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[Tpouecc HaBurauum cKBadKHb!
[TpMmeHeHne cucteMbl cBasn «CeeTodop» 1
METOO0B CMEHbI LieSiIen B reoHaBurauum

Well Navigation Process: Application of Traffic Light
Communication System and Target Changing Methods
in Geosteering

TaHpgem reoHaBuraTopa u oriepartopa HaknoHHo-  Geosteerer — Directional Driller Duo
HanpasJsieHHoro 6ypeHua (HHB) For all geosteering approaches, what is precisely known
Kak Hu paccMaTpyiBar reoHaBuraLuio, Tam Bceroa is limited and sporadically located along the wellbore
OyOeT NpYCYTCTBOBaTb OrpaHNYeHHbIN Habop TOYHOM trajectory. When geosteering is required, there is no
MHopMaUmKn, SNEMEHTbI KOTOPOW pas3bpocaHsl Mo substitute for geologic and engineering knowledge of the
BCEW TPAEKTOPUN CKBaXKMHbI. Korga BocTpeboBaHa area being drilled, the critical ability to approximate reality
reOHaBUraLMS, HNYEM HENb3S 3aMEHWTb reoSIOMMYecKkoe sufficiently well and to make informed directional steering
V1 TEXHUHECKOE MOHVMAaHME y4acTKa, Ha KOTOPOM decisions. Therefore, the human aspect of geosteering
BefeTca BypeHure, a TakKe KpamHe BaxkKHa CNOCOBHOCTb, should never be forgotten or underestimated. Regardless
[OCTATOYHO XOPOLLO MPUBAMKATLCA K PeaslbHOCTH, of the most advanced tools used for geosteering, the

Y MPUHUMATb MHDOPMUPOBaHHbBIE PELLEHNS MO ultimate and most crucial question whether “to steer
HaBUraLUyOHHOMY yripaBneHuto. [1oaToMy, HUKOraa up or steer down?» will always be answered only by a
HEeNb3s1 UrHOPUPOBAaTb WV HEOOOLIEHMBATb geosteerer and executed by a directional driller.
4YeT0BEYECKNIN (DaKTOp B reoHaBuraumm. Hecmotps

Ha TO, YTO B reoHaBUraumm NpUMeHsIeTca Hanbonee The relationship between the geosteerer and directional
NpPoABMHYTOE 060PYAOBaHME, OTBET HA OCHOBHOM 1 driller is the most crucial and imperative of all for the
Hanbonee BaXKHbIN BOMPOC «OBUraTbCs Aasiblie BBEPX ultimate success of the geosteering process.
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NV BHN3?» BCErOa CMOXET aTb TOJIbKO MHXEHEP-
reoHaBUraTop, a BbIMOSIHUTL MaHEBP CMOXET JIMLLIb
onepatop HHB.

OTHOLLEHMSA MeXay reoHaBMraTopoM 1 onepatopom HHB
ABMAOTCH HaMbO1ee BXKHBIM 3/IEMEHTOM U3 BCErO, YTO
CNOCOBCTBYET yCrnexy B MPOLIECCE FreOHaBUraLyn.
[aHHas ctatbs NoapobHO ONNChIBAET Hanbonee
Ba&XXHbIE aCMeKTbl MPOLECCa KOMMYHUKALMK MEXOY
reoHaBuMraTopoM 1 oneparopom HHB; yacToTy
nepefaaqm HCTPYKLMA (CUrHaoB), TUN MHopMaLmn,

a TakKe KOHKPETHbIE OBCTOATENBCTBA, MPU KOTOPbIX
MHopMaLMIO CNeayeT NnepedaBath.

KomMmmyHuKaumsa ¢ oneparopom HaKSIOHHO-
HanpasJieHHoro 6ypeHua (HHB)

eoHaBUraTop - 3TO YESI0BEK, KOTOPbIN MOCPEACTBOM
aHa/maa JaHHbIX B PeaslbHOM BPEMEHU U X
NHTepnpeTauun, obnagaeT BCer NOSHOTON MHdopMaLmn,
HeobX0AMMO AN HaNPaBEHWS CKBaXKMHbI B Mpeaenax
Y3KOW FOpU30OHTaNIbHO pacnofioXKeHHowW uenm. OgHako,
MeHHO onepaTop HHB CMOXXeT dmanyeckn NpoBecTn
CKB&XXWHY B MPaBW/IbHOM HanpasBaeHUA. XopoLume
OTHOLLIEHNSI MEXY FreOHaBUraTopom 1 onepatopom HHB
3a4acTyto ONPenenstoT KOHEYHbIN YCrex BCen onepaLun.

BpemeHn, noTpadeHHOMY Ha yny4lleHne OTHOLLIEHWI
MeXX[y reoHaBuratopomM 1 oneparopomMm HHE cnepyet
yOENATb NEPBOOYEPEOHOE BHMAHWE, U BKIIOYATb Ero B
MOJIHYO CTOMMOCTb JT0ObIX OnepaLmni No reoHaBuraLyn.
PekomeHayeTcs, 4Tobbl KOMaHAa No reoHaBuraLyn, T.e.
reoHaBuraTop v onepartop HHB, oo Havana 6yperHus
MPOBOAVIN HEKOTOPOE LIEHHOE BPEMS B OOLLEHNN,
CO30aroLLEM OMPEaESIEHHYO CTOMMOCTb, U MOCBALLEHHOM
NpPOoBepPKe NO3ULMIA Apyr Apyra, NOATBEPXAAOLLEM
B3a/IMOMOHVMaHVe NOCTaBEHHbIX 3a[a4 reoHaBuraLin.
[MoOHMMaHVe HaMEePEHUIN reoHaBUraTopa No3BOUT
onepatopy HHB 60nee agexkBaTHO pearnpoBaTh Ha ero
KOMaHmb!.

Takxe o4eHb BaXKHO BbICTpamBaTb NPOLIECC
KOMMYHVKaLMK B 060X HanpasieHvsax. OnepaTtopbl
HHBE obnapatoT Hanboee ayyLLM NOHUMaHNEM
ocobeHHocTern paboTtbl KHBEK 1 ee peakumin Ha
NepeopueHTMPOBaHNE, KOrda OHa aKCMnyaTMpyeTcs
HaaeXxalmm 06pa3oM. STO NOMAET Ha 6naro BCen
onepauum ynpasnaeHnd, n 6yaeT cnocobCTBOBaATb
bonee sPPEKTUBHOMY 1 AENCTBEHHOMY BbINOSTHEHNIO
MaHeBpoB. OTcroga crneayeT, YTo 0be CTOPOHbI
PaBHOOTBETCTBEHHbI 3a Pa3BUTVE KPEMKMX OTHOLLEHWNA.

KntoueBaa nHdopmauma, Heobxooumas onis
HaBUrauum ropu3oHTasIbHOW CKBaXXUHbI
OpHow 13 Hanbosiee BaXKHbIX 3a0a4 reoHaBuratopa
aBngeTcs nepepada oneparopy HHE curHanos
OTHOCUTENBHO HanpaBneHUs ABVKEHNS. HTOObI
obecneunTb ajeKkBaTHOE HarnpaBieHe OBVKEHWS,
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This article describes in detail the most critical aspects of
the communication process between the geosteerer and
the directional driller; frequency of the commands, type of
information as well as particular circumstances in which
the information should be conveyed.

Communication with the Directional Driller

A geosteerer is a person who through real-time data
analysis and interpretation owns all the information needed
to guide the well within a thin laterally distributed target.
Yet it is the directional driller who can physically steer

the well towards the right direction. A well-established
relationship between a geosteerer and directional driller
often determines the final success of the operation.

The time spent to improve the geosteerer — directional
driller relationship should be prioritized and included

in the overall cost of any geosteering operations. It is
recommended that the geosteering team, the geosteerer
and directional driller, should spend value-creating time
before drilling, dedicated to verifying expectations on both
sides and confirming mutual objectives of the geosteering.
Understanding the geosteerer’s intentions will allow the
directional driller to respond more accurately.

It is also paramount to create communication in

both directions. Directional drillers possess better
comprehension of the BHA capabilities and its reactions
to the directional changes when properly exploited. This
will benefit the overall steering operation, with manoeuvres
being executed effectively and efficiently. Hence, both
sides are equally responsible for developing a strong
relationship.

The Key Information Needed to Navigate a
Horizontal Well

One of the geosteerer's most important tasks is to
communicate steering directions to the directional driller.
To establish adequate steering direction, the geosteerer
needs to establish four key data portions:

1) Position of the bit in the three-dimensional space

One way to display a position of the bit in the three-
dimensional subsurface is by using X, Y, Z coordinates
(figure 1). If geological targets are defined by X, Y, Z
coordinates, a three-dimensional distance between the

bit and the geometrical target can be measured. The
coordinates, however, do not provide information about
the bit position in relation to the actual reservoir location.
They also do not specify the actual position of the target in
relation to the actual reservoir location.

2) The stratigraphic position of the bit

The stratigraphic position indicates the position of
the bit in relation to the reservoir target (e.g. particular
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reoHaBuraTopy TPEBYOTCH YeTbIpe 6/10Ka AaHHbIX:
1) Nono>xeHne [onoTta B TPEXMEPHOM MNPOCTPAHCTBE

OpH1M 13 cnocoboB NoKasaTh NOJIOXKeHVEe 0010Ta

B TPEXMEPHOM MOA3EMHOM MPOCTPAHCTBE SBMSIETCA
mcnone3oBaHue koopauHaTt X, Y, Z (pucyHok 1). Ecnu
reosI0rM4YecKme Liev onpeaeneHbl KOopaMHaTamm
X, Y, Z, TpexXMepHOEe pacCTOAHMEM MeXay 00SI0TOM
1N TEOMETPUYECKOW LIESTbIO MOXHO N3MEPUT.
KoopauHaTtbl, 0aHako, He OatoT MHpopMauun o
NONOXXEHUW 40N0Ta OTHOCUTENIBHO (DaKTUYECKOrO
nonoxxeHus nnacta. OHW TakKXKe HE YTOYHSAOT
aKTNYECKOE MOSOXKEHNE LIENN B OTHOLLIEHUM TOIO XKe
TEKYLLErO MOJSIOXXEHNS nNnacTa.

2) CTpaturpacuyeckoe NnosioxXeHre gonora

CtpaTturpathnyeckoe NoIOXKEHNE 03HAYAET MOJIOXKEHME
[0n0Ta OTHOCUTESTbHO LIENEBOMO MPOOYKTUBHOIO
nnacra (Hanp., KOHKPETHOrO CTpaTUrpadUHeEcKoro
anemMeHTa NPOAYKTUBHOIO NiacTa — CM. TakXXe PUCYHOK
2). OHO onpenenseT BEPTUKANIbHOE 1 FOPU3OHTASTbHOE
paccTosiHve (Hanp., B dyTax) Ao uenu (Mpy HaxoXaeHUm
CHapy>XM) U OTHOCUTENBHOE PacCTosHWE A0 (DyHAAMeHTa
1 KPOBW LIENN (MPY HAXOXOEHNN BHYTPW).

