Survey Uncertainty Quantification
with R: Need for an Explicit Definition
of the Chi-Square Tests

Mike Calkins — Three Sigma Well Design, LI.C




Overview

1. Why?
2. Combined Survey Project

3. Common Survey QC Tests
a.Qualitative Ellipse Visual Tests
b.RIP Test

c.Chi-Squared Tests
1. One Sided for Individual Wells
2. 'Two Sided for EM Validation & Refinement

4. Current Chi-Square Test
Implementation per Ekseth ¢ 4/,
2007 (SPE-105558)

a) Limitations, Assumptions, & Concerns
b) Need to explicitly define all QC Tests so

they can be run correctly and consistently

5. Overview of R and preview of
current QC Report code(slides to be
posted)



1. To explicitly define uncertainty expectations for survey data and

the means to determine when a tool is not performing as assumed by
the EMs

ISCWSA OWSG Mission Statement: To promote practices that provide

confidence that reported positions are within their stated uncertainty

2.  ‘““To obtain the maximum amount of useful information from the
data on hand without being able to repeat the experiment with better
equipment or reduce statistical uncertainty by making more
measurements’”

- Bevington, Data Reduction and Error Analysis for the Physical Sciences
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QC Test Overview — SPE-212492

* Ellipse Test
* RIP Test
* Chi-Square Tests (IDT, ADT, CODT)

o
o<

——Incl. differences [deg]
- = Tolerance S [N S SR | F— 4-

e
=

o
2

[X] o
T =

Incl. differences [deg]
P
B

o
3

n 2
] AXi <Z
v ] 1 X = > N = 4yn
| s 2o <5

0.8

_Z.IDDD 2..‘:00 3!;00 35100 4ﬂlﬂﬂ 45‘00 SDJOO SSIUU 6000 x: Zﬂf/zndeOﬂ) ﬂzzw%tb) or CODT

Depth [m] (highside/ lateral/ or along-hole)

Figure 1—Inclination RIP test between GWD OMM x MWD

Figure 3—Comparison of GWD OMM (blue) and MWD (red) uncertainty ellipses at 5646m.



Ellipse Test

Visual test based on ovetlap
of surveys center point and
uncertainty levels
* Scaled to what CI??P?
- 2 & 3 sigma feedback
* NEV or HLA ref frames?

Results found here seem

comparable to CODT Chi-
Square Test if n<5

A 1 sigma CI would be the

most conservative definition
for this test

Level Agreement

Table 5—Ellipsis of Uncertainty for Survey Quality Analysis

Description of Agreement
level

MWD ellipse fully
encompasses gyro elipse,
and gyro elipse encompasses
centre of MWD ellipse.

Action

Mo further investigation needed.

Pictorial Description of
Agreement Level

MWD ellipse fully
encompasses gyro elipse, but
gyro elipse does not
encompass centre of MWD
ellipse.

Mo further invesfigatfion needed.

MWD ellipse dows not fully
encompass gyro elipse but
averaps with it. The center of
the gyro ellipse lies inside the
MWD ellipse.

Mo further invesfigatfion needed.

MWD ellipse dows not fully
encampass gyro elipse but
averlaps with it. The centre of
the gyro elipse lies outside the
MWD elipse.

Investigate - if unresolved
Consider re-survey.

Elipses do not overap.

Prabably re-survey immediately
and investigate,
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Ellipse Test Improvement?

Figure 15.6.4. Confidence region ellipses corresponding to values of chi-square larger than the fitted
minimum. The solid curves, with Ax? = 1.00, 2.71, 6.63 project onto one-dimensional intervals AA"
BB, CC'. These intervals — not the ellipses themselves — contain 68.3%, 90%, and 99% of normally
distributed data. The ellipse that contains 68.3% of normally distributed data is shown dashed, and has
Ax? = 2.30. For additional numerical values, see accompanying table.

——

Press, W. H., B. P. Flannery, S. A. Teukolsky, and W. T. Vetterling, Numerical Recipes, The Art of
Scientific Computing, Cambridge University Press, New York (1986).

Level Agreement

SPE-212492

Table 5—Ellipsis of Uncertainty for Survey Quality Analysis

Description of Agreement
level

MWD ellipse fully
encompasses gyro ellipse,
and gyro ellipse encompasses
centre of MWD ellipse.

Action

Mo further investigation needed.

Pictorial Description of
Agreement Level

MWD ellipse fully
encompasses gyro ellipse, but
gyro elipse does not
encampass centre of MWD
ellipse.

Mo further investigation needed.

MWD elipse dows not fully
encompass gyro elipse but
overaps with it. The center of
the gyro ellipse lies inside the
MWD ellipse.

No further investigation needed.

MWD ellipse dows nol 1ully
encompass gyro elipse but
averlaps with it. The cenfre of
the gyro ellipse lies outside the
MWD ellipse.

Investigate - if unresolved
consider re-survey.

Ellipses do not averap.

Probably re-survey immedialely
and investigate.

