Direction and Inclination
Moaynb 1 - BBeaeHwue

Module 1 - Introduction

l,

s | Y

D&M Learning Centers
Updated Mar 14, 2007 smmmhepgep




3agavn moayns

Module Objectives

m [10 OKOHYaHUK 3TOrO MOAYI1A UHXKEHEP OO0ITKEH YMETD.
At the end of this module you should be able to

— O6bsACHMTL BaxHOCTb U3MepeHun D&l ans D&M
Explain why D&l is important to D&M

- I'IepeqmcnvlTb Pa3liM4HbIE€ TUIbI I'IpOdC)I/IJ'IFI CKBaXWH

List different types of well profiles

- I'IepeqmcnvlTb Ha3Ha4Y€HUA HalpPaBIiEHHbIX CKBaXWH

List the applications of directional wells

- I'IepeqmchTb N 0OBSACHUTD Pa3liM4Hble KOOPANHATHbIE CUCTEMBI

List and explain the common oilfield mapping systems

— HaxoguTb To4ku B 30Hax U TM no 3agaHHbIM KOOpAMHaTaMm

Be able to plot points in UTM zones given the Northings and Eastings

—  OBBbACHNTE MaKCMMarbHOE 3HA4YEHNS KOHBEPrEHLIUN B
koopauHaTtHou cucteme UTM

Understand the maximum possible Grid Convergence limit in the UTM coordinate system.
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BaxHOCTb UWHKITMHOMETPUN

The Importance of D&

m YTO OTHOCUTCA K rnaBHbIM cdpepam gesartensHoct D&M

What are the core D&M businesses

— HanpasneHHoe bypeHue

Directional Drilling

— WHknuHomeTpus — D&l

Measurements While Drilling - D&

— Kaporax B npouecce bypeHus

Logging While Drilling

m B Kakon cpepe B cnyyae Heygaum notTeHUManbHbIN
(OMHAHCOBBI yLLEPO MOXET ObITb HaNbONbLLNM?

Which has the biggest monetary impact if we get it wrong?
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BaxHOCTb UWHKITMHOMETPUN

The Importance of D&l
m Bblgepxka n3 peknamHoro canta D&M

Taken from the D&M external website;

«Halw cepsuc no3sonsem onmumu3uposama
HanpaeseHHbIlU KOHMPOsb ¢ MOMeHMa Habopa
napamempos U 3aKkaH4ueas npoekmHol 2nybuHod,
COKpauwasi CpokuU U 3ampamsl Ha bypeHue.

[...]

Hesasucumo om crioxXHocmu mpaekmopuu, Mbi hpogedem
TIOOYI0 CKBAXUHY — 8epMUKAIbHYI, HaKITOHHYH UNU
20PU30HMarbHY MOYHO myda, Kyda mpebyemcs»

“Qur drilling services optimize directional control from kickoff to total depth, reducin
drilling imeaind cost. °F /i i P 8
[...]

Short section or extended reach, we can place your well path where you want
it—vertically, tangentially, or horizontally.”
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3a4yem HY>KHa UHKITMHOMETPUA

Why do we need D&l

m B yem 3aKknyaeTcs BaXXHOCTb
NHKMUHOMETPUKN?

Why are direction & inclination so important?

— |A30exaTb CTONKHOBEHME
C OPYrMMU CKBaXMHAMM

Avoid other wells (Anticollision)

— [lpenoTBpatntb
rnepeceyveHune rpaHuL
NINLIEH3NOHHBIX Y4aCTKOB

Prevent crossing lease lines, boundaries
or borders

[TonacTtb B LEenNb

- Hitthe Target
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OCHOBHbIe TUMbI NPOMUNSA CKBAKMH