3HaHue cTpaTUrpadnyecKoro NMosioXXeHNs ooTa gaet
BO3MOXXHOCTb YTOUYHUTb FEOMETPUYECKME MPaHMLIb!
L|e/1eBOr0 MPOAYKTMBHOMO MacTa Ha JaHHOM OTpe3Ke
CTBOJ1a CKBaXKWHbI; @ TakxKe ONpeaeuTb KOSIMYECTBO
CBOBOAHOMO MPOCTPaHCTBA Had, 1 oA, AOSI0TOM, B
cny4vae, ecnv noTpebyeTcs M3MEHUTb HanpaBneHne
OypeHns (MpW YCAOBUK, YTO N3BECTHbI BEPTUKANbHBIE

1 TOPU30HTasIbHbIE Pa3Mepsbl LIENEBOro NnacTa). 3ta
3aJa4a YaCTUYHO PeLlaeTcs n3mMepeHnemM abCcontoTHOM
rNyOunHbI MOCPEACTBOM MapPKLLENOEPCKMX
3aMepOB, MOCKOJIbKY O MOSIOXXEHWN 400Ta
MOXHO CyauTb, Oeps B y4eT Npeanosiaraemyto
TOAWWMHY Lienesoro nnacta. OgHako,
cnenyeT Takke YY4ecTb, YTO TOJILMHA Lesn
MO FOPU3OHTAsIM MOXXET 3HAYUTENBHO
BapbWPOBAaTLCS! HA MPOTSKEHUM BCEN
TPaEKTOPUM CTBOJIA CKBRKUHDI.

3) HaknoH nnacta

YT00bI AOHKHBIM 0OPA30M KOPPEKTUPOBATL
YO HaK/IoHa TPAEKTOPUN 1 YOEPXBaTb
NPOXoAKy B Npeaenax Leneson 30Hbl,
HY>KHO OUEHNTb Yrosl HakJ10Ha nnacta

(cM. prcyHok 3). MoCTOsAHHbBIN pacyeT
HakKJIoHa nacTa yCUInMBaeT noTeHuman
VMHTEPNPEeTaLMM CTRYKTYPHbIX OaHHbIX U
obecneumBaeT MHMOPMALEN O Bapuaumsix
cTpatnrpadnyecKon TOMLWLMHbBI NniacTa B
FOPW30OHTASTIbHOM Hamnpas/ieHUN.
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Crpaturpadmdeckoe
NosIoKeHne JonoTa
(Hanp., Skouck)
Stratigraphic position of
the bit (eg Ecofisk)

XY,z
MonoxeHvie gonota
B TPEXMEPHOM
npocTpaHcTBe
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Puc 1: KntoueBas nHgopmaums Homep 1, Heobxoavmas ons
HaBUraLum ropu3oHTasIbHOM CKBaXKMHbI — MoNoXxkeHne fonoTa B
TPEXMEPHOM MPOCTPaHCTBE.

Fig 1: First key information needed to navigate a horizontal well -
Position of the bit in the three-dimensional space

stratigraphic subunit of the reservoir — see figure 2) It
determines the vertical and horizontal distance (e.qg. in feet)
to the target (if outside the target) and a relative distance
to the bottom and top of the target (if in the target.)
Knowledge of the bit’s stratigraphic position allows
specifying the geometrical boundaries of the targeted
reservoir at a given position of the borehole; and
determines the amount of room above and below the bit
in case a change of drilling direction is required (as long as
the vertical and lateral dimensions of the targeted reservoir
are known.) This is partially resolved by the TVDSS
measurement from the survey measurement as the bit
position can be concluded from the anticipated thickness

XY, Z
MonoxeHue gonota
B TPEXMEPHOM
npocTpaHcTee

|
1
i
i
: XY, Z
1 position of the bit in three-
1 dimensional space
i
1
i
]
]
L

Puc 2: Knioyesas nHhopMaLys HoMep 2, Heobxoaymas ana HaBurauvn
rOPU30OHTaSTbHOM CKBAXKMHbI — CTPATUMPatUYECKOE NMOMOXKEHME O0M0Ta

Fig 2: Second key information needed to navigate a horizontal well — The
stratigraphic position of the bit
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O4yeHb BaXKHO pasnnyaTb BUOAVMbIA HAKJTOH
1 UCTVHHOE NadeHne niacTa, MOCKOJIbKY
3TO ABa pasHbIX FTEOMETPUYECKNX CBONCTBA
LeneBoro niacta. Hambonee TouHoe
1n3MepeHne Hak/loHa nyacTta obecrneymBaeT
asnMyTanbHbI KapPOTaXK CTBOJIA.

CnepyeT OTMETUTbL, YTO B CJly4ae ecnm
CTBOJ1 BypUTCS NEPNERAVKYIAPHO
HanpaB/IeHUIO NMIOCKOCTU HaKJIoHa NniacTa,
ByOeT HEBO3MOXXHO OLIEHWUTb 3HAYEHME ero
hakT4ecKoro HakoHa.

PucyHok 3.

4) dakTopbl, KOTOPbIE HEBO3MOXHO Y4eCTb
[0 Havana bypeHus

Ctoga MOryT OTHOCUTBLCS Pa3/IoMbl, MO0
Ntobble NHble npenaTcTBMA, KOTOPbIE HEJ1b34
npedByOeTb 40 Hadana bypeHns (CM. PUCYHOK
4). PacnonoxxeHne MesikX TEKTOHNYECKMX HapyLLIEHWIA,
KOTOPbIE C/IOXHO onpeaeMTb CeNCMNYECKN (CO COPOCOM
mMeHee 30 yTOoB, YTO ABMSETCA CPeaHUM NPeaesiom
CEeNCMNYECKOro OBHaPY>KEHWS), OBbIYHO HEBO3MOXXHO
NPeaBVAETb. XOTS A0 Hadana BypeHns BO3MOXKHO
Han4mne obLIero 3HaHMs 30H ¢ NpeobnagaHNem
CEeNCMUNYECKU HEe3HAUYNTENbHBIX [0a3/710MOB, Take MaJible

Crpaturpaduyeckoe
MoNOXeEHNe fonoTa
(Hanp., Skodrick)

XY, Z
MonoxeHue gonota

B TPEXMEPHOM
npocTpaHcTee

XY, Z
position of the bit in three-
dimensional space

Buavmblii yron HaknoHa
nnacra

Apparent form dip

Stratigraphic position of
the bit (eg Ecofisk)

Puc 3: KntoueBas nHdopmalmst Homep 3, Heobxodvmas o HaBurawmn
rOPV3OHTATLHOM CKBaXKMHbI — BUOVIMBI HAK/IOH nacTa

Fig 3: Third key information needed to navigate a horizontal well — Formation dip

of the targeted reservoir. It should be taken into account
however, that the horizontal thickness of the target may
vary significantly along the well path.

3) Formation dip

In order to adjust a trajectory inclination accordingly and
maintain a borehole within the target zone, a formation dip
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Pa3IOMbl UMEIOT TEHOEHUMIO Pa3BMBaTbLCS
Ha O4YeHb OrpaHNYeHHOEe PacCTOSHNE.
OBbIYHO, TaKXKe He XBaTaeT U KOHTPObHbIX
CKBa&XKWH, 4TO6bI UMETH NHOPMaLMIO

06 TOYHOM PaCMONOXKEHNN TAKMX
pPa3IoMOB. [MpaKTU4eCKN, EANHCTBEHHOM
BO3MO>XHOCTBIO 30ECh ABMAETCH MOMNbITKA
onpenensTb UX BOO/b yHacTka bypeHns

N HEMEeOJIEHHO pearnpoBaTth Ha Sito6om
HEOXXMOAHHDBIV BbIXOA, TPaeKTopun 3a
npenesbl Hy>XHOW LiENEBON 30HbI.

[pyroe npuBbIMHOE MPENATCTBME, KOTOPOE
HEBO3MOXXHO CMSArYUTL A0 Havana

OypeHus, 3TO MOPU30HTBI, HACbILLEHHbIE
KPEMHUCTbIM CTaHLEM, KOTOPbIE OCOBEHHO
MPVICYTCTBYIOT B M3BECTHAKOBBIX MiacTax.
[aHHasa o4eHb TBepaas Nopoaa, CoCcTosLLas
N3 KPEMHE3EMA (TakKe U3BECTHOMO Kak
KPEMeHb) ODbIYHO BbI3bIBAET MOBREXOEHNS
KHBK, 1 3Ha4nTeNlbHO NpensTcTByeT
BO3MOXHOCTSM yrnpasneHus KHBK.

B cnyyasx 3axeata HUxKe UK Bblille
HaCbILLIEHHBIX KPEMHUEM FOPU3OHTOB,
TBEpLAs KpeMHeEBasd NOPOAa NMPUBOOUT K CUITbHOM
oTha4e Ha 400TO UM ero aedopmMaum, YTo MPUBOANUT
K HEOBXOAMMOCTU NEPUOANYECKON NMEPEHACTPONKN
HanpaBieHVs BypeHus. XOTS MPakTUHeCKM HEBO3MOXXHO
MPOrHO3MPOBAaTb FOPU30OHTLI, HACBILLIEHHbIE KDEMHEM,
BAOJb TPAEKTOPUM BYPEHNS CKBaXKMHbI, BCE XXE
BO3MO>XHO OCYLLIECTBATL pasbyprBaHNe KPEMHNEBBIX
nopom, NPUMEHSA AOCTATOYHbBIA YroN aTaku.

B6ypeHus

eoHaBUraTop AO/MKEH UCMOSHATL CBOW 0BS3aHHOCTH
TakVM 0Bpa3oM, HTOBbI BCE HETbIPE KIOHEBLIX B/10Ka
NHhopMaLMK BbISN U3BECTHBI B TFOOON MOMEHT
onepauunmn 6ypeHnst, Ha MoBOoN TOUKE TPAEKTOPUN
CKBa@XXVHbI.

S.M.A.R.T.-kOMMyHMKaLms

[Mony4mB OaHHbIe MO BCEM YeTbIpeM Biokam
NHdOopMaLMK, B OO0 onpeaeneHHoOm Touke
TpaeKTopuK BypPeHs, reoHaBUraTop AO/PKEH ONpPene/nTb
Hanbonee onTUManbHOE HanpasiieHne BypeHys, 1
COOBLNTL ero onepaTopy HaKIIOHHO-HaNPaBIEHHOMO
oyperus (HHB).

ViHdhopmaumsa o HanpaBaeHUM BypeHns Ao/KHa

COOTBETCTBOBATL CIEAYIOLLMM MPUHLMMNAM:

e OHa gosmkHa BbITb 0hOPMIIEHA ACHBIM 1 JIOTUYHBIM
S13bIKOM, U JIErKO BOCMPUHUMATbCH, HEB3UPas Ha
nobdble 0OCTOATENBCTBA (HAMNP., COCTOSIHME CTPECCA);

e OnHa pgosrkHa bbiTb NepenaHa onepatopy HHB
HE3aBMNCUMO OT KOJIMYECTBA BPEMEH, OOCTYMHOIO A5
obLeHNs (Hanp., B clydae CreLuKu);

e OHa posmkHa ObITb COBMECTUMA C SIH0ObIM
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Stratigraphic position of
the bit (eg Ecofisk)

Fig 4: Fourth key information needed to navigate a horizontal well —
cannot be anticipated prior to drilling

XY, Z
MonoxeHue gonota
B TPEXMEPHOM
npocTpaHcTee

XY, Z
position of the bit in three-
dimensional space

Crpaturpacmdeckoe
MosioXKeHue AonoTa
(Hanp., 9kochrck)

Bvionmbliin yron HakioHa
nnacra

Apparent form dip

m

KOTOpPble HEBO3MOXXHO
Y4eCTb [0 Havana
Bypenus
Other impediments that

cannot be anticipated
prior to driling

Puc 4: Kntoyesasi nHopmalms Homep 4, Heobxoammas ans Haurawmm
rOPU30HTaSTbHON CKBaXKMHbI —

(haKTOPbI, KOTOPbIE HEBOBMOXXHO Y4eCTb 10 Havyana

Impediments that

needs to be estimated (figure 3). Continuous formation

dip calculation enhances the structural interpretation and
provides lateral differences in the stratigraphic thickness of
the reservoir.