P70




Relative Instrument
Performance (RIP)

Test

Compares mean and standard deviation
differences (only inclination and azimuth;

independently) by normalized differences
(ISCWSA 56 Pres by Jerry Codling)

* RP-78 to clearly define this too?
* Std.Dev assumption of n or n-1 should be stated

Mean = systematic errors
Standard deviation = random errors

Results are levels of agreement based on the
mean/standard deviation numeric differences

Table 4—RIP test tolerances — Adapted from IADC/SPE 199554

Mean Tolerances

STD Tolerances

Results

abs(mean diff) <= 0.50

std diff == 1.00

Good agreement

abs(mean diff) <= 0.75

std diff == 1.50

Average agreement

abs(mean diff) <= 1.25

std diff <= 2.00

Poor agreement

abs(mean diff) > 1.25

std diff = 2.00

Disagreement
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American Society for Quality(ASQ) — Control Chart

Out-of-control signals

* A single point outside the control limits. In Figure 1, point sixteen is above the UCL (upper control limit).

* 2 outof 3 successive points are on the same side of the centerline and farther than 2 ¢ from it. In Figure 1, point 4 sends that signal.

* 4 out of the 5 successive points are on the same side of the centerline and farther than 1 o from it. In Figure 1, point 11 sends that signal.

* A run of 8inarow are on the same side of the centetline. Or 10 out of 11, 12 out of 14, or 16 out of 20. In Figure 1, point 21 is 8" in a
row above the centerline.

* Obvious consistent or persistent patterns that suggest something unusual about your data and your process.

*When you start a new control chart, the process may be out of control. If so, the control limits calculated from the first 20 points are

conditional limits. When you have at least 20 sequential points from a period when the process is operating in control, recalculate control limits.

Current RIP/Control Chart Option from R
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What 1s an Explicit Definition? — STDEV.P

Excel Definition and Function:

* Calculates standard deviation based on the
entire population given as arguments (ignores
logical values and text)

* The standard deviation is a measure of how
widely values are dispersed from the average
value (the mean).

* Assumptions: Arguments are the entire
population (n).

* If datais for a sample use (STDEV.S)

* For larger sample sizes, STDEV.P and
STDEVS can return ~ equal values

¢ .2

* Calculated using “n” method

X(x —x)?

n

Excel STDEV.P function

Formula Description Result

=STDEV.P(A3:A12) Standard deviation of breaking strength, assuming only 10 tools are 26.05455814
produced.

1345 1301 1368 1322 1310
1370 1318 1350 1303 1299

Using the above data results in a standard
deviation (p) of 26.05

https:/ /support.microsoft.com/en-us/ office/stdev-p-function-6e917c05-31a0-496f-ade7-4f4e7462285#:~ :text=P%20function,-Excel%20for%20Microsoft&text=Calculates%20standard%20deviation%20based%200n,average%20value®20(the%20mean)



Chi-Square Test

* A normally distributed measurement and

1.0 Sigma Uncertainty/Scaled Variance Expectation Interpretation

Table 2: Result of all Chi Square (X*) tests

X? Test Value Test Limit Test Conclusion

. ) . . ; 1; IDT 27.98 34.4 Pass
variance/uncertainty is transformed 1nto a _
Chi-Square distributed measurement ADT 18.39 44 Pass
CODT (HLA) - - Pass
* 5 Test Total . ( )
e Tnclination — IDT Xo 1.23 34.4 Pass
e Azimuth - ADT Ny 0.87 34.4 Pass
* 3 CODTs in HLA reference frame X 0.25 34.4 Pass
NEV can be tested too, but HLA is preferred
e Results are c ompare d with a test limit (Z) 3.0 Sigma Uncertainty/Scaled Variance Expectation Interpretation

* Z value = number of stations (n) [15 stations is
recommended] and significance level (y)

n ‘Y];Z
X = Z——z < Z},‘”
=1 6,‘

where Z,, 1s the Chi-square test limit for » degrees of
freedom, at a significance level of . The significance level is,
with one exception, fixed at 0.3% throughout this paper, in

SPE-105558 Eqn referenced above

Table 2: Result of all Chi Square (X?) tests

X2 Test Value TestLimit Test Conclusion

IDT 3.11 34.39 Pass
ADT 2.04 34.39 Pass
CODT (HLA) - - Pass
XL 0.14 34.39 Pass
XH 0.1 34.39 Pass
Xw 0.03 34.39 Pass

Excel Test Limit Equation: CHISQ.INV.RT(0.003,15) = 34.4



Chi-Square Test (cont.)

* A Statistical Measure of Goodness-of-Fit
* Numerical Quantification of Agreement like a RIP Test
* Hypothesis Testing — Does the survey disagreement exceed our EM expectation

* It tells us #f differences in our sampling of observed surveys (INC, AZI, NEV/HLA Coordinates) are a
reasonable expectation with the associated uncertainty at a given Confidence Interval

* It answers the following Questions:

1. Do the discrepancies observed in overlapping surveys disprove one of the EM selections (l.e., is the EM selection optimistic) —
One Sided Test

2. Do our selections of observed surveys Fit within an expected range from the EM? - Two-Sided Test(SPE-199554)
1. If <lower bound, the EM is pessimistic to a given Probability

2. If > upper bound the EM is optimistic to a given Probability

* Do not make the mistake of concluding the IPM 1s “verified” or “proven”.
“The curse of Statistics is that it can never prove things, only disprove them!”
- Press, Numerical Recipes: The Art of Scientific Computing



Uncertainty Expectation —
Test Decision

* How should our expected Variance or
Uncertainty(std dev=sqrt(Variance)) sigma be
calculated?

