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3agaun moayns

Module Objectives

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

- I'IepeqmchTb N ONNCaTb Pa3siniHbIE TUMbI MHKITMHOMETPOB

List and describe the different types of Survey Tools

— OOBACHUTL OCHOBHbIE NnpenmyLLecTBa rmpOCKONMNUYECKMNX
WHKITMHOMETPOB

Explain the major benefit of Gyro based survey measurements

— 0003HaunTL BCe ANEMEHTLI, ONpedenstoLLe TOUKY 3aMepa

Describe all the elements that define a survey station

— OnucaTb KaK BbIYUCISETCS 3EHUTHbIN yrosn CKBa>X1Hbl

Describe how we calculate the Inclination measurement

— OnucaTb KaK BblYUCISETCS d3NMyT

Describe how we calculate the Azimuth measurement

— [lepeuncnute n onuLINTE KPUTEPUM Ka4ECTBA 3aMepa

List and describe the Field Acceptance Criteria
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3agavn moayns

Module Objectives

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

— [lepeuncnutb KOPPEKLIMK, KOTOPbIE NPUMEHSIOTCS K M3MEPEHUSIM
3EHMTHOrO Yrna 1 MarHUTHOro asumyTa

List and describe the corrections applied to Inclination and Magnetic Azimuth and be able to calculate
them.

— Onucatb pasnuyHbie METObl BbIMUCIIEHNS 3aMepPOB U
0003HaunTb MeToa, npumeHsiembln B IDEAL/Maxwell

Explain different survey calculation methods and identify which survey calculation method is used by
IDEAL.

—  OOBACHUTb TOYKY NPUBSA3KM 1 Kaxabln U3 pe3ynbTaToB
BbIYMNCIIEHNS 3aMepa

Describe a Tie In Point and all the outputs from the survey calculations

—  OBbACHUTB, YTO TAKOE SNMUNC HEONPeaEeneHHOCTH, N YEM OH
BaXXeH
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Teopus nsmepeHnm

Survey Theory

1. WIHKNMHOMeTp.!

Survey Tools
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Tunbl MHKNMHOMETPOB — MHANKATOPbI CMELLEHNS

Types of Surveying Tool -Inclination Only

I npOI/I3BOLI,FIT TOJIbKO 3aMepbl 3EHUTHOTO YITia

Provide borehole inclination only

m Hepgoporo cnocob KOHTPONS BEPTMKANBbHOCTN CKBAXKMHbI

Used to monitor verticality of well bore - cheaply

m  CYLIECTBYIOT ANS NPUMEHEHUS KaK «BO BPeMS DypeHus»,
TaK U «nocne bypeHns»

Available for “whilst drilling” & “after drilling”

- TOTCO — nocne bypeHust — AUCK ¢ NpoBUTLIMK
MeTKamu

TOTCO — after drilling — punched card-board disc

— AnderDrift — Bo Bpemst BypeHus — MexaHn4eckoe
YCTPOMCTBO, NOCbINatoLLee UMNYNbChbl AaBNeHUS

AnderDrift — whilst drilling — mechanical device sending pressure pulses up hole

= He JaloT BbICOKOW TOYHOCTM — NPUMEHSIOTCS TOSBKO A
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Tunbl MHKNMHOMETPOB - 3MEPSIOLLINE YTOM U a3UMyT

Types of Surveying Tool - Inc & Az Tools

m  MarHuTHble nprbopbI — N3MEPEHWE MArHUTHOMO a3nuMyTa

Magnetic Azimuth Tools

M3mepeHne MarHMTHOro asumyTa

MN referenced
— OpHoTOYeYHblEe
Single Shot
* V3mMepeHns perucTpupyoTcs Ha Ancke ¢ POTOMMNEHKON UIK
3MNEKTPOHHBLIM CrOcoboM

Film disc or electronic

— MHoroToyeyHslie
Multi Shot

* [13amepeHusi perucTpupytoTca Ha POTONNEHKY MU ANEKTPOHHBIM
crnocobom

Film strip or electronic

— Tenecuctemsl MWD — nsmepeHnus B npoLecce bypeHus

MWD tools
* |/]3MepeHl/IFI Npon3BoAATCA SJIEKTPOHHbIMW KOMMOHEHTAMU

Electronic components

Slide 6 Schiumbepgep

D&M Learning Centers




Tunbl MHKNMHOMETPOB - 3MEPSIOLLINE YTOM U a3UMyT

Types of Surveying Tool - Inc & Az Tools

= [ Mpockonunyeckune
npunobopsl

Gyroscopic Azimuth Tools

MamepeHune
reorpagou4eckoro asmmyTa

TN referenced

— (CB0BOOAHbIE TMPOCKOMbI

Free Gyro

— [Mpockonbl yrnoeow
CKOPOCTY BpaLleHns

3emnu
Earth Rate Gyro
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Tunbl MHKNMHOMETPOB - MMPOCKONb!

Types of Surveying Tool - Gyroscopic Tools

Teopus rmpockona
Gyro Theory

m  YpaBHOBELIEHHAS
BpalLLaroLlmeca macca

Balanced spinning mass

s Macca cBoboaHO BpaLlaeTcs
BOKPYr O4HOW 1nu
HECKOIIbKMX OCEN

Free to rotate on one or more axis

m [lpn atom npoTmBOCTOUT
BO3[1EUCTBUHO BHELLHUX CUIM

It is resistant to external forces

m He noasepxeHa
BO31ENCTBUIO MArHUTHbIX CUIT

It has no magnetic effects

Vertical Gimbal
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NT1bl NHKIMHOMETPOB — TMPOCKOINMNYECKNE

npuoopbl

QUTER GIMBAL AXIS OUTER GIMBAL AXIS
INNER GIMBAL ~ INNER GIMBAL /
AXIS = AXIS
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Tunbl WHKITMHOMETPOB - TMPOCKOTbI

Types of Surveying Tool - Gyroscopic Tools

CyLlecTBYIOT Ba TWMa rMpoCKOroB

Two types of tools

m  CBOOOAHBIV rMPOCKON

Free Gyro

—  [lpnbop opneHTUpoBaH Mo onpeaeneHHoOMy
HanpaBeHWo, N3MEPSETCS OTKIOHEHNE OT 3TOro
HanpaB.neHns, OTKOPPEKTUPOBAHHOE MO Apendy

- Tool aligned to a specific heading and variation from this heading, corrected for drift is measured

m [Mpockon yrnoBow CKOPOCTK BpaLlleHns 3emMnu

Earth Rate Gyro

— AsumyT onpenensaeTcs ¢ NOMOLLbLI 3MEPEHNS YTNoBOW
CKOPOCTY BpaLLieHNst 3eMnu

Speed of earths rotation measured and processed to a specific azimuth
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Tunbl MHKNMHOMETPOB — Tenecuctembl MWD

Types of Surveying Tool - MWD Tools
m He n3Bnekaemble, CMOHTMPOBAHHbIE B YBT KOMMNOHEHTHI

Non-Retrievable Collar Mounted
— PowerPulse*
— TeleScope*

- IMPulse*

m  KOMMNOHEHTbI U3BEeKaemble

Retrievable Collar Mounted

— SlimPulse*
— E-Pulse

Direction and

Downhole . . .
inclination

flow rate

n
module

Electronics Gamma ray or
module 3-axis vibration

Power
generation

Downhole module
weight and
torque on bit
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Survey Theory

2. YTto cocTaBnseTt 3amep
NHKIUHOMETPUN, U KaKUM
0bpa3om oH bepeTca?

What is a Survey and how do we take it?
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OnpepeneHne 3amepa

Survey Definition

3amep COCTOUT U3 Tpex :
N3MepeHun, caenaHHbIX B \
OJHOW TOYKE: |

A survey is simply three measurements made at a
point below the surface of the earth:

m [nybuHa no cTeony
CKBaXMHb!

