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ABSTRACT

In this Master’s thesis a Microsoft Excel VisualsRafor Applications (VBA) scheme is developed to
automatically interpolate and calculate betweeweustations. Interpolation techniques of the assilim
mathematical model of the Minimum Curvature MetlidptCM) are used to determine borehole position
by employing measured depth (MD), Inclination ardnduth as input parameters. Output parameters are
Dogleg Severity (DLS) and the 3D coordinates; TVeetical Depth (TVD), Northing (E) and Easting (E).
The aim is to compare survey data from continuceer it inclination (NBI) measured by the Baker
Hughes’s AutoTrak tool and survey data from OnTiadd (MWD). The AutoTrak NBI tool measures
inclination continuously while rotating and the Gak MWD tool measures directional coordinates
usually at 10 — 30 m intervals. By using the meaduNBI from the AutoTrak instead of using an
interpolated inclination to calculate 3D coordirmteetween survey stations, especially the TVD aihe

is to compare end survey station interpolationhefMWD survey with the end results obtained itilig
the NBI for calculations. Comparison of the ressliswed that there is not much difference in catedl

end results between NBI and MWD surveys.
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1 INTRODUCTION

1.1 Background

The need to steer a well trajectory in the righedion and hit geologic location many kilometers
downhole has forced the petroleum industry to yefdbus on tools and methods to identify wellbore
location and path during drilling. In the early dayf the petroleum exploration it was common totkset
drilling rig right above the target downhole andlidBut it soon became necessary to drill wellgg¢ach
targets that are deviated from the reference logatt surface. The earliest well known to be deditedy
deviated was drilled in Huntington Beach, Califarim the early 1930s. The technique at the timetwas

set the drilling rig on the beach and drill a stahhole to seabéd.

Throughout the years many tools and methods heee developed. Currently there are wide varieties o
companies offering tools to deflect and steer veedls in the right direction and measure wellbore
inclination and AzimuthThe results of a directional survey are given imteof inclination, azimuth and

3D coordinates TVD, northing and easting at thetldeb the survey station. For many applications the
accurate position and direction of the boreholeukhbe determined at depths which may not coincide

with the depth of survey stations. A tool for melating between survey stations in then required.

1.2 Objective
By using surveys from three wells in the North 8géa thesis work
* Focuses on interpolating between survey statioimgusoth Near bit inclination(NBI) and the
MWD survey measurements provided by Baker Hughes.
» Uses the NBI measurements to calculate directiooatdinates and compare the result with the
MWD survey interpolated between stations usuakgtain 10-30 m intervals.
* The intent is to create an excel sheet that autoatigtinterpolates between survey stations when
a survey in an especial format is imported. Thiseagsheet will be created employing
modifications done on formulas used in excel shwented by Morten Gjertsen and Inge
Edvardsen in Baker Hughes's surveying group.
» Microsoft Visual Basic for applications (VBA) wibhe used to design the Microsoft(MS) Excel

spreadsheet interpolator. No other software willibed.



1.3 Scope and Limitations
There have been comparisons of the different sunvethods to determine which method gives the most
accurate wellbore position and minimizes the effdcsurvey errors. Today, the MCM is viewed as the
accepted standard for the calculations of 3D walvesying. But does the well path in between survey
stations really follow a minimum curvature welljaetory. Assuming the well path is described by the
minimum curvature means we might ignore true ttajgcof the well. We can use the continuous NBI
measurements from the AutoTrak to interpolate veeditirajectory between survey stations and compare
this with the well path interpolated using MWD seyvmeasurement¥he scope of this thesis work is
based on:
» Literature review on directional drilling and suyvealculation methods.
» Modification on the survey interpolation calculatnade by Morten Gjertsen and Inge Edvardsen
in Baker Hughes survey group and create an exaeldpwhich, based on imported surveys,
interpolates between survey stations using MCM.

» Comparison of interpolated survey of MWD surveyedatth the interpolated survey of NBI.



2 LITERATURE REVIEW

2.1 Papers relating to surveying methods

e 1957:J.E. Edison presents the average angle method

1968: G.J. Wilson presents radius of curvature otbth

» 1971: J.E Walstrom presents the Balanced tangené&tiod

* 1973:W.A. Zaremba presents the minimum curvatwthod

e 1991: Xiushan Liu presents the constant curvatwthod

» 2004:S.J Sawaryn and J.L. Thorogood present theE $aper named “a compendium of

directional calculations using the minimum curvatarethod”

2.2 Directional drilling

2.2.1 Application of directional drilling
Directional drilling is described as:
“The art of science involved in the deflection ofvallbore in order to reach a pre-determined object

below the surface of the earth”.

The Wellbore is planned along a predetermined dtajg to hit a subsurface target. The target may be
geometric or may be adjusted real time based omgibggwhile drilling(LWD) measurements. There are
many uses for directional drilling. Below is a shi@st of the main purposes:

» Sidetracking a well: the well might need to beesiidcked due to a hindrance downhole. This
hindrance might for instance be fish left in théehd he previous wellbore is then plugged back
with cement plug and a sidetrack is drilled.

» Avoid geologic problem: geological problem suchsat dome or a fault might be in the way
before reaching target.

» Dirilling completely vertical well: To drill an emgly vertical wellbore and keeping it vertical
directional drilling can be used.

» Drilling relief wells to control blowouts when dltie other methods fail.

2.2.2 Types of directional wells
There are many types of wellbores. Below there description and an illustration of the most common

types wellbore profiles.



Build and hold well profile (Type 1) is the most common and simplest profile. The vgellertical until the
KOP where it is kicked off and angle is built. Whbe desired inclination is reached, the well psaitkept
tangent or straight line until target is reachBdild, Hold and Drop well profile (type 2) also called S-
shaped wells, is the same in the upper sectioheabuild and hold well profile. The well is keptrireal
until KOP and inclination is built and the tangeettion is drilled. After the tangent section, apoff
section is drilled where inclination is reduced #mel well path is almost vertical as it hits they&d. Deep
build/kick-off (Type 3) is a type of wellbore drilled when there is a martte such as salt dome or when
well has to be sidetracked. The well drilled veatlic to a deep KOP and then inclination is builtadly

to target.Horizontal well profile and Horizontal Drain hole well profile are other types of wellbore
trajectories. Theoretically, there are more thantypes of wellbore profiles. Three of the most coon

type of well trajectories are shownfigure 1 below.’ '

ype 1 by Type 2

KOP

A

Figure 1.Most Common types of wellbore profil&



2.3 Well Surveying

During drilling it is close to impossible to makeetactual trajectory precisely match the designetl w
path. For that reason, it is import to monitor tll trajectory and take corrective actions as wgebeing
drilled. To achieve this goal there must be reiaBlurvey measurement tools and techniques that
determine inclination, azimuth and perhaps the fax$ orientation at different points along thelvpath.
Survey tools only provide an incremental deparfuoen a known starting point. The known point is
referred to as the tie-on, or ties line. The figtvey station is recorded deeper than the tiéFba.tools
measure MD, inclination and azimuth. The pointsneéasurements are called survey stations.The
measured parameters are then used to calculatecthmre position in terms of the 3D coordinatesEN,
and TVD. Inclination angle is measured with respecthe vertical while azimuth is measured with
respect to either magnetic or true north. But atinmitypically reported in reference to true adgrorth.

As a result, azimuth needs to be corrected befeiregbreported or used in calculations. True nosth i
absolute north reference. Magnetic Declination rigl@ from true north to magnetic north, and Grid
Convergence is angle from true north to grid noRigure 2 below shows relationship between True
north, Magnetic north and Grid north (Coordinatethp?°

Coordinate North

North Pole Direction T Earth Magnetic North

Well Path

Figure 2. Typical relationships between True NorthGrid North and Magnetic North. ?



2.3.1 Surveying Calculation Methods

All though the wellbore location is determined bgasurements of inclination and azimuth at different
survey stations, the real shape of the wellborevdsen stations are not known. Hence, it is industry
practices to make assumptions utilizing severatutation methods. Following are the most popular

survey calculation methods used for calculating wajectory:* 2 # 92 and 13

2.3.1.1 Average Angle Method
The average angle method utilizes the average abihirtion and azimuth of two consecutive survey

stations and assumes the wellbore to be tangéiné taverage angle.

2.2.1.2 Balanced tangential method
This method divides the length between two survatians into two halves. It assumes the first bathe
length as tangent to the wellbore at the first syrstation, and the rest of the length to as bingent to

the wellbore at the bottom survey station.

2.3.1.3 Tangential method

This method is the predecessor to the balancectdiag) method and utilizes the assumption that the
wellbore is straight line defined by the inclinatiand azimuth of the lowest survey station. Usimg t
tangential method is defect way of calculating b@le position because it assumes all changes in
direction occurs at survey stations, whereas cteaageur over the course of a segment. Also, piiheréa

may occur because it neglects any curvature inveilbore.

2.3.1.4 Radius of curvature method

The radius of curvature method assumes that thibavelhas the shape of a smooth arc when viewed in
both the horizontal and vertical planes. The araigent to the inclination and azimuth at eaclvesur
station. The well trajectory can therefore be dbscr as an arc in the vertical plane which is weabp
around a right vertical cylinder. Although this immed has shown improvement over the Tangential and
Balanced tangential methods, it assumes, as the ttlo that changes in the wellbore correspond with

depth of survey stations.

2.3.1.5 Constant curvature method
This method, which was proposed by Gu et al. (1L98umes the wellbore follows a constant curvature
It assumes the path can be drilled with constaoit fecce, and that curvature (DL) and build rates ar

constant with measured Depth.



2.3.1.6 Minimum curvature method

This method uses the assumption that two succesgivey stations lie on a smooth circular arc bpgis
the angles measured. The arc is smoothed out bygimratio factor(RF). This method is basicallg th
Balanced Tangential method timed with the dogleig factor. It should be noted that this methochisst

widely used method in the industry today.

