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Our Mission

To promote practices that provide 
confidence that reported wellbore 
positions are within their stated 
uncertainty.

2Mission Statement
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Re-Brand
OWSG: Operational Wellbore Survey Group
Operators, OEMs, Service Partners & Interested Parties

Focus: Case Studies and Operational Practices - Implementation

Meetings every other month

OWSG Chair – Jonathan Lightfoot (Position Open)

3OWSG Purpose & Brand
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2022-2023 Meetings
1. December 1, 2022: (11/6) – RP 78 Update & IADC Tech Publications

2. Feb 7, 2023: (10/5) – Maximum Survey Intervals

3. May 23, 2023: (6/2) – SPE Connect, SPE DL Program & RP78

4. July 25, 2023: (6/2) – Combined Surveys & Related Quality Control

5. October 3, 2023: (14/9) – Combined Survey Case Study – Mike Calkins

6. October 18, 2023: (19) – OWSG, an Operational Rebranding
• Future Focus Area on Operational Implementations and Case Studies

4OWSG Purpose & Brand
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AADE NTCE Paper about API RP78 Plus WPTS Work

• 2023: National Technical Conference and Exhibition – Technical Papers

5OWSG Activity

https://www.aade.org/technical-papers/national-technical-conference/2023
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API RP 78 Wellbore Positioning and Surveying

6API RP 78 Balloting Meeting

• 5th Technical Draft Completed (RP78 TG SharePoint)

• Balloting Roster Prepared / Confirmed

• API RP78 Task Group Program Manager (Assigned)
• Katie M. Burkle, AStd
• Senior Program Manager
• Standards Department
• o: 202.682.8507
• e: burklek@api.org
• 200 Massachusetts Ave NW
• Washington, DC 20001

mailto:burklek@api.org
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RP 78 Task Group Ballot Roster

• 17 Operators

• 14 Manufacturer or Service Partner

• 11 General Interest

• 42 Total Voting Members Confirmed

• API Preparing Ballot & Image 
Permissions

7RP 78 Ballot
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Thank you

Thank you for attending this meeting 8

Next OWSG Meeting: December 5, 2023

Pot-Luck Lunch Mtg in Houston (After)



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

Mike Calkins – Three Sigma Well Design, LLC



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 et al., 
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)



Why?

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 





QC Test Overview – SPE-212492

• Ellipse Test
• RIP Test
• Chi-Square Tests (IDT, ADT, CODT)
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What is an Explicit Definition? – STDEV.P

https://support.microsoft.com/en-us/office/stdev-p-function-6e917c05-31a0-496f-ade7-4f4e7462f285#:~:text=P%20function,-
E l%20f %20Mi f & C l l %20 d d%20d i i %20b d%20 %20 l %20( h %20 )

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  data is for a sample use (STDEV.S)
• For larger sample sizes, STDEV.P and 

STDEV.S can return ~ equal values
• Calculated using “n” method

∑(𝑥𝑥 − �̅�𝑥)2

𝑛𝑛

Excel STDEV.P function

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

1345 1301 1368 1322 1310

1370 1318 1350 1303 1299



Chi-Square Test
• A Statistical Measure of  Goodness-of-Fit
• Hypothesis Testing – Does the survey 

disagreement exceed our EM expectation
• A normally distributed measurement and 

uncertainty is transformed into a            
Chi-Square distributed measurement

• 5 Tests Total
• Inclination – IDT
• Azimuth - ADT
• 3 CODTs in HLA reference frame

• NEV can be tested too, but HLA is preferred

• Results are compared with a test limit (Z)
• Z value = number of stations (n) [15 stations is 

recommended] and significance level (γ)

SPE-105558 Eqn referenced above
Excel Test Limit Equation: CHISQ.INV.RT(0.003,15) = 34.4

1.0 Sigma Uncertainty/Scaled Variance Expectation Interpretation

3.0 Sigma Uncertainty/Scaled Variance Expectation Interpretation



Uncertainty Expectation –
Test Decision 

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

• Not Explicitly Defined!
• 1 sigma 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?? 



Summary: Chi-Square Test Items to Address

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

• Explicitly define sigma/scaled variance
• What is our expected uncertainty? Confirmed at 1.0 sigma 

• 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 f/ TIP to avoid small error sensitivity

• 0.1 or 0.05 or 2 sigma for 2 sided test?
• Mistake made in paper or appendix?
• Same Test Values referenced as created in single sided test?

Sqrt(2.29)=1.5
Sqrt(1.67)=1.3



Questions?

tswd@threesigmawelldesign.com



What is R?
• An open-source statistical 

computing and graphic coding 
program

• Handles and stores data
• Computes large data and 

operations
• Functions not available in base 

package can be easily added by 
importing other created 
packages, or you can create your 
own functions.

• Most users use R studio as it is a 
more user-friendly interface 
than R.



SPE-212492

Ellipse Test Improvement? 



American Society for Quality(ASQ) – Control Chart

https://asq.org/quality-resources/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 out of  3 successive points are on the same side of  the centerline and farther than 2 σ 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 σ from it. In Figure 1, point 11 sends that signal.
• A run of  8 in a row are on the same side of  the centerline. Or 10 out of  11, 12 out of  14, or 16 out of  20. In Figure 1, point 21 is 8th 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



Distance RIP Plots – Improvement Idea



Chi Squared References 

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