Measured Depth

m 3EHUTHbIN yron

Inclination

m AsuMyT

Azimuth
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MHknnHomeTpus npnbopamm MWD

Measuring D&l with MWD tools

m [1pnoop MWD n3mepsieT 3eHUTHbIN Yron CTBOSa CKBAXMHbI
nyTem U3MepeHnsa HanpasneHUs rpaBUTaLMOHHOIO NoNg
3emrn OTHOCUTENbHO Nprnbopa

The MWD tool measures the Inclination of the well bore by measuring the direction of the earths
Gravitational Field relative to the tool.

m [1pnoop MWD n3mepsieT asumyT CTBOSA CKBAXWHbI NYTEM
W3MEPEHNS HanpaBNeHNss MarHUTHOrO Nons 3eMnu
OTHOCMUTESbHO Nprbopa

The MWD tool measures the Azimuth of the well bore by measuring the direction of the earth’s Magnetic Field
relative to the tool.

m /13mepeHune rnybuHbl No CTBOMY BLINOSHAETCS AaTYMKaMM
Ha3eMHOW CUCTEMbI

The depth measurement comes from our surface sensors
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ba3oBasa TepMmMHONOrnA

Basic Nomenclature

s Halwen uenblo ABNIeTcA M3MepeHne crnedyoLimx MU3nYecKux
CBOMCTB 3eMNN:

The Earths properties that we are trying to measure:

— H — BEKTOp MarHWTHOro Nnong (B rammax)

H = Total Magnetic Field Strength (gammas)

— G — BEKTOP rpaBWTaLMOHHOrO Mons

G = Total Gravity Field Strength

m [lapameTpbl, aktnyeckn Bblumucnsemolie B IDEAL/Maxwell

What we actually Calculate inside IDEAL:

— Tool H = BbluMCNseMbIN MarHUTHbLIM BEKTOP (counts)

Tool H = What we calculate for the Magnetic Vector (counts)

— Tool G = Bbl4MCNAEMbI rPAaBUTALMOHHBIA BEKTOP

Tool G = What we calculate for the Gravity Vector

Slide 15 Schiumbepgep
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3EHWUTHbIN Yron — BEKTOP rpaBUTaLOHHOIO NONS

Inclination - Gravity Field Vector

s 3EHUTHbIM YINIOM B JaHHOM
TOYKe CTBONIA CKBaXMHb!
Ha3bIBAETCS YroMn OTKMOHEHNS]
CTBONA OT BEKTOPA

The inclination at a point along the well bore is a
measurement of the angle of deviation from
vector g

m BeKTop g HanpaBneH K LeHTpy
3emnu

Vector g points towards the center of the Earth

s EAWHMUA nsmepeHuns —
«countsy, 1000 counts = 1g

Units of measurement are “counts”, 1000 “count”
= ‘]g
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3EHWUTHbIN Yron — BEKTOP rpaBUTaLK

Inclination - Gravity Field Vector

m BekTop rpaButaLumn n3mMeHseTCs ¢
BEPTUKaNbHOI rMyOuHOM 1 no

LMpoTe

Gravity Field Strength changes with TVD and
Latitude

m BekTtop rpasutauuu u

BepTWKanbHas rnyounHa
Gravity Field vs. TVD
= C npubnmxeHnem K LeHTpy
3emMni, BEKTOP rpaBuTaLimm
YMEHbLLAETCSH

Closer to center of Earth, Gravity Field
Strength decreases

m BekTop rpaButaumu u lWMpoTa
Gravity Field vs. Latitude
- C I'IpI/I6J'II/I)KeHI/IeM K 3KBATOPY,
BEKTOP rpaBnUTaLnn yMEHbLUAETCA

(3emns Wupe B AMameTpe)

Closer to Equator, Gravity Field Strength
decreases (earth is wider than it is tall)
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3aBMCMMOCTb FpaBUTaLIOHHOTIO MOAS OT
LLUVPOTHI
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3eHuTHbIN yron — npubopsl MWD - akcenepomeTpebl

Inclination - MWD Tools - Accelerometers

m OTO YCTPOWCTBO YYBCTBUTESILHO K BEKTOPY rpaBUTaLInK

This device is sensitive to the Earth’s Gravity Field vector

m [aKuX YCTPOWCTB B UHKNMHOMETPE 3

We have 3 of these devices in a D&l package

m  Onu pacnonoxeHbl nog yrnom 90° oTHOCKTENBHO ApYr Apyra

They are arranged at 90 degrees to each other in a mutually orthogonal set

s GXx, Gyand Gz

Direction of Gravitational
Field

_Llu HU‘

mlIA.

SIVN=
f

REFERENCE
AXiS

HBF]

|

REFERENCE

AXIS

stationa
ry
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3EHWTHbIN Yron — TPEXOCHbIE akCeriepoMeTpbl

Inclination - Tri-Axial Accelerometers

s GXx, Gy and Gz
— AkcenepomeTp, 0Cb KOTOPOrO PacronoXeHa BAOMb BEKTOPa

rpaButaumu, yntaet +/- 1000 counts

An accelerometer lined up with the Gravity Vector gives +/- 1000 counts

— AkcenepomeTp, 0Cb KOTOPOro pacnonoXeHa
NepneHanKynsipHo BekTopy rpasuTaumm, yntaet 0 counts

A Gx = 1000 ; Gx:=10

Gy =0
Gz=0

Gy =0
Gz = 1000

Gy = -1000
Gz=0 7

Vector g e
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3EHWUTHbIN yron — N3MepPeHUs akcenepomMeTpamu

Inclination - Accelerometer measurements

= B HesaBucumocTy 0T nonoxeHust npubopa B npoctpaHcTee, GFH ocTaetcs
NOCTOSAHHbIM

No matter what the tool orientation, GFH is stable

s GFH, BbluMCnEHHbIN U3 NOKa3aHus npubopa, AomKeH BbITb BIM30K NO 3HAYEHWMIO K
3HayeHu0, aaHHomy Geomag
Takum 06pa3om 3TOT NapameTp MOXHO UCMOMb30BaTh Kak KpUTEPUIM Anst NPOBEPKY
KayecTBa 13MEPEHNS]

GFH as calculated from tool should be close to Geomag value. This can therefore be used as a Quality Control

Measurement
GFH=./GX + Gy +GzZ

Gy

Gx

Gx
Gz

Gx

GFH GFH GFH
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3eHUTHbIN yron — BekTop Tg

Inclination - Tg Vector

m Bexrtop Tg - npoekumst GFH Ha nnockoctb Y-Z
Vector Tg is actually the projection as GFH onto the Y-Z plane

= B He3aBucumocTy oT pacrnonoxeHust npubopa B NPpOCTpaHCTBe, Tg 0cTaeTcs
nocrosiHHow (Roll Test)

Tak1uM 00pa3oM 3TOT NapaMeTp MOXHO WUCMOMNb30BaThb Kak KpUTEPUIA ANt NPOBEPKK
Ka4yecTBa U3MEPEHUS]

No matter what the tool orientation, Tg is stable ( Roll Test). This can therefore be used as a Quality Control
Measurement

Inclination

Tg=./Gy +GZ

Normally along
the wellbore

GFH

™\

Along the line
of gravity

On the Y-Z plane
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3EHWTHbIN Yromn — BblYMCNEHNE 3EHUTHOrO yrna