2.3.2 Survey tools

2.3.2.1 Measurement While Drilling (MWD) Tools

The inputs for the above mentioned methods are iMéination and azimuth. MWD tools are a reliable
and fast way to measure these parameters andastegt in the desired direction while keeping trak
wellbore trajectory. MWD tools use accelerometesciv measure local acceleration and magnetometers
that measure strength of earth’s magnetic fieldekvrilling with OnTrak MWD system, surveys are
taken after every stand (approx. every 10-30m). dumaps are shut down and when a new connection is
made up and pumps are turned back on, the tookstinal sensors measures Inclination and Azimuth.

The OnTrak needs to be stationary and non-rotatirtgke an accurate survey. The AutoTrak, which has
a directional sensor that measures inclinationicoatsly, is capable of accurately measuring irmtion
while being rotated. This makes it an ideal toolse when for instance Geosteering. The NBI medsure
can then be compared to OnTrak inclination measemésrto get a more accurate wellbore position.

Many companies such as Baker Hughes offer differgres of MWD tools. One of the most used MWD
tools is the Baker Hughes AutoTrak G3 rotary steleraystem which consists of AutoTrak steering unit
with an OnTrak system for real-time MWD/LWD measusnts.Figure 3 below shows Baker Hughes’s

AutoTrak G3 rotary steerable systéri.



Tmnn

Directional Sensor
Vibration / Stick Slip

Muitiple Propagation
Resistivity

Azimuthal
Gamma Ray

Bore | Annular
Pressurs

AutoTrak
X-treme Motor

Steering Unt

Near Bit
inciinaton

Figure 3. Baker Hughes Autotrak G3 Rotary steerat# system?

2.3.2.2 Gyro Measurement while drilling

Gyro measurement while drilling was introduced asadternative to Gyro single shot tool for some
applications. While the Gyro single shot is runvareline, the Gyro MWD is real-time tool run alooe
with regular MWD tool on drill pipe. Gyro MWD is comonly used in the top sections to get a more

accurate magnetic interference measurement. THignwiirn reduce the risk of colliding with an eking

8



wellbore when drilling from a platform. The Gyro-MW\echnology is also used for orienting and setting

whipstock for sidetracking wells where regular MWibls are affected due to magnetic interferefite.

2.3.3 Source of survey errors
Despite the top modern and sophisticated survelg tbat are used today, there is uncertainty agtauti

with surveys and measured values can never bespheciAs a result, models have been developed to
qguantify the error related to each survey tool.rétae usually two types of survey errors. The fire is
human error and the second one is the uncertairty which is the expected inaccuracy of a survay.
reduce surveying errors tools must be checked alilatated before running in hole.

There are many sources of survey errors. Belowis af the main survey errors® 1% %%

* Surveytool error: This is the error that comes from the measurinjais in the survey tool. Such
device can be the magnetic compass. It might measagnetic field that is not the earths. This
magnetic field might for example be magnetic fidan the drill string or from steel in a nearby
well. The magnetic declination which is the con@ttfrom magnetic north to true north might
also be uncertain. Any error in the magnetic detiom will greatly affect the measured azimuth.
Another survey tool error might be directional sensrror. The largest contributor to this might
be calibration errors.

e Borehole environment error: Tool misalignment is one of the borehole envireninerrors. It
caused by the axis along the hole not being panaith centerline of the borehole. The cause of
tool misalignment might be bottom hole assembly ABFBAG (distortion of the tool under
gravity). Another borehole environment error oconten downhole parameters such as pressure
and temperature surpasses the specifications siitivey tools.

» Hole Depth errors. This is errors related to the survey measuredhddpis one the key inputs
when calculating 3D coordinates TVD, Northing andlkis error arises from incorrect drill pipe

lengths, inaccurate wireline measurements and etc.

2.3.4 Application of well surveying

2.3.4.1 Torgque and drag design

When planning a 3D well trajectory, one of the miogbortant considerations is Torque and drag. df th
Torque and drag are not carefully considered, thlestting might fail. The torque and model usedkas
special assumptions that simplify the analysis iangsed to model real drill strings. The most intpot
factor influencing the torque and drag forces is tole curvature. The well path should be redesigne
with smaller curvature if the drill string seemdad when simulating these forces during the desitage.

9



There are many causes for excessive torque andsdidyas: sliding friction, tight hole, collapsiog

swelling clay/shale, keyseats, differential stigkamd cuttings buildup.*?

The minimum curvature method assumes the bendirtgip#he equilibrium equation used to calculate
torque and drag is discontinuous at survey statidasie authors mean this is one of the main weakses
of using the minimum curvature method. Due to thiesing bending stresses the method might not

represent the real drill string configuratio->- */

2.3.4.2 Well path geometry
Drilling with Positive displacement motor (PDM) mayeate a hole that does not follow the ideal well

path of the minimum curvature assumption due teratfion of the tool face orientation which creates
tortuous well path. Different directional drillehave different habits. This means a well drilledhwihotor
where the tool face orientation is altered manyesrduring a section, there will be up and down ghan

of inclination between survey stations. This wilintribute to high instantaneous dogleg. when dglli
with Rotary steerable system the tool adjusts stggrarameters automatically. Thus, creating a barot
hole curvature. The tool can steer while rotating & programmed beforehand with target parameters
and will in theory adjust inclination and azimuth each target. This will also reduce drill striagd
casing wear significantl§/

Figure 4 illustrates well path drilled with steerable mot@:. one drilled with baker Hughes's AutoTrak

rotary closed loop system.

5k Well path as planned

Drilled with steerable motor:
\ Repeated sliding and re-orienting

Drilled with an AutoTrak® Rotary Closed Loop

\ System

Figure 4.Steerable motor vs. AutoTrak rotary closesoop systent.
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3 THEORY RELATED TO THIS THESIS

While the well is being drilled and after it hascbed a planned target point, it is important t@soee

and calculate its actual path. Actual path nevémnaides with planned trajectory. As a result, ofi¢he
main goals of well surveying is to see how far we @ff the designed well trajectory. Normally, a N\DW

or gyro tool is used to measure inclination andnaith at different survey station. The wellborgetctory
between survey stations is not known. Hence, we hawmake assumptions. One of those assumptions is
that the wellbore follows a minimum curvature begwesurvey stations. By using the Minimum curvature

method we can calculate well coordinates in terfriBasting, Northing and True vertical dept?

3.1 Minimum curvature Method

As previously mentioned, in the minimum curvaturetihod the well path between two survey stations lie
on a circular arc and the segment between the tatimiss have a minimum curvature. This is the metho
most widely used in the industry today. It was deped to calculate well's positions from directibna
surveys.Figure 5 below illustrates well path following minimum cature method. Given the MD,
inclination and azimuth angles of the upper andelosurvey station, the dogleg angle in the Minimum

curvature method can be calculated using follovéiqgation® *>*3

11



Figure 5. Minimum curvature method well path 2

DL = cos !(cosa;_, cosa; + sina;_; sina; cos(d; — ;1)) (1)

Where
DL= dogleg angle

Using this Dogleg angle the ratio factor can bewated as:

RF = an2 (2)
DL 2
By using these two above values the wellbore mosittan be calculated in terms of Eating(E),

Northing(N) and True vertical depth (TVD):

AN = RF(sin 0, cos 4 + sin 8, cos ;) 3
AE = RF(sin 0; sin ¢4 + sin 0, sin ¢;) 4)
ATVD = RF(cos 0, — cos 0,) (5)
3.2 Dogleg

Dogleg is a term that refers to the amount of cumesin the well path. Usually it calculated betwé®o
survey stations and quantified as degrees pewoftidistance called Dogleg Severity (DLS). Dogleg
achieved depends on formation parameters suclpasdle, strike, hole inclination, gauge of hole, b
type and length, weight on bit and bottom hole mkdg. The DLS is import to monitor because it
influences the forces applied to the drill strime needs to know Dogleg severity in order to dateu
pipe curvature and thus, calculating the bendirgsstin the pipe for a given tensile load. AlsbSDs
used to evaluate quality of well trajectory design.

Figure 6 below shows dogleg between two survey statiofis:
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Figure 6. Dogleg anglé between two survey stations.

13




4 SURVEY INTERPOLATION CALCULATION

In this section, the calculations done using theimmim curvature interpolation technique will be

outlined. Also, assumption and background calonfetin the excel spreadsheet will be described.

4.1 Input Parameters for calculations
The survey data received are for three wells naWvedl 1 and Well 2 and Well 3. For each well, |
received

MWD survey data that contained MD, inclination aaiimuth.

« Continuous NBI measurements that contained MD adlihation measurements.

e Dual Inc(average inclination of NBl and MWD) surgey

The following are the only tools used in this tlsesi
e Survey data for the three wells mentioned above
» Excel spread sheet to automatically interpolatewben survey stations and calculate 3D
coordinates E, N and TVD.

Wellbore Position Data

Dogleg severity (DLS), TVD, N and E are acquired dalculations utilizing the measured data the
assumed mathematical model the minimum curvaturthade Positive northing represents a distance
north of the coordinate origin point (0.0N, 0.0B¥Egative northing represents a distance southtifRosi

Easting represents a distance east of the cooedimdgin point (0.0N, 0.0E) and negative easting

represents a distance west.

Dogleg severity

DLS is well curvature between two survey stationsdegrees per unit of distance (°/30m) and is a
calculated parameter using the dog leg angle aklutilizing inclination and azimuth

DLS = 30—~ ) (6
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4.2 Minimum curvature method interpolation equations
When we want to find inclination and azimuth ateatain point between two survey stations we need to

use interpolations techniques. Such calculatiomsimportant for correct casing design, predictidn o
torque and drag and to calculate hole cleaningnpeters. Many of the values in the calculation are
measured values that are obtained from survey samb as MWD or Gyro as previously described. The
measured values at survey stations are: MD, inainand azimuth. All the other values are caladat
using formulas earlier mentioned together withittterpolation formulas below.

