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Y10 TaKOE reoHaABUTrallusa
What is geosteering

Feouaeuzauuﬂ -9MoO npumMeHenue nepedoeblx MEXHON02uu HAKJIOHHO-HANpAaejieHHO20 6ypeuu;1
COPUSOHMAIbHBIX CK6AINCUH UIU 00K0BbIX CmeoJji06, 6 KOmMnJjieKce ¢ Kapomaxcem 6 perxicume peajibHolo
oypenusn. Ananu3z OAGHHBLIX KAPOMAXNHCA 8 PexHcume PeailbHo20 8PeMEeHU, N03680/151en NPoeecmu
CK6aJICUHY 6 oonacmu ¢ MAKCUMAI1bHbIM 000bIUHBIM nomenuua;iom

Geosteering is utilizing of advanced technologies of directional drilling along with LWD tools while
drilling horizontal wells and sidetracking. Analysis of logs from LWD tool in real-time enables to place
a hole in a reservoir part with maximum production

JIJ1s yero Hy»KHa T€OHABHUTAIUS M KaKWe 3aJ1aud OHa Why do we need geosteering and what
pelraer objectives can it resolve
-Pacnonoxenue IFOPU30HTAJIBHOT'O CTBOJIa B COOTBCTCTBHHU C
T'€OJJOTUYCCKUMU 3aJa9aMU1
-YBenuueHue MNPOAYKTHUBHOCTH U IIPOAJICHUC ) KU3HNU CKBAKHWHBI
( 3aJI0OKCHHUEC CTBOJIAa B MHTCpBAJIaX C OIITUMAJIbHBIMHU
KOJUIEKTOPCKUMH CBOMCTBaMH, € y4eToM MecTononoxenus BHK

-Placing a horizontal hole in accordance with geological
objectives

-Increase of production and well life extension (placing
a wellbore in the reservoir sweet-spot away from the

i THK) Oil-Water and Gas-Oil contacts)
P . -Overcome a number of geological uncertainties during
-FSHICHUC I CJIOro psAaaa rcoJIOri4CCKux HCOIIPCACICHHOCTCHU B d””mg

npotecce OypeHus:

IEIeonpez[eneHHQCTb C yriom BOCCTaHMs/aJeHUsI I1acTa « TVD depth of target formation
BEPTHUKAJIbHOUN NTyOUHOM 1IEIEeBOTro MiacTa

: BO3MO)KHBI€ HU3MCHCHHA MOIIMTHOCTH LICJICBOIO IJiaCTa * Chang-ing Of thiCkneSS Of target formation
» Location of OWC and GOC
e Jlomoxenue BHK u I'HK

 Uncertainty with dip of formation



Ha3nauyenue reoHaBuranum
Purpose of geosteering

LLleAb 1\Target 1 ITnag\Plan

On CBS 60 Minutes News

Program, Mr. Jumaa then CEO of
Saudi Aramco describes

geosteering as a way to produce
up to 10 times more from a

reservoir. (Dec-7-2008)

~— T

Target 3
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CyuecrByionie ypoBHH reOHABUT ALIUH
Levels of geosteering

= =iy 2. A3MMyTaJIbHbIH YPOBEHb:

OIIPpEeacJaCHHUE IJICMECHTOB 3aJIeraHud Ha OCHOBE HUMUKEH

Azimuthal level : Determination dip of formation based on images




Yposens 1: MoaennpoBanue, KOppeasus v
O0OHOBJIEHHE
Level 1: Modeling, correlation and updating

Koppen;lum{ C CUHTCTUYCCKHUMHU KPHUBBIMHU 110 OHOpHOfI CKBa>XHNHEC
Correlation with synthetic curves from the offset well

OI'IOpHOﬂ CKBO>XXMHA CuHTETMYECKME KpmBblE AUTOAOTMHECKAN KOAOHKA

; ) ) [eOAOrM4ECKAN MOAEAD
Offset well Synthetic curves Lithology section

Geoloaical model

]

oaHMLLbI
MAQCTOB

NoBepxHocTK
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Koppeasuus (pakTHYECKOr0 KapoTaxa ¢
CUHTCTHYCCKUMMU KPUBLIMH H 00OHOBJICHHE MOACJIN
Correlation of actual and synthetic logs and
updating a model
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OrpanvyeHus reOHABUTaAKMU M0 1ypoBHIO
Geosteering restrictions for the 1 level
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-OTCYTCTBI/IG HaJC)KHBIX I'COJIOTMYCCKUX MApPKEPOB U MEKCKBaKMHHOM KOppCIAuu