Inclination - Calculation of Inclination

= Yron mexay ocbto X npubopa 1 rpaBUTaLOHHbIM BEKTOPOM

Angle between the x axis of the tool an the gravity vector

|=tan'(Tg/GXx);Tg= /Gy +GZ
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D&M Learning Centers SI:|I|IIIIIIIBI'!]EI‘




Inclination - Practical

m BbluMCnnUTb 3Ha4yeHme
3€HUTHOrO Yyrna no AaHHbIM
HKe

Calculate the value of Inclination from the data

below: GX

~ Gx =765 GFH | 1

- Gy =234
- Gz =600

3EeHUTHbIN yron = ? Y.
Inclination = ?
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[TonpaBKu 3eHUTHOrO yrna — Koppekuus nporuba (1)

Corrections to Inclination - BHA Sag (1)

m [lpnbop MWD pepko ObIBaeT TOYHO LIEHTPAN30BaH B
CTBOMNE CKBaXWHbI — OCb NPUbopa He napannesibHa ocu
CKBaXMHb|

The MWD tool generally does not lie exactly centralized in the bore hole - the main tool axis and the wellbore
axis are not parallel.

s [log gevcTBrem rpaButauum npubop MoXeT npornbaTbes

Due to gravity the tool will sink to the bottom of the borehole (sag).

m [lpn Hannuum ctabunmnsatopos B KHBK, npnbop HaxoauTbCs
nog yrnom K 0Cu CKBaXWHb!

Stabilizers in the BHA will put the MWD at an angle.

s Heobxogumo ymeTb onpeaensTb yron npornba v npUMeHsiTb
3Ty NOMNPaBKy K 3eHUTHOMY yrny

Need to be able to quantify the amount of SAG and correct for it
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[TonpaBKu 3eHUTHOrO yrna — Koppekuus nporuba (1)

Corrections to Inclination - BHA Sag (1)

e T \ L NEGATIVE SAG CORRECTION J

MWD
TOOL
LONGITUDINAL

WELL BORE P

INCLINATION

MWD
TOOL
LONGITUDINAL
AXIS

WELL BORE
INCLINATION
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[Tpornd KHBK — BbiuncneHne BpyyHyto (1)

BHA Sag - Manual Calculation (1)

OnwuH ctabunusarop 12 %" Hag neknuHomeTpom MWD 97

Single 12 %" Stabilizer above 9" MWD tool

3HaueHue X: 25 gyTtoB ansg OD< 9", 30 qpytos ana OD >=9”

Xis a constant: 25 ft <9” OD >= 30

Yron npornba B ropn3oHTansHou ckBaxuHe paseH 0,26°
SAG Angle for horizontal hole = 0.26°

[1ns nto6oro Apyroro 3eHUTHOTO Yrna CKBaXMHb! yron npornba
YMHOXAETCS Ha CUHYC 3EHUTHOrO YIna

For other bore hole angle multiple SAG Angle * Sin Inc.

C KakuM 3HaKOM [0mKHa ObITb KOPPEKLIMA?

Do we add or subtract?

SAG ANGLE

1.625"
(0.135417 ft)
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[Tpornd KHBK — BbiuncrneHne BpyyHyto (2)

BHA Sag - Manual Calculation (2)

Crabunusartopbl N0 060MM KOHLL@M MHKITMHOMETpPA

Stabilized at both Ends

m ECnu pacctosiHne mexay ctabunusatopamm MeHblue 12 wm,
KOMMOHOBKa paccMaTpUBaETCs Kak Hecrnbaemas

If stabilizer distance <40ft, treat as a rigid body

m Ecnu paccrosHue >40 gyTos (ana OD<8") unu >60 ytos
(ans OD>8"), npornb BblYMCNAETCS KaK B CryyYae ¢ O4HUM
cTabunun3aTopoM, C TeM K KOTOPOMY MakeT AaTynKkoB Onike

If stabilizer distance is >40ft (<8” OD) or >60ft (>8” OD) then calculate as single stabilizer - whichever end the
survey package is nearest to

s ECnu nakeT gatymMkoB HaxoamMTCH Ha PACCTOSAHUM He Aanblue
5 (PYTOB OT LIeHTpanbHOW TOYKM Mexay OBYMS
ctabunusaTtopamu, Npornd UrHopupyeTcs

If the survey package is within 5ft of the mid point b/w two stabilizers, then ignore
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Mporu6 KHEK (3)

BHA Sag (3)

s C nomoulbto nporpammel DrillSafe, koTopast BXoauT B NakeT
Drilling Office MoXHO Bblymciute npornd KHBK

DrillSafe, within the Drilling Office Suite of programs can calculate the BHA Sag

m [lpornb otcyTtcTByeT B criyyae rnaakon KHBK

Only time SAG is not present - slick assembly

m [lpornb Heobxoammo yunTbiBaTh Korga oH > 0,1°

If SAG angle is >0.1° it should be taken into account
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A3UMYT

Azimuth

T,

m  A3UMYT - yron mexay
COOTBETCTBYIOLLM CEBEPOM U
rOp130HTanbHOW NpPoeKLMen
TeKyLlen TOYKM 3amepa

Azimuth is the angle between North Reference
and a horizontal projection of the current Survey
position

C |[',J'IFI onpeneneHnda asdmmyTa B
TOYKEe 3aMepa, UHKITMHOMETP
MWD pomxeH nsmeputb
MarHuTHoe none (310
NO3BOJIAET HaM MOJTYHYUTb

OPWEHTUP Ha CceBep)

To determine the azimuth of a survey point, the
MWD tool must measure the Magnetic field (this
allows us to get the North reference)

pes N

W

S N\
/ .
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A3UMYT — MarHTHoOe none 3emnu

Azimuth - Earth’s Magnetic Field

m /lcxoauT oT nonocos Magnetic North

It originates at the poles The Earth As a Magnet
m /lveeT onpedeneHHyto cuny u

HanpaBsneHue

It has specific strength and direction

s  MarHuTHbIM CeBep MeaneHHo P "\
MEHSeTCs /f\
Magnetic North is slowly changing : {',

s EOvHMUa n3mepeHus - ramma \
Units of measurement are gammas \ ‘\\ \ o

m 1 ToolH=1count @\/

s 1 ToolH=50Gammas
= 1 NanoTesla =1 Gamma N
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A3UMyT — HKNHOMeTpPbl MWD - marHeToMeTpb!

Azimuth - MWD Tools - Magnetometers

m YCTPOMCTBO, YyBCTBUTENbHOE K BEKTOPY MarHUTHOro nons 3emnu

This device is sensitive to the Earth’'s Magnetic Field vector

= B nakete WHKNMHOMETPUM TaKMX YCTPOMCTB 3

We have 3 of these devices in a D&l package

s [latunkn pacnonoxeHsl nog yrnom 90 rpagycos apyr K apyry

They are arranged at 90 degrees to each other in a mutually orthogonal set.

s Hx, Hy and Hz

REFERENCE AXIS

IMBALANCING
RESISTOR

™~

PICKUP COIL

DRIVE COILS
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A3NMYT — U3MEPEHISI MarHETOMETPaMu

Azimuth - Magnetometer Measurements
= B HesaBucuMocTy OT nonoxeHust npudopa, HFH octaeTcst NOCTOAHHBIM

No matter what the tool orientation, HFH is stable

s HFH, BblyncneHHbIn 13 nokasaHus npubopa, AomkeH bbiTb 630K no
3HaYEeHWI0 K 3Ha4eHuo, daHHoMy Geomag
Takum 0bpa3om 3TOT NapaMeTP MOXHO MCMOSIb30BATh Kak KpUTEPUM OS]
NPOBEPKMN KaYeCcTBa N3MEPEHMS