When interpolating between survey stations andutatiog wellbore coordinates, the first thing ore=d

to do is to calculate the dogleg angle betweenstimeey stations. Instead of using the dogleg from
Equation 1, the dogleg angle proposed by Sawargh €2004) is used for calculations in this the$ise
unique thing about this equation is that it is ofjeneral nature and do not assume any shape of the
wellbore between two survey stations. Here are fttrenulas used in the excel spreadsheet for

interpolating between two survey stations by usirgminimum curvature method:
1
— a1 .2 (0261 . , .2 (D2—d1) )2
DL = 2sin {(Sm (—2 )+ sinB,sinB,sin (—2 )) } 7)

Where

0,= inclination for the lower survey station
0,= Inclination for the upper survey station
¢;= azimuth for the lower survey station

¢i..= azimuth for the upper survey station

Consequently, the interpolated DL angle at the tpafiimterest is calculated by use of following atjan.

x _ STagg
o = Ly (8)
Where

o*= subtended angle at the point of interest
S*=section length between the upper/lower surveystatnd point of interest
L ;:=The depth of the upper survey station

L,=The depth of the lower survey station
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Next, the interpolated azimuth is calculated ak¥ahg:

®* = tan~! (

sin 64 sin &4 sin(ar13 —a*)+sin 64 sin O, sin a*) o

sin 8 cos ®4 sin(aqp—a*)+sin B, cos O, sin a*

Where
d*=interpolated azimuth at desired point

The interpolated inclination angle can then bewated using following equation:

cos 01—cos 61 cosaqy

0* = cos™! [cos 0, cos(DLS(L, — Ly)) + ( )sin(DLS(LZ - Ll))] (10)

sinaqy

The RF or the dogleg ratio factor as it is somesimegerred to, is used to smooth the wellbore secd

that it is represented by a smooth circular arc.

The ration factor is given as:

DL
tdn(T)

DL

RF =2 (11)

Finally, wellbore positional data in terms of EaNd TVD is calculated according to equation 3 fo 5.

4.3 Vertical section
Vertical projection shows the well path when vievian the side. It is plotted against the TVD arsed

for determining if the wellbore is above or belowe tproposed plan and the length of the horizontal
section. It also shows the location of kick-off mpibuild and drop section. The vertical sectiotl té
calculated and plotted for all three wells. To oidte the vertical section one needs:

e Target Bearing:

« Vertical section origin: a north east coordinatenpto start with

Following are the equations used to calculate #réoal sectiort.

First one needs to calculate the closure dista@by (vhich is the shortest distance between theeate

surface location and the horizontal projectionhef kast survey point.
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CD = /((Northing )2 + (Easting)?) (12)

Closure angle (CA) can then be calculated fromofaithg equation:

. —1 ( Easting
CA = tan (Northing) (13)

The directional difference (DD) which is the andl&erence between CD and Target bearing is:

DD = Target bearing — CA (14)

Finally, the vertical section(VS) is calculatedrfrdollowing equation;

VS = CDxcosDD (15)

4.4 Survey data

Because the Dual Inc. survey DLS, RF and 3D coatdgN, E and TVD calculations were done using

average inclination of NBl and MWD, | had to recdéte these coordinates using the last measurement

point before the first pure MWD measurement infihal Dual link survey data as Tie-in point for &ac

well using minimum curvature method@lable 1 below illustrates a segment of raw NBI data aiatlle 2

shows segment of the MWD survey listing for Welbh4 receivedTable 3 shows a segment of final

MWD survey where 3D coordinates are calculated/fet! 1.

Table 1.A segment of raw NBI data.

1117,2 5,03z
1117,7: 4,87¢
1118,1¢ 4,98¢
1118,8 4,98¢
1119,22 5,076
1119,53 5,076
1120,4 4,988
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Table 2. A segment of Sag corrected raw MWD survey.

886,70 | 1,91 248,22
913,10 | 2,09 250,74
942,70 | 2,67 247,94
970,80 | 3,13 246,44
999,60 | 3,79 246,18
1028,90 | 4,30 246,64
1057,30 | 4,82 248,42
1086,30 | 5,03 246,94
1115,20 | 5,01 24491
1144,20 | 5,05 246,87
1173,40| 5,12 246,26

Table 3.Final MWD survey with DLS and 3D coordinates calculated

999,6 3,79 246,18 999,44 -6,19 -2,36 0,69
1028,9 4,3 246,64 1028,66 -7,02 -4,25 0,52
1057,3 4,82 248,42 1056,97 -7,88 -6,34 0,57
1086,3 5,03 246,94 1085,87 -8,82 -8,64 0,25
1115,2 5,01 244,91 1114,65 -9,86 -10,95 0,19
1144,2 5,05 246,87 1143,54 -10,89 -13,27 0,18

The course length between two survey stationsdmréular MWD survey can vary depending on several
factors.

» Different drillers have different habits. For a ne@annection, one driller will stop drilling at
where the block is just few centimeters above tberfwhile another will stop further up which
will result in segments of various lengths

» Check surveys are sometimes taken even before veeKelly down to check if the well is on the
correct path. This is for instance done if the Bi@al Driller is unsure about the course the well
is heading.
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4.5 Spread Sheet

4.5.1 Structure
The spread sheet consists five sheets. The fisttsmamed Point Interpolation is where one can

interpolate between two known survey points usinigimum curvature. This sheet is a slightly modified
version of the “Minimum Curvature Interpolation”@t spreadsheet created by Morten Gjertsen and Inge
Edvardsen in Baker Hughes survey group. Besidesmaimanges, the main difference between this new
one and the original sheet is | changed the inittarpolated inclination formula to Equation 10.

The first survey station, named Station above coispa depth, is where one enters MD, Inclination,
Azimuth and three dimensional coordinates (TVD, M &) of the survey station above the point of
interest. The second station, named Station belmwparison, is where one enters MD, inclination and
azimuth of the survey point below point of intergdere one does not need to enter three dimensional
coordinates TVD, North and East. These will autdcadlyy be calculated based on the information extter

in the station above comparison point using theimmim curvature method. The next to do is to eriter t
MD of the point of interest under MD in interpolati station. When this is done, interpolation caltioh

will be performed between survey stations usingrimlation equations outlined above. The point
interpolation sheet is independent of the otheetshe

Figure 7 below shows picture of how the input parametees emtered and the structure of the Point

Interpolation sheet. The calculated parametergtantbrmulas used are illustrated Bigure 8.

Il_—-l \H == = Interpolation_minimum_curvature{l) [Kompatibilitetsmodus] - Microsoft Excel
g Hjem Sett inn Sideoppsett Formler Data Se gjennom Visning
TEh K t e — B =- )
L & Kippu Arial -1z | AT 47| = == e S Bryt tekst standard - E:L:l 5=/
23 Kopier = L ) —=z =3
Lim T F &£ U~ | H-~ &dB-A- === £ [5id 514 sammen og midtstill - | B8 - 84 oo | %28 299 Betinget Formater
inn+ - Kopier farmat = a7 =) = ° 00 =0 o rmatering © som tabell -
Utkiepsaan & e Anl B ! g
L23 - £
A B =] =] E F o H 1 Jd K L 1 M N o

; MINIMUM CURVATURE INTERPOLATION

2

3

4 MD INC Azl T¥D NORTH  EAST
5

& [ STATION ABOVE COMPARISONDEPTH | vso00 | oas | 20,43 [#2993 ] 351 | a8

T

s [ STATION BELOW COMPARISON DEPTH | 74000 |  o0a0 | 50.00 [#3s.99] —3.aa] azo
3
o
1
iz MD INC AZI TYD NORTH  EAST
15
14
15 INTERPOLATION STATION [ ¥as5.00] 0.14] 30.90] ¥34.93] -3.50] 4,20
1
i

Figure 7. Point Interpolation part input parameters sheet and structure
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26| DLS 0,0105304 [#mil Dogleg Severity per meter

1
27 y
28 @z = 0,00184 [Rad] 0.1053037 Deg] Dogleg between survey station i S 8- (jt . I b, — ¢.| 2

23 | Q=2 sin” sin® — + sinfl, sinfl, sin” o
30| at= 000092 [Redi 0,0526518 [Deg]  Interpolated Dogleg . 2 ) \ 2
El
a2 a= 0,00082 [Radf 0,0526518 Deg] Dogleg interpolation (PP} sinds* sinfl; sinds, sinice — ™) + sinfl, sind. sine*
33 - 2 2
34| e = 053935 [Rad] 30802555 [Deg]  Interpolated Azimuth cosd™  sind, cosd, sin(e — a*) + sind, cosd; sina*
35
3% @ = 0002369 0,135749 [Deg]  Interpolated Inclination ;
a7 . -1 ; ] (COS(;_y — COSM;_g COSAy7\ . - ]

6" = cos™*|cosa; cos(DLS (L, - L)) + _ sin(DLS(L, L))
38 \ sinay, /
28
- ! fatio Factar RF = 2 tan( DL/ 2) / DI
| geeeny Vertical depth ATVD = % AMD ( cos I, + cos I, ) RE
i | amWS= 0012442 MorthiSouth AN =12 AMD ( sin I, cos A, + sin I,cos A, )} RF
4 R S Castifast AE =% AMD (sin I, sin A; + smn I, sin A, ) RF

Figure 8. Picture showing Point Interpolation sheetcalculated parameters and the formulas used
when input values are entered.

The second part of the spreadsheet, which compadbdise interconnected sheets, is where one can
import survey data. There are two types of sunatp dhat must be imported. The sheet named Imported
survey is used to insert the raw MWD survey. Theeshext to it, named Continuous measurement is
where one inserts NBI data comprising of MD andiiation. Copy the raw survey data and paste. dt is
requirement that the imported data to always beséime format. In other words, the 1st survey pomt
row 3 for the MWD survey and row 2 for NBI datadahe order of the columns matching the template as

shown inFigure 9 andFigure 10 below.

