B BYPEHVE
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[TpoLunoe n dyayliee reoHaBmrayymn
Geosteering: The Past and the Future

TpagnumoHHas reoHaBUraLIMS CTAHOBUTCH BCE Boniee
CNOXHOW, ObICTPOM 1 TREDYET BCE BOMBLLIENO KOIMYECTBa
JAHHbBIX B PEaSTbHOM BPEMEHW. 3TO HaaraeT Ha
CMeUMasCTOB MO FEOHaBUraL OFPOMHYHO OTBETCTBEHHOCT,
TaK Kak CBOM PELLIEHMS! OHW O0SKHbI MPpYHMMATHL 3a 60s1ee
KOPOTKUA MPOMEXKYTOK BPEMEHM, COB/00351 TOYHOCTb, U
aHaNTHECKM 0BpabdaTbiBast OrPOMHbI O6BEM OaHHbIX.

Ho Tak 6b1110 He Bceraa.

UcTopuyeckun B3rnsg Ha reoHaBurauuio
MHorme 13 Hac NOMHSAT, YTO NMpUMePHO 20 NET Hasap,
recHaBVraLs BbIFNsaea COBCEM MHaYe. B mpolusiom,
rOPU30HTasIbHOE W HaKJIOHHO-HaMPaBIeHHOE BypeHe
Bbl/10 OTHOCUTESIBHO MPOLLE, MeOJIEHHEE, 1 MO3BOAIO 6e3
0CoDOM CNeLLKV cobupaTh W MHTEPMPETUPOBATL AaHHbIE,
BbibMpast HanpasneHne BypeHns. Bblo MeHbLLIE anarpamm
n Tpe6OBaJ'IOCb BHOCUTb MEHbLLIEE KOJINYECTBO N3MEHEHUI
B HAaKJIOHE CKBaXKVHbI.

PelueHns B TpadyLMOHHOM reoHaBMrauyin NpyHAMasCh B
OCHOBHOM MO LLIaMy, 1 TOMbKO MNOTOKM AaHHbIX KapoTaxka B
npoLecce BypeHus], Takre Kak raMma-KkapoTadK, MIOTHOCTb,
1 COMPOTUBEHVE (HE a3MMyTasbHOE!) NepenaBanCh B
pealbHOM BPEMEHN.
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Conventional geosteering becomes more complex, faster
and requires more data in real-time. This puts an incredible
amount of pressure on geosteerers as their decisions
need to be taken in a shorter amount of time, need to be
more precise and require from him/her analysis of a larger
amount of data.

But that was not always the case.

A Historical Glance at Geosteering

Many of us remember that just roughly 20 years ago
geosteering looked quite different. In the past, horizontal
and deviated drilling was relatively simple, slower and
allowed enough time to collect and interpret the data and
select the direction of drilling. There were relatively fewer
logs to look at and fewer changes of well’s inclination.

Conventional geosteering decisions were first based on
cuttings, and only LWD log streams like gamma-ray, density,
and resistivity (non-azimuthal!) were streamed in real-time.

Geosteerers (or well placement engineers) paid attention
to negative and positive drill breaks and had very little
information about the subsurface due to a very shallow
depth of investigation of these sensors.
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CreumanmcTbl MO reoHaBUraLm (Uin NHXEHEPbI Mo
PasMELLIEHMIO CKBaDKWH) 0BpaLLiaiv BHYMaHME Ha
“npoBasbl» B MPOXOOKe, MO0 BHE3AMNHbIE OCTAHOBKM, U
HE UMENN JOCTAaTOYHON MHDOPMAaLIM MO MAaCTy B CUITY
HEeOOCTaTOYHOW ryOUHbI AENCTBIS AaHHbIX AaTHNKOB.

3atem, C BHeApeHeM asuMyTaslbHbIX U3MEPEeHI
(0COBEHHO MO NNOTHOCTU 1 KaPOTaXKY CONPOTUBNEHNS,

N COOTBETCTBEHHO HAK/IOHOMPaMM, MreOHaBUraLns ctana
CBOEro poaa TBOPYECKNM MPOLIECCOM, OCYLLIECTBIIEMbIM B
TPEXMEPHOM M3MEPEHUN. KoMaHp! reoHaBuraumm, noMy1mo
«BBEpPX» N «BHN3» CTaU1N BKJITKOYATb B cebs TaKkKe «B/1eBO»

W «BrpaBo» (HAK/IOH CKBaXKMHbI — KOMaHOaM1 «BBEpX»

- «BHW3», 1 a3MyTaSIbHbIE N3MEHEHVIS B HanpaBieH M
CKB&XKVHbI — KOMaHOaMN «BIEBO» - «BMPaBo»).