HFH as calculated from tool Sh(H'FPE'g?H%G-?ﬂﬂIgg \_/rgll,szThis can therefore be used as a

Quality Control Measurement

Hy Hy

HFH

HFH

HFH
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A3nmyT — BekTop Th

Azimuth - Th Vector

m Bekrtop Th - npoekuna HFH Ha nnockoctb Y-Z
Vector Th is actually the projection of HFH onto the y-z plane

m B He3aBMCMMOCTY OT pacnonoxeHust npubopa B NnpocTpaHCcTBe, Th ocTaeTcs
nocrosiHHou (Roll Test)

Takum 06pa3om 3TOT NapaMeTp MOXHO UCMONb30BATb Kak KpUTEPWiA ANst NPOBEPKM
Ka4ecTBa M3MEPEHUS]

No matter what the tool orientation Th is stable (Roll Test). During Roll Test it acts as a Quality Control
Measurement Hy "Th

Hz

Th=./Hy +HZ
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A3I/IMyT — Yron nageHna MmarHUTHOro norsis

Azimuth - Magnetic Dip Angle

[ | yFOJ'I Me>|<ny JIMHNAMK MOTOKA _
o Magnetic North
MarHUTHOIO NoJ1d U NINHNEWN, Magnetic Dip
KaCaTeJ'IbHO|7| K I'IOBerHOCTI/I 3eMIn

Angle between Magnetic flux line and a line tangent to the
Earths surface

s DIP =90°, bnuxe k nonocam
DIP = 0°, bnnxe K akBaTopy

DIP = 90°, Close to Poles  DIP = 0°, Close to Equator

s [lomkeH octaBaTbCA NPUMEPHO
NOCTOSHHbLIM ANS AaHHON TOYKM

Should remain relatively constant at a given location

m Bbiwe akeatopa DIP co 3Hakom «+»
Hwuxe aksatopa DIP co 3Hakom «-»
[TpumeHsieTcs Ans NPOBEPKU asnMyTa
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A3I/IMyT — Yron nageHna MmarHUTHOro norsisd

Azimuth - Magnetic Dip Angle

Magnetic Dip Angle

Flux Line

Earth’s surface

® The DIP angle is the angle between the fluxline and
a line tangent to the Earth’s surface

° Yron nageHnsa MarHUTHOro nonag - 3To yroa Mexay NINHNEN
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A3UMYT — 3a84eM HYXXHbl aKCcenepoMeTpbl

Azimuth - need for accelerometers

AKcenepomeTpbl Takke TpebyTcs
0119 BbIYUCIIEHUN

We need accelerometers as well as magnetometers

m [IpocToe n3mepeHue yrna mexagy
TOYKOW 3amepa 1 CeBEPOM HEBEPHO
(CMHSS CTpenka Ha PUCYHKeE)

If we simply measure from Survey Point to North - we
get an incorrect measurement (see length of blue arrow)

m [OYKy 3aMepa HYXHO
CMPOEeKTMPOoBaThb Ha
rOPU30HTasIbHYHO NIIOCKOCTb

We must project the Survey Point onto the Horizontal
Plane

= AKCenepoMmeTpbl 4aoT yron Ans
NPOEKLMN HA FOPU3OHTATbHYIO
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[TonpaBku a3umyTa

Corrections to Azimuth

Magnetic North
A3V|MyT M3MEPAETCA OT The Earth As a Magnet

MarHUTHOro cesepa

Measured to Magnetic North

[locne (B bonbLUMHCTBE
cnyyaes) B IDEAL/Maxwell
[enaetcs nonpaeka Ha
reorpadouyeckum cesep B
3aBUCUMOCTU OT TPebOoBaHWN
3aKas4uka

Then (in most cases) corrected in IDEAL to either
Geographic North or True North depending
upon what the client wants

Heob6xoanMo TOYHO 3HaTh,
OTHOCUTENbHO KaKoro
ceBepa usmepsieTcs asumyT!

VRIS [ ]
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[TonpaBku — kapTa yrna nageHus BGGM

Corrections - BGGM Magnetic Declination Map

s MarHutHoe none 3emMnu
MNOCTOAHHO U3MEHdAeTCH

Earth’'s magnetic field is constantly changing

m bpuTtaHckoe reonormnyeckoe
00LLECTBO NMOCTOSAHHO
BHOCMT MOMpaBku B MOAENb

The British Geological Society constantly updates
their model

= HanpasneHue u
WUHTEHCUBHOCTb MAarHUTHOMO ===
Nons MOXHO NoacYMTaThb
119 3a4aHHON OaTbl U
MECTOMNOMNOXEHUS Ha 3emre

At any given time and position on Earth the direction
and intensity of the magnetic field can be calculated.

Slide 39
DéI&I\?I Learning Centers 38|I|IIIIIIIEI'!]BI‘



[Tonpasku — obHoBReHus mogenu BGGM

Corrections - BGGM Updates

m BpuTtaHckoe reonoriyeckoe 00LLECTBO BHOCUT NONPaBKW B MOAENb Kaxablil rof

British Geological Society updates the model every year

| LIJnr0M6ep>Ke NNaTnT 3a JIMLUEH3UKO Ha NpaBO UCNOJIb30BaAHUA MOAENN

Schlumberger pays a licensing fee to use the model

s Hosbn dpann DAT unum naty BeinyckaeTcs B Kax4om Mae u gencreyet 18
MecsLieB
Heobxoaumo bbITh YBEPEHHbIM B TOM, YTO UCTOMb3YeTCs npaBunbHbIN dann
DAT/naTq KOTOprI/I MO)KHO HanTh B InTouch

aMars 18 months

)
Bl l +-v Equipmentand DT Tnitializations
)AT file whiz
[ ‘ 7
mvam 1& Fl MODEU BGGM vmn 1m Model [BGGM 2006 | Calulaton Date  3-Hay-2007 -
: —1
e L
———— — —
Latitude -80,90), - for souther he ’ :
307 | : :
4 Magnetic Dip: 34.37| override [ deg 4 [} x
—— " MagnetcDec.: | 2:5908| Overide [ deg
% .
Longitude { g6 52 |[-100,100], - for westem hemisphere
- = :
Reference To: () Magnetic North (MN) ) True North (TN) O Grid North (GN) i
Date  77- Jan-94
" :
Magnetic Decination = TH-5MH 25908 deg
L =0
M CBT S rid Convergence = TH->Gl deg 4
Total Correction: 2.5908| deg
Note: Angles are not to scale
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cKkakeHns MarHUTHOro nong

Magnetic Field Distortion
o MckaxeHnss MarHuTHOro nons 3emnu

Distortion of Earths Magnetic Field

— BpemeHHble nonst, Bo3HuKatowme Ha ConHue

Transitory field generated outside the Earth - the Sun

— W3meHeHus, nponcxoadiime Ha 3emne, npuMepHo 15 ramma B
rof — He3HauNTENbHbIV AMEKT

Secular variations of approximately 15 gammas per year - a minor effect

— [1HeBHble KonebaHust CONTHEYHOW aKTUBHOCTU — MPUMEPHO
30-40 ramma B AeHb — He3HAYUTENbHbIA APMEKT

Diurnal solar variations on the order of 30 to 40 gammas per day - a minor effect

— LnMknuyeckne «ognHHagUaTUNeTHNE» U3MEHEHUS —
He3HauMTeNbHbIN 3dhdeKT

The cyclical “eleven years” variation - a minor effect

— MarnuTHble Bypu gocTuraroLwme HECKONbKMX COT rammMa —
3HAYUTENbHBIV 3MEKT

Magnetic storms which may reach several hundred gammas - a major effect

— I deKT cnnbHee NposiBNSETCs Ha Nomncax
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MarHuTtHoe ckfioHeHue