\E H N-@ -z - Interpolator 4.04 (1) [Kompatibilitetsmodus] - Microsoft Becel - ‘il@‘ihj
Hjem Settinn Sideoppsett Formler Data Se gjennom Visning & 0 o @ 8
$sas ol I =t 22 (5] w ‘ = | | e [ 0el (1) Vis side ved side == [ =
@ & O Eoe gwe Q[ § 5 Q@S dve % Fa
Mormal|Sideoppsett Sideskiftvisning Full | [J] stattelinjer [¥] Overskrifter | Z0om 100% Zoominn pa Nyt Ordne Frys i ) y Lagre Bytt | Makroer
__| visninger  skjerm merket omrade | vindu  alle  ruters 214 Tiibakestill F ] arbeidsomride vinduer=
Arbeidsbokvisninger Vis Zoom Vindu Makroer
a -G w o
[ A T B C D [ E F G | H I | kK L M| N 0 P [ a [ R s [ 1T [ U
1 MD ! Inclination Azimuth ~ TVD Narth East DLS =
20 [m [l [l [m] m] [m  [730m]
3| 0 0 48.26 0 542 223 0 =
4 3121 0 4826 3121 542 223 0
50 0.19 48.26 320 541 2.4 0712
6| 330 043 4826 330 -5.38 228 072 Wl
T| M40 0,62 49,62 Mo -5.32 235 057
8| 350 0,63 54,07 350 5,25 244 0,14
9| 360 057 52,17 360 519 252 0.18
10 370 0,62 523 in 512 26 0.16

Figure 9.Format of raw MWD survey copied and pastedn imported survey sheet
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& T - Interpolator_4.04 (1) [Kompatibilitetsmodus] - Microsoft Excel T o | O ]

Hjem Settinn Sideoppsett Formler  Data Se gjennom Visning a@oF R

@ @ 5 @ e e § § B B E @D e R F =
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iskjul | @]
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1 | Measured Depth(MD] Inclination E
2 866,17 1.208
2 867,13 1121
4 867,13 1,208
5 867.32 123
6 867,67 1.165
i 867,85 1,143
8 868.11 1.274
o 868,54 1,099
10] 868.6 1121
11 aae 77 1908

Figure 10. Format of raw NBI data copied and pastedh Continuous measurement sheet

The next task after these sheets are filled isotdog“Calculation” sheet. To begin the calculatidhe
“Interpolate” button is pushed. A new window willen appear where one can input several parameters.
Facsimile of the Calculation window together wikte input window is shown iRigure 11 below. The
interpolated survey data will appear in InterpaatSurvey and Interpolation-Continuous sheets @fier
input parameters are inserted. Also, in the twizlagheets, the vertical section calculations belldone.
The bearing angle used here is the closure anglasbfsurvey station. The calculation tab in the
Calculation sheet contains all of the formulas #rat used in the interpolation. The formulas cao ake
manually changed in this sheet.
The input parameters needed in the input window are

* Number of interpolation points

» Boundary Averaging NBI
The boundary averaging NBI and background calanatare explained below.

] =l - - = T Interpolator 4.0.5_SISTE_FIMNAI [Rompahbilitetsr
mjem Sett inn Sideoppsett Formilsr Data Se gjennom Wisning
== ==lps = 2 = = +
= == e 2 =)
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S1 - o= |

E2Y E_ = LT e
MORTH EAST DL S
S739.55 566,86

3I753.3615 -566 . 3048
A NS
0,46
NORTH
-566.,3934

7 | Interpolate!

A= = £ 5 . =
a9 | =]
20 |

=21 rMumber of Interpolaton Foints: E

23 Boundary Averaging MBI: [ 3,5 and [ 30 26 R
24 =]

26 |
=7 |
28 | b |

5| N — =
30

Figure 11. Facsimile of input window after the intepolate button in calculation sheet is pushed
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4.5.2 Process of calculations
4.5.2.1 Finding centerline depth in NBI survey
Because the MDs in the continuous measured datd) (KBy not coincide with the depths of survey
stations in the MWD survey in all the wells, a @aable way of setting the two depths equal hadeto b
created. This is important for the reason thatdhsire is to compare inclinations, azimuth andehre
dimensional coordinates (TVD, N and E) at the sauerey depth stations between the two data.
Following is procedure to equate depth in the NBV/sy to depth in the MWD survey stations.
» Find continuous MD that is closest to the MWD deaitget value in NBI survey. Starts with first
MD greater than the target value and calculatalifierence between this and the target value.
 Compare this to the difference between the MWD eyrstation depth and the last NBI MD
before the current depth.
» The NBI MD with the smaller difference is chosenCGenterline depth and set equal to the MWD
depth.

4.5.2.2 NBI averaging
To find the average inclination at the centerlimptti, | first tried to look at the centerline dejnththe

NBI measurement and calculate the average of tresuned inclination of four data(2 above and two
below) around the centerline point plus centeriimaination . But it soon became obvious that imso
sections of the raw NBI data there are or mighttbesecutive faulty measured inclination values. So
another way of solving the problem was needed. ldetke procedure to find the average inclination i

the raw NBI survey data

» Take the smallest between a chosen degree andncipeseent cutoffs of the last inclination
value.
» Compare each inclination 15 steps above and 15 $telow to the last inclination value in the

previous survey station. If within the range cadtet in the step above then it is considered a
"good" measurement

» Average all the "good" points from step above
» Compares the 5 points around the central poinbii@drd + 2 back + centerline) to the average of
all good points. If within 2 degrees it is usedte inclination average calculation. If there ace

points within 2 degrees then the average in stigspu8ed. If there were no "good" points in step 2
then the last inclination angle from previous depthsed

Here is an example to explain the procedure:
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Table 4.Raw NBI data for Well 1

1 1117,27 5,032
2 1117,71 4,878
3 1118,19 4,988
4 1118,87 4,988
5 1119,22 5,076
6 1119,53 5,076
7 1120,4 4,988
8 1120,55 5,098
9 1121,13 4,922
10 1121,73 4,966
11 1122,37 5,01
12 1122,77 4,988
13 1123,76 4,9
14 1124,24 5,032
15 1124,87 5,01
16 1125,35 5,01
17 1125,94 5,076
18 1126,05 4,878
19 1126,65 4,966
20 1126,94 4,9
21 1127,43 7,163
22 1128,1 4,944
23 1128,61 5,098
24 1128,92 4,988
25 1129,77 5,01
26 1130,35 5,032
27 1131,52 5,054
28 1131,93 5,054
29 1133,31 4,922
30 1133,82 5,164
31 1134,26 4,922

Let us say the last survey NBlI measured was inifinavas 5.032 degrees. First, | begin by lookihg a
point #16 inTable 4 which is chosen to be a centerline point. LooKiBgsteps below and 15 steps above
this point and using for instance +/- 5 degrees-dm% as my filtrations boundary conditions, boke
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the smallest between the two boundary conditioms flast inclination. In this case +/-30% is the Bena
(+/- 1.5096 degrees of last inclination) and ig¢fiere used as boundary condition. The progranstake
points that satisfy the condition and include ie tiverage calculation and compares this average to
points around the central point (2 below + 2 abewveenterline). If within +/-2 degrees these aredu®
calculate inclination average. If there are nonfwoivithin +/-2 degrees then the value calcularethe
first average is used. If there were no "goodhfwin the table to calculate the first averagentthe last

inclination angle is used.

4.5.2.3 Other Parameters
The continuous measured data NBI only includes M@ iaclination. For the purpose of interpolatiorg w

need to know measured azimuth at survey statiamder to interpolate. The azimuth measured at surve
stations with the MWD survey tool is used in thelNi&lination interpolation data at all survey #at
depths. For instance, for an arbitrary MD 60m nwetdD, for the NBI interpolation calculation, the
azimuth measured at 60m MD from the MWD survey tsalsed in the centerline point. Then, the TVD,
N and E are calculated using formulas providedierariThis is done throughout the interpolation
calculations. The Azimuth for the interpolated gsiim the NBI interpolation is calculated and i¢ flom

the MWD survey tool.
As mentioned, the NBI survey received only incluli3 and inclination. For that reason, the firstay
data used in the NBI interpolation is also pulléckctly from the survey data at the same depthhén t

MWD survey.

The script utilized to create the scheme in Micfos@sual basic for Applications (VBA) is attachéd
the appendix.
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5 RESULTS

In this chapter, the results of the calculationsedon the survey data for all three wells usingimmimm

curvature method interpolation techniques areqmiesl.

The raw MWD data received is SAG corrected. Assiongtmade of the received data is that it is alyead
guality checked (QC) and assumed to be satisface@gings. Because this thesis focuses on creating
Excel spreadsheet that automatically interpolatdsvden survey stations and compares well paths, no
corrections or QC are done in the received sunag.dAny errors in the raw data other than thetyaul

reading in NBI data are disregarded.

After many trial-and-error reiterations, the cut-bbundary averaging NBI values chosen were +/-3.5
degrees and +/-30 %. Also, inputs of 5 interpotaipoints are used.

The results are presented in various ploke first plots are illustrations of the raw datdiereas the last
plots show the data after filtrations and interfiota calculations has been done. Furthermore, dohe

well there is a plot showing horizontal plane viafter interpolation calculations.

To give an illustration how the data would lookeliK different boundary averaging NBI filtrationalues
were used, there is one MD vs. inclination plotdach well that shows when boundary averaging-@f +/

degrees and +/-10% are used.

5.1 Well 1

The survey for this well is from the North Sea. Tepth from rig floor to seabed is 312.10 m MD.