» Not Explicitly Defined!

* 1sigma seems too pessimistic(Prone to Type One
Error — False Negative) for reasonable discrepancies

* 3 sigma may be too optimistic(Prone to Type Two Errors —
False Positive)

* Column 3 in Table 2 appears to show the
average discrepancy/uncertainty ratio required to
equal the Selected Test Limit

* Does an Ellipse Test scaled at 1.5 sigma make sense with
Poor/Bad actions??

SPE/IADC 105558

High-Integrity Wellbore Surveys: Methods for Eliminating Gross Errors

Roger Ekseth, SPE, Gyrodata; Torgeir Torkildsen, SPE, Statoil ASA; Andrew Brooks, SPE, Baker Hughes Inteq;

John Weston, SPE, Gyrodata; Erik Nyrnes, SPE, Statoil ASA; Harry Wilson, SPE, Baker Hughes Inteq; and
Kazimir Kovalenko, SPE, Gyrodata

The Chi-square distribution stafistical fest. A Normally
distributed measurement (x) with zero expectation and
variance, o°, is transformed into an apparent one degree of
freedom Chi-square distributed measurement by squaring the
measurement and dividing by the variance. A given number
(n) of one degree of freedom Chi-square distributed
measurements, originating from » independent (uncorrelated)
measurements, can be added together into a common Chi-
square distributed test variable (X) with n degrees of freedom.
The measurements can then be controlled against gross errors
at a given confidence (y) by testing if the following condition
1s fulfilled:

n .Y;z
X=>—<Z,
i=1 0}
where Z,, is the Chi-square test limit for » degrees of

freedom, at a significance level of . The significance level is,
with one exception, fixed at 0.3% throughout this paper, in
order to harmonise with the significance level used for the
Normal distribution tests.

The Chi-square distribution test may be presented in an
alternative form, when all » summed measurements have the

same variance, 0’2. Table 2: Chi-square distribution test limits and standard
deviation scaling factors at a 0.3% significance
level
ZO.OO3.M
" Z0.003.n /
1 8.8 3.0
3 13.9 22
5 18.0 1.9
15 344 1.5
100 143 1.2
1000 1127 1.1




# of Observations (#) — Test Decision

Table 2: Chi-square distribution test limits and standard . s . . .
deviation scaling factors af a 0.3% significance The magnitude a systematic inclination error must exceed, before a y; based
level . . .
Chi-Square test fails a survey, decreases as # increases (Ekseth, pg 6).
n 7 20.003./
0.003.n n
1 - - Too few stations = excessively high sensitivity to random errors
3 13..9 2:2
5 18.0 1.9
15 344 LS Too many stations = excessively high sensitivity to systematic errors
100 143 1.2
1000 1127 1.1
Chi-Square Test Limit per Station Overall Chi-Square Test Limit
150 1
< 7.51
g _ 1001
> | E |
L Sigma T Sigma
= 5.0 W
E Sqrt(2.29)=1.5 2 i 2
= — —
> Sqre(1.67)=1.3 2 |
|_
0
O 25 2.29
1.64
T T T T T T O_ T T T T T T
0 10 20 30 40 50 0 10 20 30 40 50

Degrees of Freedom Degrees of Freedom



Unanswered Questions

SeaareJestvalaes-Uncertainty Expectation is set at 1 sigma
a. SPE-105558 leaves this definition ambiguous
b. Can expectations set for RIP Test or Ellipse Overlap guide us?

a. Should these tests reject survey data at similar thresholds?

c. Is there an ISCWSA SC interested in explicitly defining these QC Tests?

stded-tests;-why are we making it easier to exceed a Lower Test Limit

calculated at a 2 sigma CI (Z=25 vs 34 with n=15)?

a. Does SPE-105558 appropriately define IDT/ADT/CODT Chi-Square tests?

b. Is anyone in our industry running these QC Tests? A few said they are, but did not provide
specifics

3. How might these QC Tests be applied to a combined survey set?



Concerns

1. Lack of published papers/research in our industry?
* Two SPE papers by Gyrodata on Chi-Square without the detail required to

reproduce results

* If we can’t agree on fundamental aspects on this test, how can we improve it or
adjust parameters(ie, point selection for n)?

2. It seems like there is a large gap between when a systematic error

would cause each different type of test to fail
* Chi-Square Tests will fail the earliest so does that mean a large portion of our
industry is referencing tests that produce False Positives(ie, optimistic)?



Summary: Chi-Square Test Items to Address

Explicitly define sigma/scaled variance

*  What is our expected uncertainty?

Is n selection appropriate at 15 stations for CODT?

* Prone to Type 1 error relative to RIP Mean and Ellipse Test Limits
*  Would n=5 make more sense for CODT?

0.003 significance or 3 sigma?

Should we switch to the term “Discrepancy” to refer to “measurement

differences™

How to run the CODT on a lower Survey Leg?
*  Zero Error Tie in and start ~500” out £/ TIP to avoid small error sensitivity

0.1 or 0.05 or 2 sigma for 2 sided test?

