XKeflaeMoe obierveHne

Ha HECKOJ1bKO MECSLIEB, MOKa NporpamMma
peanuaoBbiBanack. OfHaKo, B TO K& BPems,
MPOW3BOACTBEHHbIE MOLLHOCTY BblI MOSTHOCTHIO
BBeEHbI B aKCMyaTaumio
(B 06beme 100 000
6app./cyT. ), B OTNN4YMeE

OT ra30KOMIMPECCOPHOM
CUCTEMbI, Tak 4TO OTHOP 13
nnacrta 6bi1 Ha MakCUMyME,
a cucTema NOBTOPHOM
3aKa4kun eLle He bblna
ONTUMM3MPOBaHa. 9TO
0o3Ha4aslo, YTo NacToBOe
OaBneHne NpoaosHKao
nagatb, OCODEHHO HIKe
ra3oBOW Wanku, rae He
ObINO 3aKayKK, a C TakM
nageHnem gaBJieHNdA B
nnacre, COOTBETCTBEHHO
nagan v rpadueHT AaBaeHus
rmapopaspbiBa. osTomy,
HECMOTPS Ha CBOKO MOJIE3HOCTb, HN3KO3HEPrETUHYECKUIA
noaxon, K BypeHuto NOTeHUMaIbHO rapaHTUPOBasT JNLLb
O4YeHb KpaTKOBPEMEHHOe obnerdyeHve Npobaemsbl, B TO
BpeMsl, Kak obLLas cuTyalms npoaosKana yxyawarbes.

CHMXeHne rmopocTaTU4ecKoro gaBJieHus
(YpoBeHb 3)

CnenytoLLMM YPOBHEM PaCCMOTPEHUS ObINo
MCMOIb30BaHNE MOHMMXEHHOMO MMAPOCTATUYECKOO
nasnerus (YPOBEHb 3), Ho B ogHon dhaze —
OAHOM(A3HOCTb 3AECh KITIOYEBOWM aCMeKT, T.K. YEM
60/blle a3pUPOBaHHbIX XXUAKOCTEN Mbl UCMOMb3YEM
(kak Mbl yBUOMM Oanee), TeM 60MblMA, COBEPLLEHHO
HOBbI, YPOBEHb CIOXKHOCTW Mbl NoJlydaeMm. VmetoLascs
YKUAKOCTb BypeHnsa npeacTaBnsia cobom pacTBop

Ha BOOHOWM OCHOBE, cucTema bypeHns, kotopas
ONTUMM3MPOBAaNach B TeYeHne HeCKobkmx 1eT. OaHako,

20 [ ROGTEC

fact be uneconomic as an ECD solution. Such costs
and complexities are exacerbated even more so when
one considers the long-term liability, management and
disposal of drilling waste that is directly associated with
OBM mud and drill cuttings.

Hollow Glass Spheres (Level 3)

At this stage, it very much looked as though the initial
popular but complicated and expensive consideration
of using an energised fluid would be the only option

left; however considerate engineering was not yet
finished. While it looked as though directly replacing the
liquid phase of the drilling mud would not in itself be a
successful approach, there was always the option of
replacing part of the mud phase (See Fig. 1). This option,
to replace part of the mud phase, is not as well reported
nor indeed applied; but is potentially just as equally
capable of achieving the desired result. This approach

if applied utilises a well developed oilfield product that

is more commonly referred to as Hollow Glass Spheres
(HGS), (see Fig 3.).

Puc. 3: Ceexue 1 ncnonb3oBanHble NCM KpyrnHbIM niaHoM.
Fig. 3: Magnified View of Fresh and Used HGS.

HGS has been around for a while (Block et al., 1991),
and are often used as an additive with cementing
operations to reduce the ECD in order to avoid fracturing
during cementing operations (Arco et al., 2000). In the
same way as with cement, they can be used as a simple
additive in the drilling mud, displacing other solids agents
(and liquid phases), as they are lighter than hydrostatic
(they float in water) by design. The result is an overall
reduction in the drilling mud SG, which as a result can be
as low as 0.70 SG, depending upon the HGS type and
the solids-fraction that is utilised.