-No reliable markers and correlation between wells



YpoBeHb 2: MHTEepHpeTalus UMHU/KeN
Level 2: interpretation of images
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OrpanuyeHusi ypoBHA 2
Restrictions of level 2

-CI0’KHOCTb OTAEJIEHUSI CTPYKTYPHBIX TPaHUILL
OT KOCOM CJIOUCTOCTH BHYTPH IJIaCTa WUJIIU
I'PaHUL] HEPETYJISIPHBIX BKIIFOUCHUN
(kapOOHATHBIX JIMH3 U T.I1.).

-Care must be taken to distinguish between the
dip of bed sets and dip of cross-bedding within
a set.

- He IMPUMCHHUM B JIMTOJIOT'NYCCKU
OMHOPOIHBIX pa3pesax, IJe Mo
umukaM (I'K wiv mIioTHOCTHBIM)
HC IPCACTABJIACTCA BO3MOKHBIM
BBIJICTTUTH KaKHe-JIMOO TPaHUIIbI

- It doesn’t work in homogenous
reservoirs, where there is no
possibility to see any boundaries by
images (density or GR)




Ypogens 3: OnpenesieHue pacCTOAHUS 10 TPAHULL
mjiacra l“.JIyﬁI/IHHbIM A3UMYTAJBbHBIM
INCKTPOMATIHUTHBIM KapOoTakKeM
Level 3: Determination of distance to the boundary
by Azimuthal Resistivity tool

Omo eduncmeenHblil Memoo 6 Hacmosiujee 8pemsl, KOmopblii
ocywecmeinsiem npoaxmusnyio ceonasucayuio!!\ Currently this is
the only method that can provide pro-active geosteering




Kaprorpa¢ rpanuu.
[11yOMHHBIN Aa3UMYTAJBbHBIA 3JIEKTPOMATHUTHBIH
KapoOTakK

Deep Azimuthal Multiple Resistivity measurement

OnpeneneHue pacCTOSTHUS 10 TPAHUIIBI
Defining of distance to the boundary
Konroun HpanTI/IBHOI/I FGO-HaBI/IFaLII/II/I D e:té cfion’rangy

Keys of proactive geosteering: e ot

— MaKCI/IMaJ'IBHaSI AAJIBHOCTH O6Hapy7I<eHI/I$I FpaHI/ILIBI y
Maximum distance of boundaries detection T s - afr f i !
— OmnpeneneHre HaNpaBICHUs HA TPAHUILY "B 4 = - '

Defining of direction to the boundary

— TouHOCTH BBIUMCIICHUS pacCTOAHUA 10 I'PAHUIbI

Calculation accuracy of the distance to the boundary

— B03MOXHOCTE OIEpaTUBHOM KOPPEKTUPOBKHU TPAEKTOPUH |
110 TIEPECEUEHHUS JOJIOTOM HEXKETATENbHON IPAHULIBI

Possibility to adjust a trajectory in a proper time, until bit L e | 'L

penetrates an undesirable boundary Ao S ol



KaprupoBanue rpanun
Mapping boundaries

s N
I'nuugnas nokpeimka

O

s N
InuHsHAs DOKphIIKA -

-

13



IIpu6op riiyOMHHOr0 a3uMyTaJabHOr0 M Kaporaxa
Deep Azimuthal Multiple Propagation tool

1,53 (T67) 1,93 (767
142w [567) 1,42 {567
117w {487 1.7 {487

0. 78w (207 | 076w {307)
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400Ky / ZMNy 100Ky
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TexHW4eckne XapakTepucTUEW OT16uBKa rpaHuL
Ouametp, grimsl 4304 O1busKa TpaHvL Phase Attenuation
Henpowmep, §T /M 17.25/5.26 JWCTBHUMS 0BHAPYIKEHNA EMELLEILMY NOPOZ
c¥3C 1 Qmm w3 konnertopa c ¥3C 100 Omm
oo || ol Dl 2MHz deep (4.75in) Ft/m 55717 104/32
Padouwi gnanazoH, OmMm 0.1104,000 0.1t0200 400kHZ deep (4.75in) Ft/m 8.9/27 11.3/34
MorpeluHocTs nameperii, MCM 0.25 105 100kHz (4.75in) 17.8/54 2.9/67

14



duznyecKue OCHOBBI INIYOUMHHOIO
3JIEKTPOMATHUTHOT0 KAapOTakKa

Physical basics of resistivity measurement

Ecnu ocu nepearoniyx uiv NpueMHbIX aHTEHH OPTOTrOHAJIbHBI OCH MTpUOopa,

TO MPU €0 BpalleHUH OyyT U3MEPAThCSA a3uMyTasibHble Y DC TOPHBIX HOPO/I.
If the axes of transmitting or receiving antennas are orthogonal to the tool
axis, azimuthal resistivity of rocks will be measured during rotation.

