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Scope and Objectives

• Phase I (current capabilities)

– Receiving and processing surveys in near real-time

– Comparing planned with actual trajectories

– Applying directional drilling metrics to evaluate wellbore quality

– Obtaining offset well lists and surveys from several data sources

– Calculating center-center distance to offset wells

– Generating ladder plots & conservative SF

– Near real-time updates
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Workflow

1) Get list of all 
active wells and 
their locations

2) Get real-time & 
planned surveys for 

active wells

3) Check if real-time 
surveys have been 

updated compared to 
previous run (discard rest 

of wells)

4) Calculate 
directional metrics 
& plan vs. actual 

5) Get all offset 
wells & surveys for 

each ref. well 
within certain 

range (e.g., 7 miles)

6) Convert lat. & 
long. to UTM 
coordinates & 

calculate center to 
center distance 

7) Generate ladder 
plot according to 
distance between 

wells

8) Generate 
conservative SF and 
conduct data clean 

up

9) Display results in 
the web-based 

visualization tool
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Real-Time Survey

• Real-time survey is streamed 

for all active wells.

• Corrections might be needed 

for real-time surveys.

• When real-time surveys are 

not available, planned surveys 

are used for analysis.

Sample real-time survey
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Plan vs. Actual 

Plan vs. Actual (TVD vs HD) Plan vs. Actual (TVD vs MD)
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Plan vs. Actual (Continued)

Plan vs. actual (top left: DLS, top middle: Inclination, top right: Azimuth, bottom 

left: Tortuosity, bottom middle: Build Rate, bottom right: Effective Turn Rate)
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Plan vs. Actual (Continued)

Plan vs. Actual (Cum. DLS)
Plan vs. Actual (Cum. Tortuosity)

Improved Wellbore Quality Using a Novel Real-Time Tortuosity Index. Zhou et al. (2016). RAPID at UT Austin 8

Deriving Wellbore Quality Metrics from Trajectory Calculations. Jamieson, 2019
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Directional Metrics

UVC, ULC, TVC, TLC, Unwanted Curvature vs. MD LTI and VTI vs. MD
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Improved Wellbore Quality Using a Novel Real-Time Tortuosity Index. Zhou et al. (2016). RAPID at UT Austin

Deriving Wellbore Quality Metrics from Trajectory Calculations. Jamieson, 2019

Offset Wells - Search Box

• Initial search is conducted based on surface 

location of the reference well. Default 

search distance is set to 7 miles.

Ref. well

7 miles
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Offset Surveys

• 3 data sources are used:

– Company definitive surveys

– I.H.S central database (roughly, 

half a million surveys available)

– Company planned surveys

– Fake surveys are automatically 

generated for missing wells 

Sample survey data from I.H.S database
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Traditional Scan Methods

Expanding sphere

Traveling Cylinder Horizontal Plane

12
Reference: COMPASS™ Software Release 5000.1.7 Training Manual 
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Approach: The Discrete Boundary Model (DBM)
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DBM Implementation
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Calculating Distance Between Two UTM 

Points
• Approach 1: Cartesian Coordinates

• Approach 2: Haversine formula

• Distance comparison from (32, -103) to (32.1, -103) is 
11089.2 m in comparison with 11119.49 meters: ~0.3% 
error.

15

Model Validation: Distance Between 

Surface Locations
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Well Name Oxy AC HAL Compass ABS Difference (ft)

Offset Well 1 35.00 35.04 0.04

Offset Well 2 69.98 70.01 0.03

Offset Well 3 179.99 180.08 0.09

Offset Well 4 183.23 183.32 0.09

Offset Well 5 192.85 192.95 0.10

Offset Well 6 571.12 571.27 0.15

Offset Well 7 637.80 637.98 0.18

Offset Well 8 2652.50 2652.85 0.35

Offset Well 9 2700.26 2700.65 0.39

Validation is conducted by using the industry standard 

commercial software and open-source tools

Or 34.94 ft

Source: https://www.movable-type.co.uk/scripts/latlong.html

Excellent agreement was observed (for practical applications)
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Model Validation (Center to Center 

Distance): Example 1
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Example 1

Model Validation (Center to Center 

Distance): Example 2
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Example 2
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Ladder Plot

Ladder plot for all 

offset wells (center to 

center distance)
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Nearest Distance Ladder Plot (Continued)
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Ladder plot for nearest offset 

wells (center to center 

distance)
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Separation Factor and Error Modeling 

(Future Work)
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hole size = 30 “ (2.5 ft)

device error = 10 ft/1000 ft

A constant error of 10ft/1000ft is 

used for simplicity

More realistic error models will be 

implemented in the future

Separation Factor (Constant Linear Error 

Growth Assumption)
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Simplistic SF plots 

for offset wells
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Summary and Conclusions

• A workflow was developed for the plan vs. actual and collision avoidance analysis in real-
time

• Several metrics were implemented for monitoring wellbore quality in real-time

• DBM model was implemented to obtain C-C distance

• Validation results show an excellent agreement with the industry standard software

• Ladder plots are generated in real-time

• This tool can potentially result in delivering safer and smoother wells in shorter time
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Thank You

Ali Karimi: ali_Karimi@oxy.com

Jonathan Lightfoot: Jonathan_Lightfoot@oxy.com

Fully Automated Collision 

Avoidance Analysis and Wellbore 

Quality Monitoring in Real-Time
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