S IMYHO MOMHIO TO BPEMSI, KOMda CreLvasiCThbl Mo
reoHaBMraLiv nepecTaniv obpalLiaTs BHMaHME Hal LLIiam

(Mo kpaHen Mepe, 1x aHaM3 NepecTast BbIMb AN HAX
PELLAOLLVM) 1 COCPEOOTOYNINCE Ha BONbLLEM OOBEME
Boree ToUHbIX (MMest BBIOY OOBLLYIO MyOUHY UCCNIEO0BaHS)
HaKJ/IOHOMPaMM KapoTaxka B MPoLIECce BypeHsl, MoHauany

C YeTbIPbMS CEKTOPaMI, a 3aTeM C 8, 1 aaxe ¢ 16 nm 32
CEKTOPaMM, OMOSIChIBAIOLLIMM CTBOJT CKBaXKMH!.

HakoHeL, He Tak AaBHO, C BHEAPEHNEM MHCTPYMEHTOB
rNy6OKOro N3MEPEHNST 3NEKTPOMArHUTHOIO YAEbHOro
COMPOTUBIIEHNS B HAMPABIEHHOM BYPEHMN (MHCTPYMEHTH!
«CMOTpSILLME» Briepean AOI0Ta) poauiach NPOaKTBHAS
reoHaBUrauyist, 1 Pa3MeLLIEHME CKBaXKWH Y>Ke NepecTasio
ObITb MPEXHNM.

OpOHOBPEMEHHO, COBEPLLIEHCTBOBAHWE MHCTRYMEHTOB
KapoTavka B MpoLIecce BypeHns, LIMdpoBM3aLys, U pasBiTme
crcTeM 6a3 AaHHbIX (B OCOBEHHOCTY, 0BMaYHbIe TEXHOMOMN)
Co30a/m CUTyaLuo, rae BCE BObLLIMIA OOBEM OaHHbIX
NepefasTcsl Ha CKBaXKMHHYHO NoLLaaKy. HezaBmcmo ot
reorpPanHECKOro NOIOXKEHNS (KOHTUHEHT W Lesbad)
YCTapEBLLIEE CMYTHMKOBOE Y3KOMOIOCHOE COeaMHEHIE,
VCTIOSNb3YEMOE JSIWLLIb B ClyHae HEOOXOOUMOCTU, YCTYMWIO
MECTO 6ECTPOBOAHOMY LLIMPOKOMOSIOCHOMY CKOPOCTHOMY
VIHTEPHETY, MPUMEHIEMOMY MPAKTVHYECKM B JIKOOOM MECTE

Ha OypPOBOI YCTaHOBKE. BbICOKOCKOPOCTHbIE 6ECMPOBOAHbIE
TEPMUHATTbI (Harp., HA3EMHbIE 1 MOPCKNE YCTAHOBKA
obecneyeHns RAS-NOTOKOB AaHHbIX), MOBCEMECTHO
MPVIMEHsIEMbIE MO BCEM OTPAaC/IM, MO3BOJISAKOT OCYLLIECTB/ISATh
MOMEHTa/TbHbIE COEAMHEHMS C Ba3amMK JaHHbIX B PEASTbHOM
BPEMEHW 1 paboTaroT B Cpeae CUHXPOHN3MPOBAHHbBIX
MOOENeN/NPOEKTOB OOHOBPEMEHHO B Pa3/INYHbIX MECTax
(Hanp., penosuTopum Petrel 1 Studio ona ynpaeneHus
NIacToBbIMW AaHHbIMK, Schliumberger), 4To Bblno TPYAHO
cebe NPeACTaBUTb ELLIE HECKOTBKO JIET TOMY Ha3aq,