It is important to differentiate between apparent and true
dip as these two represent different geometrical features
of the formation being targeted. The most accurate
measurement of the formation dip is provided by the
borehole azimuthal images.

It should be noted that in the event the borehole is drilled
along the strike of the formation bed, it would not be
possible to estimate the actual formation dip value (neither
apparent nor true formation dip).

4) Impediments that cannot be anticipated prior to drilling

This may include faults or any other unforeseen prior to
driling obstacles (figure 4). The location of sub-seismic

faults (with a throw smaller than 30 feet which is on average
seismic detection limit) is usually impossible to foresee.
Although general knowledge of the areas with sub- seismic
faults prevalence might exist prior to drilling, such small faults
tend to propagate to limited distances. Usually, there are also
no control wells to provide information about their accurate
position. Virtually, the only option is to try to identify them
along the drilled section and respond immediately to any
sudden trajectory placement outside of the desired target
zone.

Another common obstacle impossible to fully mitigate
before drilling can be chert rich horizons which are abundant

www.rogtecmagazine.com
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obopyanoBaHMeM CBSA3W, OOCTYNHbIM FrEOHABUraTopy
n onepatopy HHB (Hanp., obuleHme No TeNedoHy,
MMCbMEHHOE COOBLLIEHME, MECCEHIKEP, OYHas 6eceaa).

Lpyrimmn cnoBamu, coobLgHNe OO/HKHO ObIThb dXXMBbLIM

1 yMHbIM (Mo-aHramnckmn S.M.A.R.T — MHEMOHMYeCKas
abbpesmaTypa, ncnosb3oBaHHasa xopmxkem [diopaHoMm,
B 1981 r., T.e. coobLLEHME OOMKHO BbITb Specific
(KoHkpeTHbIM), Measurable (M3mepsiembimM), Attainable
(oocTvxmMbIM), Relevant (apoekBaTtHbiM), Time-based
(KOHTPOMPYEMbBIM MO BPEMEHN):

1) KoHkpeTHocTb (Specific)

[omkHO NpucyTCTOBaTb SICHOE MNOHMMaHWe 3Ha4YeHVs Ha
KapOTadKHOV Anarpamme, 1 OO/MKHO NpeanpyHIMATHCS
COOTBETCTBYHIOLLEE pearmpoBaHme. YkazaHns no
pasmMeLleHN0O CKBaXKHbI AOBOJIbHO YaCTO Oak0TCA
HeobQyMaHHO, Ha OCHOBE M3Ha4YaslbHO HEBEPHOW
NHTEpPNPeTaLm CUrHaNIOB C KapOTaXKHbIX NPUO0OPOB

1 0aTyvkoB. EOMHCTBEHHAs NpuYnHa N3MeHeHus yrna
HaKJTOHa CKBaXKMHbI 3TO N3MEHEHWE reos10rn4ecKom
obcTaHoBKMW. Kpome Toro, Bce peLleHst Mo HanpaBeHWo
OypeHNs OOSKHbI yYUTbIBATL BCIO UMEIOLLYIOCS B HAINYNA
reoIornN4ecKyto U TEXHNYECKYHO MHbopMaLmto, a He
TOJIbKO OTOEJ1IbHblE ee YaCTu.

2) NamepsiemocTb (Measurable)

TpebyeMble MBMEHEHMS TRPAEKTOPUN CKBEXKWHbBI OO/MKHbI
BblpaXXaTbCsl B Umdpax, onpeaenstoLmx HeoOXoaMMbI
Yo HaKJIOHA CKBaXKWHbI, FyOUHY MO BEPTUKA, U
rnybuHy No cTBos1y. B gononHeHmne, KonM4ecTBeHHO
BblpabKeHHasi MonpaBka J0/KHA YTOUHATb 3HaYeHne
rNyOUHbI MO BEPTUKAIM U yrfla HAKJIOHA CKBaXKVHbI, MW
JAHHOM VIMEIOLLIEMCS! 3HaYeHMN FyOuHbI MO CTBOSY.
Vlcnonb3oBaHve onvcaresbHbIX MHCTRYKUMN 30eCh
VCKTIOYaeTCS.

3) BbinonHnmocTb (Attainable)

3anpoc Kk onepartopy HHBE ocyLecTBUTE HEBOSMOXXHbIN
MaHeBpP He ByaeT YMHbIM. (BAECh vrpa CIoB, MHEMOHMKA
S.MAR.T v “smart” (Mo aHrn., yMHbI), NpUM. Nep.). Y
kakgon KHBK pasnnyHble BOSMOXHOCTM MO YIPaBAEHNIO
1 OrpaHNYeHVs, KOTopbIe crieayeT yunTbiBaTh. [JaHHble
BOSMOXXHOCTW U OMPaHNYEHS AOSKHbI ObITb ICHBIMU U1
0BLLIEM3BECTHbIMW. HET CMbICN1a MPOCKTb OCYLLIECTBUTL
onpeneneHHblin yron Habopa KpYBM3HbI HA ONpeaeeHHOM
nHTepBane, ecnn KHBK He B COCTOSIHUM €70 BbINOSHUT.

4) ApekBaTHOCTb (Relevant)
1o ymMonyaHnto, N3MEHeHME HanpaBneHus BypenHns

OOJIKHO NMponCXognTb, TOJIbKO €CJI BOSHNKarOT
o4eBnaHbIE NPEONOChbUTKN K 3TOMY, a HE NPOCTO Ha
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especially in chalky reservoirs. This very hard rock made of
silicon oxide (also called flint) often causes damage to BHAs
and significantly impedes steering capabilities of any bottom
hole assembly. When trapped below/above a chert rich
horizon, the hardness of the cherty rock causes the bit to

be pushed away or deflected, resulting in a recurrent need
for readjustment of the drilling direction. Although it is nearly
impossible to predict the cherty horizons along the drilled
well, it is still achievable to successfully drill through the cherts
with the application of a sufficient angle of attack.

A Geosteerer must perform his/her duties in such a way that
all the four key data portions are known at every moment of
the drilling operation for every point on the well trajectory.

S.M.A.R.T. Communication

Having acquired the knowledge of all four key information
portions at any given point of the drilled trajectory, the
geosteerer needs to deduct the most optimal steering
direction and communicate it to the directional driller.

The steering direction message must fulfil certain

objectives:

e |t must be shaped in a clear and logic fashion, easily
comprehended despite the circumstances
(e.g. under stress);

e |t must be passed to directional driller regardless of
the amount of time available for communication (e.g. in
a rush);

e |t must be suitable for any communication equipment
used between the geosteerer and directional driller (e.g.
phone, text, messenger, face to face chat.)

In other words, the message needs to be agile and
S.M.A.R.T. (S.M.A.R.T. acronym as per George T. Duran,
1981; — Specific, Measurable, Attainable, Relevant and
Time-based):

1) Specific

There should be a clear understanding of the meaning of
the log response and the appropriate course of action

to be taken. Premature well placement instructions are
too often given because of the initial misinterpretation of
tool and sensor’s responses. The only reason to change
the inclination of a well path is because of the change in
geology. Additionally, all steering decisions should utilize
and follow all the available geologic and engineering data,
not only selective parts of them.

2) Measurable
Requested changes to the well path should be stated
using numbers to define the required well inclination, TVD,

and MD. Additionally, a quantitative adjustment should
specify the TVD and well inclination needed at a given MD.
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B BYPEHVE

OCHOBaHUIN Kakoro-nnbo npeaYyBCTBUS, YTO «YTO-TO
MOXKET MONTU He Tak». KOppeKTUPOBKa ynpaBieHs
[0KHA ObITb TAKXKe afeKBaTHOM ODCTOATEIbCTBAM.
LononHeHme K yriy Hak/oHa, KOTOPOe NoTpebyeT
NPEBbILLEHUS 3HAYeHN B 3 rpaflyca MOXET ObiTb
onpaBOaHo MUb B CllyYae aBapuiiHO ONacHOW CUTyaLm,
Korga MOXKET CIy4nTbCS BbIXOL, 3a NPeaesibl LeeBoro

NPOAYKTUBHOIO MnnacTa.

5) KoHTponupyemocTb no BpemeHun (Time-based), a ewe

TO4YHee, MNo rny6|/|He cTBONa

Hunkorga He[oOCTaTOYHO 3anpoca nHopMauum no
rnybuHe no Beptukanu (MB), 6e3 npeagBapuUTebHOro

STEERING

TRAFFICLIGHT 55\ SIDERATIONS

This is a normal non-urgent
adjustment to the trajectory.
Required azimuth changes
should be followed equaly

as the inclination changes***.

DOWNLINKING
CONSIDERATIONS

Downlinks can be sent while
drilling ahead at normal
ROPs. There is no require-
ment to reduce the target
ROP.

3) Attainable

4) Relevant
By default, a change of steering direction should occur

DOGLEG
CONSIDERATIONS

Standard DLS of 3 deg/100 ft
is the acceptable upper limit.
The target DLS should be
no more than 2 % deg/100
ft. This is selected to give a
cushion from the upper limit.
The DLS can be made with a
combination of build rate and
turn rate. Lower dog legs are
desired.

Using descriptive commands is not an option here.

Requesting an impossible manoeuvre from the directional
driller is not “S.M.A.R.T.”. Each BHA has different steering
capabilities and limitations that should be considered.
These capabilities and limitations should be clearly
communicated and commonly known. There is no point
asking for a given dogleg across a certain interval which
the BHA is unable to deliver.

STEERING RATIO
LIMIT*

50% is typically used here.

This is a change to the
vertical placement of the
well only. The correction

is focused on vertical
placement. Azimuth
corrections can be ignored
until this adjustment is
completed™*.

Downlinks can be sent
while drilling however
consideration should be
given to reducing the ROP
in order to ensure the
commands are recieved on
the current stand.

3 deg/100 ft is the desired
DLS upper limit. The target
DLS should be no more
than 2 %2 deg/100 ft. This is
selected to give a cushion
from the upper limit. This
should be build or drop rate
only (no turn rate).

70% is typically used here.

This is an urgent request
to move the well vertically
within the shortest distance
possibly***. Failure to
execute this trajectory
change could result in
exiting the reservoir.

No footage should be drilled
with the tools in their current
settings. Downlinks should
be made with immediate
effect. You should pick up
off bottom.

Consultation with the the
company representative and
geosteerer is required. The
maxium DLS will be a function
of the proximity of the hazard
and the current depth of the
well. Typically this will be way
over 3 deg/100 ft as remain-
ing in the reservoir is more
important than DLS limit.**

The directional driller will
have freedom to select the
most appropriate settings for
the tool. Additional downlink
might be required. Typically
100% steering ratio is used
here.