*  Mistake made in paper or appendix?

Table 2: Chi-square distribution test limits and standard
deviation scaling factors at a 0.3% significance

level
Z 0_003_/
" ZO.OO3.H H
1 8.8 3.0

Table 6.2 Confidence limits associated with various A x2 contours for one
degree of freedom.

Ax? contour 1.00 2.71 4.00 6.63 9.00
Measurements within range 68.3% 90.0% 954% 99.0% 99.7%
lo 20 3o

Hughes and Hase, Measurements and their Uncertainties — A Practical Guide to Modern Error Analysis



Chi Squared Retferences

SPE/IADC 105558 IADC/SPE-199554-MS

High-Integrity Wellbore Surveys: Methods for Eliminating Gross Errors Validation of Error Models — A Key Component of Risk Mitigation in Wellbore
Roger Ekseth, SPE, Gyrodata; Torgeir Torkildsen, SPE, Statoil ASA; Andrew Brooks, SPE, Baker Hughes Inteq; Collision Challenges

John Weston, SPE, Gyrodata; Erik Nyrnes, SPE, Statoil ASA; Harry Wilson, SPE, Baker Hughes Inteq; and

Kazimir Kovalenko, SPE, Gyrodata Tarig Ali, Adrian Ledroz, and John Weston, Gyrodata; William Allen, BP

Published: February 20, 2007 (Peer Reviewed) Published: February 25, 2020 (Peer Reviewed)



Proposal

1. Iwould like to see my implementation of Chi-Square per SPE-105558
validated(IDT/ADT/CODT) with a test set of data posted on the ISCWSA

website

2. It I summarized my understanding of the Chi-Square test, would there be
interest at this SC to publish a communication summarizing all of the test
decisions and update the eBook verbiage
* eBook verbiage on this appears to be roughly the same content as seen in SPE-105558

* Should this content be added to RP-78 at some point? Currently, the RIP test is only
defined in that document and its noted that it is no replacement for Chi-Square



Questions?

tswd@threesigmawelldesign.com



Comparison of Chi-Square Equations

SPE-105558 Chi Square General Form of Chi-Square

* Mean expectation is assumed to be zero —

. * “Expectation” is very subjective!
Conflicts w/ RIP Test?

DEFINITION OF CHI SQUARED

¢ Suggests Variance is requlred If we make n measurements for which we know, or can calculate. th

. . values and the standard deviations, then we define x2 as
* Does Gamma selection tell us what magnitude

. . n 2

of Power/Probability we can confidently reject =3 <°bsef"ed value — expected Value) s
SUtv eys? : standard deviation
In the experiments considered in this chapter, the » measurement
” numbers, Oy, .. ., O,, of times that the value of some quantity x was ¢
X = i X; <7 each of n bins. In this case, the expected number E), is determined by tk
T { R~ “yn distribution of x, and the standard deviation is just ,/ E;; therefore,
1= i

X2=i: (Ok_Ek)z. [
where Z,, i1s the Chi-square test limit for »n - Ex

If the assumed distribution of x is correct, then X2 should be of order n
the assumed distribution is probably incorrect.

Taylor, Intro to Error Analysis — The Study of Uncertainties in Physical Measurements



Two Routes available for Chi-Square Conclusion?

Binary Pass/Fail Hypothesis Test Every sum of Xi calculated has an associated
power/probability(p value[x-axis below]) that
A - we can reject the distribution
Test conclusion Fail

The test fails. A failed IDT is either caused by a relative

fiepth difference, or by at lefast. one survey performing outside e For the IDT example to the I'ight with a Pass
its error model. Therefore, it is not possible to conclude that . 0 . .
something is wrong with the inclination measurements before fCSlllt, there 1s a ~40% chance of Ssecing this
the relative depth corrections have been checked, and found to . .
T, discrepancy or larger with our expected
uncertainty distribution?
X 16.0 Percentage Points of the Chi-Square Distribution
Test limit 34 Degrees of Probability of a larger value of x*
Test conclusion Pass Fresdom 0.99 0.95 0.90 0.75 0.50 0.25 0.10 0.05 0.01
1 0000  0.004 0016 0102 0455 1.32 2.71 3.84 6.63
The gyro and MWD inclination standard deviations 2 0020 0103 0211 0575 1386 2.77 4.61 599 9.21
(error model estimates) used are not very different from each 3 0I5 O 056 12 4966 4.11 6.25 78 11.34
other, and the pass conclusion can therefore be taken as . o B e e R . B I L
: et g e g, s 5 0.554 1.145 1610 2675 4351 6.63 9.24 11.07 15.09
evidence that gross inclination errors are not present in either
survey. 15 5.229 7.261 8547 11037 14339 1825 2231 2500 3058

https://passel2.unl.edu/view/lesson/9beaa382bf7¢e/8



Survey Selection after n is determined — Test Decision

1. Should we stick with a consistent decision of equally spacing out the
surveys selected or should we adjust selections based oft of our
knowledge ot the surveying acquisition process and environment

* Should we ensure areas of high and low DLS are sampled to some
predetermined ratio

* Should 3 sigma outliers be rejected from this test if in a high dogleg area?