To consider this as a potential option, a feasibility study
was performed and a manufacturer of HGS identified
and contracted as a reliable source for the HGS material
selected. This feasibility study has largely been reported
in the recent paper (Rylance et al., 2021) at the OTC, and
will also be updated further at the planned SPE RPTC
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Tenepb paccMmaTprBanack BO3MOXHOCTb MPUMEHEHNS
anbTepHaTMBHbLIX PAaCTBOPHbIX cUcTeM. PaKTNYECKMU,
noka peasi3oBbIBaSICS HU3KO3HEPTETUHECKINIA MOAXOL,
K BypeHnto, paspadaTbiBancs NPOEKT OyPeHUst CKBaXKIH
pPacTBOPOM Ha HE(DTAHOW OCHOBE, C MPUMEHEHNEM
>KMOKOCTU, M3rOTOBJIEHHOW Ha OCHOBE AM3E/IbHOIO
TONMMBa, KOTOpas NoTEHUMaIbHO CNocobHa

CcHn3uTbL 3L B npeaenax npremnemMoro pabo4ero
amanasoHa. PakTrdecku, bbi1a onpoboBaHa 0bpaTHo-
3MYJIbCUOHHAs cUcTeMa Ha HeTAHOM OCHOBE (C
OoNbLIMMM 3aTpaTamu), 1 HempUrnsaHas npasaa aTown
CUCTEMbI Oblfla B TOM, YTO BO3POCLLNE, CBA3aHHbIE C
3TUM, NOTEPU Ha TpeHue o3Hadvanm 4Yto Jl1L, 6b110 He
HaMHOro Jy4lle, Yem B CMCTeMax Ha OCHOBE BOAHOIO
pacTeopa. Booblue, Takoe cnaboe cHmxeHue Al He
pPeOKOCTb, Koraa nepexoauilb OT CUCTEM Ha BOOHOM
OCHOBE K C1CTEMaM Ha HeEPTSIHOW OCHOBE; MHOrAa,
3TOro 6bIBAET AOCTATOYHO, HO B AaHHOM Cllydae HeT.
Y10 KacaeTcs AOMOMHUTENbHBIX 3aTpaTt Ha MOArOTOBKY
CUCTEMbI HA HEPTSAHOM OCHOBE, TakoW Noaxod oyaeT
hakTUHeCKM HESKOHOMUNYHBIM B KQYECTBE PELLIEHNS

no OllLl. Takne 3aTpaTbl 1 CNOXXHOCTY eLLe bonee
yCyrybnsaoTcs, eCnm Mbl MPVHUMAaEM BO BHYMaHWE
[ONrOCPOYHOCTb akTuBa, 06pPaboTKy 1 YyTUAN3ALIMIO
OTXOA0B BypeHust, HEMOCPEACTBEHHO 0OPA3YOLLIMXCS U3
pacTBopa Ha HeTAHOM OCHOBE 1 BYPOBOro LUama.

Monble cTeknaHHbIe MnKpocdepbl (YpoBeHb 3)
Ha maHHOM aTane ka3anoch, YTO n3Ha4aibHO
nonynsipHOe, HO CIOXKHOE 1 JOPOroCTosILLIEE PELLEHME
NCNONb30BaHNS a3pUPOBAHHON XXUOKOCTU SBASETCS
e0MHCTBEHHbIM OCTaBLLVIMCSI BapnaHTOM; OHaKO, eLLe
He BblNn ncyYepnaHbl BCE BO3MOXHOCTU OBCTOATENBHOIO
NHXXUHVPUHIa. B To Bpewms, Kak KasasioCbk, YTO NpsiMoe
3aMeLLEeHVE XUOKOM hasdbl BypOoBOro pactesopa He byaeT
camo o cebe yaadHbIM peLleHnemM, Bcerga octaBasiach
BO3MOXXHOCTb 3aMeLLEHNST HacTu hadbl pacTBopa

(cM. Puc.1). Takon BapuaHT 3ameHbl YacTh dasbl
pacTBOpa HUIAE He OMUCHIBANICS W HE MPUMEHSINCS;

HO MOTEeHUMaNbHO CNOCOBEH MPUHECTU XKENAeMbI
peaynbTaT. 3TOT MOAX0M4, EC/IV ero NMPUMEHUTD,
NCMNO/Ib3YET XOPOLLO pa3paboTaHHbIN NPOayKT
HedTENPOMbIC/IOB, KOTOPLI BOMee N3BECTEH Kak MOsble
cTekNgHHble Mrkpocdepsb! (MCM) (cm. Puc. 3.).