ENIRVEIREEMIES

m  ONEMEHTbI NPOUNS CKBAXMHBI

Features of a Well Profile

— KoopamHaTbl yCTbA

Surface location

— Touka Hayana Habopa napameTpoB
Kick Off Point-Build

— KoHew yyacTka Habopa napameTpoB |
End Of build/curve 5

— WnHTepBan ctabunusavum

Tangent Section

— Toyka Hayana C6poca NnapaMeTpoB
Drop Off Point e
— KoHel y4acTka cbpoca napameTpoB |
End of Drop/curve S S

— [lpoekTHas rnybuHa
TD - Total Depth
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OCHOBHbIe TUMbI NPOMUNSA CKBAKMH

ENIRVEIREEMIES

a OcHOBHbIe TUMbI NPOUNS

Basic Profiles

— BepTtukanbHas ckBaxuHa
Straight Well (Vertical)

— S-0bpa3Has cKkBaxuHa
S-Type Well

* [Ipamon yyacTok
Hold

« Habop

Build

o Crabunusauus

Tangent

« Cbpoc
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OCHOBHbIe TuMbl NPOMUNA CKBAXMH

ENIRVEIREEMIES

a OCHOBHbIE TUMbI Nponns

Basic Profiles

— HaknoHHas (J-o0bpasHast) ckBaxuHa
Slant Well (J-Type)

* [1pAmon yyacTok
Hold

« Habop

Build
 CTabunusauus

Tangent

— ['opu3oHTanbHasa ckBaXxuHa

Horizontal Well

* PasnunyHble kKoHQUrypaumu

Various configurations
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OCHOBHbI€ TUMbI NPOMUIA CKBAXMH

ENIRVEIREEMIES

m HasHaveHus HaMpPaBJIEHHbIX CKBaXWH

Applications for deviated wells

— He[ocTynHble y4acTky

Inaccessible locations

— bypeHwe ¢ bepera nog mopckoe AHO

Onshore to Offshore locations
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OCHOBHbI€ TUMbI NPOMUIA CKBAXMH

ENIRVEIREEMIES

m HasHaveHus HalpaBl1i€HHbIX CKBaKWH

Applications for deviated wells

— Bropowu ctBon
Sidetracking

— Pa3BefoyHble CKBaXUHbI C HECKOMbKUMUK CTBOMaMY

Multiple exploration wells - Geological sidetrack

— bypeHue nog congHon kynon

Salt dome drilling
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OCHOBHbI€ TUMbI NPOMUIA CKBAXMH

ENIRVEIREEMIES

m HasHaveHus HaMPaBJIEHHbIX CKBaXWH

Applications for deviated wells

— CKBaXWHbl angd riyweHns

Relief wells

— KycToBoe bypeHue
Offshore Multi-well drilling

Blowing @4

I Relief well
- well

[ Sea
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OCHOBHbI€ TUMbI NPOMUIA CKBAXMH

ENIRVEIREEMIES

m HasHaveHus HalpaBJi€HHbIX CKBaKWH

Applications for deviated wells

- rOpI/I3OHTaJ'IbeIe CKBaXWHbI

Horizontal wells

— CKBaXWHbI C OOMbLIMM OTXOAOM OT BEPTUKANM

Extended Reach Drilling (ERD wells)

— MHorocTBOMbHbIE CKBAXUHDI

Multilateral
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[InaHnpoBaHWe CKBaXUH

Planning Wells

m  KnneHT 3aKkntovaeT KOHTPAKT C NOAPSAYMKOM MO HanpaBieHHOMY
OypeHuto Ha pa3paboTky NPodunsa CKBaXMHbI

When a client wants a well planned then a DD company is contracted to design the well plan.

s OpHon 13 3agay pa3paboTymnka SBNSETCs NEPEHOC 3-MEPHOTO
NPOMUNSA CKBaXMHbI HA 2-MePHbIN NMaH, YTO BbI3bIBAET
HeobX0AMMOCTb UCMONb30BaHNS KOOPAUHATHOWN CUCTEMbBI A5
TOYHOrO COCTaBMEHNA NNaHa.