B cdhepe KoOMMyHMKaLWN (IMHAM KOMMYHUKALM MEXXY
CKBEXKVHHOW MIOLLAaKOM 1 JIKOBbIM OCOM WM CTaHLEN)
TaKXKe HaCTYNUIO 3HAYNTENBHOE YIyuLLIEHNE. He Hy>KHO
ObITb CIMLLKOM CTapbIM, YTOObI MOMHUTb, Kak Hy>XHO OblN0
NOVTU B OOUC KOMMAHWK, YTOObI MOMPOCUTL PaspeLLIEHVS
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Then, with the introduction of azimuthal measurements
(especially density and resistivity logs) and subseguently
image logs, geosteering became a state-of-art process to be
performed in a three-dimensional environment. The steering
commands apart from “up” and “down” included “left” and
“right” too (inclination - “up” and “down” and azimuthal “left”
and “right” changes of the steering direction).

| myself remember the time when geosteerers stopped
paying attention to cuttings (or at least their analysis
become less decisive) and focused more on a higher
number of more precise (meaning — deeper depths of
investigation) LWD image logs first with four sectors, then
8 and even 16 or 32 sectors around the borehole.

Finally, not so long ago, with the introduction of deep
directional electromagnetic resistivity tools (“look ahead”
of the bit tools) a proactive geosteering was born and the
well placement was never the same again.

Simultaneously, the improvement of LWD tools, digitalization,
and development of database systems (especially cloud
systems) created a situation where bigger and bigger
amounts of data could be transferred to the wellsite
environment. Regardless of the geographical location
(onshore or offshore) an obsolete satellite non-broad band
connection used only in case of emergency has been
replaced by wireless broadband fast internet available virtually
in any place on drilling rigs. High-speed wireless terminals
(e.g. RAS-Extend Land Vehicle and RAS-Extend Marine)
commonly used across the industry allow for instantaneous
real-time database connections and work in synchronized
model/project environments across several locations (e.g.
Studio repository in Petrel, SLB), something that was quite
difficult to imagine just few years ago.

In the area of communication (communication lines
between wellsite and in-office support elsewhere) there
was also a significant improvement. You don’t need to be
that old to remember going to the company’s man office
to ask for permission to use the only satellite phone on
the rig. It was a real revolution when stationary phone lines
were installed on the rigs, and emails became a common
way of conveying information.

Nowadays, video streaming between the involved parties is
not uncommon. More, the recent virtual teams and virtual
office concept pushed for the creation of digital virtual
collaboration facilities (e.g. ACE — Advanced Collaborative
Environment at BP) and even bigger regional and global
collaboration centres. This is where the employees although
located a thousand miles away from each other can obtain a
feeling of being located in the same office, desk to desk. They
are also digitally connected (via integrated digital platforms and
applications) and collaborate across a variety of disciplines
providing support to the wellsite in real-time (see figure 1). This
significantly shortens the decision-making process resulting in
a more efficient and effective geosteering process.
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BOCMOJ1b30BaTLCS €AUHCTBEHHBIM CMYTHVKOBbLIM
TenedoHOM, MMEBLLMMCS! Ha MIOLLIAAKE. 3TO Ka3aloCb
HACTOSILLIEV PEBOSIOLIMEN, KOraa OypoBble MAOLLAOKM
CTau 06OPYa0BaThb CTALWMOHAPHBIMU TENEedoHaMN,

a 3NEKTPOHHAs MoyTa cTana NpPVIBbIYHbIM CNOCOB0M
nepenayn nHhopmaumn,

B Hawm oHn yxKe He SBNsiKoTCS PeAKOCTHIO U
BMOEOKOHMEPEHUMN MEXTY YHACTHMKaMM NPOLLecca.