The well is almost vertical down to 886m with a #mariation in inclination and there is not much
departure to north or east. The Kick off point (KQ$at approximately 880 m where there is an insee
(build) in inclination down to 1677m MD. This islfowed by a tangent section down to 3344 m MD
where the inclination is kept around 20 degreeterAthe tangent section another build section iledr
where the inclination is increased quickly to 88e8jrees down to 4163.5 m MD. From this point a drop
section is drilled where the inclination is redute9.9 degrees at total depth (TD) 4563m MD.

From 312.1 m MD to 880 m MD this well was surveyeith a Generic gyro — continuous tool that
measured inclination and azimuth every 10 meteh® MWD survey measurement begins at 886.5 m
MD. The AutoTrak NBI measurements begin at 886nilMBecause we do not have NBI measurements
above this depth, comparison with the MWD data be!lfrom this depth.
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Figure 12 below illustrates how inclination changes with M the entire well using MWD inclinations
before interpolation calculationd=igure 13 how inclination changes with MD before interpobati

calculations using raw NBI measurements.

MD vs. MWD inclination
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Figure 12.MWD MD vs. Inclination for well 1.
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MD vs. NBI
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Figure 13.NBI MD vs. Inclination (from 866.17m MD)of unfiltered data for well 1.

The results after interpolation calculation arevamin the following figures for NBI data and MWD tda
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Figure 14.MD vs. Inclination after the data had ber processed and interpolation calculations are
performed.

MD VS Inclination(MWD)
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Figure 15.MD vs. Inclination after interpolation had been done.

Vertical plane view(NBI)
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Figure 16.Vertical Section view after interpolationcalculation.
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Vertical plane view(MWD)
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Figure 17.Vertical plane Section view after interptation calculation.

Figure 18 shows MD vs. inclination when boundary averaging/e? degrees and +/-10% is used
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Figure 18.MD vs. Inclination when boundary averagiig of +/-2 degrees and +/-10% is used.
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5.2 Well 2

The survey data for this well is also from the KNoBea. The depth from rig floor to seabed is 294.8
MD. From 291.8 m MD to 395.2 m MD there is no MWirgey. The MWD survey measurement begins
at 395.2 m MD. The Inclination increases to 24-2grdes from 395.2 m MD to 1047m MD. The well is
then drilled with almost constant inclination frothis point and down to 2912, 5m MD where the
inclination is dropped. This drop section is ddlldown to 3202, 8m where, again, the inclination is
increased rapidly up to 81.54 degrees. This se@itimen followed by another drop section dowratget

at 4521.1m MD.

The NBI measurement begins at 2263.9 m MD. Theeefowmparison with the MWD survey starts at this
point. There are no Azimuth measurements includede raw data.

The Plots inFigure 19 andFigure 20 show MD vs. inclination of raw data.
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Figure 19. MD vs. MWD inclination for well 2.
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MD vs. NBI
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Figure 20. Inclination vs. NBI of unfiltered data for well 2

The data after interpolation calculation are plbitethe following figures
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Figure 21.MD vs. Inclination after the data had ber processed and interpolation had been done.
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MD VS Inclination(MWD)
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Figure 22.MD vs. Inclination after interpolation had been done.
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Figure 23.Vertical plane view after interpolation @lculation.
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Vertical plane view(MWD)
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Figure 24.Vertical plane view after interpolation @lculations.

Figure 25 illustrates how inclination would change when ipt#ated and plotted against MD if the
conservative boundary averaging of +/-2 degreest&i®% is used.

MD VS Inclination(NBI)
30,00
25,00 1
~ 20,00 l
T \_J
® 15,00 —
£
E
= 10,00
5,00
0,00 T T T
0,00 1000,00 2000,00 3000,00 4000,00 5000,00
MD(m)

Figure 25.MD vs. Inclination when boundary averagiig of +/-2 degrees and +/-10% is used.
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5.3 Well 3

The survey received for this well is also from Merth Sea. The depth from rig floor to seabed i3.36

m MD. From 393.20 m 608 m a Gyro is used to measwigation and azimuth. After this there is a
section where only OnTrak is used to measure iatiin and azimuth. But the MWD survey received
only contained pure MWD OnTrak measurement from 618& MD. As a result, the survey
measurements from the Duallnc are used at depthaedhis point. The pure NBI survey received began
at 1100.94 m MD and there are no Azimuth measur&snecduded in this data.

This well is drilled with high inclination. The ifination is rapidly increased right from the begimm
until it reaches around 90 degrees at approxima850 m MD. After this the well is kept almost
horizontal with small variations in the inclinatidown to TD at 6363 m MD.

Figure 26 below illustrates how inclination changes with M@ the entire well using MWD inclinations
before interpolation calculationsFigure 27 how inclination changes with MD before interpolatio
calculations using raw NBI measurements.
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Figure 26.MD vs. MWD inclination for well 3.
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MD vs. NBI
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Figure 27.Inclination vs. NBI of raw well 3 NBI data.

The data after interpolation calculation are phbiteFigure 28to Figure 31for NBI data and MWD data.
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Figure 28.MD vs. Inclination after the data had bee processed and interpolation have been done.
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Figure 29.MD vs. Inclination after interpolation have been done.
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Figure 30. Vertical

Section view after interpolation calculation
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Vertical plane view(MWD)
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Figure 31. Vertical Section view after interpolation calculations.

Figure 32illustrates howFigure 27 will look like if the conservative boundary averag of +/-2 degrees
and +/-10% is used.
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Figure 32. MD vs. Inclination when boundary averagig of +/-2 degrees and +/-10% is used.
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6 DISCUSSION

In this chapter a discussion and explanation ofekelt above will be presented.

The result of interpolation calculation using theced spreadsheet will be compared for MWD
interpolated, NBI interpolated and the final welport by Baker Hughes the Duallnc survey.

Baker Hughes posts the average inclination of théDviand NBI in the Dualinc final survey and usesthi
to calculate DLS and 3D coordinates TVD, Northimgl &asting.

The filtration condition used by Baker Hughes taide whether to include NBI in the average caldotat
is +/-0.35 degrees of the MWD inclination. If thigterion is not met, Baker Hughes posts pure MWD
SAG corrected inclination in the final Duallnc. gey. Thorough

6.1 Well 1

The raw NBI data received for this well containedny faulty measurements. In some sections there wer
consecutive erroneous measurements which lead ssynrgraph when MD vs. Inclination curve was

plotted as seen in. After trying different NBI balamy averaging condition, +/-3.5 degrees and

+/-30% was found to be most suitable. The resulisifig this filtration conditions are shown Figure

14. Figure 18illustrates how the NBI data would have looked like/-2 degrees and +/-10% is used as
boundary conditions. Due to low filtration valuéise graph displays a constant inclination beforrdps

to zero at TD. This is caused by the conditionshim VBA macro code that sets inclination equal to

previous inclination if there are no good valuesdfrulate average inclination.

The result of the interpolation is shown Riigure 14 to Figure 17 . Comparisons of the data in these
graphs show that there is not much difference terpolated values between the MWD interpolated data
and NBI interpolated data. There is small diffeeehetween NBI/MWD and DuallNc. survey in DLS
(0.07). Because the same Azimuth values were usddei survey stations in the two survey data, not
much difference in the DLS, Northing and Eastingevexpected. For that reason, a comparison of TVD

is more appropriate.
At TD, the difference in TVD between the MWD and N&ata was 0.91 m. This end TVD after

interpolation calculations is also in correspondendgth the TVD in the Duallnc survey data. The
difference between end Duallnc TVD (3753.91 m) #relend MWD calculated TVD (3754.26 m) was

38



0.33 m. The difference between end NBI data caledldVD (3753.36 m) and Duallnc end TVD was
0.55 m.

Furthermore, comparison of the data reveals theretis not much difference is inclination at thel en
between Duallnc survey, MWD interpolated and NBéipolated survey. The results of the interpolation

computations at the last survey station and engegistation for Duallnc are summarizedriable 5.

Table 5.End survey stations for interpolated MWD aml NBI and Duallnc survey.

4563,00 271,32 3754,27 -566,48|  -1611,52
4563,00 60,04 271,32 3753,36 -566,30|  -1611,52 0,11

4563 59,925 271,32) 375391 -566,37]  -1611,41 0,04

For the comparison of well paths in a vertical platew, the trajectories iRigure 16 andFigure 17 that

there is not much difference among the trajectgiegected on such a vertical plane view.

6.2 Well 2

For this well there are not much faulty NBI dataefefore, the NBI readings as seeffrigure 20 shows
similar trend as the regular MWD survey inclinatioreasurements. The only point that shows faulty
reading is at 3728.19 m MD. When using +/-2 degi@mas +/-10% as Boundary averaging NBI input
parameter, the graph displayedFigure 25 states that there are not much changes in Indimaiihese
illustrations do not coincide with real well patimosvn in the figures above it. Again, this is beeatiere

are no good values to calculate average inclinatimhprevious inclination is used in the centertiepth.
When +/-3.5 degrees and +/-30% was udedure 21 shows that the graph became smoother and

followed the real well path.
Comparison of the interpolated data showed no giiference in end TVD between NBI interpolated

and MWD interpolated and the Duallnc survey reatitay Baker Hughes. The values of the different
parameters at the end survey stations for all thueecy data are presentedTiable 6 below.
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Table 6.End survey stations for interpolated MWD aml NBI and Duallnc survey.

3802,46
52,27 197,18 3801,71 | 97,64 -82,61 4,48

52,02 197,18 380246 | 9681 -81,76 448

The difference in the Northing and Easting is malinbut as earlier stated the same azimuths arkatse
all survey stations. Thus, not much difference xpeeted in the Northing and Easting between the

different survey data.

The difference in inclination is also minimal beeweMWD interpolated and NBI interpolated at end
survey stations. This small difference combinechwiite use of the same Azimuths at all survey statio

contributes to small or no difference in end DLS.

Additionally, there is a relatively good match ivD. The difference in end TVD is only 0.75 m. this
small value is not believed to greatly influence tiptimal well placement, especially Because thal fi
TVD reported in the final Duallnc survey is caldeld using the average inclination of NBl and MWD
data.