MCM B npuMeHeHuUn yke gaBHo (Biok n gp., 1991 r.), n
4acTO NCMOMb3YHOTCS B Ka4ecTBe A0OaBKM B onepaLysx
LEMEHTUPOBaHWSA C LEbIO CHYbKeHWs I, 4To6bl
n3bexxaTb TPEHNSA BO BPEMS LIEMEHTUPOBaHUS (ApPKO

n ap., 2000 r.). PaBHbIM 06pa3oM, Kak 1 B onepaLmsax
LEMEHTMPOBAHWS, OHM MOIYT UCMOJ/Ib30BaThCS B
Ka4ecTBe NpoCcTon A06aBky B BypOBOM pacTBop,
3amellas opyrve TBepaple BellecTra (M xuakne daabl),
MOCKOJIbKY OHM Jlerde rmapocTaTnyeckmx (oep>karcs

Ha nnaBy B BOAE) NO onpeaeneHnto. B pesynbtaTe
noJiydaeTcs ObLLee CHKEHNE YOEbHOW NIOTHOCTY
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in October (Sherishorin et al., 2021). A conservative
approach was taken to the HGS material selection for
the Pilot program to be sure that there would be no
adverse issues, with a crush strength of 10,000 psi being
selected. Post the successful pilot this is now under
review with a 7,500 psi material being the new choice.
This reduction in crush strength will dramatically reduce
the costs of the material as well as significantly reduce
the SG while reducing the % vol fraction of the solids
added. As at the lower crush strength, HGS typically has
a lower SG.

For the HGS Pilot drilling program, sufficient HGS
material was mobilised for a three well trial, including
both multi-lateral and horizontal wells. At the same time
sufficient hand carried HGS sample material was made
available for both laboratory and mechanical testing;
and representative examples of our WBM mud were
prepared and made available for testing as well. The
testing went well, and it was determined that HGS could
be added to our conventional WBM, displacing the
liquid phase and resulting in a significant reduction in
the SG. In fact, the addition of the HGS was able to
reduce the SG of the WBM such that a static 0.88 SG
could be achieved which would deliver an ECD of 1.01
SG which would be well below the threshold losses
initiation value of 1.17 SG.

Hollow Glass Sphere Pilot Programme

The three well pilot, Well A, Well B and Well C, was a
complete technical success. In the case of all three
wells, when drilling with HGS no mud-losses occurred
on these Pads where losses had been experienced

and wells curtailed early in all previous drilling attempts.
Operationally things went well, though the standard
centrifuge(s) failed to efficiently separate the cuttings and
HGS material in the used mud.

This minor setback will be addressed during the full-
field deployment when the mud management will be
centralised, and a specialised centrifuge will enable
better mud processing (thereby recovering the HGS

for eventual reissue and reuse). This centralised mud
approach is much more efficient as well, because as
we can see from Fig 2. that only some Pads require this
technically advanced approach.

On one of the Pilot wells, due to the poor centrifugal
equipment performance, the Team allowed the well to
drill on while loading the mud with drill cuttings. On this
well the ECD was allowed to increase from below the
original threshold to a level as high as 1.32 SG without
the onset of mud-losses. When the well was swapped
to a lower SG, HGS free mud, mud-losses began
immediately; returning to a HGS fluid the mud-losses
immediately stopped again. This is clear evidence of the
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OypOBOro pacTBopa, KoTopas B pedyibTate AOCTUraeT
3HaueHunsa 0,70 r/cm3, B 3aBUCUMOCTU OT Tvna NCM

N TSHKENon ppakumm TBepaon dasbl, KoTopas 30echb
NCNoNb3yeTcs.

[ns pacCMOTpEeHNs 3TOro BapuaHTa B Ka4ecTee
NoTeHLMaIbHOV BO3MOXXHOCTM BbINIO MPOBEAEHO
TEXHMKO-39KOHOMMYECKoe 060CHOBaHVe; Obl/ HangeH
nponzsoanTenb NMCM, ¢ KOTOPbIM, Kak C HaAEXHbIM
noapsaYMKOM, OblfT 3aKJTOHEH KOHTPAKT Ha MOCTaBKY
KOHKpeTHOro Matepuana NCM. [JaHHOe TEXHMKO-
9KOHOMMYECKOE OBOCHOBAHME LUIMPOKO OCBELLANIOCH