1 6onee TOro, MPOABMrAETCSt KOHLEMNLMS BUPTYaIbHbIX
KOMaH[, 1 BUPTYaulbHbIX OOMCOB A9 CO30aHVS YCOBUM
LMPOBOV BUPTYaUTbHOW MPYMNOBOM paboTh! (Harp.
KoHuenupms «ACE» B koMnaHum BP — «nepcnekTBHas
cpena rpynmnoBow paboTbl»), a Takke Bosiee KPYMHbIX
PEMOHaTBHBIX 1 FNoBasbHbIX LIEHTPOB MPOYNMOBOV paboThl.
30ecb PaboTHVKN, HAXOOSALLMECS MOPON 3a ThICSYN
KWIOMETPOB APYr OT Apyra, MOryT peasibHO OLLyLLaTh,
YTO OHW HAXOOATCS B OOHOM odhvce, 32 COCEOHUMMN
ctonamn. OHM TakKe CBs3aHbl HOPMALIMIOHHO
(MOCPEACTBOM MHTErPUPOBaHHbBIX LIMPOBLIX MIaTthopMm
Y MPWNOXKEHWN), 1 B3aMHO YYaCTBYIOT B paboTe Nno
Pa3NMYHBIM HampaBNeHaIM, 0becreHrBast MOOOEPMKY
OypOBbIM NJIOLLAAKAM B PEXVME PeasibHOrO BPEMEHU
(em. puc. 1). BTO 3HAYUTENBHO COKPALLIAET MO BPEMEHN
MPOLECC MPUHATUSA PELLIEHI, YTO OTpaXKaeTcs B bonee
3heKTMBHOM pPaboTe MO recHaUMraLmi CKBaXKMHbI.

Opa uudoposon TpaHcdopmaum
C npvixoooMm 3pbl LidPOBOV TpaHcdopMaLmn,

NETPO®U3VK NO
OKCNIYATALUN
OPERATIONS
PETROPHYSICIST

FEOJIOT MO 3KCMNYATALIMN
(TEOHABVIATOP)
OPERATIONS GEOLOGIST
(GEOSTEERER)

HA BEPETY (B O®UCE) \
ONSHORE (IN-OFFICE) ( Q

Digital Transformation Era

With the onset of the digital transformation era, exponential
development of a variety of data solutions resulted in an increase
of potential data sources feeding more efficient datalbbases
(efficiency of data storage, access, filtering, sharing, cloud
solutions, etc.), shorter data collection and processing time,
and the faster time needed for their robust analysis and the
subsequent results sharing. Additionally, a need for merging
the real-time data with the existing (previously gathered)

data from e.g. offset wells was also addressed and is

already available. With the adoption of Artificial Intelligence
and Machine Learning, the data analysis process and their
application will soon have no limits. An integrated well-
informed decision-making process that involves a virtual
multidisciplinary team operating within the digital environment
will soon take over the geosteering for good.

But the future revolution in geosteering (and drilling) is yet
to come.

The Integrated Well-Informed
Decision-Making Process

In the past, making an error because of wrong data
interpretation (meaning: incorrect data analysis) or due
to too slow decision-making process (resulting from lack
of data, lack of support, slow data collection, processing
or sharing, etc.) and choosing an incorrect direction for
steering was quite reversible and not absolute. Relatively
slow drilling process mitigated slow reaction time and

B MOPE (HA YYACTKE)
OFFSHORE (ON-SITE)

\

TFEOSON CKBAXKUHHOM
MNOLALKN m
WELLSITE GEOLOGIST n

KPUBUNBbLUNK
DIRECTIONAL DRILLER

Puc. 1: KomaHapl Mo reoHaBuraLmm, CBsA3aHHble MHOPMAaLIOHHO, MOCPEACTBOM NHTEMPUPOBAHHbBIX LIMPOBBLIX NAATHMOPM W MPUIOMEHWIA,
y4acTBytoLLIME B paboTe MO Pas3MYHbIM HaMPaBIeHrsSM, 1 06ecnievmMBatoLLvE NOAOEPKKY BYPOBbLIM MIIOLLaOKaM B PEXIVME PEaSIbHOrO BPEMEHN
Fig.1: Geosteering teams digitally connected via integrated digital platforms and applications collaborating across a variety of disciplines and
providing support to the wellsite in real-time
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SKCTOHEHLMATBHOE PA3BUTUIE MOSTYHIAN PSAL, PELLEHIA