HamnpaBieHHbIN cCUrHA yKa3bIBaET Ha Oosiee MPOBOAUMYIO (hOpMaITuIo.
A more conductive formation is indicated by a directional signal.

MaxkcuMmanbHbI CUTHA PETUCTPUPYETCS KOTIAa OCh HAITPABICHHOU
aHTCHHBI IEPIECHANKYIISIPHA I'paHULIC pa3aeia

Maximum signal appears when axis of directional antenna is
perpendicular to the boundary

15




Kaprorpa¢ rpanuu.
I 1yOMHHBIN A3UMYTAJbHBIN 3JIEKTPOMATHUTHBIH
KapoTax

Deep azimuthal propagation multiple Resistivity tool

OrnpesienieHre pacCTOSHUS 10 TPAHUIIBI
Defining of distance to the boundary
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[ s

16



IIpuMepsl padoThI KapTOrpada B CJI0KHbIX
re0JIOTMYEeCKMX YCJIOBUAX MECTOPOXKICHUH
Janagnou Cudupu

Performance examples of the deep
azimuthal multiple resistivity tool In
oilfields of West Siberia

17



CxBaxkuna 1

Kparkas ungopmanus mo MecTopoKICHUIO
Well 1
Brief geological information of oilfield

- bonpmrast 9acTh CKBaXMH OypHUTCs 101 3akaHYMBaHKe MHOTocTaauiabiM ['PI1, mosTomy rmaBHas 3agada
TE€OHABUTAIIMM - MAKCUMAIIBHOE BCKPBITUE MTPOTYKTUBHOTO pa3pe3a, C LUEIbI0 BOBJICUEHHUS B pa3pabOTKy Kak
MO>KHO OOJIBIIIEE YUCIIO IMPOCIIOCB, CJI0KCHHBIX KOJUICKTOpAMUA

The most part of wells is designated to be completed by multistage fracking, therefore the main geosteering
objective is to provide a maximum covering of target formation with the purpose of involving in production
as many layers of reservoir rocks as possible

- HGHCBOﬁ IJI1aCT JUTOJIOTHYCCKHU MMPEACTABIICH CJIOKHBIM YCPCAOBAHUCM IICCUAHUKOB U ITTMHUCTBIX
pazHocTeil. MecTtopoxaeHne pa30ouTo Ha OJOKU MHOTOYUCIEHHBIMUA TEKTOHUYECKUMU HAPYIICHUSIMU
pa3HOro xapakrepa

Target formation is represented by interbedding sandstone and shale. Oilfield is divided by numerous
tectonic faults, which have a different nature

OcHOBHEIE CIIOKHOCTH B Tporiecce reonapuraimu _ Main challenges during geosteering

- KapTupoBaHue u reojorndeckas HHTEpIpeTaIus Xxapakrepa pa3ioMoB (B30poc, cOpoc, aMIuIuTyaa).
Mapping and geological interpretation of fault types (drop fault, reverse faults, amplitude of fault etc)

- OnpeneneHue MoJoXKeHUs: CTBOJIA B CTpAaTUTpaUUECKOil YacTH pa3pesa Mociie BhIX0Ja U3 30HbI pasjiomMa
To determine in which part of reservoir wellbore is located, after exit from fault’s zone

- Onpenenenue yria BOcCTaHus/majeHus miacta (Mensiercst ot 0 10 Srpajl Ha KpbUIbAX CTPYKTYpPhI) U HA
OCHOBCE€ 2TOI'0 BBI60p CTparCeruu rcoHaBUralun

Determination of formation dip (dip can vary from 0 to 5deg on wings of structure) and a geosteering
strategy accordingly 18