B HepaBHen paboTe (PannaHc v ap., 2021 r.) Ha OTC,
1 B gasbHenemM 6yaeT AoNoHEHO MaTepraniom

Ha PoccumncKkom HepTerazoBom TEXHNYECKOMN
KOHbepeHumn SPE, 3annaHMpoBaHHOM Ha OKTA0Pb
2021 r. (LepwwopwuH n gp., 2021 r.). Onsg MuaoTHom
nporpamMmMbl Npu otbope Matepurana NCM npumeHsancs
KOHCEepBaTUBHbIM NMOAXOM, YTODbI 36eXKaTb JINLLIHMX

N HEHYXXHbIX MPOBAEM; YCTONYMBOCTb K APOBNEHNIO
6blna BeibpaHa Ha ypoBHe 10 000 chyHT./KB.O0NM (PSi).
[Mocne ycnewHoro «naoTUPOBaHNg» paccMaTprBaeTCs
BO3MO>XHOCTb MCMOIb30BaHWs MaTeprana Ha

7500 dyHT./kB.At0NM (psi). CHKeHME napameTpa
YCTOMYMBOCTU K APOBAEHNIO MO3BOSIUT 3HAYUTENTBHO
COKpaTUTb CTOMMOCTb MaTtepurana, a Takxe
CYLLIECTBEHHO CHU3UTbL YAEbHYIO MIOTHOCTL COCTaBa
NOCPEOCTBOM CHUXEHWS MPOLIEHTHOrO COAEPXKaHMS
ob6bemHoM gonn gobaesasemon TBepaon dasbi.
[MocKobKy Npy 60/1ee HN3KMX 3HAYEHNSAX YCTONUYMBOCTU
K opobnenuto NCM 06bl4HO MEET BONEE HUSKNI
yAenbHbIN BEC.

Onga MunoTtHon nporpammbl Byperns ¢ NCM 6bino
3aeCTBOBAHO 40OCTAaTOYHOE KOJIMYECTBO MaTepuana
MCM O0ns ncnblTaHNs Ha TREX CKBaXKMHAX, BKIOYas
Kak MHOIrOCTBOJIbHbIE, Tak U FOPU30HTalIbHbIE
CKBaXXWHbI. B TO >xe Bpems, Bpy4Hyto ObI10
noAroTOB/IEHO AOCTATOYHOE KOIMYECTBO 06pa3LoB
mMaTtepurana NCM kak gns nabopatopumn, Tak n

019 MEXaHNYECKMX UCMbITaHNI; a Takke Bblu
noArOTOBJIEHbI TMMOBbIE 06pa3Lpbl HALEero pacTeopa
Ha BOJHOW OCHOBE, NPeaoCTaB/IEHHblE 015
TecTupoBaHus. TecTrpoBaHMe NPOLLSIO YCMELIHO, W
ObISIO YCTAHOBMNEHO, YTO TXKENYIO (DpakLmMO TBEPAON
dasbl MOXXHO [06aBUTL B Hall TPaaNLMOHHbIN
pacTBOP Ha BOJHOW OCHOBE, 3aMeHSs XXNAKy dasy
N 3HAYUTENIbHO CHWXXas yaebHYH MAOTHOCTb. 10
cyTn, gobaBneHne THKenom pakumm TBepaon daabl
CNoco6CTBOBAIO COKPALLEHNIO YAEbHOW MIOTHOCTH
pacTBopa Ha BOAHOM OCHOBE, Tak YTO MOXHO Oblf10
NONYYNTb CTATUYECKYHO YAEbHYO NIOTHOCTL 0,88 r/
CM3, YTO, B CBOKO O4epenpb, obecnedynBano 3Ha4eHne
3rL 8 1,01 r/cM3, HAMHOTO HMXKE MOPOroBOro
3Ha4yeHMs Havana BOAOOTAa4N, KOTOPOE COCTaBASIO
1,17 r/cm3.
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stress-cage effect that we had tried to achieve within the
LEVEL 2 engineering assessment; something which will
now be built into the forward programme.

Forward Planning and Scale-Up

With a successful Pilot having been performed, the next
stage of the engineering planning is now being put into
effect, with full-scale deployment taking place at the
earliest opportunity. The cost effectiveness of the use of
HGS, versus the extensive and increasing mud-losses,
NPT and under-drilling effect were self-evident and
demonstrable in terms of the Net Present Value (NPV).
As the next phase will be focused, materially optimised
and material reused, the cost/value relationship is
expected to continue to dramatically improve from its
already currently favourable position.