This involves designing a 3D well plan on 2D paper. Therefore a mapping system is used to ensure that the
map is as accurate as possible

m  A3UMYT CKBaXMHbI JOSHKEH ObITb ONPEAENEH MO OTHOLLEHWMIO K
ncnonb3yeMomy cesepy, byap To:

The well has to be planned to the proper north reference.

— MarHuTHbIN CeBep
Magnetic North

— [eorpaduyeckunn cesep
True North

— KoopaunHatHbIn ceBep
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KapTorpaduyeckue npoekLmy

Map Projection

s Kaprtorpadmueckue npoekumu

Map Projections

— Kaprorpaguyeckast npoekumna — matemaTndeckas Mmogernb

The Map Projection is a mathematical definition

— OHa onpeaenseT TOYKY Ha M30THYTOW NOBEPXHOCTM 3emni
C MOMOLLbHO LLIMPOTBI U JONTOTbI

It takes a point on the surface of the curved earth and defines it by Latitude and
Longitude

— [lanee aTa TO4Ka MOXeET ObITb HAHECEHA Ha KapTY C
NOMOLLIbO COOTBETCTBYHOLLEN KOOPANHATHOWN CUCTEMDI

This can then be plotted on a flat piece of paper defined by a North and East grid
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KapTorpaduyeckue npoekLmy

Projection Models
[1Be LIMPOKO NpUMeHseMble KapTorpamuyeckme npoekUmu:

Two Common Projection Models:

m YHMBepcanbHasa nonepeyHas npoekumsa Mepkatopa

Universal Transverse Mercator (UTM) Grid System
— Jlenut noBepxHocTb 3emMnu Ha 60 paBHbIX MEPUANAHHBIX 30H

Divides world into 60 equal longitudinal zones

— LnpuHa Kaxagon 30HbI paBHa 6 rpagycam

Each zone is 6 deg wide

— [lorpellHOCTb YBENMYMBAETCS N0 Mepe OTAANeHWs OT 3KBaTopa

Distortion increases north & south of the equator

m KoHmyeckast paBHOyronbHas npoekuust Jlambepra

Lambert Conformal Conic Projection
— [lapannenu aBnatTCa AyraMu KOHLEHTPUYECKMX OKPYXHOCTEN

Parallels of latitude that are unequally spaced arcs of concentric circles

— [lorpelHoCcTb YBEMMYNBAETCS N0 Mepe NPUBIMKEHUS K KpasiM
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YHuBepcanbHas nonepeyHas cucrema Mepkatopa (1)

Universal Transverse Mercator (1)

s CraHpapTtHas cuctema
MepkaTopa yBennymeaeTt -
MOrPeLLHOCTb MO HAMPaBNEHUIO Mercatot Projection
K nontocam

Standard Mercator causes distortion towards
the poles

s [onepeyHas cuctema jy b Sarcaby
MepkaTopa yMeHbLUAET Projection
MOrPeLLHOCTb MO HaNpaBeHNHo
K nomocam

Transverse Mercator minimizes distortion
towards the poles

s UTM npumensetcs B ~60
CTpaHax

UTM is preferred in ~ 60 countries

m [lpumeHseTcs B cTpaHax,
BbITSHYTbIX C CEBepa Ha tor
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YHuBepcanbHasa nonepeyHas cucrema Mepkatopa (2)

Universal Transverse Mercator (2)

s Mup genutcs Ha 60 3oH UTM

The world is divided into 60 UTM Zones 144°136° 132° 126° 120° 194° 108° 102° 96° 90° 84° 7s'~7r 66° 60 54° 48° 42° 36°

s PaccrosHus onpenensioTcs B MeTpax # ) e
Length is defined in meters t o g B
m KoopauHatbl B cetke UTM gomkHbl , A i B S Ll
BKMOYaTb B cebs: Ral 5

UTM Grid Reference must include:

— Homep 30HbI

Zone Number

—  Tonywapwe (C nnu FO)