Magnetic Declination

s MarHuTHO€e CKNoHeHme — 370 yron mMexay
reorpagyeckum 1 MarHTHLIM CEBEPOM,
M3MepsEMbIV OT reorpaduyeckoro ceeepa

J}/Irﬂ%rﬁg&Reclination is the angle between True North and Magnetic North as measured from

s 3aBUCUT OT MECTOMOSIOXEHUS N U3MEHSETCS CO
BPEMEHEM

Depends on location and varies with time
m Bbluncngercs ¢ nomoulbto Geomag B
IDEAL/Maxwell unm Drilling Office

Calculated using Geomag in IDEAL* or Drilling Office

MarHuTHoe CKNoHeHue Ha 3anafe = «-»
MarHuTHOE CKNOHEHWE Ha BOCTOKE = «+»

Declination West = -ve
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npl/IMeHeHVIe MarHMTHOIO CKITOHEHUA

Application of Magnetic Declination

True North True North
A

Magnetic A Magnetic
No

True North Azimuth (ATn) = Magnetic Azimuth(AMn) +
Magnetic Declination(D)
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lepa>|<HeH|/|e N0 MarHMTHOMY CKITOHEHWUIO

Magnetic Declination Practical

Yemy paBeH reorpacmyeckum asumyT?

What are the True North Azimuths?

1. Mag Dec.=2.5°E
MWD Az. =90°

2. Mag Dec.=-1.7°
MWD Az. = 195°

3. Mag Dec.=6.7°W
Gyro Az. = 265°
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KoHBepreHums — noBtopeHue (1)

Convergence Refresher (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 )

reorpadou4eckuni ceBep cxoasaTcs
Ha LI,eHTpaJ'IbHOM MepI/I,EI,VIaHe Meridians

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

s KoopauHaTtHbIV 1 reorpaduyeckum
ceep B UTM coBnagaloT TomMbko {

Ha LUEeHTPalJibHOM MepuanaHe U

Parallel
aKBaTope el e

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

GN east of TN
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KoHBepreHums — noBTopeHue (2)

Convergence Refresher (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
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GN west of TN (}N GN east of TN
a
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Meridians o
of Longitude
ﬁ Parallels
of Latitude
™~ Central Meridian
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[TonpaBka KoopauMHaTHOro ceeepa

Correction to Grid Azimuth

* KoHBepreHuus

Grid Convergence (Grid Con)

- anIMeHFIeTCFI TOINbKO, €CIK a3uMYT N3MepPAETCA OT
KOOPAMHATHOIO ceBepa

ONLY use this angle if Surveys are to be referenced to Grid North

— KoHBepreHuUmMa gact nonpasKy reorpagpu4eckoro cesepa Ha
KOOPAMHATHbLIN

Correcting for Grid Con will correct True North to Grid North

— M3amepseTca ot reorpadmyeckoro cesepa K KOOpANHATHOMY

Measured from True North to Grid North

— KoHBepreHuus K 3anagy = «-»

Grid Convergence West = -ve

G Katiegprenuwhk-BooTaY Rleorth Azimuth - Grid Con.

Grid Convergence East = +ve
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YnpaxHeHne no KOHBepreHLumu

Grid Convergence Practical

Yemy paBeH KOOpAUHATHLIN
asumyT?

What's are the Grid North Azimuths?

1. Grid Con. =2.5°E
TN Az. = 90°

2. Grid Con.=-1.7°
TN Az. = 195°
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Bce koppekuun BMmecTe

Putting It All Together

True Grie
North Magnetic

Noith ‘ North

Too!
Headlng

Magnetic Azimuth
Giid Azimuth
Positive Gria

Positlve Magnetlc
Declination

Grid Azimuth = Magnetic Azimuth + Magnetic Declination - Grid Convergence
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YnpaxHeHve no NonHOM KoppeKLni

Total Correction Practical

3anonHuTe HegocTarwLwWwme 3HaYeHUs B Tabnuue

Fill in the missing numbers in this table

North Magnetic Grid Total correction
Reference used Declination Convergence used by IDEAL
by Client

Grid North 3.23 -1.14

True North -5.72 1.21
Magnetic North -6.18 2.26

Grid North 6.32 4.53

True North -2.89 1.6
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YnpaxHeHne no nonHon Koppekuum

Total Correction Practical

3anonHuTe HeagocTalLwWwme 3Ha4YeHUs B Tabnuue

Fill in the missing numbers in this table

North Magnetic Grid Total correction
Reference used Declination Convergence used by IDEAL
by Client

Grid North 3.23 -1.14 4.37

True North -5.72 1.21 -5.72
Magnetic North -6.18 2.26 0

Grid North 6.32 1.79 4.53

True North 1.6 -2.89 1.6
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Teopusa 3amepoB

Survey Theory

3.

Kakum 0bpa3om BbIMUCNAETCS
TPaeKTopust mexay
3amepamn’?

How do we calculate the well path between
Surveys?
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PacyeT 3amepoB

Survey Calculations

m BblYyMCneHns HauymHaTCs ¢
N3BECTHOW TOYKM B
NPOCTPaHCTBE, Ha3blBaeMOU
«TOYKOMN NMPUBA3KN»

We start at a known point in space, which is called
the “tie in point” (TIP).

m [OYKa NpuBSI3KN ObITb HA
NOBEPXHOCTMN UITN B
0BroBOPEHHOM MECTe Ha
TPAEKTOPUU CKBAXMHBI

The TIP can be the surface location or an agreed
point in the wellbore.

s [lanee no Bbl4UCIIEHUSAM
3aMepOoB BbICTPaNBaETCH
TPAEKTOPUS CKBAXMHBI

Survey calculations then compute a well profile.
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ToyYka NPUBA3KK

Tie in Point (TIP)

m [0YKa NpuBA3KK ABNAETCS
TOYKOM OTCYETa ONsl BCEX
nocneayLmxX BblYUCTIEHUN

3aMepoB

The TIP is the beginning point for all
subsequent survey calculations

m [OYKYy NPUBA3KM 3aaeT
npeacTaBuTeNb 3aKkas4nka

The client representative on site will tell you
what to use as the TIP

m Ee Heobxogumo BBecTM B
nporpammy B Havane paboTbl

Must be entered into the survey program at
beginning of job
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MeToab! pacyeTa 3amMepoB

Survey Calculation Methods

m  3amep COCTOUT TOMbKO M3 rNyOuHbI No CTBOY,
3€HWUTHOrO yrna u asumyta. Heobxoanmo
BbIMOMHUTL BbIYUCNEHNS AN NONYYEHNS
BEPTUKaNbHOM rNyOnHbI, BEPTUKANbHON CEKLIMK,
CEBEPHOro U BOCTOYHOrO yaaneHun. Cyllectsyet
4 metona

A survey is just Measured Depth, Inclination and Azimuth. We
must perform a calculation to obtain TVD, Vertical Section,
Northings and Eastings. There are 4 different methods used:

1. TaHreHuuanbHbIN

Tangential

2. CpegHero yrna
Average Angle

3. Pagwnyca KpuBK3HbI

Radius of Curvature

4. Pagunyca MMHUManbHOW KpUBUSHDI

(npumeHsiembin B IDEAL)
Minimum Curvature (used by IDEAL)