Fig 5: Traffic Light System with steering ratio, downlinks, doglegs considerations and limits

* Please note: The steering ratio limits advised here are only for guidance only, the DD will adjust these setting based on the response of the BHA
and any underlying tendencies. The objective is to limit the severity of the dogleg during these manoeuvres and not to specify a strict steering ratio

**Please note: The exact DLS values for the red manoeuvre will be a result of specific circumstances and conditions for each trajectory adjustment

and BHA steering capabilities.

***Please note: In some extreme conditions, three-dimensional well trajectories are designed which require changes of inclination as well as of
azimuth while drilling. In such trajectories changes of azimuth will restrict possibilities of inclination build/drop and vice versa. A balance between
these parameters should be maintained all the time as they will inter-affect each other. In three-dimensional trajectories, dogleg severity will equal
a sum of build rate and turn rate. In three-dimensional drilling, the geosteerer is typically responsible for inclination changes while the directional
driller will accommodate the inclination changes as well as the azimuthal adjustments. Especially during the red manoeuvre, the vertical inclination
changes take precedence over the azimuthal changes.
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B BYPEHVE

YTOUYHEHMS TOTO, Ha Kakow raybuHe no cTBoy OyaeT
HaxoOUTbCSa Tpebyemasd Todka 'B. 910 paccTtogHue
Tak>Xe Mo3BOSUT ONPeaennTb 1 Tpebyemblt yron
HaKJ/IOHa (a TakKXXe UHTEHCUBHOCTb OTKJIOHEHMS),
4YTOObI OCYLLECTBUTE MaHEBP. 3aMeTbTe,
no>xasymcTta, YTO OOHO U TO XKEe 3Ha4YeHne rybuHbl
no BepTMKau, KOTOpoe TpebyeTcs NosyynTb B
npegenax aByx pPasHbiX PACCTOAHUI TyOUHbI MO
CTBOJTY, AaCT B pe3dyfibTaTe ABa pasINyHbIX 3HAYEHUS

only when an evident prerequisite arises and not based on
a premonition that something might occur. The steering
adjustment must also be adequate to the circumstances.
A drop of inclination that requires exceeding a dogleg
limitation of 3 degrees can be only justified in a hazardous
situation with the potential of exceeding a targeted
reservoir.

5) Time-based (or better MD based)

yrna HakKJioHa, HeO6XO,EI,I/IMOI'O 014 BbINMOJIHEHNA

MaHeBpa.

CBETO®OP

PEKOMEHOALMV MO
YMPABJIEHVIIO

3710 HopMasibHas,
HecrneLLHast KOPPEKTMPOBKA
TpaekTopun. Heobxoanmble

N3MEHEHNS MO a3nMyTy
chnenyeT NPoBOAUTL
OHOBPEMEHHO
C V3MEHEHWEM
BEPTVK&/IbHOrO yrna

PEKOMEHOALMV MO
CBA3U

[Mepenady CUrHaNIOB MOXKHO
MPOBOANTL B MPOLECC
OypeHnst Mp HopMasTbHOW
CKOPOCTM NPOXOaKN. HeT
HEOHXOOMMOCTU CHMKATb
CKOPOCTb MPOXOAKN.

PEKOMEHOALMM 1O
VNHTEHCVBHOCTI
OTKJIOHEHUA (110)

Ob6biuHas MO B 3 rpapyca Ha 100
hyTOB - NPUEMNEMBIN BEPXHWIA
npepen. Lienesoe aHaveHne O He
OOMKHO MpeBbILLaTh 2,5 rpagycoB
Ha 100 dpyToB. 310 OHecneqmBaeT

HEOOXOAVMYIO MOLYLLIKY MO
BepxHemy npegeny. 1O moxeT
CK/aApbIBaTLCA V3 CTENEHN
Habopa Kp1BW3HbI 11 YriI0BON
CKOPOCTW BpaLLeHns (sBngeTcs
1X (hyHKUven). XKenatensHo
nobvBatbes 6onee HU3KNX

It is never sufficient to request a change in TVD without
specifying in what MD distance the requested TVD should

KOSDOULIEHT
YIMPABJIEHVS

3n0ecb 06bI4HO
1Crosb3yeTcs Npenesn B
50%

Hak10Ha )
3HadeHuin MO.
3nech Nnb 3 rpanyca Ha 100 cyToB -
KOPPEKTUPOBKA Mepenaya curHasios »xenarensHbI npegen V0.
BEPTUK&IbHOrO Llenesoe 3HaveHwe - He 6onee

PacrONOXEHNS CKBaXKMHDI.
KoppekTnposka HaueneHa
Ha BEpPTVIKa/IbHOE
nonoxeHwe. Nonpaskamu
Mo a3nMyTy MOXKHO
npeHebpeYb, MoKa AaHHas
KOPPEKTMPOBKa He byaeT
3aKOHYEeHa™ ™ .

BO3MOXHa B MpoLIecce
OypeHus, ogHaKo
cneflyeT pacCMOTPETb
BO3MOXHOE CHIKEHVEe
CKOPOCTY MPOXOIKMN,
4TObbI 06ECneUNTb X
CBOEBPEMEHHbIN MPUEM.

2,5 rpagycos Ha 100 cyToB.
3HadeHue BbIbpaHo, HTOObI
o0becneynTb NoayLLKY Mo
BepXHeMy npegeny. 34ecb
CnepyeT UCMONb30BaTh TONbKO
cTeneHb Habopa nnn cépoca
KPVBU3HbI (6€3 yrioBon
CKOPOCTW BpaLLEHNS).

30eck 06bIYHO
1Cronb3yeTcs Npeden B
70%

30ecb CPOYHbIN CUrHaUT
COBVHYTb CKBaXKUHY MO
BEPTUKaM B Mpedenax
Kak MOXXHO bosee

KOPOTKOIrO PacCTOAHUS™ ™™,
HeBbINoNHeHNe gaHHoOro
N3MEHEHUS TPAEKTOPUM

YpeBaTo BbIXOAOM 13
nnacra.

CnenyeT OCTaHOBUTb
MPOXoAKy B AAHHOM
MOSIOXEHUN 060PYA0BAHYS.
Heobxoaynma
cpoYHas nepenada u
NPWEeM CUrHasIoB Ha
obopynosaHve. Cnegyet
BbINTK 13 320051.

HeobxoauMbl CPOYHbIE
KOHCYybTaUun € npeactaBUtTeNnaMm
KOMMaHWM 1 reOHaBVraToOpOM.
MakcumarnbHbIn yron 6yaet
paccunTaH rno cTeneHn
NpeapacroNoXXEHHOCTV K aBapum
M TeKyLLIeV rNyOuHe CKBaKMNHbI.
OBbI4HO NPUHMAETCS Yron
HamHoro Bblile 3 rpagycos Ha 100
hyTOB, MOCKOSIBKY HaXoXAeHe
B M1acTe npeanoyTuTensHen
COBMIOAEHVIS NPeaenbHOro
3HadeHus V0.

BypusbLUyK BoeH
BbIbVpPaTh Hanbonee
rpremnemMble napameTpbl
paboTbl 060pYAOBAHUS.
BoamoxxHo, notpebyetcs
Honee NHTEHCKBHaAsA
nepenaya CUrHasios.
OBbIMHO KO3 DULINEHT
ynpasneHvs 3aect 100%.

Puc 5: Cnctema «CeTochop» ¢ NapameTpamm (CurHanamm) KoshduLmeHTa yrpaBieHns, HICXOASLLEN CBS3N (Mepeaadn CUrHaioB Ha
0BOpYyAOBaHNE), PEKOMEHOALMAMM MO Yry HAbopa KPUBU3HbI, 1 ero npeaenam

* BameTbTe, noxxanyncra: OrpaHnyeHns no KoahdurumeHTy ynpasneHs HHB 3aech HOCAT pekomeHpaTensHbin xapaktep. Onepatop HHB
OOJPKEH KOPPEKTNPOBATL 3TV 3HaYeHNs, MCXOAs 13 peakumn KHBK, 1 nHbIx npefonpepensiolx ee npoueccos. Llenb 3aeck — orpaHnymnTs

NHTEHCVBHOCTb Yrjia OTK/IOHEHNA BO BPEMA 3TUX MaHEBPOB, NMO3TOMY TOYHOE 3Ha4YeHMe O 3pech He onpenendaeTcy.

**BameTbTe, noxanyncrta: KoHkpeTHble 3HadeHns O ans MaHeBPOB MOA, KPacHbIM CUrHaiom 6yayT pesyibTaToOM KOHKPETHbIX 06CTOATENBCTB
1 YCIOBUIA [1S K&XKO0N KOPPEKTUPOBKY TPAEKTOPUM, & TaKkKe cTenenun ynpasnsemoctn KHBK.

**3amMeTbTe, NOXaTycTa: B HEKOTOPbIX Ype3BblHariHbIXx OOCTOATENBCTBAX, MPOEKLIMS TPAEKTOPUN CKBEXKWHbBI OCYLLIECTBIISETCS B TPEXMEPHOM
NPOCTPaHCTBE, YTO TPEOYET M3MEHEHNS yra HaK/IoHa, a Takxke asnumMyTa B npoLiecce BypeHns. B Takmnx TpaekTopusix M3MEHEHVs Mo asumyTy
Oy[yT OrpaHM4MBaTb BO3MOXHOCTU HaPALLMBAHNS/MOHKEHNS Yria HaKIoHa, 1 HaobopoT. CneayeT NOCTOSAHHO COXPaHATb 6anaHc Mexay
STUMK NapameTpamu, T.K. OHM B3aMHO BAVISIOT APYr Ha Apyra. B TpeXMepHbIX TPaekTopusix MHTEHCUBHOCTL OTKIIOHeHUS (10) byneT

paBHa CyMMme CTeneHn Habopa KpUBM3HbI 1 YrI0BOM CKOPOCTY BpaLLeHWst. B TpexMepHOM BypeHnn reoHaBmratop 06bI4HO OTBEHaET 3a
KOPPEKTVPOBKY Yra Hak/oHa, B TO BPeMs kak onepatop HHB noacTpanBaeT aTv 3Ha4eHUs B COOTBETCTBUN C KOPPEKTMPOBKaMM MO a3viMyTy.
OcobeHHO f1st Cry4aeB MaHEBPOB MO, KPACHBIM CUMHAIOM U3MEHEHWNS YI/ia HAK/TOHa UMEIOT MPUOPUTET Ha KOPPEKTVPOBKaMM MO a3nMyTy.
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B BYPEHVE

GEOSTEERING
OBJECTIVE

TRAFFIC LIGHT

Geosteerer is chasing the
most optimal reservoir
parameters.

INITIAL ACTION

Drilling ahead without any
ROP limits e.g. 150 ft/hr.
Downlinks sent while on

botttom.

DOGLEG

GRAPHIC CONSIDERATION

Steering towards the target
after sending the downlinks.
Doglegs between 1-2
deg/100 ft

—

[ ——,

The program specifies a minimum
distance to the top of the reservoir target
(e.g. 10 ft TVD). While the well is being
drilled, the distance to bed has dropped
(e.g. below 10 ft TVD) and requires an
immediate correction in order to remain
within the targeted reservoir.

Drilling ahead with reduced ROP e.g.
to 75 ft/hr. Downlinks sent as soon as
possible while drilling.

Minimum
planned
distance

3 deg/100 ft is the desired
upper limit of the DLS.