2. How should the interpolation process work?

 If CLs are significantly different, it doesn’t seem fair to penalize the lower
frequency survey even though it may not be the an accurate representation of the
wellbore between stations
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By assuming that the two overlapping inclination
IDT / ADT / CODT measurements at the same depth are uncorrelated and

E . Normally distributed, the following random variable (x; ) can
quatlons be formed:
ar (5)
Xip ==
IDT Example: ! 0'1'1 + 0'122

* ADT/CODT equations ate similar where A7 i1s the inclination difference between the two

* Variance Scaled: independent surveys at a given depth, and o and op are the
* Standard Deviation = 1 Sigma Std Dev f/EM, inclination standard deviations of the first and second surveys
2 sigma, or 3 sigma respectively. on and op can be calculated with the help of the
e Inclination Difference = Inclination error model input values and weighting functions.
Discrepancy

Appendix 1C: Equations for the inclination
* Bevington definition is a differences in difference test

repeated measurements that arise because we
can only determine a result to a given

uncertainty Al =12, -11;

Inclination difference at station (depth) i:

Variance scaled squared inclination difference at station
The Chi-square distribution statistical test. A Normally (depth) 7
distributed measurement (x) with zero expectation and I Al
variance, ¢, is transformed into an apparent one degree of b ? 2
freedom Chi-square distributed measurement by squaring the

Oni Y012
measurement and dividing by the variance. A given number

Test variable:

n
n -";2 X, = lef.f
X = Z_’} i: Z}’,H

i=l T r.. where n is the total number of stations used.



Pass/Fail IDT
Examples

e Failure Statement from First
IDT to the Left is 2 much
stronger statement

* Statistics can only disprove

things

* SPE-77221 statement that
Ellipse overlap confirms
surveys — conflicts w/ Chi-
Square Test

= Delinc
s |nC

~1000m 2000m 3000m

00

A 15 station IDT was run to find out if these inclination
differences are acceptable relative to the tool error models
assigned to the surveys. The MWD survey was assigned to the
SPE-WPTS sag corrected MWD error model, and the gyro
survey to the stationary error model recommended by the gyro
service provider. The following test result was achieved:

X7 102
Test limit 34
Test conclusion Fail

The test fails. A failed IDT is either caused by a relative
depth difference, or by at least one survey performing outside
its error model. Therefore, it is not possible to conclude that
something is wrong with the inclination measurements before
the relative depth corrections have been checked, and found to
be acceptable.

A second IDT example is shown in the following figure.
It is based on inclination differences between a continuous
gyro survey and a MWD section of 1300 metres length.

0.5° 60°
, - . 1 400
© N . A A =——Del inc
VV = =Inc
A 1 20°
I v
1500m 2000m 2500m
-0.5° 0°

The 15 station inclination difference test gave the
following result for this second example:

X; 16.0
Test limit 34
Test conclusion Pass

The gyro and MWD inclination standard deviations
(error model estimates) used are not very different from each
other, and the pass conclusion can therefore be taken as
evidence that gross inclination errors are not present in either
SUrvey.
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Overview

1. Why?

2. Combined Survey Methodology
a)  SL.B Patent
b) ISCWSA eBook

3. Common Survey QC Tests
a. Qualitative Ellipse Visual Tests
b.RIP Test

c. Chi-Squared Tests
1.  One Sided for Individual Wells
2.  Two Sided for EM Validation & Refinement

4. Current Chi-Square Test
Implementation per Ekseth ez a/, 2007
(SPE-105558)

a)  Limitations, Assumptions, & Concerns
b)  Need to explicitly define all QC Tests so they

can be run correctly and consistently

5. Overview of R and preview of current

QC Report code



1. To explicitly define uncertainty expectations for survey data and

the means to determine when a tool is not performing as assumed by
the EMs

ISCWSA OWSG Mission Statement: To promote practices that provide

confidence that reported positions are within their stated uncertainty

2.  ‘““To obtain the maximum amount of useful information from the
data on hand without being able to repeat the experiment with better
equipment or reduce statistical uncertainty by making more
measurements’”

- Bevington, Data Reduction and Error Analysis for the Physical Sciences



Expired SL.B Patent

Desqibed as the “Most Accurate
Position”

Caveat that one survey type must be a
wireline survey.

* In-Line with SPE-105558 guidance to
ensure errors are not correlated

Neither Patent or SPE papers elaborate
on limitations of Reducing Uncertainty

* Fio 5 visual suggests Uncertain
ca% be reduce Z(';VSO% v

First Commercial Application only
occurred recently per SLB Paper and
ISCWSA Presentation

* Implementation Challen%q‘s and Demand
from Operators caused this to stagnate?

24b 26a, 243

30b 28a 30a

FIG. 5
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ISCWSA eBook

* Uncertainty of combined measurements reduces by a

factor of 1/sqrt(n) if survey uncertainty in each tool
is equivalent

s  2surveys - 1/sqrt(2)= 0.71
*  3surveys - 1/sqrt(3)=0.58
* 5 Surveys - 1/sqrt(5)=0.45
* 50 Surveys - 1/sqrt(50)=0.14

What exactly is this simple rule in statistics and what
assumptions are being made?