Slide 55

D&M Learning Centers scmlllllllﬂl‘!lﬂl‘




MeToabl pacyeTa 3amMepoB - TaHrEHUUANbHbIN

Survey Calculation Methods - Tangential

s [lpegnonaraer, 4to CTBOM
CKBaXXMHbI — NPSMas NINHKS C SUREY
3€HUTHbIM YrIIOM ¥ a3MyTOM
TEKyLLero 3amepa Mexay
TOYKaMW NOCNEAHEro u
TeKyLlero samepa

ssumes that the borehole is a straight line with
the Inclination a zimuth of the current survey

station from the last'survey station to the

current one VD

m [lo 3eHuTHOMY yrny:

Based on inclination:

ATVD= AMDxcos{n¢
ADisplacemat= AMDxsin{nc,

SURVEY
DISPLACEMENT STATION 2
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MeToabl pacyeTa 3amMepoB - TaHrEHUUANbHbIN

Survey Calculation Methods - Tangential

n [loasumyty

Based on azimuth

ANorth=Displacematxcos@zj
AEast=Displacematx sin@zj

& AZIMUTH

0/6’ N
"C/V)*

& EWDISPLACEMENT
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MeToab! pacyeTa 3amepoB — CPeHEro yrna

Survey Calculation Methods - Average Angle

s [lpegnonaraer, 4to CTBOM
CKBaXWHb! NpAMas NINMHNS
MeXOY TeKyLLen 1 nocneaHen
TOYKOW. 3EHUTHbIN Yron u
asMMyT yCpeaHATCA Mexay
3TUMM ABYMS TOUKAMM.

ssumes hat the boreh é)t%ls a stralght line \

WeenI.F1 e current an € previols survey
statio ncll nation and a
average ed DetWeer the EITent RES previous

Point 1

/— Assumed well path

Actual well path North

& error
a\\\ude
L \

e errof

m [0YeH Ha KOPOTKMX
MHTepBanax mMexay 3amepamu
M NPOCT 4J151 pacyeToB
prqHyro

Icurlg gé)%er t survey intervals & easily

pepatV*®

o
[0)
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MeToab! pacyeTa 3amepoB — CPeHEro yrna

Survey Calculation Methods - Average Angle

s A N/S=AMD sin(l avg) cos(A avg)
m A E/W=AMD sin(l avg) sin(A avg)
s A TVD=AMD cos (I avg)

s A Displacement = AMD sin (I avg)

| =41 2 Aavg= _1 2
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MeToAab! pacyeTta 3amepoB — paanyc KPUBU3HBI

Survey Calculation Methods - Radius of Curvature

[pennonaraet, YTO CTBOM CKBAXMHbI
rmaakas Kpusasi, KoTopast OnuchbIBaeT
MOBEPXHOCTb LUNMHAPA

Assumes that the well path is a smooth curve that can be
fitted on to the surface of a cylinder

KpnBKn3Ha CKBaXWHbI UMEET
OMnpeaeneHHbIN pagnyc Kak Ha
BEPTUKaNbLHOW, TaK U rOPU30HTaNbHON
NOCKOCTY

The well is curved at ecifjc ra,dlu in both t rtical and
the horizontal plane. afl%% radius is a unct?on o}}eD PS

To4yHee Ha ANNHHBIX WHTEPBAllax
MeXay 3aMepaMin U TOHHEE
OnncbiBae€T NSBMEHEHUA a3UMYTa

TE|S m thog is mare acc curate on long survey intervals and is
eto le hig erc anges
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MeToapb! pacyeTa 3amepoB — paanyc MUHUMATbHOW KPUBU3HBI

Survey Calculation Methods - Minimum Curvature

s [lpegnonaraet, 4to CTBON
CKBaXWHbI KpuBas, kKoTopas
OMMUCbIBAET NOBEPXHOCTb AL
cdepbl OrnpeaeneHHoro

paaunyca

Ass%m S thgt the Wﬁ” isa h curvfe that

can Itte n tO t ace OoTa Sp ereo
particularra

m [l0 METOOMKE CXOX C METOOOM
paguyca KpuBU3HbI

Uses a method similar to radius of curvature

= /IBNAETCA CTaHOAPTOM A\ Namp .
MPOMBILLAEHHOCTY N = :

s the industry standard !/ E o
m [lpumensetca B IDEAL

Used in IDEAL

LA1

> |

amo | |1
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[aHenb 3aMepoB — pe3ynbTaTbl PacYeToB

Survey Panel - Outputs of Survey Calculations

Survey Manager Control

NE = &Y

<

| ©Open (2} || Accepted (S} | Rejected (332 || all {40} | Long/Uncorrected: Run 2 (2)

rD Incl Azim TVD rNi-S Ej-w = v Sect Course R

e Crmd (dea> (dea) () Cond s edeg < [ l Dateliins
Sz07.18 s7.a5 =257.54 1753.20 Sz21.82 - -1S66.48 0.11 1651.06 zZa.11 17:21:26 14-May
sz36.02 s7.59 Z287.20 1754.4S S30.44  -1594.0S 0.37 1679.99 z2s.91 17:21:26 14-May
sz6s.29 s7.a4z= 287.07 1785.72 S39.04 -1621.92 o.z2=2 17F09.11 za.zo 17:21:26 14-May
sz94.08 s7.az Z2s7.02 1757.01 S47.45 -1649.42 0.0=2 1737.57 2s.79 17:21:26 14-May
3323.47 s7.74 257.03 1738.25 SS6.10 -1677.49 0.33 1767.23 za.39 17:21:26 14-May
3352.52 59.71 2s6.61 17SS.90 Se4.S0  -170S.29 =z.05 1796.26 za.0S 17:21:26 14-May
3379.23 s9.74 286.65 1759.03 S72.15  -1730.58 o.02 152=2.97 z6.71 17:21:26 14-May
3407.60 89.97 286.23 1759.10 SS0.19 - -1758.08 0.S3 1851.33 25.37 17:21:26 14-May
3436.77 20.40 286.15 1759.01 S88.32 -1756.10 0.45 1ss0.48 za.17 17:21:26 14-May
3966.42 20.63 255.66 1755.74 S96.45 -1514.61 0.ss 1910.11 za.6S =>3:35:940 18-Apr-
S994.45 21.17 =257.45 17S5.30 604.43 -1541.47 =.00 1935.13 =25.03 02:30:05 19-Apr-
3s524.0S 59.31 257.68 1738.18 613.36 -1569.69 1.20 1967.72 za.60 0S:16:57 19-Apr-
3S553.23 sa.40 =2s5.23 1755.50 622.36 -1597.4S 0.S7 199&.90 za.1s5 07:22:08 19-Apr-
3s52.54 s9.43 2ss.91 17S8.50 631.57 -1925.27 0.12 z0z26.21 z9.31 10:00:53 19-Apr- _

>

1 <
=

lrun =2 ~ | : ilse Online DMAG Depth CutofFf | (g~ ]
1D rD Incl azim Total G Total B rMag Dip Rawve MDD Rawe Incl (=5 Sy Sz
() {degl {degl) {man) nT> {degl ) {deg) {mgnd {mgn} {mgnl
I 3613.09 S55.57 —— S09.3S § 41 FS55.9F L8 b =2 3613.09 85.87 1799 oSF.O93 S203.89 1
SO 364S.77 S6.72 — 354.36 Z2549400.61 =Z1.194 364S.77 S6.7=2 376.29 TS

<,

Slide 62
D&M Learning Centers

D Incl azim Total G Toktal B rMag Dip “orr S Sy
) {degl {degl Cmgnl (nT> degl Index Cman) {manl
[ Reject ] Current 3611.32 s9.0=2 =289.03 995.28 S0396.52 46.59 o 16.99 251.83
Reference 3582.54 s59.43 2s8s.41 998.69  SO171.383 46.77
|Delta] 25.73 O.41 o.62 O.41 z2z4.69 0.13
Criteria = 2.50 = 300.00
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BepTukansHas rnybuHa

True Vertical Depth

m [1ns rnybuHbl No BepTUKANK
3aJaeTcs ToYka oTcyeTa —
0ObIYHO 3TO POTOPHBIA CTOJT “0" Reference

Vertical Depth from the depth reference -
normally the rig floor while drilling

m [ €0onor MoOXeT Takxe
NnonpoCUTbL NOCYNTATL
BEPTUKamNbHYIO rnyouHy
OTHOCUTENBLHO APYruX TOYEeK —
YPOBHSA MUPOBOro OKeaHa 1 T.4.