B 06/1aCTV AaHHbIX, HTO BbIDa3M10Ch B POCTE HYMCna
MOTEHLMASIBHBIX MCTOYHVIKOB AaHHbIX, NMepenaBaeMblx B
Bonee athhexTBHbIE 6a3bl AaHHBIX (SHEKTVBHOCTb
XpaHeHus, 0OCTyrNa, pacnpeneseHns JaHHbIX, PELLEHNS
06/124HOM0 XPaHEeHNS AaHHbIX, U T.A.), COKPaTVBLIEECH BPEMS
cbopa 1 06paboTKM AaHHBIX, 1 TENEPL TPEDYETCH ObICTPEE
aHaM31POBaTb 3TV JaHHbIE, Y ASNUTHCS UM C ARYTIMM
yYacTHKamn. B gononHeHme K sTomy, TpebyeT BHMaHS
MPOLIECC BCTRaMBaHNS HOBbIX AAHHbIX B YXKE CyLLIECTBYIOLLIAN
HabopP (00 3TOrO COBPAaHHBIX) AAHHBIX M3 COCEAHNX CKBaKVH, K
MPUMEPY, 1 3TO ke UMeeT MecTo. C BBOAIOM BO3MOXHOCTEN
VICKyCCTBEHHOMO MHTESIEKTA Y MALLMHHOMO OBYYeHVS,
MPOLIECC aHasM3a AaHHbIX U X MPUMEHEHISt BCKOPE He ByaeT
VMETb HUKaKIX OrpaHYeHI. [poLECC MHTEMPOBAHHOMO U
XOPOLLIO MHDOPMMPOBAHHOTO MPUHSTUS PELLIEHWA, B KOTOPOM
B/PTYaIbHO 3806/CTBOBaHa MHOMOLIENIEBas KOMaHaa,
paboTatoLLias B OAHOW LMAOPOBOM Cpene, BCKope 3aiMeT
MECTO MEOHaBUraLIM, Kak TaKoBOW.

Ho rpsigyLias pesontoums B reoHaBuraumm (1 6ypeHun) eLe
He COBCeM HacTyrmna.

Mpouecc nHTerpnpoBaHHOIo XOpPOLLO
MHAOOPMMPOBAHHOIO NMPUHATUS PELLIEHUI

B npoLuniom, MpuHATE OLLIMBOYHOIO PELLIEHVS, MO MPUHHE
HEBEPHOW MHTEPMPETALMN aHHBIX (IMeS B BUAY, HEBEPHbIN
aHa 3 AaHHbIX), SO0 B CUY CIMLLIKOM MEOSIEHHOMO

eventual correction of the drilling angle was achievable.

The risk of wrong well placement (meaning: the risk of
wrong inclination decision) was distributed across the
drilling time and was related to:

¢ limited data available for making decisions (guessing,
hints, premonitions),

e decision-making process inefficiency (not suitable
processes, traditional obsolete organizational setup,
lack of support),

e inefficient and not adequate communication lines

Currently, the risk of incorrect well placement remains
equally high, but it results not from limited data,
inefficient decision-making process of poorly designed
communication lines, but from extremely small margins
allowed for mistakes and from the need for an extremely
fast decision-making process. The process of data
collection from a variety of sources, data processing, and
analysis, cross-checking with the model, results sharing
and distribution across the multidisciplinary team and finally
making an integrated well-informed decision about inclination
change needs to occur in a matter of minutes! And then
sending the downlink to the tool with the new inclination
target must happen within these few minutes as well.

Nowadays, no one has the comfort of making a mistake and
then correcting it. The world of lower margins in the oil and
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MpoLIECca MPUHSITUS PELLIEHIA (HTO SBISIOCH CEACTBYEM
HE[OCTATOYHOCT AaHHbIX, HEAOCTATOYHOrO OBECTEHEHS,
MeOIEHHOrO coopa, 0BPabOoTKM AaHHbIX, U X OBMEHa, U1

T.0.) 1 BbIDOP HEBEPHOIO HAMPaBeHVs BypeHS CKBaXKVHbI
ObU1 BNOHE 06PaTVM, Y HE SIB/ISUICA OKOHYETENBHBIM.
OTHOCUTENBHO MEeO/IEHHB I MPOLIECC BYPEHMS CMSrHaUT
HEOCTATOK MEJIEHHOrO PearvpoBaHis, 1 OblI0 BOSMOXXHO, B
KOHLIE KOHLIOB, KOPPEKTUPOBATb Yros OypeHus.