Hemisphere (N or S)

s Macwrab

Scale factor

— 3aBucuT OT KoopaMHaT

Function of position in zone

—  JluHum macwitaba 1:1 HaxoaaTcsa Ha
pacctosHun ~180 kM no 0be CTOPOHB!
OT LieHTparnbLHOro MepuanaHa

Lines of true scale (1:1) lie ~180 km either side of central

Zone Central Meridian

\I '::‘ § | 4 0 [P
i @Q‘é olelo|o|o|olo| oo 6| a

AR

d
Zone Origin
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[TocTpoeHune 30H6I UTM

UTM Zone Configuration

m JKBATOpP NPOXOAUT C BOCTOKA
Ha 3anag

Equator runs East — West
m LleHTpanbHbIM MepuamnaH
NPOXOAUT C CeBepa Ha tor

Central Meridian runs North — South

m [IpamoyronbHada ceTka
KOOpAMHAT HanoXeHa Ha 30HY
014 NOCTPOEHUS NPOoeKLm

Rectangular Grid system superimposed on zone
for mapping purposes

m [lo3BonsaeT onpenendrs
KOOpAMHATbI N0 «CEBEPHOMY
YAANEHUIO» U «BOCTOYHOMY
yaaneHuo

Allows points to be defined as Northings and
Eastings
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30Hbl UTM — BoCTOYHOE YOaneHue

UTM Zone - Eastings

m [1n9 n3bexaHus otpulaTenibHbIX
BOCTOYHbIX yAaneHuit LeHTpanbHOMy i
MepUanaHy npou3BomnbHO R ho sy s
npucsansaetcs yaaneHue 500 000 m ’

false easting
. . , . of 500,000 m)

To avoid negative Eastings the Central Meridian is
assigned a false Easting of 500,000m

m Ha aKkBaTope 30Ha MMEET LUNPUHY

|

|

|

|

|

|

|

Origin of
g

npumepHo 600 000 m
At the Equator the zone is ~600,000m wide 3 3° -
quator
m BOCTOYHOE yOaneHne MeHseTcs: false eastin :
— 0O1~200 000 go ~800 000 m

Range of Eastings are:
- ~200,000m — ~800,000m

m [lpenensi BOCTOYHOMO yaaneHus
CYXXatoTCs M0 Mepe NpUbIKEHUs K
nontocam 6°

Range of Eastings narrows towards the pole

F 8

¥
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30Hbl UTM — ceBepHoe yaaneHue

UTM Zone - Northings
m B ceBepHOM nonyLwapun cesepHoe

yaareHue paBHo HYMIo Ha KBaTOpe SN — — _ _ _| Central Meridian
N pacTeT o Mepe NPUONIMKeHUs K
4
CEBEPHOMY MOIOCY
Northing Points North of Equator range from zero at the om
equator increasing to the north at equator
= B toXXHOM nonyliapumn cesepHoe Increase as
go north 3° 30
yaanexue pasHo 10 000 000 m Ha Equator
9KBaTOpe M yMeHblaeTca no Mepe e
rIpI/I6J'II/I>KeHI/IFI K KOXXHOMY MONOCY P R
Northing Points South of Equator range from drop south
10,000,000m at the equator decreasing to the south v
m OTO YCTpaHseT HeobX0AMMOCTL B -
oTpuuaTeslbHbIX 3HA4YEHNAX o po »

Avoids negative numbers similar to Eastings
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KoopaunHaTHbIN ceBep v koHBepreHums (1)

Grid North & Convergence (1)

m JIMHMM KOOpPOMHATHOM CETKM, GN__ GN
yKa3blBatoLLe Ha CeBep, '} /\ }
napannenbHbl

Grid North lines are parallel 1

GN west of TN GN
s JIMHWK, ykasbliBaloLlme Ha )

reorpadoMyeckmni ceBep cxoasaTcs
Ha LI,eHTpaJ'IbHOM MepI/I,EI,VIaHe Meridians

. -
True North lines converge on the Central Meridian of Longitude

s KoopauHaTtHbIV 1 reorpaduyeckmm
ceep B UTM coBnagaloT TOMbKo {

Ha UEeHTPaJibHOM MeEpUanaHe U

Parallel
aKBaTope el e

Grid North and True North are only identical along Central Meridian
UTM zone Central Meridian and the equator (TN =GN)