Approaching quickly top of the reservoir
or thrown up by a fault. The distance to
the top of the reservoir is below planned
10 ft TVD, decreasing fast or the well
drilled out of the reservoir. An immediate
action is critical for saving the well.

Stop drilling and pick up off bottom.
Agree with company representative
and directional driller on forward
plan for steering. Downlinks sent
accordingly.

Consult with the the
company representative
and directional driller. The
maxium DLS will be a
function of the proximity of
the hazard and the current
depth of the well. Typically
this will be way over 3
deg/100 ft.

——

Fig 6: Descriptions and examples of how the Traffic Light System should be used for communication while drilling

Cuctema cBsa3un «CeeTochop»

OaHUM 13 Hanbonee XMBbIX W MOABVIKHBIX

METOA0B KOMMYHMKALIN MEXOY MEOHAaBUraTOPOM 1
onepatopom HHB aBnsieTcs cuctema «Ceetodop».
OT1a cnctema — 9hPEKTVBHBIM 1 OENCTBEHHbIN METOL,
ObICTPOM KOMMYHUKALN, CKITIOYAOLLIEN HEHY>KHbIE
HeoopasyMeHns.

["eoHaBuraTop, onpenenss LUBeT MaHEBPA (3€/1EHDIN,
YKENTbIN M KPacHbIN), 1 CO0BLLIASA ero oneparopy
HHB, ycTaHaBNMBaeT ypoBEHb CPOYHOCTW AENCTBUS, U
onpenensieT cnocob, KOTOPbIM AaHHAT KOPPEKTMPOBKA
OyOeT ncnonHeHa. 970, pasyMeeTcs, OyeT 3aBUCETb OT
cuTyaumm 1 obctoatenscts. OnpeneneHHbIN YpoBEHD
KPUTUYHOCTM NMO3BONAET onepatopy HHBE HemeoneHHo
OLIEHUTb HEOBXOAMMYHO CKOPOCTb MaHeBPa, Kakom

KO3 DULMEHT yrpaBieHVs AO/KeH ObITb BbiOpaH

B MPUIOXEHNN K MHCTPYMEHTY, U KaKne 3Ha4eHNs
WNHTEHCVBHOCTW OTKJTOHEHMS 1 CKOPOCTW MPOXOOKM
noTpedYoTCA A5 [aHHOW KOPPEKTUPOBKK. CucTema
«CBeTohop» He TONBbKO NO3BOSISET NepenasaThb
COOBLLEHVS, HO U «OMNCHIBAET» OKPY>KAIOLLLYHO
obcTaHoBKy Bokpyr KHBK, ¢ KOTOpOW NpuxoamTcs UMETb
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be achieved. This distance will also determine the required
inclination (and the DLS) to perform the manoeuvre.
Please note that the same TVD value requested to be
achieved within two different MD distances will result in
two different inclination values required for the manoeuvre.

Traffic Light Communication System

One of the most agile communication methods used
between the geosteerer and the directional driller is
called the Traffic Light System. The system is an effective
and efficient way to commmunicate quickly and without
unnecessary misunderstandings.

The geosteerer by defining the colour of the manoeuvre
(green, yellow or red) and communicating it the directional
driller sets the urgency and establishes a fashion in which
the adjustment will be performed. This obviously will
depend on the situation and circumstances. Identified
criticality will allow the directional driller to immediately
estimate how fast the manoeuvre needs to be performed,
what steering ratio he/she should apply to the tool and
what values of DLS and ROPs are required for a given
adjustment. The Traffic Light System not only allows
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B BYPEHVE

LEMN

CBETO®OP FEOHABUTALIAN

Onepartop HanpaseHHoro GypeHus
paCCUMTLIBAET Ha ONTUMaUIbHBIE
napameTpbl rniacta.

MEPBUYHBIE
LENCTBYA

BypeHvie 6e3 orpaHnyeHnin no
CKOpPOCTV Npoxoaku, T.e. 150 chyTos
B yac. Nepegada HUCXOAALLNX
CUrHasIoB NPOU3BOAUTCH, KOraa
[OCTUTHYT 3260

TPADVIKA

—

[ ———————

PEKOMEHOALIAV MO YTy
HABOPA KPUBW3HbI

Hasurauvisi K Leswm nocre
OTChINKV HACXOLSILLErO CyrHaia
Ha obopyfoBaHue. Yron Habopa

KpVBM3HbI 1-2 rpaayca Ha 100 ¢yToB.

[Mporpamma yTouHseT
MVHVIMaIBHOE PacCTOsHME 10
KpoBAM nnacTa (Hanp, 10 dyToB
hakT4ecKom rnyouHbl No
BepTVKam). o Mepe BypeHust
CKBaXKMHbI, PACCTOsHME A0
nnacta nagaer (T.e. merHee 10

hyTOB (haKTUHECKON IyOUHBI no
BEPTVKaIM) 1 TpebyeT HeaamepMTeNbHOM
nonpasku, 4TOObI OCTaBaTLCA BHYTpU
Lie/IeBoro nyacra.

BypeHue ¢ orpaHuyeHmem
MO CKOPOCTY MPOXOOKN,
T.e. 00 75 dyTOB B Yac.

Huexopsipme curHans!

nepenaroTcs B npoLecce
GypeHWst Kak MOXHO HalLLle,
HaCKObKO STO BO3MOXHO.

MvHumansHoe
pacuetHoe
paccTosHve

BbicTpoe npubavxeHme K
KPOBSIE MacTa nnm cépoc
13-3a pasnoma. PacctosHve
[0 KPOB/M MacTa HuxKe
3anaHnpoBaHHbIxX 10 dyToB
haKTU4ECKON ryOUHBbI
no BepTVKan, BbICTPO
YMEHBLLIAETCS MO0 NPOXOAKa
BblLLTA 3a Npeferbl nnacra.
TpebyeTcst HemeneHHoe
pearvpoBaHVe 418 cnaceHms
CKBEXKVHbI.

OcTaHoBWTbL BypeHne
1 MOZHSATb KOMOHHY C
3abos. Cornacosartb nnaH
OanbHenLen HaBuraummn
C NpefcTaBuTeNEM
KOMMaHnm 1 ornepaTopoM
HanpaBneHHOro GypeHus.
COOTBETCTBEHHO STOMY
OCYLLECTBIISIETCS
HUCXosLLas nepepaqa
CUIr'HaU10B.

S——

[MPOKOHCYNBTUPYATECH C
npeacTasuTenieM KoMnaHum 1
OMepaToPOM HarpasneHHOro

OypeHus. MakcmasbHbI

yron Habopa Kp1BM3HbI

OyneT cknadplBaTbCs U3

NPepacroNoXEHHOCTU K

aBapun 1 TeKyLLEN rnyOunHbl
CKBaXKWHbI. Kak npaswuno, aTo
OblBaeT bosee 3 rpagycoB Ha
100 dyTOB.

Puc 6: OnvcaHus 1 npuMepsbl TOro, Kak cuctema «CBeTohop» UCMOIb3YETCA A8 KOMMYHUKALWK B MPOoLIecce BypeHns

neno. bonee nogpobHyo MHOPMaLMIO MOXKHO HanTU Ha

puUcyHKax 5 n 6.

Cuctema cBa3m «CBeToop» BKIOHAET B CeO4:

e Green command

the message to be conveyed, but also “describes” the
surroundings the BHA will have to deal with. Please see
figures 5 and 6 for more details.

The Traffic Light Communication System includes:

HopMasibHbIN, HECMELLHbIN MaHEBP BHYTPW LEEBOTO
nnacta. TUNNYHOE 3HAYEHNE NHTEHCYBHOCTU OTKITOHEHNS
(NO) BapbupyeTcs oT 2 Ao 2,5 rpagycos Ha 100 dyToB
(MMB0o Ncnonb3yrTCA VHbIE 3HaYeHUs IO, 0BroBoOpeHHbIe
00 BypeHunst), CKOPOCTb MPOXOOKN HE OrpaHNYMBaETCH,
curHasbl Ha 06opyaOBaHME MNOCLIIATCS B MpoLecce
OypeHusa 1 KoadhdunumeHT ynpasneHs HHB
yCTaHaBmMBaeTcs B npeaenax 50%. A3nmyT 1 yron
HaK/IOHa MO>XHO KOPPEKTUPOBaTL OQHOBPEMEHHO.

TpebyeTca CPOYHbIN MaHEBP W 3HAUUTESNIBHOE N3MEHEHME
HanpaBfieHnst BypeHus, Koraa TPaeKTOPUS CKBabKMHBI
nmbo NMpubavkaeTcs, MO0 y)ke OOCTUMIa KPOB
nnacta. TunmnyHoe 3HadeHre 110 Bce elle B npegenax
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e Green command

A normal, non-urgent manoeuvre within the targeted
reservoir. Typical DLS ranges up to 2 - 2 2 degrees per
100 feet (or any other DLS agreed pre-drill), the ROP

is non-restricted, downlinks are sent while driling and
the steering ratio is set at around 50%. Azimuth and
inclination can be adjusted simultaneously.

Serious urgent manoeuvre when a well is approaching or
has already reached the top or the bottom of the reservoir
and a significant change of steering direction is required.
Typical DLS still ranges up to 3 degrees per 100 feet, the
ROP is restricted to allow downlinks to be received before
a substantial distance is drilled. The steering ratio has

www.rogtecmagazine.com
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B BYPEHVE

1a) TekyLias Touka 1b) MapameTp (curHan) 1c¢) BeinonHeHne maHeBpa
N3MEHEHUNA TpaeKTopunn
Tpebyemoe nonoxervie Tpebyemoe rnonoxervie Tpebyemoe rnonoxerve
CKB&XKVHbI C OnpeeneHHbiMm CKB&XKVHbI C OnpeeneHHbIMm CKB&XKVHbI C OnpeeneHHbIMm
3Ha4eHnaMm1 Fﬂy5MHbl 3Ha4eHnaIMn Fﬂy6MHbl 3Ha4eHnaMn Fﬂy6MHbl

o CTBOTY, FNY6UHbI N0
BEPTVIK&/M, V1 yrnia HakoHa
CKBaXKWHbBI

o CTBOY, FNY6UHbI MO
BEPTVIKANN, ¥ yrna HakoHa
CKBaXKWHbBI

o CTBOTY, FNY6UHbI N0
BEPTVIKaNN, V1 yrna HakoHa
CKBaXKWHbBI

DaKTUHECKOE NONOXKEHIE
NPOGYPEHHOI CKBaXKMHbI C
onpey

DaKTUHECKOE NONOXKEHNE DaKTUHECKOE NOSIOKEHIE
MPOGYPEHHON CKBAXKMHbI C MPOGYPEHHOM CKBAXKVIHBI C
OnpeesneHHbIMA 3HAHSHSIMIA onp

r71y6VHbI MO CTBOAY, F1yGUHE! rAy6UHBI MO CTBONY, FNYGIHbI r1yGVHbI 1O CTBOAY, F1yGVHE!
10 BEPTUKANM, U1 yry 0 BEPTUKaM, W yriy 0 BEPTUKaW, 1 yrny
HaKJI0Ha CKBaXKNHbI™. HaK/I0Ha CKBaKVHbI™ TpeGyewmoe aHaqeHue yriia HaK/10Ha CKBaXKMHBI Tpebyemblit yron HaknoHa

HaksoHa v ry6uHsI No
BEPTVKAM N0 [JOCTVDKEH
HOBOW Lie/n

1 Fy6yiHa N0 BEPTUKAN MO
[IOCTVDKEHIN HOBOW Lie/n

Puc 7: OgnH 13 METOA0B CMEHbI LieNel HaBuraumm (moapobHee Takxke cM. Puc.9)

a) [eoHaBUraTop oNpeaenseT HOBYHO LIENb HaBUraLM.