P1CK OLIMBOYHOMO Pa3MELLIEHMS CKBaXKVHBI (MMeS B BUAY,
PUCK HEBEPHOIO PELLIEHMS MO OTKIIOHEHNIO CKBEDKMHBI)
«Pa3mMasbIBa/ICS» MO BCEMY BPEMEHW DypeHs 1 Obln CBA3aH
CO CriedytoLmMM hakTopami:

¢ OrpaHN4eHHOCTb AaHHbBIX, HEOOXOAUMBIX /19 MOUHSTIAS
PELLIEHNIN (O0raaKn, COBETbI, MPEOOCTEPEIKEHVIS)

* HeathheKTBHOCTb MpoLEeCcca MPUHATUSA PELLEHNIA
(HeagexBaTHbIE MPOLIECCHI, TPAAVLIMIOHHO YCTapEBLLMNA
OpraHM3aLMOHHbIA MOOX0M, HEAOCTATOK OBECTIEHEHIS)

® HeahdeKTBHbIE U HEaIEKBATHBIE JIMHUN KOMMYHMKaLN

B HacTosLLEM, PUCK HEBEPHOIO Pa3MELLEHNS CKBEXKMHBI
OCTaeTCH PaBHO BbICOKWM, HO 3TO SBISETCS PE3YIETATOM
HEe OrPaHMYEHHOCTU OaHHbIX, U HESPMDEKTUBHOIO
npoLecca NPUHATUS PELLIEHNIA MO NOXO OPraHN30BaHHBIM
JIVHUSIM KOMMYHUKaLMK, a PE3yIbTaTOM KparHe Y3KIX
rpaHuL, AOMYCKaroLLMX COBEPLLEHME OLMBOK, 1 MO
NpUYnHE HEOBXOOUMOCTN YPE3BLIYANHO BLICTPOrO
npoLecca NPUHATUS peLleHni. MNpouecc coopa AaHHbIX
N3 Pa3INYHBIX CTOYHMKOM, 06paboTka AaHHbIX, U UX
aHanms, ceepka AaHHbIX C MOJENbO, pacnpeaenere
pPe3yNbTaTtoB MeXay y4aCTHUKaMM MHOMOLEIEBOM
KOMaH[bl, 1, HAKOHEL, MPUHATVE VHTEMPUPOBAHHOIO
XOPOLLO MHPOPMUPOBAHHOIO PELLEHNS MO U3MEHEHWIO
TPAEKTOPUM CKBaXKWNHbBI TPEDYETCS OCYLLECTBUTL B
npefenax HeCKObKNX MUHYT! A 3aTeM nocnatb CUrHas Ha
0BopyAoBaHME C HOBBIMWU KOOPOMHATAMM LN B Mpeaenax
TEX XK€ HECKOJIBKX MUHYT.

B Halm OHW, HAKTO Y»Ke HEe MOXXET YyBCTBOBATL Ccebs
KOMMOPTHO, NMPUHMAas OLLIMOOYHBIE PELLIEHMS, a 3aTEM
ncnpaenss nx. Myp HN3KOM Mapyku B HehTErazoBom
OTpac/n, YPE3BbIHANHO BbICOKME 3aTpaThbl Ha DypeHne, 1
HecTabubHbI YPOBEHb HEPTSHBIX LIEH, HE MO3BOSIAOT
KOMMaHNAM pasMeLLIaTb CKBaXKMHbI BHE MPOAYKTUBHBIX 30H,
MOBTOPHO pa3bypuBaTh UX, MO0 OCYLLIECTBSTL 3ape3Ky
OOKOBbIX CTBOJIOB. Y>Ke HET. BIomKeTbl CTAHOBATCA BCE

TYXKE U TyXKE.

LndopoBasa cutyaumoHHasa ocBegoMIIEHHOCTb
Bot Korga Ha CLgeHYy BbIXOOUT o4epenHas peBOOLMA B
reoHasuradyn.

Onepatop, KOTopbIi 06/1adaeT MPEVMYLLIECTBOM BraAeHNS
NHhopMaLmen, cobpaHHOM N3 PasiYHbIX MCTOYHUKOB,
a 3aTem 06paboTKOWM, aHaIM30M, NHTEMPUPOBAHVEM

1 Nepefaden ee, Kak MOXXHO BbICTpee, ApYrMm

74 | ROGTEC

gas industry, extremely high drilling cost, and fluctuating
oil prices made companies unable to afford placement
outside of the pay zone, re-drilling or sidetracking. Not
anymore. The budgets are tighter and tighter.

Digital Situational Awareness
This is when the next geosteering revolution comes to the
stage.