CkBaxuna 1.Kparkas reosioruueckas
uHpopMan

Well 1. Brief geological information

Elev\alior; ;E:;m[}:}'“]
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2400 00
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Mopaesb Ky0a JIUTOJOTMHM U BPEMEHHOM
celicMMYeCKMil pa3pes

Lithology model and seismic profile

Bpemennon ceicMUueCcKUil pa3pes
_Time seismic profile

Plan trajectory in model (lithology)

Pa3pes ky6a nutonorum

HK -1869.0 m

T T T T T T T T T T T T T T T T T T T T ..‘,‘I
2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 750C
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JIuTojlornyeckasi KOJIOHKA, CO3IAHHAS HA OCHOBE
OMOPHOM CKBAKUHBI

(Squaring)
Lithology section created on base of offset well
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Marpuna MoaeIMPOBaHUS OTKJIMKOB KapTorpaga
Matrix of Resistivity tool response modelling

2. CPEOHE 4. XOPOLO

- NNoxo

O

10. OTNHYHOD

13 NNoxo

14. [10X0

PaclumdpoBKa MHEMOHHE:
P — gpasza, A —amnnuTyaa; D — gansHui 3044,
U — ynsTpagansHui 3o4a; 2 — 2Mry, 4 — 400Ky, 1 — 100K,

22



I'eonaBUMranuoHHas MOI€JIb, IIOJYYCHHAA IMOCJIC

OypeHHs TPAHCIIOPTHOM CeKIUU (YroJ1 majeHust
reoJIOrTM4ecKou CTpyKTypsl 1- 3 rpaayca).

Geosteering model created after drilling a landing
section (dip angle is 1-3 deg)
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3agauu, pemaeMbie KApTOrpapomM rpaHuil
Targets met with the use of Azimuthal resistivity tool

i

i

Paccrosinne 10 npoBoasiero
npocJios 0oJiee 6M 1O BepTHKAIH

HanpapneHnHbie curaasibl
MIOKAa3bIBAIOT, YTO MPOBOJISIIINI
MPOCION NPUOIHIKAETCS CBEPXY

24




I'eonnornueckas 2D momeanb Ha GpUHAIBHBIN 32001
CKBAKMHbI

Final 2D geological model at the TD with points of
decision
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ComnocraBjienue Pa3s/IMIHbIX FeO(l)I/I3I/I‘IECKI/IX METOA0B
ONPECACJICHUSN TEKTOHUYCCKOI'O HAPYIICHUASI.

Comparison of different geophysical methods for
determination of faults
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CxkBaxuna 2. Kparkasi reosioruueckasi iHpopMauus
Well 2. Brief geological information

KpOBJIC LCJICBOI'O IJIACTAa
Structure map of Top
target formation

['eonornueckunii npo@uik Mo a3UMyTy TOPU3OHTAIBHON ceKIuU. Kaxymuiicsa yrojl BOCCTaHUSI CTPYKTYPBI
B HayaJjie TOpU30HTAILHOM ceKIuu -1.2°
Geological profile in azimuth of a horizontal section. Apparent dip at the top of HS is around 1.2deg up

27
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JIuTosIoruyeckasi KOJIOHKA, CO3JaHHAsA HA OCHOBE
OMOPHON CKBAKUHDI

(Squaring)
Lithology section created on the base of offset well
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Marpuua Moae/ ITMpOBaHUA OTKJIMKOB KapTorpadga
Matrix of Resistivity tool response modelling

3. CPEOHE

1. CPEAHE

Pacwmndpoeka MHEMOHMK:

P - daza, A - amnnutyga;

D - ganbHuit 30H4,U - yneTpaganbHuil 30Kz,
2 - 2Mru, 4 - 400Kru, 1 - 100KT .

15, CPEQHE

BriOpansr

Selected:

PD2-PU1l-ocHoBHOI Habop\ main combination
PD4-AD4-anwrepuaruBHbiii\ alternative combination
AD2-AD4-ansrepraruHbiii\ alternative combination

T S— T —

PD4-AD4

30




FeOHaBI/IFaIII/IOHHaH MOI€JIb, ITOJYIYCHHAA MOCJIC
OypeHHsl TPAHCIIOPTHOM CEKIUH.
Geosteering model created after drilling a landing
section
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Paoora npudopa IMK B npouecce Oypenus
TOPU3OHTAJIBHOU CEKIUU
Azimuthal resistivity tool performance while drilling
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Pabora npudopa IMK B npouecce Oypenus
TOPU30HTAJIBHOU CEKIUU
Azimuthal resistivity tool performance while drilling
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Pabora npudopa IMK B npouecce OypeHust
FOPU30HTAIBHOU CeKIUU
Azimuthal resistivity tool performance while drilling
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I'eonornveckas 2D mogesan HA PUHAJIBHBIN 32001
CKBaKNHbI
Final 2D geological model at the TD with points of
decision
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3HaueHHe cepBUCAa TeOHABUTAIIMHU VI 3aKa3uuKa
Value of geosteering service for Customer