Geologist may ask for TVD referenced to Field
Vertical Reference - MSL, LAT, etc.
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OT1xon

Displacement

m PacctoaHna Ha cesep unu
BOCTOK OT TOYKM Ha NMOBEPXHOCTY

The distance N/S or E/W a point is located from the
Surface Reference Point

m /lveeT 3HaK «+» B HaNpaBIieHUSIX
Ha ceBep W BOCTOK

Positive North & East

m /lveeT 3HaK «-» B HanpaBneHNnaxX
Ha tor 1 3anag

Negative South & West
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Displacement
East(+) / West(-)

Displacement
Morth{+) / South(-)

----------1-
.,,‘

Surface
Reference Point

Target

-
-

ol

03 s,

Plane of
Proposal
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Yron conmxeHus

Closure Angle

Target

= Yron conmkeHnst — 3To yron Mexay
HanpasrneH1em Ha cesep T
NINHNEN, COEANHSAIOLLIEN TOYKY | East(+)  West()
OTCYETa C TOYKOMN 3amepa

1
I
The closure angle is the Angle between the North : Plane of
reference and a line between the reference point and e T—— Fropossl
the survey station. North(+) / South(-) |1
1
— MmeeT 3HaK «+» K ceBepy U !
I
BOCTOKy | Closure Angle

Positive North & East

— VIMeEeT 3HaK «-» K tory 1 3anagy

Negative South & West .
AEastin
ClosureAnglex tan™ ast Y
ANorthing

Surface
Reference Point
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[TnocKoCTb NpoeKLmny

Plane of Proposal

Target
Hy)xHa ona HaHeceHus "
TPAEKTOPUN Ha MJlaH CKBAXWHbI [ Displacement
Used to plot well path on Wall Plot: :_Efsfﬂ_’ V_"eit[‘] '
m [1106YI0 TOYKY CKBaXKMHbBI MOXHO g —
Proposal

crpoeunpoBaTb Ha MNIOCKOCTb o et

_ . North(+) / South(-)
é%gomt on the well can be projected on to the

Horizontal
Displacement

m [110CKOCTb MPOEKLINN TAKKE
NHOra Ha3blBaOT a3UMyTOM
BEPTUKanbLHOW CeKUum

Plane of Proposal is also known as Vertical
Section Azimuth

Surface
Reference Point
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Cekumns uenu

Target Section

Target

m  CeKumns uenm — 31o npoekuus "

TOYKHU 3aMepa Ha MNIIOCKOCTb | Displacement &

I| East(+)/West(-) ¥ S

I'IpOGKLIIVII/I FE=T=" ...". Plane of

Target section is the projection of the survey : Proposal

poiﬁt onto t%e I§Iane of roposa? I
= TaKke MHoroa HasblBakT Displacement |

o o North(+) / South(-) |1
BepPTUKaJlIbHOU CeKLueun :
Also known as Vertical Section P XLZ{:"OSN :/ e 1
Target Section

| Closure Angle |

m [arget section =
HD*cos(Proposal angle
closure angle)

Horizontal
Displacement

Surface
Reference Point
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MNHTEHCUBHOCTb

Dog Leg Severity

m VIHTEHCHMBHOCTb — 3T0 cnocob onucaTth, HACKOINbKO TPAEKTOPUS NpsMast
UMK UCKPUBIIEHHAS

The dog leg severity DLS is a way to describe how straight or how curved a borehole is.

m  CKOpOCTb 3MEHEHHsI 3eHUTHOrO yrna u asuMyTa

Rate of change of inclination & azimuth

m VI3mepsieTca B rpagycax Ha onpeaeneHHoe paccTosiHe — 06b14HO 30 M
unn 100 goyToB

Measured in degrees for a specific distance - typically 30m or 100ft

m MaTtemaTtnyeckasd yHKUMS, 3aBUCALLAA OT pacyeTa 3amMepoB

Mathematical function that is dependant on type of survey calculation

Hanpumep:

For example:

— 0° DLS = straight hole (npsimas cksaxuHa)
— 3° DLS = curved hole (nckpueneHHas ckBaxuHa)
— 6° DLS = highly curved hole (cunbHo uckpusneHHas
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TOYHOCTb WHKITMHOMETPUN

Survey Accuracy

m [akuM 0bpa3om Bce nepeyncreHHble napaMeTpbl NoMy4arTcs nyTem
BbIYUCIIEHWI, a He dhakTuyeckummn namepeHusam

All of these variables are therefore CALCULATIONS and are not actual measurements

n Jliobas owmnbka B N3IMEPEHNAX UITN B METOAE BbIYNCIEHUA OTPaXaAETCA
Ha pacyeTe MeCTOMNONIOKEHUA

Any errors made in the survey measurement or in the calculation method are therefore transferred to the
position calculations.

B Pe3yanaTb| PacyeToB NUCNOJb3YTCA ANAd HaHECEHNA TEKYLLENO
NOJIOXKEHUA TPAEKTOPUN Ha MIiaH CKBaXWUHbI ANA KOHTPONA KypCa
CKBaXWHbI NO HanpaBneHuto K Lern

The numbers generated from the calculations are used to plot the current position of the well on the Wall Plot
to make sure that the well is on course to hit the target.
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[1naH ckBaXXMHbI — MaHernb 3dMepPOB - HAHECEHNE TOYEK
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True Vertical Depth {1 in = 20 feet)
E

Elev Ref: Rotary Table(193.00ft above MSL)

Wall Plots - Survey Panel - Plotting

]

[ Vertical Section View |

/._
//

N

N

40

140

80 100 180 200 220
Vertical Section Departure at 340.00 deg from (12.7, 12.8). (1 in = 20 feet)

20

20

MD Inc AZ TVD VS North | East
50 30 29 49 40 -40 -100
130 45 300 118 84 14 -160
220 55 310 178 166 40 -225
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BrnnsHne mecta n BpemeHn NpoBeAeHNs 3aMEPOB

Effect of Surveying Spacing & Timing

m PacnonoxeHwue cnang / potopHoe bypeHue

Slide / Rotate Spacing

Cnang nepef poTopHbIM BypeHneM
Slide then Rotate
PacueT Huxe /

Calculation is deep

Rotate| Actual

Calculated
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BrnnsHne mecta n BpemeHn NpoBeAeHNs 3aMEPOB

Effect of Surveying Spacing & Timing

s PacnonoxeHue cnang / potopHoe bypeHue

Slide / Rotate Spacing

PoTopHOe BypeHune nepen cnangom

Slide then Rotate

Pacyert BbliLLe

Calculation is shallow

Rotate

Calculated

Actual
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BrnnsHne mecta n BpemeHn NpoBeAeHNs 3aMEPOB

Effect of Surveying Spacing & Timing

» Pacnonoxenue cnaig / potopHoe bypeHue

Slide / Rotate Spacing

PoTopHoe OypeHue — cnang — poTopHoe bypeHune

Rotate - Slide - Rotate

PacyeT BepHbIN

Calculation is on depth

Rotate

Actual
———=p
Rotate Calculated
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Teopusa 3amepoB

Survey Theory

4. ONNUNCbl HeonpeaeneHHOCTH

Ellipses Of Uncertainty

Schiumherger



ONnUnc HeonpeaeneHHoCTH

Ellipse of Uncertainty
B yem npobnema?