An operator who possesses an advantage in the

amount of information collected from multi-sources, then
processing, analysing, integrating and transmitting it faster
than others will win the race. Everyone who provides real-
time data that covers a bigger «chunk» of the subsurface
environment than others and is then able to analyse it
properly in real-time and communicate it across their
multidisciplinary teams with sufficient speed and ultimately
send a correct command to the tool will win (figure 2).

This capability is called digital situational awareness and
covers all the information collected about the three-
dimensional subsurface environment available at any given
point for interpretation that can be used for well-informed
decision-making process.

The process includes following steps:

e Data collection,

e Data processing

e Merging the results with the data already possessed
(stored e.g. offset wells data)

¢ Analysis of combined data from multiple sources

e Data results sharing

e The results presented in a simple and digestible form to
all sites in real-time

e Multidisciplinary decision-making process based on
the results

e The result — integrated well-informed decision

e Digital situational awareness is obtained at any given
point of the geosteering process

Situational awareness is the perception of environmental
elements and/or events with respect to time and space,
the comprehension of their meaning, and the projection of
their future status. Situational awareness can be defined
simply as “knowing what is going on around us” or —

more technically — as the perception of the elements in

the environment within a volume of time and space, the
comprehension of their meaning and the projection of their
status in the near future.

Situational awareness obviously also needs to cover the
biggest three-dimensional subsurface space as possible
that a well is being drilled through and be as detail as
possible. Situational awareness is a base for making all
geosteering decisions. Being aware of the subsurface
environment a well drills through at any given point of
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aHanna
BCTpavBaHvie COBMELLEHHbIX
cbop obpaboTka PEe3yNLTaToB B AaHHbIX,

OaHHbIX OaHHbIX Yy>Ke umetoLmecs nonyYeHHbIX
[aHHble 13 PasINyHbIX

NCTOYHNKOB

Punc.2: Lndposas cuTyaLmoHHas 0CBEAOMIEHHOCTb
Fig. 2: Digital situational awareness

merging analysis of
data results with combined data
collection processing the existing from multiple

y4YaCTHMKaM NPOLECCa, BbIUIPbIBAET STy FOHKY. Kakapli,
KTO 0Becne4vBaeT AaHHble B PEXVME PEaTbHOMO
BPEMEHI, KOTOPbIE OXBATbIBAIOT HANBOSBLLNIA «KYCOK»
reosIOrMYecKom cpempbl, B 60bLLIEN MEPE, YEM Apyrue,
CMOCOBHBIN aHaIM3NPOBaTb NX OO/MHKHLIM 06Pa30M,

B PEXVME PEa/IbHOMO BPEMEHM, NepeaaBas Ux no

BCEW LIENOYKE YHACTHMKOB MHOMOLENEBON KOMaHObI

C [OCTaTOYHOM CKOPOCTbLIO, Y HAKOHELL, AaOLLIMN
NPaBUIbHYIO KOMaHAy 060py40BaHNIO, TONIBKO
BbINMPbIBAET (PUCYHOK 2).

[aHHas CnocoBHOCTL Ha3bIBaeTCS LMAPOBOM
CUTYyaUMOHHOM OCBEAOMITIEHHOCTbIO, KOTOPAas BK/KOHaeT
B cebs1 BCtO MHADOPMaLMIO, COBpaHHYHO Mo TPEXMEPHOW
re0SIOMVHECKON Cpeae, OOCTYMHYIO B SIKOB0M TOUKe
rpoLiecca ee VHTePrnpeTaLyn, U KOTOPYK MOXXHO
1ICMO/1b30BATL C LIESbHO XOPOLLIO NHPOPMUPOBAHHOIO
npoLecca NPUHATAS PELLIEHWIA.

[Mpougece BKKOYaET B cebs cneayroLLmve waru:

e CO0p OaHHbIX,

e ObpaboTka AaHHbIX

e BcTpaviBaH/e pesynsTaToB B YXKe UMEKLLMECH OaHHbIe
(XpaHsaLpmeCs AaHHbIe MO COCEAHNM CKBEXXMHAM, Harp.)