Complex Alternatives

If at the beginning of this journey the Engineering

Team had followed the more popular route and been
thinking ‘zebras’ instead of ‘horses’, then they would
have embarked on an immediate LEVEL 4 solution of
energised fluids. While there are niche applications for
such a solutions there are many, many disadvantages to
the use of energised fluids.

These disadvantages have been very well documented
over the years but can be summarised in a few simple
statements: COST, the cost of using energised fluids
is staggering, as well as the proposed gas-phase
generation and additives materials themselves there

is the additional equipment. With the pressure at
surface in the system, a rotating-head is required as
well as a swathe of additional handling equipment.
Surface returns need to be managed with specialised
separators, and all of this must be rigged up and
rigged down each time a reservoir section is entered.
The alternative, supplying such a spread to each

and every drilling rig would be completely unrealistic
in terms of cost and scale. In addition to these
aspects, the introduction of a 2-phase fluid means that
communication with the drilling BHA has potentially
been lost. In a development where multi-laterals are
being drilled in extremely thin reservoirs, there is no
more important BHA capability than this; so likely
even more funds are required to provide a new form
of communication, such as electromagnetic, use of
repeater stations and other more costly, complex, and
technically difficult approaches.

Even after all this, if anyone still believes that energised
fluids are the correct approach; then there are the
safety aspects to consider. Using energised fluids,
means that there will be excess pressure at surface
at all times; during the drilling operations in the
reservoir. The HSE risks will rise exponentially and
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DRILLING

NMunoTHaa nporpamma NpUMeHeHUa NosibIX
CTEKNSAAHHbIX MUKpocdoep

[MnnoTHasa nporpamma ¢ Tpemst CkBaxkHamK (CKB.A,
CkB.b, 1 CkB.B.) 6b11a NOMHLIM TEXHUYECKMM YCMEXOM.
B cnyyae Bcex Tpex CKBavKMH, Koraa npousBoanioch
OypeHne ¢ TKenom dpakuyen TBepaon dasbl, He ObIIo
HUKaKMX MOTEPb PacTBOpa Ha 3TUX KycTax, Toraa Kak
paHee NofobHble MOTEPU UMENN MECTO, U CKBaXKMHbI
ObICTPO CoKpaLLanm paboTy Npu BCex nNpeaplayLimx
nonbITkax BypeHns. TeXHUYECKM aena LU XOPOLUO,
XOTS CTaHAAPTHbIE LEHTPUMYM HE CMPaBASNIUCE C
OOJSDKHBIM OTAENEHVEM LLISTAMA W MaTepuana TSXKeson
hpakunn TBEPAOV (hadbl B NCMOIb30BAHHOM PaCcTBOPE.

OTUM HE3HAYNTESIBbHBIM HEAOCTATKOM HY>KHO OyaeT
3aHATbCS BO BPEMS MOSTHOMACLLTabHOro pa3BepTbiBaHMs
Ha MPOMbICIE, KOFAa TEXHOIOMMYECKOEe COMPOBOXAEHME
OypPOBbIX PACTBOPOB BYAET LIEHTPaIM30BaHHbIM,

a cneumanMspoBaHHas LieHTpudyra no3soanT

nyyule obpabaTeiBaTh PacTBOp (T.€. N3BEeKaTb
THKENy pakumo TBepaon dasbl 419 ganbHenLwen
noAroTOBKM W MCMOb30BaHWS). Takom noaxon, ¢
MNPUMEHEHNEM LIEHTPaSIM30BAHHOIO TEXHOIOMMYECKOrO
COMPOBOXAEHNSA BYPOBbIX PACTBOPOB 3M(PEKTUBHEN
eLle 1 B CUJly TOrO, YTO, Kak Mbl MOXEM BUOETH 13
Pnc.2, Takoe TeXHUYeCKn NpoaBmrHYTOE CONPOBOXAEHNE
TpebyeTcs NNLLb A1 HEKOTOPbIX KYCTOB.