Vertical section

The vertical plane view showed Bygure 23 andFigure 24 show no discrepancies between NBI survey
and the MWD survey. Also, there are relativelydifferences between end vertical section calculated

and end vertical section value in the received Doaurvey

6.3 Well 3

The raw NBI data received for this well also conéai many faulty measurements. As shown by

Figure 27 there was many points with erroneous measuremdnth lead to chaotic graph. For this well,
the overall filtration boundary averaging NBI wdsoa+/-3.5 degrees and +/-30%. The result of uliig
filtration conditions are shown iRigure 29. Figure 32illustrates how the NBI data would have looked

like if +/-2 degrees and +/-10% are used as boyndanditions. It shows similar trend as the plat fo
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Well 1 when the same boundary conditions were uBeg.inclination is constant before it drops toozat

TD. This is caused by the same condition in the \B#&cro code as earlier mentioned.

This well is long and most of well is drilled withigh inclination around 90 degre@sble 7 below shows

the end station parameters for all three surveg.dat

Table 7.End survey stations for interpolated MWD amd NBI and Duallnc survey.

158416 [ -342199 291162
90,53 15162 | 158174 | -342199] 291162 0

90,52 15162 | 158273 | -3422 011611 0

The difference in end TVD between Interpolated NBivey and MWD survey was greater for this well
than the results of previous two wellhe TVD difference at end survey station was 2.4&hich can be

argued to be due to the length of the well andttietvell is horizontal for the most part of thellvere.

There are no considerable differences in inclimakietween these two surveys, d&idure 28 andFigure

29 show this observation in the MD vs. inclination\aur
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7 CONCLUSION AND RECOMMENDATIONS FOR FUTURE WORK

7.1 Conclusion
In this thesis a Microsoft Excel spreadsheet VBAesoe was developed to interpolate between survey

stations by importing NBI survey and MWD survey alan certain format. The Minimum curvature

interpolation procedures are used to interpolaterdxen survey stations.

Because the raw NBI data received contained nurseealty measurements a method of averaging NBI
around a centerline point was developed. This @oitant because the objective is to compare thdtses
of interpolations at the same depth between the &8l MWD surveys. This way of averaging NBI
around a depth point uses two filtrations critakiaich reduces the risk of faulty measurements to be
included in the average inclinations. Because Bakaghes uses average inclination of MWD and NBI
survey in the Duallnc. surveys, this way of avemggwill contribute to getting more accurate average

inclination values.

Because there are no continuous azimuths includetdel NBI data, the same azimuth is used in both
survey data at survey stations. Therefore, no gnethasis was put on comparing the results of i, D
northing, and easting due to these parameter'sndepee on azimuth. Comparison of the end survey
station TVD and inclination for both survey datawsid minimal difference in Well 1 and Well 2. The
difference in inclination between the survey dat&\ell 3 was also negligible. But comparison of ¢mel
TVD between the interpolated survey data in Welk@ealed larger differences. Because the calculated
end TVD is a cumulative, the larger difference MDI'for Well 3 might be due to the extended wellbore

compared to the other two wells.

Additionally, comparisons of the interpolated syrvesults to the final Dual Inc. survey, also ree€i by
Baker Hughes, revealed minimal difference. BecaligeDuallnc. survey is final well survey, the rasul
indicate that the code developed works excelledttha filtration method of NBI is a good way to get
much cleaner average inclination. The results ialdizate the assumption made that the well patbvd

the assumed mathematical model of MCM is reasonable

7.2 Recommendations for future work
This code developed in this thesis uses MCM intiatfim technique to interpolate between survey

stations. An attempt was made to extend the codwaltmlle a script using Constant curvature method
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(CCM). But due lack of time it was deemed impossilolr the short time given to finish this thesibus,

for future work, the spreadsheet may perhaps beloeed to use CCM interpolation techniques.

The wells where the received surveys are from #rdridled with Baker Hughes's AutoTrak G3. As
earlier mentioned and illustratedkigure 4 wells drilled with this tool creates a smoothetehiman well
drilled with PDM. Therefore, another recommendati®ro test this spreadsheet with wells drilledhwit
PDMs.

As mentioned, the same azimuth is used at suragipiss in the MWD and NBI centerline points because
there were no azimuths measurements included iNBledata. This makes it difficult to compare DLS,
N and E between the two survey data due this paesimedependence on azimuffherefore, another

survey data which has its own azimuth should bepzoed with MWD interpolated survey data.

Finally, it is possible to make the spread sheetenuser-friendly by for instance making it possitie
import several surveys at the same time.
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9 APPENDIX

9.1 Source code: Interpolation of MWD data

Sub Interpolate()
‘Interpolates Azimuth, TVD, Northing, Easting between two survey points

'using the values measured at each point

Dim templnclFormula, tempAZFormula, tempRFFormula As String

Dim SurveyCount, IntCount, ColCount, RowCount, IntPntCount As Long
Dim MD1, MD2, INCL1, INCL2, AZ1, AZ2, Intincr As Do uble

Dim SurveySheet, IntSheet, CalcSheet As String

SurveyCount = 3'First row of imported survey

IntCount = 3 'First row of resulting interpolation

SurveySheet = "Imported Survey" 'sheet containing the imported survey
IntSheet = "Interpolation - Survey" 'sheet containing the resulting interpolation

CalcSheet = "Calculation” 'sheet containing formulas for calculations

templnclFormula = Sheets(CalcSheet).Cells(9, 3).Famula 'Save formula to restore after script
is executed

tempAZFormula = Sheets(CalcSheet).Cells(9, 4).Fornta

tempRFFormula = Sheets(CalcSheet).Range("H13").Forma

Sheets(IntSheet).Selectlear contents of interpolation sheet
Range("A3:L3").Select

Range(Selection, Selection.End(xIDown)).Select
Selection.Font.Bold = False

Selection.ClearContents
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On Error GoTo ErrorHandling
Application.ScreenUpdating = False

Sheets(IntSheet).Range("H" & IntCount) = 0'Writes alphal2 to DL column
Sheets(IntSheet).Range("H" & IntCount).Font.Bold =True

Sheets(CalcSheet).Unprotect

While  (IsNumeric(Sheets(SurveySheet).Range("A" & SweyCount + 1)) And
Sheets(SurveySheet).Range("A" & SurveyCount + 1) <¥)

‘Loops until the last imported survey point

MD1 = Sheets(SurveySheet).Range("A" & SurveyCaut) 'Depth

MD2 = Sheets(SurveySheet).Range("A" & SurveyCaut + 1)

INCL1 = Sheets(SurveySheet).Range("B" & Survey@unt) 'Inclination
INCL2 = Sheets(SurveySheet).Range("B" & SurveyGunt + 1)

AZ1 = Sheets(SurveySheet).Range('C" & SurveyCat) 'Azimuth
AZ2 = Sheets(SurveySheet).Range('C" & SurveyCat + 1)

If MD2 < MD1 Then
MsgBox ("There is an error in the importedSurvey Data. The measured depth in Row " &
SurveyCount + 1 & " on sheet " & SurveySheet & " isless than the previous survey point.")
StopProgram = True
GoTo ErrorHandling
End If

For ColCount=1To 7
Sheets(IntSheet).Cells(IntCount, ColCount)= Sheets(SurveySheet).Cells(SurveyCount,

ColCount) 'Values at first survey point
Sheets(IntSheet).Cells(IntCount, ColCounffont.Bold = True
Sheets(CalcSheet).Cells(2, ColCount + 1) $Sheets(SurveySheet).Cells(SurveyCount,

ColCount)
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Sheets(CalcSheet).Cells(3, ColCount + 1) Sheets(SurveySheet).Cells(SurveyCount + 1,
ColCount) 'values at next survey point
Next ColCount

Sheets(IntSheet).Range("H" & IntCount + NumintPnts + 1) = Sheets(CalcSheet).Range("I3")
‘Writes alphal2 to DL column
Sheets(IntSheet).Range("H" & IntCount + NumIntPnts + 1).Font.Bold = True

IntPntCount = 0
Intincr = (MD2 - MD1) / (NumintPnts + 1) ‘calculates interpolation increment to achieve
desired number of interpolation points
Do Until IntPntCount = NumintPnts
‘Loops until desired number of interpolation points has been reached
IntCount = IntCount + 1
Sheets(CalcSheet).Cells(9, 2) = Sheets(lImgt).Range("A" & IntCount - 1) + Intincr

‘enters depth value at interpolation point to calclation sheet

If INCL1 = INCL2 Then
'If the inclination angle is the same at edn survey point then use the value from thdst for
interpolation
templnclFormula = Sheets(CalcSheet).Q&(9, 3).Formula
Sheets(CalcSheet).Cells(9, 3) = INCL1
End If
If AZ1 = AZ2 Then
'If the azimuth is the same at each survepoint then use the value from the 1st for
interpolation
tempAZFormula = Sheets(CalcSheet).Celts 4).Formula
Sheets(CalcSheet).Cells(9, 4) = AZ1
End If
If Sheets(CalcSheet).Cells(13, 3) =0 Then
'If the DL is zero then use a ratio factoof 1
tempRFFormula = Sheets(CalcSheet).Rar{tjd13").Formula
Sheets(CalcSheet).Range("H13") = 1
End If
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For ColCount = 1 To 8writes calculated values to interpolation sheet
Sheets(IntSheet).Cells(IntCount, ColCai) = Sheets(CalcSheet).Cells(9, ColCount + 1)
Next ColCount

'reinstate formulas
Sheets(CalcSheet).Cells(9, 3).Formula = tpinclFormula
Sheets(CalcSheet).Cells(9, 4).Formula = tpiZFormula
Sheets(CalcSheet).Range("H13").Formula = nepRFFormula
IntPntCount = IntPntCount + 1