Problem?

m HacKonbko TOYHO NPeCTaBnsATb CKBAXMHY KaK MUHUIO Ha
nnaHe CKBaXWHbI?

Is it accurate to represent the well as a line on the wall plot?

m J1oboi 3amMep NHKNMHOMETPUN UMEET U3BECTHYIO CTEMNEHb
NOrpeLLHOCT. JTa NOrPELLHOCTb 3HAYUT TO, YTO
He00X0AUMO NPUHUMATL B PACYET «MO3ULIMOHHYIO
HeonpeaeneHHOCTbY NP NNaHUPOBAHUN CKBAXWHbI

All survey measurements have Puilt.in errorﬁ. These errors mean that you must take into account
positional uncertainty” when planning a well.

m [lorpelHoCcTb MOXET ObITb KpanHe BbICOKOW

These uncertainties can become extremely large!
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ONnUnc HeonpeaeneHHoCTH

Ellipse of Uncertainty

3amep BKMOYaET B ce0s1 TpU U3MEPEHNS, TakMM 0DPa3OM UMEET TPU UCTOYHUKA

norpeLuHocTel

A Survey has three measurements and so three sources of error.

[ ybuHa — 3aBUCUT OT TOYHOCTW KOHTPOMS rNyouHbl. MNpu cobntogeHum
HOPM OLLUMBKa J0MmKHa BbITh HE BENMKa

Depth - depends upon the accuracy of depth tracking. If the standards are followed then this error should be
small

3EHUTHbIN Yron — NOrPeLIHOCTY B U3MEPEHUSAIX 3EHUTHOTO Yrna
NPOSIBNATCS B NOMPELLHOCTM pacyeTa BEPTUKaNbHOW rmyOuHbI.
AkcenepomeTpbl Aal0T BbICOKYIO TOYHOCTb 1 0ObIYHO 3Ta OLwKMOKa He BEnwKa

Inclination - errors in the Inclination measurement manifest themselves as errors in the calculated TVD.
Accelerometers give excellent TVD accuracy so this error is usually small

A3MYT — TOYHOCTb MarHeTOMETPOB CTPaAaeT OT Pa3nnyHbIX (PaKTOpPOB,
UCKaXatoLLMX MarHUTHOE Morne, B KOTOPOM HaxoauTcs npudop. Takum
00pa3oMm 3TO Ha AaHHbIA MOMEHT CaMblid O0MbLUOK NCTOYHUK NMOTPELLHOCTMW.

Azimuth - Magnetometer accuracy suffers from the various factors interfering with the overall magnetic field
around the tool. This is by far the largest error.
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ONnunc HeonpeaeneHHOCTH

Ellipse of Uncertainty

m  ONSUNC HEONPEOENEHHOCTH
Ellipse of Uncertainty

Slide 77

B ropn3oHTansHoM BypeHnu
NOrpPeLLHOCTb BbliLLE

Higher error drilling horizontally

[pu BypeHnn Ha BbICOKKX LLMPOTAX

NOrpeLHOCTb BbIlLE
Higher error drilling at high latitude

[Tpn OypeHun BOOb NHUK B/3

NOrpeLHOCTb BbllLE
Higher error drilling East/West

[TorpeluHOCTb BO3pacTaeT ¢
rnyonHom

Uncertainty increases with Depth

PasnunyHble npubopsb! aatoT
ANNUNCbI Pa3fMYHbIX PasMePOB

Different tool types create different ellipse sizes

Owunbka HakannMBaeTca
They are cumulative!

D&M Learning Centers

considering margin
for erro
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SNNUMc HeonpeaeneHHOCTH
Ellipse of Uncertainty

3[€eCb nokasaHa CKBaXuHa, 3alfnaHnpoBaHHAA 3aKa34KOM

Here is a well the client has planned
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SNNUMc HeonpeaeneHHOCTH
Ellipse of Uncertainty

Tak CKBaXWHa BbIrMSOUT NOCNE pacyeTa pa3Mepa dnunncos

Now look at it when we plot the actual size of the Ellipses

Schiumherger



SNNUNCc HeonpeaeneHHOCTH
Ellipse of Uncertainty

He 3abbiBaeM, 4TO PSAOM ECTb ELLEe CKBaXUHbI

Remember that there are other Wells in the Field.

Schiumbergep



SNNUMc HeonpeaeneHHOCTH
Ellipse of Uncertainty

Kak Tenepb BbIrNSOMT SMNMNC HeonpeaeneHHoCTn?

What about this Ellipse of Uncertainty now?

Schiumherger



ONnunc HeonpeaeneHHOCTH

Ellipse of Uncertainty

Uto 3TO 3HAUUT?

What does this mean?

m [OYHOCTb M Ka4eCTBO 3aMepPOB NHKIIMHOMETPUM, KOTOPbIE
Mbl eNaeM UrpatoT KpuTudeckyto ponb!!!

The accuracy and quality of the survey measurements you take are critically important!!!

m [lobble MOMEXK, AENCTBYIOLLIME HA 3aMepPbl UHKITMHOMETPUN
MMEKT OrPOMHbIV APEEKT Ha ANNUMNCbI HEONPeaENEeHHOCTH
U pacyeT MeCTOMOSOXKEHWS]

Any interference you have in your survey measurements has a very large effect on the EOU and position
calculations.
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3afavn moayns - 0o3op

Module Objectives - Review

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

- I'IepeqmchTb N ONNCaTb Pa3siniHbIE TUMbI MHKITMHOMETPOB

List and describe the different types of Survey Tools

— OOBACHUTL OCHOBHbIE NnpenmyLLecTBa rmpOCKONMNUYECKMNX
WHKITMHOMETPOB

Explain the major benefit of Gyro based survey measurements

— 0003HaunTL BCe ANEMEHTLI, ONpedenstoLLe TOUKY 3aMepa

Describe all the elements that define a survey station

— OnucaTb KaK BbIYUCISETCS 3EHUTHbIN yrosn CKBa>X1Hbl

Describe how we calculate the Inclination measurement

— OnucaTb KaK BblYUCISETCS d3NMyT

Describe how we calculate the Azimuth measurement

— [lepeuncnute n onuLINTE KPUTEPUM Ka4ECTBA 3aMepa

List and describe the Field Acceptance Criteria
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3afayn moayns - 063op

Module Objectives - Review

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

— [lepeuncnutb KOPPEKLIMK, KOTOPbIE NPUMEHSIOTCS K M3MEPEHUSIM
3EHMTHOrO Yrna 1 MarHUTHOro asumyTa

List and describe the corrections applied to Inclination and Magnetic Azimuth and be able to calculate
them.

— Onucatb pasnuyHbie METObl BbIMUCIIEHNS 3aMepPOB U
0003HaunTb MeToa, npumeHsiembln B IDEAL/Maxwell

Explain different survey calculation methods and identify which survey calculation method is used by
IDEAL.

—  OOBACHUTb TOYKY NPUBSA3KM 1 Kaxabln U3 pe3ynbTaToB
BbIYMNCIIEHNS 3aMepa

Describe a Tie In Point and all the outputs from the survey calculations

—  OBBbACHUTB, YTO TAKOE ANMUNC HEoNpPeaeneHHOCTU U YeM OH
BaXXeH
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