® AHa/M3 COBMELLEHHbBIX AaHHbIX, MOyYEHHbIX 113
PasNHHbIX UCTOHHMKOB.

e OBMeH pesybTaTtamn faHHbIX

e PegynbTaThl NPeOoCTaBASOTCS B MPOCTON W JOCTYMHOM
hopme BceM MoLLaaKam B peasibHOM BPEMEHM

e MHoroueneBo NPOLUECC NPUHATUS PELLIEHNIA Ha
OCHOBaHUM PE3YSIbTATOB

e PesynbTar — MHTEMPUPOBaHHOE XOPOLLIO
VMHXOOPMMPOBaHHOE peLLeHVe

e |lndpoBas cuTyaumoHHas OCBEOOMITIEHHOCTb
OOCTUraeTCA B SII0B0N MOMEHT MpoLIEecca reoHaBUraLymn.

CuTyaunoHHast OCBEAOMIIEHHOCTb STO BOCMPUSTVE
3NEMEHTOB cpepbl U/ COObITUIM OTHOCUTESNBHO BPEMEHM
¥ NPOCTPaHCTBa, NoHMMaHne X CMbICJ1a, 1 NpesraeHne
VX ByOyLLero cocTosaHs. CUTYaLMOHHYKO OCBEOOMIIEHHOCTb
MOXXHO MPOCTO OMPENENTb, Kak «3HaHMe Toro, YTo
MPOVCXOOUT BOKPYI HAC» 1 — 601ee TEXHUYECKM
A3bIKOM — KaK BOCMNpuATME 3/1IEMEHTOB Cpedbl B obbeme
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MHOrouenesomn

obmeH e — VIHTErpypoBaHHoe Lncbposas
pesynsTatammn FEEIES CUTyauMoHHast
AaHHbIX OCHOBaHIN petuene 0CBEeAOMIIEHHOCTb
pesynsTaTos
data results multidisciplinary integrated ) D'gl_ta|
sharing decision-making well-informed Situational
rocess ision
: decisio Awareness

the drilling process creates a situation where one is
consciously able to make a decision about whether
to steer up or down. And it is no longer guesswork,
rather it is a well-informed decision being taken
consciously and based on a full 360 degrees three-
dimensional detailed picture of the subsurface
environment.

With this modern informational-situational awareness,
the one who has an advantage over the others and
drills the most optimally placed well, at the same time
in the fastest and the cheapest way will win.

This is the future.

BPEMEHM 1 MNPOCTPaHCTBA, MOHMAHME VX CMbICa, U
NpencKasaHne X COCTOSHMA Ha BrvpkanLee GyayLiee.

CuTyaumoHHas 0CBEAOMITEHHOCTb, O4YEBUAHO, TaKKe
npegnosiaraeT OXBaT Kak MOXXHO 60JTbLLEr0 TREXMEPHOMO
MPOCTPaHCTBA, B KOTOPOM BYPUTCS CKBabKMHA, U
HanBObLLIYIO MOAPOBHOCTL TaKOW MH(OPMaLMN.
CuTtyaupoHHast 0CBeOMIEHHOCTb SBASETCA OCHOBOW A1
MPUHATNS PELLIEHNIM B reoHaBurauyn. OCBedOMIEHHOCTb
O reosIOrNYECKON Cpede, B KOTOPOW B NKOOOW AaHHbIN
MOMEHT BYPUTCH CKBaDKVHA, CO30aET CUTYaLMIO, rae
MO>XHO CO3HaTENbHO MPUHNMATb PELLIEHVE O TOM, BypUTb
BblILLIE U HUXKE. 11 3TO BOSbLLE He «raaaHns», a BroJHe
NHOPMNPOBAHHOE PELLIEHME, MPVHMMaEMOe CO3HATESbHO,
Ha OCHOBaHW MOAPOBHON 1 NOHOM 360-rpaayCcHOM
KapTUHbI TREXMEPHOIO N3MEPEHUS MOA3EMHOM
reosIornyYeCKon cpedp!.

VImMest Takyto COBPEMEHHYHO MHMDOPMALIIOHHO-
CUTYaLIOHHYHO OCBEOOMITEHHOCTb, TOT, KTO 0bnanaeT
MPEUMYLLIECTBOM Had, ApYrMU, 1 BypuT Hamboee
ONTUMaSIbHO MOCAXKEHHYHO CKBaDKVIHY, 1 B TO XXE BPEMS
OENaeT 3TO Hanbosee BbICTPLIM N SKOHOMUYHBLIM
CNOCOBOM, TOMBKO BbIMMObIBAET.

W aT0 ByayLuee.
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