Loop

IntCount = IntCount + 1

SurveyCount = SurveyCount + 1

Wend

For ColCount = 1 To 7'write the last survey point to the interpolation seet
Sheets(IntSheet).Cells(IntCount, ColCount) = Skets(SurveySheet).Cells(SurveyCount,
ColCount)
Sheets(IntSheet).Cells(IntCount, ColCount).FonBold = True
Next ColCount

RowCount = 3
While Sheets(IntSheet).Range("A" & RowCount) <> ""
‘Loops through each row and enters formulas to caldate Closure distance/Angle, Directional
Difference and Vertical Section

Sheets(IntSheet).Range("l" & RowCount).Formula = "=SQRT((E" & RowCount &
""2)+(F" & RowCount & ""2))" ' Calculate Closure Distance

Sheets(IntSheet).Range("J" & RowCount).Formula= "=DEGREES(ATAN(F" & RowCount
& "/[E" & RowCount & )" ' Calculate Closure angle

Sheets(IntSheet).Range("K" & RowCount).Formula = "=$Q$1-J" & RowCount & ™
'Calculate Directional difference

Sheets(IntSheet).Range("'L" & RowCount).Formula = "=abs(l" & RowCount &
"*(COS(RADIANS(K" & RowCount & "))))* ' Calculate Vertical Section

RowCount = RowCount + 1
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Wend
If BearingAngle = -9999 Then
'if the user did not enter a bearing angle then uséhe Closure Angle calculated from the last
Survey Point. This input is turned off. Can turn it on under Frm_Entry
Sheets(IntSheet).Range("Q1").Value = Sheets(I8heet).Range("J" & RowCount - 1)
Else
Sheets(IntSheet).Range("Q1").Value = BearingAng
End If

ErrorHandling:
'reinstate formulas
Sheets(CalcSheet).Cells(9, 3).Formula = templfRormula
Sheets(CalcSheet).Cells(9, 4).Formula = tempABFmula
Sheets(CalcSheet).Range("H13").Formula = tempRFormula

'Formatting
Sheets(CalcSheet).Protect
Sheets(IntSheet).Select
Range("A3:L3").Select
Range(Selection, Selection.End(xIDown)).Select
With Selection
.NumberFormat = "0.00"
.HorizontalAlignment = xICenter
End With
Range("Q1").Select
With Selection
.NumberFormat = "0.00"
.HorizontalAlignment = xICenter
End With
Range("Al").Select
Application.ScreenUpdating = True
End Sub
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9.2 Source code: Interpolation of NBI data

Sub Interpolate_Continuous()

'Interpolates Azimuth, TVD, Northing, Easting between two survey points

‘'using inclination and depth from NBI survey

Dim templnclFormula, tempAZFormula, tempRFFormula As String

Dim SurveyCount, IntCount, RowCount, ColCount, IntPntCount, PastSurvey, NextSurvey As
Long

Dim ContCount As Long

Dim NextCont As Long

Dim MD1, MD2, INCL1, INCL2, AZ1, AZ2, Intincr, Avgl ncl As Double
Dim SurveySheet, IntSheet, CalcSheet, ContSheet Afing

SurveySheet ='Imported Survey" 'Sheet containing the imported survey
IntSheet ="Interpolation - Continuous" 'sheet containing the resulting interpolation
CalcSheet ='Calculation” 'Sheet containing the formulas for calculations

ContSheet ="Continuous Measurement" 'Sheet containing the impoted the NBI data

SurveyCount = 3'First row of imported survey
IntCount = 3 'First row of resulting interpolation
ContCount = 3'First row of NBI data

PastSurvey = IntCount

NextSurvey = IntCount + NumintPnts + 1

templnclFormula = Sheets(CalcSheet).Cells(9, 3).Faula 'Save formula to restore after script
is executed

tempAZFormula = Sheets(CalcSheet).Cells(9, 4).Fornta

tempRFFormula = Sheets(CalcSheet).Range("H13").Formla
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Sheets(IntSheet).Selectlear contents of interpolation sheet
Range("A3:L3").Select

Range(Selection, Selection.End(xIDown)).Select
Selection.Font.Bold = False

Selection.ClearContents

On Error GoTo ErrorHandling

Sheets(IntSheet).Range("H" & IntCount) = 0'Writes alphal2 to DL column
Sheets(IntSheet).Range("H" & IntCount).Font.Bold =True

While (Sheets(ContSheet).Range("A" & ContCount) > $eets(SurveySheet).Range("A" &

SurveyCount)) And (IsNumeric(Sheets(SurveySheet).Rage("A" & SurveyCount + 1)) And

Sheets(SurveySheet).Range("A" & SurveyCount + 1) <*")

'loops until the first point of survey data is greder than the first imported continuous data
SurveyCount = SurveyCount + 1

Wend

Do Until Sheets(ContSheet).Range("A" & ContCount) >Sheets(SurveySheet).Range("A" &
SurveyCount)
‘Move ContCount until value is one more than surveypoint
ContCount = ContCount + 1
Loop

Application.ScreenUpdating = False
Sheets(CalcSheet).Unprotect

For ColCount=1To 7

Sheets(IntSheet).Cells(PastSurvey, ColCount) =Sheets(SurveySheet).Cells(SurveyCount,
ColCount) ' Enter 1st Survey Point onto Interpolation sheet

Sheets(IntSheet).Cells(PastSurvey, ColCount).RoBold = True
Next ColCount
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While  (IsNumeric(Sheets(SurveySheet).Range("A" & SweyCount + 1)) And
Sheets(SurveySheet).Range("A" & SurveyCount + 1) <¥')

‘Loops until the last imported survey point

For ColCount=1To 7
Sheets(IntSheet).Cells(NextSurvey, ColCoynt Sheets(SurveySheet).Cells(SurveyCount +
1, ColCount) 'Enter next Survey Point onto Interpolation sheet
Sheets(IntSheet).Cells(NextSurvey, ColCoyrfont.Bold = True
Next ColCount

MD1 = Sheets(IntSheet).Range("A" & PastSurvey)Depth
MD?2 = Sheets(IntSheet).Range("A" & NextSurvey)

AZ1 = Sheets(IntSheet).Range("C" & PastSurvey)Azimuth
AZ2 = Sheets(IntSheet).Range("C" & NextSurvey)

NextCont = FindContPnt(ContSheet, ContCount, Skets(IntSheet).Cells(NextSurvey, 1))
'Finds the NBI point that is closest to the nextigvey point

If NextCont = -999 Then GoTo ErrorHandling 'Checks for error code. If there is no more
NBI data, clean up and exit sub

Avgincl = GetAverage(ContSheet, NextCont, ShexintSheet).Cells(PastSurvey, 2))

‘Calculates the average inclination from the 5 meased values closest to the next survey point

For ColCount=1To 7
'writes data to the calculation sheet all equab survey points except
‘inclination which uses the average values callated above
Sheets(CalcSheet).Cells(2, ColCount + 15heets(IntSheet).Cells(PastSurvey, ColCount)

Sheets(CalcSheet).Cells(3, ColCount + 1Bheets(IntSheet).Cells(NextSurvey, ColCount)
Next ColCount

Sheets(IntSheet).Range("B" & NextSurvey) = Avgicl 'Assigns avg inclination to survey
point
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For ColCount=1To 3

‘Enters depth, inclination and azimuth to alculation fields to calculate new TVD, North

and East with average inclination

Sheets(CalcSheet).Cells(9, ColCount + 15heets(IntSheet).Cells(NextSurvey, ColCount)
Next ColCount

For ColCount=2To 6
‘writes new TVD, Northing and Easting to iterpolation Sheet
Sheets(IntSheet).Cells(NextSurvey, ColCoynt Sheets(CalcSheet).Cells(9, ColCount + 1)
Next ColCount

For ColCount=1To 7
‘writes new TVD, Northing and Easting to 2nd Pointon Calculation Sheet
Sheets(CalcSheet).Cells(3, ColCount + 15heets(IntSheet).Cells(NextSurvey, ColCount)
Next ColCount

Sheets(IntSheet).Cells(NextSurvey, 8) = Sheé&s{cSheet).Cells(9, 9)\Writes alphal2 to DL

column

Sheets(IntSheet).Cells(NextSurvey, 8).Font.BokTrue

'restores Inclination, Azimuth formulas that were written over above
Sheets(CalcSheet).Cells(9, 3).Formula = templfRormula

Sheets(CalcSheet).Cells(9, 4).Formula = tempABdFnula

IntPntCount = 0

Intincr = (MD2 - MD1) / (NumintPnts + 1) ‘calculates interpolation increment to achieve

desired number of interpolation points

Do Until IntPntCount = NumintPnts
‘Loops until desired number of interpolation pants has been reached
IntCount = IntCount + 1
ContCount = FindContPnt(ContSheet, ContCourj MD1 + (IntPntCount + 1) * Intincr)

'Finds the continuous data point that is closest tthe desired interpolation point

If ContCount = -999 Then GoTo ErrorHandling
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Avglincl = GetAverage(ContSheet, ContCountSheets(IntSheet).Range("'B" & IntCount -
1)) 'Calculates the average inclination from the 5 meased values closest to this measured point
Sheets(CalcSheet).Cells(9, 3) = Avglnelrite calculated inclination to the calculations

sheet

Sheets(CalcSheet).Cells(9, 2) = Sheets(Gimtet).Range("A" & ContCount) 'Enters depth

from continuous measurement on calculation sheet

If AZ1 = AZ2 Then
‘If the azimuth is the same at each survey point #n use the value from the 1st for
interpolation
Sheets(CalcSheet).Cells(9, 4) = AZ1
End If
If Sheets(CalcSheet).Cells(13, 3) =0 Then
'If the DL is zero then use a ratio factoof 1
Sheets(CalcSheet).Range("H13") = 1
End If