* Simple Rules that Errors add in quadrature (i.e., RSS/Euclidean
Norm) and Standard ]a:_rror (SE -SDOM)
SE = —
Jn
*  More context is needed in the eBook!
If we are taking the standard deviation of
these overlapping measurements, the mean is
assumed to be zero and we divide by n
Instead of n-1

* Large discrepancies are likely telling us this is
a bad assumption

At what point should Uncertainty not be reduced
turther?

*  Goodness-of-Fit Testing of a null hypothesis via Chi Square to
make this decision?

* If Chi-Square Disproves our uncertainty expectation, we
should not use this

184 / 247 — 100% + B 9

|4
n [}

25. Combined Surveys

For many years, we have taken MWD surveys then perhaps run a gyro afterwards and thrown away the MWD and
replaced it with the gyro. There is no need to waste data like that. One of the simple rules of statistics is that the
standard deviation of a combined measurement is the square root of the sum of the squares of the individual
measurements divided by the number of measurements.

2 2 2 2 2
Oc =j0'1 + O2+ O3+04 ........On

N

In other words, if we had two similarly accurate instruments which we could demonstrate were uncorrelated in
their error sources and we took an average of their observations, the uncertainty would reduce by 1/1.414 or
approximately 30% reduction.

On certain high accuracy jobs, we can combine multiple gyro runs along with the MWD, (in-runs and out-runs)
and fit a best fit curve through the data to produce a synthetic trajectory which is more accurate than any of the
original surveys on their own.

Right now we don’t have a formal error model for combined surveys but it would not be difficult to derive as it
would simply be a combination of the covariance matrices of the individual surveys. Nevertheless, it is often very
worthwhile to combine the available surveys just to improve confidence in the well path position even if we do
not see the benefit in the calculated ellipse of uncertainty.

First of all, we need to understand how to curve fit smoothly through multiple observations.

Choose what rank of polynomial you wish to it to the data
A straight line will be of the form y = ax + b

A quadratic curve wil be of the form y = ax’s bx + ¢

¥ axis

A cubic curve (allows for inflection as in the diagram) y = ax'+ by +cx +d

We will use a cubic (rank 3) polynomial. At each observation within the
range we would ideally like the curve 1o pass through the coordinate X,y

we have & unknowns, the coefficients a.b,.c and d $o if we only had to fit 4
coordinates we could write 4 equations

¥ x y.
¥ ox 9 y,
orinmatixforn  [xi © x ilfel=fy
o ox i

MatixX A Y

ax’+ bxl+ cx+d =
ax) sexed=
+cu+ds=

X+ d

TwEe

-
o

However we have 9 observations and therefore 9 equations to sove only
4 unknowns. To get the best fit cubic curve we can pre-multiply these
matrices by M Transposed to achieve a definable, unique solution from

Xaxs
MMA =MY

Figure 124: Polynomial fit through the data

“there comes a point at which further knowledge is unobtainable”

— Bevington, Data Reduction and Error Analysis for the Physical Sciences



Systematic Errors(eBook cont.) — Enemy #17

1. Important assumption is that all systematic errors have been removed for this “simple rule” to be true?
* cBook only suggests that surveys must have uncorrelated errors for this to work

* Should we assume large discrepancies must be caused by a notable systematic error?

2. Is the statistics Definition of Systematic Error the same as ours(see below) or is the focus on Bias? Are these
terms used interchangeably like Uncertainty and Error?

. Statistics terminology is confusing]

33 Systematic Errors

Systematic errors are all remaining errors when gross- and random- errors are removed. A
systematic error has the same size, sign or geometric dependent nature for a given number
of measurements. This means that some gross errors, like for instance use of wrong
cahbrauon constants, are sy stcmam ermors for all measurements of a given type. Itis,

— Ekseth, Uncertainties in Connection with the Determination of Wellbore Positions (March
1998, PHD Dissertation — Foundational Document referenced by ISCWS.A)



SPE-85111/77221: Papers on SL.B “MAP” Process

A i .
13.375" CASING GYRO first two drilling stages (26” hole section and 17.5” hole

section) are completed prior to a casing gyro being run in the

surface casing string. Typically, the resultant gyro survey

) MAP PART 1 could show a significant shift in well position from the drilling
surveys, but provided the EOU’s at least touched, then
statistically this would be accepted as having been confirmed
by the MWD, and the gyro would then be used to update the
current well location prior to drilling ahead with the 12.25”
17 .5" SECTION MWD hole section. The next hole section drilling surveys are then

North

7 26" SECTION MWD o _
* Reword the statement above to be in-line with

0 SPE-105558?
0 East * With data available we can’t disprove either

EM
Fig. 4 - Schematic for the same planned directional well, for the first series of drilling surveys and the first e Onl id hat the ob . d
casing gyro survey, where the MAP technique is used to obtain a more accurate updated wellpath position, nly evidence that the observations made

from which drilling progress will continue. did not disprove the EMs referenced
* ClI of surveys is not mentioned
* Good Survey/Poor Survey Classification?