Korpga ckBakmHa bblna nepesegeHa Ha bonee HU3KMe
3Ha4YeHNs YaebHOM MNOTHOCTU, Ha pacTBop 6e3
cofepXxaHusa TsHxenon pakumm TBepaon gasbl, cpasy
»KE Ha4aIMcb NOTEPV pPacTBOPa; Npu BO3BpaTe K
YKNOKOCTU C COAEPXKAHMEM TSHKEON hpakLIn TBEpOON
dasbl, NOTEPU pacTBOpa cpagy Xe NpexkpaTuInCh.

3710 ABMSETCA SBHbIM CBMAETENBCTBOM adhdekTa
CKVMAIOLLIMX KOSIbLIEBBIX HAMPSKEHNIA, TO YErO Mbl
MbITaNINCb JOOUTLCS, OCYLLECTBASAS UHXKEHEPHYHO
oLeHKy Ha YPOBHE 2; To, 4TO OO/MKHO ObiTh B3ATO Ha
BOOPY»KeHMe B NporpamMme Ha byayllee.

MepcneKkTUBHOE NJsIaHMPOBaHME U pacLunpeHne
Macwitabos

C zaBepLleHnemM ycneLHoro NaoTHOro

NPOoEeKTa, CAeayLM 3TanoM TEXHUYECKOrO
NJaHNPOBaHNA cenyac ByaeT BHeOpeHUE B XN3Hb,

C NoNIHOMacLWTabHbIM PasBepTbiBAHNEM, KOTOPOE
OyneT peanm3oBaHo Npu NEPBOW K& BO3MOXKHOCTN.
OKOHOMUYECKas aPMEKTUBHOCTb NCMONb30BaHUS
TSHKEN0N hpakLmm TBEpAoN dasbl, MO CPaBHEHNIO

C MaCCVBHbIMW 1 pacTyLUMMI NOTEPSMI pacTBopa,
HEenpPoW3BOANTESIbHBIM BPEMEHEM 1 MOCIEACTBUAMMN
HenobypuBaHVs, Bblna HarNSaHOM U CaMOOYEBUOHOM
B NiaHe 4ncTon npueeaeHHon ctonmocTu (HI1C).
Korpga HauHeTcd paboTa Ha creaytoLlem aTarne,

C ONTUMM3aLMEN 1 NOBTOPHbLIM NCMNOIb30BaHNEM
MaTepranoB, COOTHOLLEHMNE LieHa/KaveCTBO

www.rogtecmagazine.com

over a multi-rig and multi-well program the potential
for a loss of primary well control incident taking place
is dramatically increased. It is in fact no exaggeration
to say that an incident is almost guaranteed to occur
over a major campaign period.

Can energised fluids be utilised to perform Measured
Pressure Drilling (MPD) efficiently, of course they can,
but that does not mean that they must be used. Don’t
let engineering bias, due to your own technical interest
drive your solution, let the requirement drive the solution.
“When you hear hoofbeats, think horses not zebras” and
you won't go far wrong.
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B bYPEHVE

3HAYUTESIBHO YYYLLMTCS MO CPABHEHUIO C Y)Ke
[0CTaTOYHO HEMIOXMMM MO3ULMAMM B 9TOM MJlaHe.

KomnrneKcHble anibTepHaTUBbI

Ecnn 6bl B Hayane gaHHoro nyTeLlecTBus [poekTHas
rpynna nocnenoBana 6onee pacxoXxmm MapLpyToOM U
nogymana 6bl ckopee 0 «3ebpax», a He O «JIOLLIAAAX»,
OHa Obl MocneLLnaa NPUCTYNUTb K peanm3aunn peLleHns
YPOBH4 4, nogpasymeBatoLLEro UCMOMb30BaHNe
a3PUPOBaHHbIX XXMOKOCTEN. HecMoTps Ha To, 4TO
CYLLECTBYIOT HULLIEBbBIE MPUMEHEHUS A5 TaKMX
PELUEHU, TEM HEe MeHee, Yy MPUMEHEHNST a3PUPOBAHHbIX
YKUAKOCTEN eCTb Macca HELOCTaTKOB.

