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Well Intercept eBook (WISC)

• Completed

– Wellbore Ranging Technologies 

Intercept Application and Best 

Practices

• Ready for Download

– http://www.iscwsa.net/docs-and-

publications

• Current eBook

– Eight Main Chapters

• Lexicon

– Updated end 2017

• Bibliography

– Added publications
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Ranging and Intercept History

• Documents dates back to 1906

– Blow out well in Louisiana

– Vertical injector wells

• Directional Relief Well 1933

– Standard Oil Madely #1 Well

– Blow out well in Conroe Texas

– Whipstock Tool

– Single Shot Tool

– Did not intercept

• Geometric Intersection 1970

– Shell Corporation Cox No. 1 Well

– Passive Magnetic Ranging

• Ranging Tools 1978

– Houston Oil and Minerals blowout 1975

– Tensor Inc. MAGRANGE Service

• Electromagnetic Ranging 1980s

– Currently a mature service 

• Acoustic Ranging 2015

– New, tested and developed

Ranging Applications

Passive Magnetic Ranging (PMR)

• Collision Avoidance

• When magnetic interference is detected

• During planned close approaches with relatively similar 

wellbore trajectories

• Well Twinning

• Passing Over/Under a Perpendicular Well 

• The MWD sensor must pass by the perpendicular well before 

an accurate range can be obtained

• Not an anti-collision option for perpendicular wells

• Well Intercept

• Well Re-Entry
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Introduction to Passive Magnetic 

Ranging (PMR)

1. Remnant Magnetism 

in Casing

Image Credit: Haliburton and  http://www.wikiwand.com

1
2. MWD

2

3. Magnetic 

Interference

3
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1. Start with survey location

2. Take ranging shots
– Ranging interval must be greater 

than length of single casing joint

– Spacing between shots distance-
dependent

– Example: 20 shots over 45 ft

3. Fit Data

4. Update target surface location 
to match range and direction 
at depth

1
2

4

Image Credit: SPE/IADC-173135-MS

PMR – High Level Processing

3
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PMR – Detection Distance Depends 

on Pole Strength Difference

150 μWb North Pole Abutting 

200 μWb South Pole

(50 μWb Difference)

200 nT seen at 15 ft from collar 200 nT seen at 21 ft from collar

100 μWb North Pole Abutting 

200 μWb South Pole

(100 μWb Difference)

Image Credit: http://www.wikiwand.com
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PMR – Detection Distance Depends 

on Magnetic Orientation

Image Credit: http://www.wikiwand.com

Repeating Magnetic Orientation Opposing Magnetic Orientation

200 nT seen at 15 ft from collar 200 nT seen at 39 ft from collar

Scenario: 150 μWb pole abutting 200 μWb pole 
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When the magnetometers are located in a 
conventional BHA, they are usually 50 to 60 feet 
behind the bit. 

Additionally, the center of the ranging data interval 
will be another 25 feet or so above the deepest 
possible MWD sensor depth

 The PMR range estimate may correspond to a 
point 75 to 85 feet above the hole depth

 For every degree of incidence angle, the bit will 
be 1.5 feet closer to the offset well than the 
calculated PMR range

Impact of Incidence Angle on 

Detection 

Slide 21

PMR – Benefits & Limitations

Benefits

• No specialty hardware

• No need to trip

• No need to access offset 

wellbore

• Not sensitive to formation  

– e.g. can be used in salt

• Used in all hole inclinations

• Direction to casing is very 

accurate (±5° at 1-σ)

Limitations

• Typical MWD sensor location    
(50 – 60 ft behind the bit)

• Detection range (20 – 33 ft)

– Pre-magnetized casing can 
improve

• Data fit repeatability

• Multiple offset wells
– Some vendors have approaches

• Interference from drilling well
– e.g. from a casing shoe

• Time-based variation in the 
background mag. field

• MWD sensor saturation (@ < 
1.5’)

• Range to casing is less accurate 
(10% of distance at 1-σ, fat tails)
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Wellbore Avoidance

 Twinning (SAGD, 

Frac Recovery)

 In-Fills and Re-

Drills

 Pad 

Optimization

 Areas with high 

density of 

existing wells

 Anti-Collision

 Relief Well

 Plug and 

Abandon

 Multiple 

Intersections

 Intersect Verticals 

with Horizontals

 Connect End to 

End (River 

Crossing)

 Open/Cased Hole

Re-Entries

Wellbore Intersection

Active Magnetic Ranging (AMR)