Thoughts on Limitations

1. The two surveys in question can not be more than 40% more accurate
than the other
* SLB SPE Papers suggest this is not a limitation(Fig 4 on Prev Slide)

2. For an individual survey tool, this logic can only reduce random errors.

* We are stuck with whatever systematic errors are present

3. We should assume large HLLA/NEV coordinate discrepancies are caused
by Systematic Errors

4. Chi-Square QC Test may not be defined appropriately (ie, it seems like it
fails too easily)

* QA/QC SC input?
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Table 2: Result of all Chi Square (X 2 ) tests

X2 Test Value

Test Limit

Test Conclusion

CODT (HLA) -

1.01
0.97
0.29

60.19
27.88

34.4
34.4
34.4
34.4
34.4

Fail

Pass
Pass
Pass
Pass

Pass



Figure 15.6.4. Confidence region ellipses corresponding to values of chi-square larger than the fitted
minimum. The solid curves, with Ax? = 1.00, 2.71, 6.63 project onto one-dimensional intervals AA",
BB’, CC'. These intervals — not the ellipses themselves — contain 68.3%, 90%, and 99% of normally
distributed data. The ellipse that contains 68.3% of normally distributed data is shown dashed, and has
Ax? = 2.30. For additional numerical values, see accompanying table.

——— N —

‘Press, W. H., B P i’lannery, S. A. Teukolsky, and W. T Vetterliné, Numerica'l Reci}),es, rThe Art of
Scientific Computing, Cambridge University Press, New York (1986).



Questions?




Weighted Average

Follows the Principle of Maximum Likelthood

The solution of this equation for X is our best estimate and is easily seen to be

(best estimate for X) = <£% + Lg) /(iz + iz) : (1.7}
94 9p 94 9p
This rather ugly result can be made tidier if we define weights
wAz—l; and wB=—13. (7.8)
%4 Tp

With this notation, we can rewrite (7.7) as the weighted average (denoted Kaan)

: WXy + wpx
(best estimate for X) = x,,, = —2-4 o Wk :
Wy + wpg

(7.9)

If the original two measurements are equally uncertain (o, = o3 and hence
w4 = wp), this answer reduces to the simple average (x, + x3)/2. In general,
when w, # wp, the weighted average (7.9) is nor the same as the ordinary
average; it is similar to the formula for the center of gravity of two bodies, where
w4 and wp are the actual weights of the two bodies, and x4 and x5 their positions.
In (7.9), the “weights” are the inverse squares of the uncertainties in the original
measurements, as in (7.8). If A’s measurement is more precise than B’s, then
74 < op and henc€ wy > wg, so the best estimate xy. is closer to x, than to x,
just as it should be.
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R Studio Support

* While R Studio is a free program, they
do offer consulting support for a fee

* Used by some fortune 100 companies
* Access to tools/packages with license

e Able to connect to remote sessions

Janssen )’ . vaetna

or fhamon-fohmon mastercard.

o

Create Insights Loicioclinl L Share Insights

0 2 e®

Publish Content =——p- £
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&= posit- Workbench Jupyte = posit Connect

Analyze, Develop, Publish E Dash bakeh Host, Automate, Distribute, Interact
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Fortune 100 companies that use R studio



R Shiny

Extension of R

App like; more interactive than
document

Need a dashboard to share to others

Dashboard can be free or paid services

Examples: Open-Source Shiny Server,
Posit Connect, shinyapps.io, shinyproxy

Can be password protected

Dashboards are customizable to the coder and
depends on the server

Content / Example Palmer Penguins Shiny Dashboard

Example Palmer Penguins Dashboard

Palmer Penguins dataset Number of Penguins Number of Species
344 3
The goal of palmerpenguins is to
provide a great dataset for
data exploration & visualization, Flipper and bill length
as an alternative to "iris*. Dimensians for Adelie, Chinstrap and Gentao Penguins at Palmer Station LTER
P ]
N
a .
DEICH Ay "™
= A A n
https://allisonhorst.github.iofpalmerpenguins/ E s " "-‘.
E” a £, rl 3G -
Artwork: g a "
g —
Allison Horst, h lisonhorst.com/ H . 2 ‘4! Tl
= & []

Penguin species
e

200 210
Flipper length (mm)

Penguin size, Palmer Station LTER

Frequency

Penguin flipper lengths

20

species

200 220
Flipper length (mm}

Flipper length and hody mass for Adelie, Chinstrap, and Gentoa Penguins (,\““STR‘P! G[NTOO’ ) ADfUF/
. 2
. 3 ‘ ey
o Penguin species L Ta 1 ¢ 1 ’ .
Adelie oo ? = 1 ; ; ]
B s000 A cnietrap = ULTW W d g

Example of Posit Connect Dashboard

Input Data
@ Use examples About Data Summary Correlations Imputation Pivol Table
Upload
Dimention

Use Example Dataset
ROWS

Edgar Anderson’s Ins Datar
N - 1 | 150
il
Tolal rows

Columns to create filter

COLUMNS
5

Tolal columns

Sepal Length, Sepal Widtt =

Show 10 v entries

Build Ul . ) . .
Column Class Missing Max Min Mean Median sD Variz
Sepal.Length SepalLength numernic 0 79 43 584 58 083 069
—— Sepal Width numeric (1] 44 2 308 3 044 019
Petal Length numenc 0 6.9 1 3.76 4.35 1.77 3.12
Sepal Width Petal Width numeric 0 25 0.1 12 13 076 058
E m Species factor 0
Showing 1 1o 5 of 5 entnes
Petal.Length
& Download
0