6) MeoHaBMraTopy HEOH6XOAMMO COOBLLIMTL ONepaTopy HanpPaBAEHHOrO BypeHKs TPeByEeMbIN 3EHUTHBIN Yros LENeBOro obbekTa u
hakTnyeckyto rnyburHy no BepTMKaIM Ha TeKyLLEen rnybuHe No cTBosy. STo ByayT dakTmnyeckas riybunHa no CTBOSY W 3eHUTHBIN Yros (yron
HaKJ/10Ha), MO KOTOPbIM CKBaXXMHA ByAeT OypUTbCS, MOC/e TOro, Kak ByAeT AOCTUIHYT HOBbI OOEKT). Yo HakloHa HOBOro obbekTa He
YTOYHSIETCS, M OCTaBNISAETCA Ha YCMOTPEHME BypubLuvika. KOppeKTUpOBKa daHHOW TPaeKTopuM YNpaBisaeTcs TOSIbKO OAHMM NMapamMeTpoMm
(curHanom ceeTochopa).

B) Onepatop BypeHns HanpaBnseT UHCTPYMEHT K LieNieBOMY 0OBEKTY B Mpeaeax 0603Ha4eHHbIX OrpaHUYeHmin No MHTEHCUBHOCTYU
OTKJIOHEHWS, 1 Hanbonee ONTUMasIbHO MCMOJL3YET BOSMOXHOCTY yrpasieHvs apvxeHrnem KHBK. Moka AaHHbIN MaHEeBP BbINOHAETCS,
reoHaBUraTop MOXET COCPEO0TOUUTLCS Ha aHaIM3e AaHHbIX. [oxanyicTa, He 3abbiBanTe O TOM, YTO MO AOCTVXKEHNM HOBOrO ObbekTa

(uenv) ckBaxkHa ByOeT BypPUTBLCS YXKe C HOBbIM YIrJIOM Hak/loHa, KOTOpbIM ByAeT onpeneneH reoHaBUraTopoM.

1a) Current location 1b) Trajectory adjustment 1c) Execution
command

Desired drilled well
position with a
defined MD, TVD and

Desired drilled well
position with a
defined MD, TVD and
inclination*

Desired drilled well
position with a
defined MD, TVD and
inclination*

inclination*

f— — ——
-

s L4
B SEEEE S

Actual drilled well Actual drilled well Actual drilled well

position with a position with a position with a
defined MD, TVD defined MD, TVD defined MD, TVD
and inclination* and inclination* and inclination*

Desired target
inclination and TVD

Desired target
inclination and TVD

after reaching the new
target

after reaching the new
target

Fig 7: One of the target changing methods (see also figure 9 for further explanation)

a) The new target ahead is defined by the geosteerer.

b) The geosteerer needs to communicate to the directional driller a desired target inclination and TVD at the given MD. This will be the TVD and
inclination with which the well will be drilled after reaching the new target.) The new target inclination is not specified and left to the directional
driller’s discretion. This trajectory adjustment requires only one command.

c) The directional driller steers to the target within the specified dogleg limitations and using the BHA steering capabilities most optimally. While
the manoeuvre is being performed, the geosteerer can focus on data analysis. Please note that after reaching the new target the well is drilled
ahead with the new target inclination specified by the geosteerer.

0o 3 rpagycos Ha 100 dyTOB, CKOPOCTb MPOXOOKN increased to approximately 70%. Vertical adjustment takes

OrPaHN4NBAETCS, YTODbI HE MO3BONNTL CUrHAIaM precedence over the azimuthal changes.
3anasgbiBaTh K Npoueccy bypenus. KoahdunumeHT
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ynpasnenus HHB ysenuuveaetca no 70%.
KOpPEKTUPOBKM MO BEPTUKAN BbIMO/HAOTCS NPEXOE
4YEeM BHOCHTCS U3MEHEHVIS MO a3UMyTY.

e KpacHbin curHan

MaHeBp B YC/IOBUSIX aBapUMHOM CUTYaLMK - eCIN ero He
BbIMNO/THATb MPaBUIBHO, BO3MOXXHA MOTEPST CKBAaXKMHbI.
CuTyaums KpacHOro curHasa MOXXET BO3HUKHYTb

Korfa, HanpuMep, TpaekTopusa BypeHns Bbila 3a
npeaenbl NPOOyKTMBHOIO MNacTa B NepexpbIBatoLLne
nopompbl. TouHble 3HadveHus IO ona maHeBpa no
KPaCHOMY CUrHasly OnpenenstoTCsa KOHKPETHbIMA
obcToATENBCTBAMU, N YCNIOBUAMU O KaXKO0M
KOPPEKTUPOBKN TRAEKTOPUN 1 YNPaBNIAEMOCTbIO
KHBK. O6bl4HO, OHM MOTYT OOCTUraTbh 3HAYEHUI
HamHoro Bbile 3 rpagycos Ha 100 gyToB. bypeHne
CnedyeT OCTaHOBUTb, 1 MOCbINaTb CUrHanbl Ha
060opyaoBaHME B YCIOBUSX OCTAHOB/IEHHOW NMPOXOOKN.
HeobxoauMbl KOHCYNbTaLWUN U COr1acoBaHUs

Mexay Bcemy ctopoHamu. OBbIYHO, B TaKMX
cutyaumsx, 6ypunblmk HHB ncnonbayet 100%-Hbiin
KO3 PULMEHT ynpaBneHus obopynosaHnem HHB.

MeToobl CMeHbI Lenen

Mocne Toro, Kak KOHKPETHbIA YPOBEHL CPOYHOCTM
MaHeBpa onpefeneH, 1 nepefdar oneparopy HHB, Takxke
Ba)KHO MepenaTtb OnepaTopy HOBYIO LieSb 415 HOBOrO
HanpaBeHst BypeHVis.

3T0 JocTUraeTes AByMs criocobamu:

1) YTOuHeHneM yrna HakfioHa 1 riny6uHbl no BepTrKany,
Ha onpeaereHHOM PacCTOSAHUMN Fy6GUHBI MO CTBOJTY,

B npenenax KoToporo Hy>KHO AOCTUYb Tpebyemol
rny6yHbI MO BEPTUKANN

30ecb reoHaBUratop NPUHYMAET PELLIEHNE MO HOBOW
Lenu, nexxallen snepean (C koopamHatamm XYZ) 1 yrny
HaKJ/TOHA CKBaXKMHbI B TOYKE HOBOW LieSIn (TOYHEE — MO
Yr/ly HaK/IOHa, KOTOPbLIN BYAET Y CKBaXKWNHbI B TOYKE
HOBOW Lienn). [eoHaBMraTop He YTOYHSET 3HA4YEHME yria
HakJIoHa, KOTOPOEe NoHaaobuTces BypunbLUmnky HHB,
YTOObI AOCTMYb HOBOW LIENWN, OCTaBNSAS PELLIEHNE, KaK
BbINOJSIHATL STOT MAaHEBP, 3a HUM CaMnM. 3aMeTbTE,
NoXasyncTa, YTO B AaHHOW CUTyaumm onepaTop

HHBE cBoboaeH oCcyLLeCTBAATL KOPPEKTUPOBKY yria
HakoHa 1 KoadhduumeHTa ynpasneHns HHB no csoemy
YCMOTPEHNIO.

2) YTO4YHEeHneM yrna HakJioHa HOBOW Lienn
306eCb reoHaBUraTop NPOU3BOANT PACHET N PELLIAET CaMm,

KaKOW Yrosl Hak/IoHa NoTpedyeTcs, YTOObI BbINOHUTL
3apaqy OypeHNs CKBaXKMHBI Ha «X» OyTOB ryOuHbI

www.rogtecmagazine.com

e Red command

Critical emergency manoeuvre which if not executed
properly may result in losing the well. The red command
situation may arise when e.g. a well has drilled out

of the reservoir into the overburden. The exact DLS
values for the red manoeuvre will be a result of specific
circumstances and conditions for each trajectory
adjustment and BHA steering capabilities. Usually, they
can reach way above 3 degrees per 100 feet. The drilling
should be ceased, and the downlinks should be sent
without any additional footage drilled. Consultation and
agreement between all parties are required. Usually, in
such circumstances, the directional driller will use full
100% steering ratio tool capabilities.

Target Changing Methods

Once a specific urgency of the manoeuvre has been
established and communicated to the directional driller,
it is important to also convey a new target for the new
steering direction.

This can be obtained in two ways:

1) By specifying inclination and TVD at the MD distance
within which the required TVD should be achieved

Here the geosteerer decides on the new target ahead
(with XYZ coordinates) and the inclination of the well at
the new target (more specifically - inclination from the
new target onwards). The geosteerer does not specify
the inclination which the directional driller needs to use

to reach the new target and leaves in his/her hands the
decision of how to perform the manoeuvre. Please note
that in this situation the directional driller has the freedom
to perform the adjustment with the inclination and steering
ratio of his choice.

2) By specifying a new target inclination

Here the geosteerer calculates and decides on his/her
own what inclination will be required for achieving an
objective of moving the well by x feet TVD and within

x feet MD distance. The directional driller executes the
manoeuvre by setting the required build or drop rate of
the tool. Please note that in this situation the directional
driller is not aware of the new target nor of the inclination
required at the new target (the XYZ coordinates of the
new target and the inclination at the new target are not
specified.)

Typically, through the usage of this type of target changing
method (with changing the inclination only and not
specifying the actual new target ahead), the well will
continue traversing through the stratigraphy indefinitely
(inclination lower /higher than formation dip.) It is common
to mistakenly assume that this way the more optimal zone
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B BYPEHVE

2a) TekyLiasa Touka

Tpebyemoe nonoxeHvie
MPOGYPEHHOM CKBAXKVIHb!

PaKTVHECKOE NONOXKEHNE
NPOGYPEHHOM CKBAXKMHbI C

2b) MapameTp (curHan)
N3MEHEeHNs TpaeKTopun

Tpebyemoe nonoxeHvie
MPOGYPEHHOM CKBAXKVIHb!

DaKT4YECcKOe NONOXKEHIe
NPOBYPEHHOM CKBaXKVHbI C

ONpeesneHHbIMA 3HAUSHSIMIA
rNyGyHbI MO CTBOAY, MyEUHBI
o BepTUKam, v yrna
HaK/I0Ha CKBaXKVHbI*

onp

rNyGVHbI MO CTBOAY, FyGVHbI
o BepTVKaM, v yrna
HaK/TOHa CKBaXKHbI®

TOHKI M3MEHEHNS
TPeGyemoro yriia Hak/oHa

2c) BbinonHeHne maHeBpa

Tpebyemoe nonoxeHvie
MPOBYPEHHOM CKBaXKVIHbBI

DaKTUHECKOE NONOXKEHNE
NPOGYPEHHOI CKBAXKMHbI C
onpeaeneHHbIMA 3HaYSHSIMIA
r1yGVHbI O CTBOAY, FyGMHE!
o BepTVKaw, v yrna
HaK/10Ha CKBaXKVIHbI®

TO4KN VBMEHEHNS
TPeGyemOro yriia Hak/oHa

Puc 8: OgnH 13 MeTogoB CMeHbI Lienel HaBuraumm (mogpobHee Takke cM. Puc. 10)
a) [eoHaBUraTop ONPeaenseT HOBbI Yros Hak/IoHa Lenn, Nexallen Brepenv.