GN east of TN
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KoopanHaTHbIN ceBep 1 KOHBEpreHuwms (2)

Grid North & Convergence (2)

m YTOM KOHBepreHuum

Grid Convergence

— Yron mexay reorpauyeckum
N KOOPAMHATHBLIM CEBEPOM,
cynTast OT reorpauyeckoro

Angle from True North (TN) to Grid North (GN)

— lImeeT 3HaK «+» K BOCTOKY

+ve to the East

— WmeeT 3HaK «-» K 3anagy

-ve to the West

Slide 22
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Yron KoHBepreHLmy

Grid Convergence

m VI3MeHseTcs Kak CUHYC WWNPOTHI

Varies as the sine of the Latitude

— Ha akBaTOpe yron KoHBEPreHUUn paBeH Hymo

At the equator Grid Convergence = Q°

m [aKke U3meHsetcd ¢ yaaneHuem ot LIM

Also Varies with longitudinal displacement from CM

— Yron koHBepreHuuun = (Sin wupoTsl) X (aonrota — M)

Grid Convergence = Sin Latitude x (Longitude - CM)

— ®opmyna Ans pacyeTta Ha kanbKynsTope

This will give an accurate answer by calculator

a KakoBo Hanbonbluee 3Ha4YeHue yrna KOHBEpreHLun?

What is the biggest Grid Convergence you can have?
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Yron koHBepreHuun UTM B pasHbIx nonyLuapusx

UTM Convergence and Hemispheres

B ntoboit Touke HanpaBneHue Ha Central Meridian
reorpauyeckini cesep coBnaaaet ¢ Grid Grid
MepUANaHOM, MPOXOASALLMM Yepes ATy True | True
TOUKY

True North at any point aligns with the longitudinal line through that
point

= B ceBepHoM nonyLapumn HanpaeneHue
Ha reorpadoMyeckni ceBep NOBEPHYTO  cquator

Kk LIM

. o Grid Grid
Cll\;I‘ the Northern Hemisphere True North points inwards to the True e
= B 10XHOM nonylwapum HanpasneHue

Ha reorpadMyecknm cesep NOBEPHYTO
or LIM

In the Southern Hemisphere True North points outwards from
the CM
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YnpaxHeHue no 3oHam UTM

UTM Zone Exercise

» B kakom kBagpaHTe HaxoauTCcs AaHHas
TOYKa

Which quadrant contains the following point?

— KOxHoe nonywapwve

Southern Hemisphere

— CesepHoe yaanenue 9 500 000 m

Northing 9,500,000 m

— BoctouHoe yganeHue 600 000 m
Easting 600,000 m

m Y0 KOHBEPreHLUnn NoNoXUTENEH UMK
oTpULaTenen?

. Is the convergence positive or negative?
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JlambepToBa npoekuus

Lambert Projections

m [Ipoekums rnobyca Ha KoHyC

Projects globe onto a cone

m [lpumeHseTcs B
NPENMYLLECTBEHHO B CTpaHax,
BbITSHYTbIX C BOCTOKA Ha 3anaj

Used in countries / areas that run primarily from
East — West

s EavHuua namepeHus - gyl

Uses feet instead of meters

n [lng onpenenexns
MECTOMONOXEHNS HE0DX0AMMO
yKa3aTb HOMep NlambepToBON
30Hbl

You must specify the Lambert Zone Number
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JlambepToBa npoekLus - macLiTao