Example of Open-Source Shiny Server



Current QC Report Creation Process

* Export survey data by survey leg from directional software
* Minor cleanup via python required for easy R import

* DPoint to survey data file name in Code

* Manually enter a rough INC/AZI error in degrees due to software export limitation
* HAL and SLB reps at OWSG meeting said they are working to add this functionality
* This is manageable since COMPASS will export NEV/HLA uncertainty values required for the CODT(most import test in my view)
e IDT & ADT Chi-Square Tests are a bit duplicative since we can RIP test in R and COMPASS

* Run report in pdf, word, or html

* Report contains the following plots and data tables to audit results as needed.
* Transparency of Calculations has been a key focus area

* Reports have not been tested at scale yet due to Chi-Square Interpretation concerns and INC/AZI Error data export limitation



RIP Test

deltaInc s193Inc. y-5i95Inc. x

ier.xsd

Survey — Gyro

-

jer.ysd

d error

sd.e.error sqrtisig9iier. xsd si9iier.ysd

o

ation

delta Inclination []

normInc.sd si9ideltainc,/si9isd. e. error

mean =-0.42
std. dev=1.97

RIPim=-round mean(si9 normInc.sd),

RIPisd round sd(si9inormInc.sd),

itol round (mean(si9isd. e.error




RIP Test

Survey — Gyro

delta Inclination [°]

mean =-0.42
std. dev=1.97

ggplot (519, aes(x=MD.x, y=deltaInc, Tty

geom_1line(color Tinec

geom_point (data= sil5, aes(x = MD.x, ¥ deltaInc), color dl5c, size
geom_hline(yintercept

geom_ribbon(aes (ymin itol, ymax itol), alpha
geom_hline(yintercept = itol3, Tlinetype , col

annotate , X . ¥ itol3 , label= expression sigma), col
geom_hline(yintercept itol2, Tinetype , col

annotate , X . ¥ itol3 , label= expression sigma), col
geom_hline(yintercept itoll, Tinetype , col black
annotate , X . ¥ itoll , label= expression sigma), col
geom_hline(yintercept itoll, Tlinetype , col black
annotate , X . ¥ itoll , label= expression sigma), col black™, size
Tabs(title paste , well) ,subtitle paste , SuUt), X% : ¥

, size
, size
e

annotate , X . ¥ ., label paste(c LRIPim, » RIPisd )}, collapse
cowplot: :theme_cowplot

theme(plot. subtitle=element_text(size=2, face , color="black

background_grid

theme(legend. position = ¢ , legend.direction

legend. title = element_text(size

» linetype

,51ze




RIP Test with
Dogleg Severity,
Build, and Turn

Dogleg Severity

Survey — MWD — ayro

W%ﬁw=gﬂwd,m e

Build s MIND
urvey — — gyro
‘ =N S } . _ o
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) f sta.dev=1.97
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3g ¢ std.dev=124
-2 . v . -
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Shaded areas:

grey = 2 sigma tolerance level
light blue = dogleg severity: between 0 and 1, turn and build: between -1.5 and 1.5
Well Stations:
orange point = Chi-Square test, green circle = high dogleg severity, red cross = high build, pink X = high turn



Chi-Square Test

n
AXl'Z
] L — f— S Z
sil5ideltaInc 51155 Inc.y-s1153Inc. x X izla;zziqu;jz) v

X: inclination, azimuth, or CODT

1vdr (highside/ lateral/ or along-hole)

Ssi15%x1 zil5%deltaInc ivar ivar
Table 2: Result of all Chi Square (X*) tests

X2 Test Value Test Limit  Test Conclusion
X1 round sum(sil53ixi), IDT 27.98 34.4 Pass
ADT 18.39 34.4 Pass
CODT (HLA) - - Pass
X, 1.23 34.4 Pass
: . Xu (.87 34.4 Pass
Test round(gchisq(p , df , lower.tail < 02 i b

Zyn




naming/
identifying the

Function

(Z. value) Argument of function
value

round(gchisq(p , df=15, lower.tail

Significance  Degrees of Does the Chi-Square
level freedom # test have a lower tail?

\—'—’

Nesting Function = Having a function in a function
The argument is the number that is going to be rounded ~ Argument

(# of

decimals)

Function
(Rounding)



Ellipse Test with Combined Survey

A Station 86 NS/EW B Station 86 HLA
o blue = MWD, red = gyro, green = combined o *OrtMajor & Minor 2 Sigma Cl
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Ellipse Test Code

HmMCX

HmCy
Hmx
Himy"
HMC
Hmr

sclsplr,

sclsplr,
€ (HmCX , HmCy
sclsplr,

Hmel1 E111ipseinew (HmC , Hmx , Hmy , Hmr

Station 86 HLA
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Questions?




Two Sided Chi-Square Test

Upper-tail critical values of chi-square distribution with v degrees

of freedom
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Lower-tail critical values of chi-square distribution with v degrees
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