6) leoHaBMraTop CoobLLAET TpebyemMble 3HaUYEHMS yrlia HakIoHa M Ha OCHOBaHMWN AaHHbIX aHanMaa, NPoBOAVMOrO B MPOLECCe BypeHus,
cam Npon3BOANUT HeOHXOAMMbIE MONPaBKK TpaekTopun. Tpebyemble 3Ha4eHVs ryOunHbl MO BEPTUKAM W FyOunHbI MO CTBOJTY (HOBOW Liesn)
He onpeaeneHb! eLle HU B Kakol Touke. [JaHHOe U3MEHEHMe TpaekTopun TPebyeT Kak MUHUMYM ABYX MapaMeTpOoB (CUrHasoB ceeTodopa) (a

3a4acTyto, 1 BOonbLLE).

B) Oneparop HHB genaet nonpaskm yriia HakioHa (1 Tpebyemoro aHadeHrs VIO) B KaXO0M TOUKe, M AOSHKEH MEHATLCS Yro/ HaKIoHa, 1
JIOMOSHUTENEHO KOPPEKTVPYET BbIBGPaHHOE 3HAYEHIE, EC/IN BESIMHYMHA VHTEHCUBHOCTU OTKITOHEHS OKa3bIBaETCH BbiLLIe AOMYCTUMbIX MPEeaesios.

2a) Current location

Desired drilled well
position

Actual drilled well
position with a
defined MD, TVD
and inclination*

2b) Trajectory adjustment
command

Desired drilled well
position

Actual drilled well
position with a
defined MD, TVD
and inclination*

Desired target
inclination change
points

2c) Execution

Desired drilled well
position

Actual drilled well
position with a
defined MD, TVD
and inclination*

Desired target
inclination change
points

Fig 8: One of the target changing methods (see also figure 10 for further explanation)
a) New inclination ahead is defined by the geosteerer.

b) The geosteerer communicates the desired target inclination and based on data analysis along the drilled hole conducts the trajectory
adjustments on his/her own. Desired TVD or MD (the new target) is not specified at any point. This trajectory adjustment requires a minimum of

two commands (and usually more).

¢) The directional driller will adjust inclination (and the DLS required) at every inclination change point and will challenge the request if the dog

leg value is in excess of the agreed limits.

no BEPTUKaIN 1 B Npeaenax «x» (DyTOB PacCTOSHUSA
rnybuHbl no ctBony. Onepartop HHB BbinoHAET MaHeBp,
yCTaHaB/MBas Tpebyembii TemMn Habopa nnm copoca
KPVBM3HbI. 3aMeTbTE, MOXKaNyncTa, YTo B AaHHOM
cuTyaumm onepatop HHB He 3HaeT H O HOBOWM LIENU, HK
0 TpebyemMow BENNYNHE YTy HaKJIoHa, HEOBXOOMMOro
Ha HoBOW Lenu (koopanHaTsl XYZ HOBOW LEenn 1 yron
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will be searched and found. This flawed belief is very risky
and should not be accepted.

Usually, the type two manoeuvre produces much steeper
inclinations (see red circles) as well as higher DLS. The
trajectory shape also has more sinusoidal shape. The

inclination at the new target is also not specified (more
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HaK/I0Ha Ha HOBOW LIESV €LLe He onpeaeneHb).
O6blYHO, NOCPEACTBOM OaHHOMO BAa CMEeHb! Lienem
(n3meHsst yron HakloHa TONbKO, 663 YTOYHEHMUS
haKTUYECKOW HOBOW LIEN, NeXallen Bnepean),
TPaeKTopUs CKBaXKNHbI ByAeT UOTU CTpaTUrpanyYecKn
HeonpeaeneHHo (Yyron HakoHa HUXe/BbIlle

yrna Hak/soHa nnacTa). 3a4acTyo, Onb0oYHO
OonyckKaeTcyd, 4TO AaHHbIM CNocoOOM MOXKHO
OTbiCKaTb Hanbosiee ONTUMasIbHY 30HY. OTO
COMHUTENIBHOE YTBEPXXAEHME 00BOSIbHO PUCKOBAHHO,
N He OOSIKHO MPUHMMATLCS Ha BEpY.

O6bI4HO, MAHEBP BTOPOro TMna AoCTUraeT 6onee
KPYTOro yrna HakloHa (OTMeYeHbl KpacHbIMY Kpyramm
Ha PUCYHKeE), a Takxke BoNee BbICOKOrO 3HaYeHne

MO. Gopma gaHHOM TpaekTopum 6o1ee Noxoxxa

Ha cuHycouay. Yrosa Hak/ioHa B TOYKE HOBOW LN
Takxe He onpegeneH (TouHee roBops, Yros HakoHa,
KOTOpPbIV ByAeT Y CKBaXXWUHbI MOC/E AOCTUXEHNS
HoBOW Uenv). Onepatop HHB Takxe He 3HaeT O Lenn
reoHaBuraTopa, 1 No3TOMY HE MOXET COOTBETCTBEHHO
KOPPEKTMPOBaTb KO3MMULMEHT ynpasnernsa HHB, u
onpenensTb TOYKY Havana Habopa/cbpoca KpUBK3HbI.

37O He onTUMasbHbIN BapuaHT. 1o BO3MOXHOCTH,
clnepnyeT onpeaennuTb OJ1s HOBOW Len riybuHy no
BEPTUKAN, W Yrofl HAaKIoHa Ha AaHHOW riybuHe no
CTBOJY (CM. Takxe pucyHok 10 ¢ 6onee nogpobHoM
NHopMaumen).

BbileynoMsHyTble MPpUMepPbl NPeACTaBASOT CO60M
Hanbonee yMecTHble CNOCODbI CMEHbI LIENEN B
reoHaBuraunm. 3a4acTyro HEMPOCTO OOBbACHUTL
pasHULY Mexay hakTUYecKUMu pesybTatamm
NpUMEHEHNS 0HOro MeToaa, NMMbo apyroro, u
3TO OCTAETCH HA YCMOTPEHNE LLUMPOKON NMyDAnNKu
(a ewe vawe, ong cy>kKaeHus B cpege caMmnx
reoHaBUraTtopos).

IX MOXKHO KnaccnpuumpoBaTh 1 CUCTEMAaTU3NPOBATb
crenyoLmM o6pasom:

1) BeKTOpHbIN MeTOA, (TakXXe NMMEHYEMbIN
«BypeHunem no ANHNN»)

[aHHbIM MeTOa NpeanonaraeT, YTO Leb HAXoOuUTCs Ha
JINHN C OaHHbIM YIJIOM NageHns. MeTO,EI| BEKTOPHOIo
npuuesinBaHNA co3naeT MniaBHble nepexobl

MEXIY LeNaMuy 1 NpeaocTaBasaeT JOCTATOUYHYIO
cBoboay onepatopy HHBE ycTaHaBnmBaTth Lenb (Ha
NnHUK). B cnyyae, ecam reonorn4eckoe OKpy>XeHne
BbIHY>XA2EeT BbiOpaTb APYIryHO LieSb, ONepaTopy

HHB npepnocTaBnsieTcsd HoBag NMHWS Ha LeNb —
ONMpeaeneHHbI Yros HakioHa C onpeaeneHHbIMU
JOonyckamMu No FOPU30HTY — 1, OH yCTaHaBMBaeT
HOBYIO LIESb.

www.rogtecmagazine.com
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Puc 9: BekTopHbI METOL, reoHaBMraLm obecrneymsaeT
MakCMasIbHOE BO3AEVCTBIE Ha MaCT, MPedoTBPALLAET HEHY>KHbIE
OTKJIOHEHVS B ABVDKEHM, AeNasi TPAEKTOpUO 6oee niaBHON

Fig 9: Geosteering by the vector targeting method provides
maximum reservoir exposure and prevents unnecessary directional
changes creating smoother trajectories

specifically - inclination from the new target onwards.)
The directional driller is also unaware of the geosteerer’s
objective and therefore she/he is unable to adjust the
steering ratio accordingly or the most optimal point of
drop/build commencement.

This is not the preferred case. Whenever possible, a target
TVD and inclination at a given MD should be specified (see
also figure 10 for further explanation.)

The above mentioned examples are the most common
ways of target changing while geosteering. Often the
actual consequences of using one method over the
other one are not easily explained and expounded to
the general public (and especially to the geosteering
teams.)

They can be summarised and systematized as follows:
1) Vector targeting method (also called “drilling on a line”)
This method assumes that a target is a line with a

given dip. The vector targeting method creates smooth

transitions between the targets and gives sufficient
flexibility to the directional driller to land on a target (on a

Llens 2 - Target 2

Llenb 4 - Target 4

I
-

Llenb 3 - Target 3

Puc 10: T'eoHaBuraumsi TO4e4HbIM METOAOM, MPY KOTOPOM
TPaeKTOpWst [OCTUraeT LIEIEBON OOBEKT Yepe3 NepeCeHEHE BCEX
0603HaYEHHbIX LIENEBBLIX TOYEK, HO MPW STOM YXYALLIAETCS CTEMEHD
BO3[ENCTBISA Ha niacT

Fig 10: Geosteering by point in space method where trajectory
fulfilled the objective of intersecting all the indicated targets but has a
compromised reservoir target exposure
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i napansiensHoe
1 napasniesnbHoe MOJOXeHIe niacTa
I MONOXeHe nnacra (sora (BOtH?,C,WSKMM prcKoMm)
1 C HUBKIM PYICKOM) napanensHoe d c
'I1 bed parallel (low risk sec- MOSOXeHVe NnacTa (3oHa
i
!
i

tipn) C HV3KIM PUCKOM)
bed parallel (low risk sec-
n)

y4acToK nepexopa (3oHa
MOBBbILLIEHHOrO PUCKa)
transport section (higher risk
section)

y4acToK nepexofa (3oHa
MOBbILLEHHOMO PUCKa)
transport section (higher risk
section)

Puc 11: HavanbHoe nonoxxeHmne cTeosia napaiesibHoO HakIo0HY Lie1eBoro
nnacta. Jloboe MHoe NOMOXKEHWE (MHblE Y lbl HAKIIOHa CTBOJTA CKBaXKMHbI)
paccMaTpUBarOTCH Kak 30HbI MOBLILLEHHOMO PUCKA, KOTOPbIX, MO BO3MOXHOCTH,
cnepnyet usberatb, UM CoKpaLLaTh A0 MUHUMYMA. 3efeHble MHTEPBaSIbI

obo3HaqaoT napassiesibHoe nosioXKeHne rnjacta OTHOCUTENIbHO CTBOJ1a CKBaXK/HbI.