Lambert Projections - Scale

» Konyc NTambepta nepecekaet
3eMITI0 Ha CTaHJapTHbIX
napannensix

Lambert cone penetrates the earth along
standard parallels

s Macwrab 1:1 Boonb
CTaH4apTHbIX napanneneu

Scale exact along standard parallel

s Maclutab He n3mMeHsieTcs npu
NBWXEHWUN C BOCTOKA Ha 3anaf

Scale constant E - W

Standard Parallels

’———~

s Macwrab n3meHsetcs npu
OBVKEHUN C ceBepa Ha tor

Scale changes N — S
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[Tpmep nambepToBon npoekummn - CLUA

Example Lambert Projections - USA

n [pumeHsieTcss Ansi moctpoenmns ™% ~ g
S =7 Noth
KapT BCexX 48 CMeXHbIX LUTATOB R il o e bl
. 0% error standard
Has been used to map all mainland USA states parale
= CTaHpapTHble napannenu - —
HaxoasaTest Ha 33° v 45° ¢.w. i N #
Standard parallels at 33°N and 45°N ~ Southern
0 0% ertor standard
s [lorpewHocts 0,5 — 1% mexay : oaralel
30,9° n47,5° c.wu. oo S
Scale error of 0.5% and 1% between 30.5°N and e T e
47.5°N Rl g § ,
= MakcumanbHas norpewHocTs 4. »-
npuxoguTcsa Ha wraT dnopuaa TN e e
_ 0 Longitude of the
2’5 o Origin of Projection

Maximum error of 2.5% in Florida
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[1TnoCcKOCTHbIE NPOEKLIUKA

Planar Projections

m [lpon3BogsaTcs nyTem NpoeKLum
MOBEPXHOCTU 3EMMI Ha KACATEMbHYH
MNOCKOCTb

Produced by projecting earth onto a tangent plane

m MacwTtab He nmeeT UCKaXXeHuU TOMNbKO B
LlEHTPE KapTbl

Only true at the center of the map

s [lorpelwHocTb Bo3pacTaeT no
HanpaBMNeHNIo K Kpasam KapTbl

Distortion increases towards edge of map

a  OObIYHO NpUMEHSIETCS ANA HAHECEHMS Ha
kapTy CeBepHoro 1 FOxxHOro nontocos

Commonly used to map North & South Poles
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CucTeMbl KoopamHaT

Grid Systems

» KomnaHuu-onepaTopbl Ha OYPOBbIX MCMOMb3YIOT MECTHYH
CMCTEMY KOOPAMHAT

Operators use local coordinate systems on rigs

m Onpepenserca paccrosaHmem no C/KO n B/3 oT MecTHOW
TOYKM OTCYETA

Distance North/South, East/West from a local reference

s OObIYHO NpVBSI3bIBAETCS K NNATHOPME UMK YCThiO

Normally referenced to Structure or Slot

m Takue cucTeMbl MPOCTbI B paboTe 1 ANns NOHUMaHUS

Easy to plot and understand
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3afa4n Moayns - NoBTop

Module Objectives - Review

m [10 OKOHYaHWUK 3TOrO MOAYNA UHXEHEP AOIMKEH YMETb:
At the end of this module you should be able to

—  ObbsACHUTb BaxHOCTb U3mepeHuit D& ans D&M

Explain why D&l is important to D&M
— [lepeuncnuTb pasnuyHble TUMbI NPOMUNISA CKBAXWH

List different types of well profiles

- I'IepeqmcnvlTb Ha3HA4Y€HUA HalPaBIiEHHbIX CKBaXXWH

List the applications of directional wells

— [lepeuncnutb 1 0O6BACHUTL Pa3nyHble KOOPOAMHATHBIE CUCTEMBI

List and explain the common oilfield mapping systems

— Haxogutb ToukM B 30Hax UTM no 3agaHHbIM KoopauHaTam

Be able to plot points in UTM zones given the Northings and Eastings

— OBOBACHUTb MaKcMMaribHOe 3HaYeHWs! KOHBEPreHLun B
koopauHatHou cucteme UTM

Understand the maximum possible Grid Convergence limit in the UTM coordinate system.
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