For ColCount = 1 To 8writes calculated values to interpolation sheet
Sheets(IntSheet).Cells(IntCount, ColCai) = Sheets(CalcSheet).Cells(9, ColCount + 1)
Next ColCount

'reinstate formulas
Sheets(CalcSheet).Cells(9, 4).Formula = tpiZFormula
Sheets(CalcSheet).Range("H13").Formula = nepRFFormula

IntPntCount = IntPntCount + 1
Loop
IntCount = IntCount + 1
PastSurvey = NextSurvey
NextSurvey = IntCount + NumintPnts + 1
SurveyCount = SurveyCount + 1
Wend
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RowCount = 3
While Sheets(IntSheet).Range("A" & RowCount) <> ""
'Loops through each row and enters formulas to caldate Closure distance/AngleDirectional
Difference and Vertical Section
Sheets(IntSheet).Range("l" & RowCount).Formula = "=SQRT((E" & RowCount &
""2)+(F" & RowCount & "*2))" ' Calculate Closure Distance
Sheets(IntSheet).Range("J" & RowCount).Formula= "=DEGREES(ATAN(F" & RowCount
& "/[E" & RowCount & "))" ' Calculate Closure angle
Sheets(IntSheet).Range("K" & RowCount).Formula = "=$Q$1-J" & RowCount & ™
‘Calculate Directional difference
Sheets(IntSheet).Range('L" & RowCount).Formula = "=abs(l" & RowCount &
"*(COS(RADIANS(K" & RowCount & "))))* ' Calculate Vertical Section
RowCount = RowCount + 1
Wend
If BearingAngle = -9999 Then
'if the user did not enter a bearing angle then usthe Closure Angle calculated from the last
Survey Point. Is turned off, so closure angle fronast survey point will be used as Bearing.
Sheets(IntSheet).Range("Q1").Value = Sheets(I8heet).Range("J" & RowCount - 1)
Else
Sheets(IntSheet).Range("Q1").Value = BearingAng
End If

ErrorHandling:
Sheets(CalcSheet).Cells(9, 3).Formula = templformula ‘Reinstate inclination formula

'Formatting
Sheets(CalcSheet).Protect
Sheets(IntSheet).Select
Range("A3:L3").Select
Range(Selection, Selection.End(xIDown)).Select
With Selection
.NumberFormat = "0.00"
.HorizontalAlignment = xICenter
End With
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Range("Q1").Select
With Selection
.NumberFormat = "0.00"
.HorizontalAlignment = xICenter
End With
Range("Al").Select
Application.ScreenUpdating = True

'reinstate formulas

Sheets(CalcSheet).Cells(9, 3).Formula = templformula
Sheets(CalcSheet).Cells(9, 4).Formula = tempABFnula
Sheets(CalcSheet).Range("H13").Formula = tempRFormula

If Err.Number <> 0 Then MsgBox ("An error was encountered: " & Err.Description)

End Sub

9.3 Source code: Average Inclination calculation from NBI data

Function GetAverage(ContinSheet As String, Continuos As Long, Lastincl As Double) As
Double

Dim nDex, Count As Integer
Dim Total As Double

Dim Currentincl As Double
Dim Pastincl As Double

Dim TrimmedMean As Double
Dim MyRange As Range

Dim StepValue As Double
Dim StepQty As Integer

Dim RangeString As String
Dim MininclRange As Double

57



StepQty = 15'Number of points forward and back to look at
TrimmedMean =0
If StepQty > Continuous Then

StepQty = Continuous - 2Safety check to make sure there is no negative the range below
End If
Pastincl = LastIncl
RangeString =™
MininclRange = Application.WorksheetFunction.Min(NB IAngle, NBIPercent / 100 * LastIncl)
For nDex = -StepQty To StepQty

‘Builds a string representing a range of "good"cells where the inclination value

'is within MinInclRange from the LastIncl (previous inclination)

If Abs(Worksheets(ContinSheet).Range("B" & Contnuous - nDex) - Lastincl) <
MininclRange Then

RangeString = RangeString & "B" & Continuous - nDex & ","

End If

Next nDex

If RangeString <> "' Then
RangeString = Left(RangeString, Len(RangeString- 1) 'Removes last comma from string
Set MyRange = Worksheets(ContinSheet).Range(Rag@String) 'Sets string as Range
TrimmedMean = Application.WorksheetFunction. TrimMean(MyRange, 0) '‘Calculates the

average over the range. Can exclude extremes if onkanges the TrimMean %

End If

Total =0
Count=0
FornDex=-2To 2
Currentincl = Sheets(ContinSheet).Range("B" & Gntinuous + nDex)
If IsNumeric(Currentincl) Then
If Abs(Currentincl - TrimmedMean) < 2 Then
Count = Count + 1

Total = Total + Currentincl
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End If
End If
Next nDex

If Count = 0 And TrimmedMean <> 0 Then
GetAverage = TrimmedMean'Because none of the nearby values are okay use ttienmed
mean
Elself Count = 0 Then
GetAverage = LastIncllf trimmedmean is zero use the Last Inclination pant
Else
GetAverage = Total / Count
End If
End Function

9.4 Source Code: Find NBI MD that closest the MWD survey station depth

Function FindContPnt(ContinSheet As String, StartCat As Long, TargetVal As Double)

'Finds NBI survey measured depth that is closest tthe target value.
'Starts with 1st measured depth greater than the taget value and calculates the difference
'‘between this and the target value. It then compar®this to the difference between the
‘target value and the last continues measured deptbefore the current depth.
'The continuous measured depth with the smaller dférence is chosen

Dim Counter As Long

Counter = StartCont

Do Until (Sheets(ContinSheet).Range("A" & ©@unter) > Targetval) Or
Sheets(ContinSheet).Range("A" & Counter) = Or Not
(IsNumeric(Sheets(ContinSheet).Range("A" & Counter))

‘Loop until the value from the continuous sheet igreater than the target value or there is
no more NBI

Counter = Counter + 1
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Loop
If Sheets(ContinSheet).Range("A" & Counter) = Or Not

(IsNumeric(Sheets(ContinSheet).Range("A" & Counter)) Then
FindContPnt = -999Send error code to the calling subroutine

End If
If Abs(Sheets(ContinSheet).Range("A" & Couter) - TargetVal) <

Abs(Sheets(ContinSheet).Range("A" & Counter - 1) TargetVal) Then
FindContPnt = Counter
Else
FindContPnt = Counter - 1
End If
End Function

9.5 Source code: input window Frm_Entry

Private Sub Btn_OK_Click()
If Not (IsNumeric(CMB_IntPnt.Value) Or IsNumeri c(Txt_Angle.Value) Or

IsNumeric(Txt_Percent.Value)) Then
‘error checking for code entered in the uséorm
MsgBox ("There is an issue with one of thealues you have entered.")
Exit Sub
Elself IsNumeric(Txt_Bearing.Value) Or Txt_Bealing.Value = "™ Then
'‘Assigns entered values to global variables
NumintPnts = CInt(CMB_IntPnt.Value)
NBIAngle = CDbI(Txt_Angle.Value)
NBIPercent = CDbI(Txt_Percent.Value)
If Txt_Bearing.Value =" Then
BearingAngle = -999%end msg that bearing angle was left blank
Else
BearingAngle = CDbl(Txt_Bearing.Value)
End If

Else
MsgBox ("There is an issue with one of thealues you have entered.")

Exit Sub
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End If
Unload Me
End Sub

Private Sub Txt_Angle_KeyPress(ByVal KeyAscii As M6orms.Returninteger)
'Restricts the allowable keypresses to numbeesd decimal
If KeyAscii = Asc(Application.International(xID ecimalSeparator)) Then
If InStr(Txt_Angle.Value, Application.Inter national(xIDecimalSeparator)) <> 0 Then
'If there is already one decimal sepatar in the number than ignore the keypress
KeyAscii=0
End If
Elself KeyAscii < Asc(0) Or KeyAscii > Asc(9) ien
KeyAscii=0
End If
End Sub

Private Sub Txt_Percent_KeyPress(ByVal KeyAscii AMSForms.Returninteger)
'Restricts the allowable keypresses to numbeesd decimal
If KeyAscii = Asc(Application.International(xID ecimalSeparator)) Then
If InStr(Txt_Percent.Value, Application.International(xIDecimalSeparator)) <> 0 Then
'If there is already one decimal sepatar in the number than ignore the keypress
KeyAscii=0
End If
Elself KeyAscii < Asc(0) Or KeyAscii > Asc(9) Tien
KeyAscii= 0
End If
End Sub

Private Sub Txt_Bearing_KeyPress(ByVal KeyAscii AMSForms.Returninteger)
'Restricts the allowable keypresses to numbeend decimal
If KeyAscii = Asc(Application.International(xID ecimalSeparator)) Then

If InStr(Txt_Bearing.Value, Application.Int ernational(xIDecimalSeparator)) <> 0 Then
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'If there is already one decimal sepatar in the number than ignore the keypress
KeyAscii=0
End If
Elself KeyAscii < Asc(0) Or KeyAscii > Asc(9) Tien
KeyAscii=0
End If
End Sub

Private Sub UserForm_Initialize()

Dim Count As Integer

Txt_Bearing.Value =™
Txt_Percent.Value = 30 'Default percent NBI
Txt_Angle.Value = "3" & Application.International(x IDecimalSeparator) & "5" ‘default angle
NBI
For Count = 1 To 10 'Populates combobox with 1 toQ
CMB_ IntPnt.AddItem Count
Next Count
CMB_IntPnt.Listindex = 4 ' Number of interpolation points between measured @lues - Default
to5

End Sub

Private Sub UserForm_QueryClose(Cancel As IntegefloseMode As Integer)
If CloseMode = 0 Then StopProgram = TruéJser has clicked "x"
End Sub

Private Sub UserForm_RemoveControl(ByVal Control ASMSForms.Control)

End Sub

Private Sub UserForm_Zoom(Percent As Integer)

End Sub
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