KpacHble nHTepBasibl OTHOCATCS K Mepexodam Yepes cTpatnrpadpuyecKkmne 3oHbl
Fig 11: The primary position of the wellbore is parallel to the dip of the targeted
formation bed. Any other position (any other well path inclination) is considered a
higher risk position and should be avoided if possible or reduced to a necessary
minimum. The green intervals mark the bed parallel position of the well path. The
red intervals indicate traversing through the stratigraphy

Puc 12: Cuctema cBsan «CBeTothop» B MPUAOXKEHNN K MPUMEPHOM TPAEKTOPUN.
3ameTbTe, NoXXanymcTa, YTo 3efeHble cUrHasibl CBeToopa MCNOAb3YIOTCS TObKO
Ha MHTepBanax napasiesbHbIX MNACTy (30HbI HU3KOrO PUCKA), TOrAa Kak »KenTble
N KpacHble cuUrHasibl CBeTodopa UCMOoIb3YOTCS 419 UHTEPBaIOB MOBbILLEHHOMO
pucKa 1 NPeApacnoNoXXeHHOCTU K aBapUiHON 06CTaHOBKE

Fig 12: Traffic Light Communication System applied to the exemplary trajectory.
Please note that the green commands are used only throughout the bed parallel
intervals (low risk sections) whereas yellow and red commands are applied for
higher risk and emergency intervals

2) ToyeyHbI MeTOL, (TakXKe MMEHYEMbIN «BypeHnem
Nno To4kam»).

ToyeYHbI MeTOO HaBUraLUyy rOPU30HTaNbHbIX
CKBaXXMH OCHOBbLIBAETCH Ha BbIOOpE reoHaBnUraTopom
yria HakloHa HOBOW Lienn, NMof, KOTOPbIM CKBaXKMHA
oyneT bypuTtbcs. ['eoHaBUraTop nonaraeTcs TOAbKO
Ha COOCTBEHHbIE HaBbIKW pacyeTa yria Hak/oHa,
HEeoBXOOMMOro A5 MePECEeYeHUst LIEIEBON TOUKM
ry6uHbl MO BEPTUKaAM B ONpeaeieHHoM ToYKe
rOPU30HTaIbHOrO OTPEe3Ka (Ha onpeaeseHHon rnybrHe
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line). In the event the geological surroundings
push for a target change, a new target line

- a certain inclination with certain horizontal
tolerances - is given to the directional driller
s0 a well can be landed on a new target.

2) The point in space method (also called
“drilling on a point”).

The point in space method for steering
horizontal wells relies on a geosteerer
deciding on the new target inclination that

a well path will be drilled. The geosteerer
relies only on her/his skills of calculating the
inclination required to intersect a TVD target
at a certain point of a horizontal section (at
certain MD of the well). Although this method
often allows intersecting all the indicated
new targets, at the same time it provides
very little control over the inclination of the
wellbore between the target points since

the directional driller is not involved in the
selecting inclination values process. This
approach regularly creates “over-shooting”
of the targets with necessary corrections of
the well path immediately after reaching the
target. Consequently, this reduces flexibility
for directional drillers and generates more
work for the entire geosteering team. The
method also usually involves a higher
number of commands. In some cases, the
undulating shape of a trajectory can cause
losing the well. The figure below represents
a trajectory that intersected all the required
targets but still exhibits compromised
reservoir exposure. Note that all the targets
can also be intersected with a much
smoother trajectory.

Conclusions and Recommendations
The geosteerer must endeavour to select the
safest position of the wellbore at all times,

a position which allows the fastest reaction

to the change in geology and the shortest
wellbore path that refrains from misplacement

of the trajectory outside of the targeted reservoir.

The primary position of the wellbore is parallel to the dip
of the targeted formation bed. Any other position (any
other wellbore path inclination) is considered a higher risk
position and should be avoided if possible or reduced to a
necessary minimum (figure 11). The higher risk position is
also called a transport section of the well path.

Bearing in mind the low and high risk sections (marked on
figure 11 by green and red intervals), it is recommended to
use green commands during the bed parallel sections and

www.rogtecmagazine.com



DRILLING

BYPEHVIE MO

i
(]
i
]
|
i
i
i TOYKAM
II1 DRILL ON A POINT

BYPEHVIE MO
JINHAN
DRILL ON A LINE BYPEHVE MO

TO4YKAM
l DRILL ON A POINT

N

"'\‘ - BYPEHVIE MO
, [ TOUKAM
EYPEHUE [0 DRLL ON A PONT

JINHNN
DRILL ON A LINE

Puc 13: MeToabl CMeHbI Lenen, B MPUIOXKEHUN K MPUMEPHOW TRaeKToOpUN.
3ameTbTe, NOXayINCTa, YTO BypeHMe MO ToYKaM (TOYEYUHbI METO, HaBUraLmm)
NPVEMJIEM B VHTEPBasIax NnapasiefibHoro MNoIOXKEHNS niacTa (30Hbl MOHMXKEHHOTO
pu1CKa), TOraa kKak 6ypeHne no JIMHUM (BEKTOPHbBIN METOL HaBUraLLAM)
HaCTOATENIbHO pekoMeHOYyeTCA K NMPUMEHEHUIO B 30HaX MOBbLILLEHHOIO pUCKa U
NpenpacnooXXEHHOCTY K aBapUiHbIM CUTYaLIMSM

Fig 13: Target changing methods applied to the exemplary trajectory. Please note
that the drill on a point method (point in space method) is acceptable only along
the bed parallel interval (low risk sections) whereas drill on a line (vector targeting

while traversing through the stratigraphy
or outside of the targeted reservoir —
yellow and red commands.

Similarly, it is recommended to use the
drill on a point method (point in space
method) only within the low risk sections
(see green intervals in the figure 11). The
drill on a point method is acceptable
here as the well is being drilling parallel
to the dip of the targeted formation bed
and the trajectory requires only minimal
adjustments of the inclination. As soon
as the well starts traversing through the
stratigraphy, reaches hazardous position
in relation to the reservoir boundaries or
exits the targeted reservoir, the drill on

a line method (vector targeting method)
should be applied.

method) is highly advisable for higher risk and emergency intervals

CKBaXXVHbl MO CTBOJY). XOTH AaHHbIN METOA 0ObIYHO
No3BOSISIET NepecekaTb BCce 0603HAYEHHble HOBble
Lenu, B TO XXe CaMO€ BPEMS, OH NPefoCcTaBseT
MUHVMaSIbHBIM KOHTPOJb HAL BIBOPOM yriia HakoHa
CTBOJ1a CKBa>KMHbI MEXAY LENEBbIMI TOUKaMMU,
nockosbKy onepatop HHB He ydacTByeT B npouecce
BbIO6Opa 3Ha4YeHUIN yria HaknoHa. [JaHHbI Noaxon,
MOCTOSHHO CO30A€eT CUTyauun «MUMO LeNn», Koraa
TpebyeTcsa HeMeO/IEHHAs KOPPEKTUPOBKA TRAEKTOPUN
CKBaXXVHbI MOC/IE TOro, Kak Lie/ib NponaeHa.

COOTBETCTBEHHO, 3TO OrpaHNYMBaET NMOABMXKHOCTb
onepaTtopa HHE B paboTe, 1 co3gaeT 60bLLNI 06beEM
paboTbl 4719 BCEM KOMaHObl reoHaBuraumm. JaHHbIn
MEeTO[, TakXKe XapakTepeH 60/1bLLIVM YACIOM CUrHasIOoB.
B HekoTOpbIX cyyasx, BoHoobpasHasa opma
TPaeKTopUN MOXKET MPUBOANTL K MOTEPE CKBAXKWHbI.

PUCYHOK HVXKe NPpeacTaBNsaeT TPaeKTopuo, KoTopas
rnepeceksia Bce Heobxoanmble LiesIv, 0gHaKO
NnoKasblBaeT J0BOJIbHO UCTIOPYEHHYIO KapTUHY
BO3AENCTBUSA Ha NiacT. 3amMeTbTe, NoxXanyncra, 4to
BCE LIe/IM MOXHO ObISI0 Mepeceyb HaMHOro 6oniee
NJ1aBHOW TPaeKToOpUEN.

BbiBOObl 1 pekoMeHOaumn

"eoHaBUraTop O0JPKEH BCEraa CTREMUTLCS BbIOVpaTh
Hanboiee He3onacHoe NMosIoXKeHNe A1 CKBavKVHbI,
NoJIoXKEeHMe, CrnocobcTBytoLLEE oee ObICTPOM
peakLMM Ha N3MEHSIOLLIYHOCS reooruto, 1 Hanbonee
KOPOTKYIO TPaEKTOPWIO CKBaXKVMHbI, HE [OMYCKAaOLLYHO
BbIXOA TPAEKTOPUIN CKBaXKMHbI 3a Npeaesbl Lie1eBoro
MPOAYKTUBHOrO nnacTa.
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[MepBMYHOE MONOXKEHME CTBOMA CKBaXKMHbI
napanfaenbHo yriy nageHns Lenesoro nnacra.
Jobaga gpyras no3vums (Nodon apyron yroa HakoHa
CKBa>XMHbI) paccMmaTpuBaeTCs B KayecTee bonee
PUCKOBaHHOWM, KOTOPOW MO BO3MOXXHOCTU cnedyeT
naberatb, MO0 CBOOUTb K HEOOXOAMMOMY MUHUMYMY
(prcyHoK 11). To3MUMS NOBBILLEHHOIO PUCKA Takxe
Ha3bIBAETCS TPAHCMOPTHOW CEKLMENn TpaekTopun
CKBaXKMHbI.

|_|pI/IHI/IMa9| BO BHMMaHNe OTPE3KN C HUSKNMIU
BbICOKMMIW PUCKaMU (OTMEYEHHbIMU Ha pucyHke 11
3eN1eHbIMU U KpacHbIM MHTEpBaiamMy), PEKOMEHOYETCSH
NPOBOAMTbL MAHEBPbI C 3E/1EHBIM CUMHAIOM MNP
MPOXOXOEHNN OTPEI3KOB MNMapasinesibHbiX naacTty, a
MOA, XXEATbIM U KpacHbIMU curHanamm «Ceetodopa»
OCYLLUECTBASATb MaHEBPLI NMPW Nepexoae Yepes
cTpaTurpaduyeckmne 30Hbl, 1 NMPK BbIXOAE 3a NPeOenb!
njacra.

PaBHbIM 06pa30M, PEKOMEHIYETCS NONb30BaTbLCS
TO4YEYHbIM METOAOM (METOL TOYeYHOro NPOCTPaHCTBA)
TONBKO MPU NPOXOXOEHNN OTPE3KOB C HN3KMM PUCKOM
(c™m. 3eneHble nHTepBasbl Ha pucyHke 11). 3oech
npuemnem mMetof 6ypeHnst No ToYKaMm, NMOCKOMNbKY
CKBaXKWHY OypuUTCs napasnneslbHO HaK/I0HY LieneBoro
nnacTa, N TPaeKTopugd Hy>XgaeTcda B MUHUMaJIbHbIX
nonpaekax yrna HakjioHa. Ho Kak TONbKO CKBaXkMHa
Ha4YMHaEeT Nepexom Yepes CTpaTUrpaduUecKyto 30Hy,
[OCTUraeT onacHOro NoJIOXKEHN OTHOCUTESTIbHO
rpaHuL, nnacTa, Mo BbIXOOUT 3a Npedenbl niacTa,
cnenyeT NPUMEeHUTb MeTo, BypeHus Nno NHUK (MeTon,
BEKTOPHOIro onpeneneHns Lenen).
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