OTW HEQOCTATKN O4YEHb XOPOLLIO OblN
3a0KYMEHTUPOBaHbI B TedeHWe pydda eT, HO X MOXXHO
Bblpa3nTb B AByx cnosax: CTOVIMOCTb, cToMMOCTb
MNPUMEHEHNS adPUPOBAaHHbIX XXMAKOCTEN HEMOCTOSIHHA
N U3MEHYMBA — MOMMMO CTOMMOCTM Npeanonaraemon
reHepaumn rasoBon asbl 1 CTOMMOCTU J00aBOK, eCTb
elle 1 oonoHUTeNbHoe obopynoBaHne. C y4eToM
OaBNeHns Ha NOBEPXHOCTW, CUCTeMe TpebyeTcs elle
N MOBOPOTHBIVI CTBOJT, KaK CEMMEHT A0MOSHNTENBHOIO
CMYCKO-MOoaBbEMHOIro obopyaoBaHud. Bbixon

Lulama Ha MOBEPXHOCTb HY>KHO 0bpabaTbiBaTb
cneunan3anpoBaHHbIMYK cenapatopamMu, 1 Bce 3TO
HY>XHO cobupaTb 1 padbupaTb Npu BXOOE B 30HY
KonnekTopa. ANbTepHaTUBHOE peLleHne, T.€.
[OCTaBKa CMECUK Ha Kakayro OTAEbHYO BypOBYtO,
npeacTaBnseTca abCcoMoTHO HepeaMCTUYHbIM B
nnaHe 3atpat 1 macwTaboB. B gononHeHMe K 3TUM
acnekTam, BBedeHe 2-has3Hom XUOKOCTM O3HaYaeT,
470 cBA3b ¢ KHBK noTeHumaneHo ByaeT noTepsHa.
Mpw paszpaboTkax, roe bypsaTcad MHOMOCTBOJIbHbIE
CKBaXXWMHbl HA TOHKMX MjlacTax, HeT 60/1ee BaXKHOM
dyHkumn KHBK, yem aTa; nostomy, eule 60blie
cpencTB noTpebyeTcs o o6ecnedeHns HoBbIX PopMm
CBSA3M, TakMX Kak 3/1eKTpOMarHuTHas, npuMeHeHmne
PEeTPaHCIATOPOB, U MCNOMb30BaHWe Apyrnx, 6onee
OOPOroCToALLNX, KOMMNEKCHbIX, N TEXHNYECKW CJTOXKHbIX
PELLEHUI.

[axke nocne BCero aToro, eCnu KTo-To eLle AymMaerT,
YTO MPUMEHEHWE a3PVPOBaHHbBIX XXUAKOCTEN

ABISETCS BEPHBIM MOAXOAOM, ECTb €LLE N aCNeKT
6e3onacHocTu. /Icnoab3oBaHme asprpoBaHHbIX
YKUAKOCTEN 03HAYaeT, YTO NPW BCKPLITUM NiacTa

B MpoLiecce BypeHnst, Ha MOBEPXHOCTY BCE BPEMS
OyOeT NpUCYTCTBOBATb U3DbITOYHOE AaBAeHNe. PUcku
OT 1 Tb aKCnNoHeHLManbHO B3NETAT BBEPX, U NPpU
MHOr03ab0MHO- MHOrOCKBaXKNHHOW NporpaMme,
3HAYNTESNIBHO BbIPACTET NOTEHLMANbHbBIN PUCK NOTEpPU
KOHTPOIS Haf, CKBaXKMHOW. He ByaeT npeyBemyeHem
ckasaTb, YTO C HanbOosIbLUEN BEPOSTHOCTLIO, 32 BPEMS
OCYLLIECTBMIEHMS KPYMHOIrO NPOEKTA, Takas BHelTaTHas
cUTyaums NoYTY rapaHT1poBaHa.

24 [ ROGTEC

MO>KHO 1 UCMOIb30BAaTb a3PUPOBAHHbBIE XXUAKOCTH
0151 9O PEKTNBHOMO OCYLLECTBIIEHNS OYyPEHUs C
ynpaBngemMbIM AaBneHnem (texHonorvs MPD)? KoHeuyHo,
MO>XHO. HO 3TO COBCEM He 3Ha4UNT, YTO KX 0B6s3aTEbHO
HY>XHO MCMOb30BaTh. He no3sonsanTe cebe

CKJTOHSTBCS K PELLEHVISIM B CUJTY CBOUX UHXXEHEPHbIX
npenydexxaeHnn, BolbnpanTe peLleHne B COOTBETCTBUM
C HEOBXOOMMOCThIO. «Koraa yCnbIlUTE CTYK KOMbIT,
nooymMamTe CKopee O SIolaasx, 4eM o 3ebpax», U Bbl He
HaMHOro OLMBETECS.
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