[Tony4yeHHYIO B MPOLIECCE T€OHABUTAIIMN T€OJIOTO-TEOPU3NYECKYIO HH(DOPMAITUIO, 3aKa3UUK
HCIIOJIBb3YCT IIPH c6op1<e OCHACTKHU XBOCTOBHKaA. B YaCTHOCTHU, AJIA PACIIOJIIOKCHHUU ITIOPTOB U
MMAKEPOB JJI MPOBEACHUSA KAY€CTBEHHOIO MHOTOCTaaAuHOTO [ PI1

Customer uses geology and geophysics information acquired while drilling a HS for
assembling a liner. In particular, for placing ports and packers to ensure a multi-stage
fracturing of a high quality.
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3HaueHUe cepBUCA FTEOHABUTAIMHM VI 3aKa3yuKa
Value of geosteering service for Customer

Results of wells testing dated 01.02.2015

Pe3yabrarsl HccleloBaHAH CKBa:kHH Ha 01.02.2015r

IIporuno3s DdakT
[0 MpOrpaMMe HCCJIeJ0BAHHH | IO HCCIeJOBAHHIO

157 147

327 320
196 4035
196 341

CKBaXUHBI TPOOYPEHHBIE C UCIIOJb30BAaHUEM CEPBHUCA F'€OHABUT AU
Wells drilled with geosteering service
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CxkBaxuna 3. Kparkas reosioruueckast uHpopmanus
Well 3. Brief geological information
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I'eosnnornueckas 2D monesib Ha GPUHAJIBLHBIN 32001
CKBAKUHBI
Final 2D geological model at the TD
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BriBoabl u Pexomenaanu
Conclusions & Recommendations

U HakonJieHHBIH ONBIT HCIOJIB30BAHNS ITYOMHHOTO a3umyTajibHoro JMK noka3biBaer,
4TO NPUOOP CNOCOOEH KAPTUPOBATH IPAHUIBI 1a%Ke B YCJIOBHUSIX CJI0KHOT0 TOHKOTO
nepec;TanBaHusA MOPOI
Accumulated experience of utilizing the deep azimuthal resistivity tool shows that the
tool can map boundaries even under complicated conditions of thin interbedding of
rocks

Dﬂ.]lﬂ Ka4Y€CTBCHHOI'O PC€IICHUSA 3a/1a4 110 rcOHaBUTraluu HeOﬁXOIlI/IMO OoNnTuUMaJabHO
ncnoab3oBath AaHHble DMK coBmecTHO ¢ TripleCombo
It’s mandatory to use the azimuthal resistivity tool with TripleCombo for qualitative
achievement of geosteering targets

U Ananu3 onpiTa HCNOJB30BaHUs KapTorpada nmoka3piBaeT, 4T0 NPUOOP CMOCOOEH pelaTh
H 00J1€ee CJI0KHbIe 3aJavdu U MOXKET ObITh PEKOMECHIAOBAH IJIAA IIPOBOAKH I'C B naacrax
MaJIou MOIITHOCTH («JICHTO‘IHLIE KOJIJICKTOPLI»), B 3aIaHHOM 3aka3unuKoM ONPCACJICHHOM
uHTepBaJie (1-2M HUKe KPOBJIM MJIM BbILIE IMOAOMIBLI U T.II), B YCJIOBUAX BBICOKOM
HCOIIPEACJICHHOCTH C YIVIOM BOCCTaHI/Iﬂ/HaIleHI/IH mjaacra
Performance analysis based on running the azimuthal resistivity tool shows that the tool
can meet even more complicated geological objectives and can be recommended to be
used for placing a wellbore in reservoirs of a little thickness or in interval specified by
Customer (1-2m below the top of target or above bottom, etc.) in conditions with high
uncertainty of a structure behavior.
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Bonpocsr?
Questions?

Cnacu0o0 3a BHUMaHUEC
Thanks for your attention!
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