Slide 23

Current 

through Wire 

or on Pipe

Current 

through

Coil of Wire

Permanent 

Magnets

Remnant 

Magnetic Field 

of Target 

Tubulars

AMR – Magnetic Field Generation

Slide 24

Access DependentAccess Independent

AMR – Ranging Technology
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 Coil of Wire in Target 
Well

Magnetic Solenoid Rotating Magnet Energized Wire 

 MWD

 Rotating Magnets in 
BHA

 Sensors in Target

 Current in Wire

 Sensors in BHA

AMR – Access Dependent 

Slide 26

 Induced Field

Wireline Deployed Excitation 
Wireline/BHA Deployed 

Excitation 

 WL Receiver
 Induced Field
 BHA Receiver

AMR – Access Independent

Slide 27

AMR
 excitation source will be farther away from the 

target well, thus reducing the signal intensity.

 While this may cause some possible detection 
issues when at greater distances from the target 
well, in the case illustrated above the ARM tool 
sensor is only 3 meters from the target well which 
reduces the signal intensity requirements for a 
ranging determination.

 Ranging with active magnetic at this well 
geometry does not pose an unintended collision 
risk. 

Incidence angle on Detection 
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Benefits Limitations 

 Detection based on a signal that is generated 

by the AMR assembly.

 Planning can be developed around a 

calculated detection range significantly 

reducing the likelihood of a side-track. 

 Works equally well on steel and non-

magnetic tubulars.

 Detection range not significantly impacted by 

the target well tubular size.

 Industry’s only ranging service that can take a 

direct distance measurement.

 Lowest risk of an accidental collision as the 

ranging is taken on bottom with the greatest 

depth of investigation.

 While the ability to perform AMR exists in a 

directional drilling BHA, the service is not 

appropriate for all applications. 

 On a typical relief well, the majority of 

ranging runs will require an open hole 

wireline trip.

 Service may not work when run in ultra-high 

resistivity (UHR) formations such as pure 

salt. 

 Service requires dedicated kit and personnel 

onsite which increases the cost.

AMR – Benefits and Limitations 

Active Acoustic Ranging (AAR) 

SPE-187313: Active Acoustic Ranging to Locate Two Nearby Wellbores in Deepwater Gulf of Mexico

Reflected Signals History: Sonic-waveform data to generate seismic surveys 

19801980 19901990 20002000
First discussed

(1984)
Revisited

(1989)
Image fractures away from borehole

(1999)
Borehole Acoustics Reflection 

Survey (BARS) (2006)

Contingency

SPE-187313: Active Acoustic Ranging to Locate Two Nearby Wellbores in Deepwater Gulf of Mexico

Slide 30

Acoustic waveforms propagate 
through media in different forms. 
• Vary depending on source of 

acoustic excitation, frequency, 
and properties.

• Velocities of acoustic signals is a 
function of formation properties.

Monopole Dipole

SPE-187313: Active Acoustic Ranging to Locate Two Nearby Wellbores in Deepwater Gulf of Mexico

Active Acoustic Ranging (AAR) 
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AAR – Modelling

Modelling for ranging scenarios 
• Done in advance
• Modelled distance vs. target 

wellbore
• Detectable amplitude arrivalsReflected signal strength is 
affected by: 
• Geometric spreading
• Reflector shape
• Formation attenuation 

SPE-187313: Active Acoustic Ranging to Locate Two Nearby Wellbores in Deepwater Gulf of Mexico

Slide 32

AAR Modelling

Key challenge: Gathering accurate 
formation data, representing 
environment.  
• Formation data is necessary to 

optimize ranging performance.
• Distance detection: Critical to 

determine when to stop drilling 
operations and begin ranging 
operations.

Early detection is necessary to:
• Prevent unintentional early interception.
• Determine forward trajectory of relief well. 

SPE-187313: Active Acoustic Ranging to Locate Two Nearby Wellbores in Deepwater Gulf of Mexico

Slide 33

AAR – Case Study

Operator identified
Candidate well with 
three wellbores.

Parent wellbore with 
two sidetracks. 

Team agreed to test 
AAR, using wireline 
ASL already 
established in existing 
wellbore logging 
program. 

Demonstrated 
system availability 
and resulted in a low 
impact to overall 
planned logging 
operations. 

SPE-187313: Active Acoustic Ranging to Locate Two Nearby Wellbores in Deepwater Gulf of Mexico
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AAR – Case Study Results
Compressional Reflection

Shear Reflection

SPE-187313: Active Acoustic Ranging to Locate Two Nearby Wellbores in Deepwater Gulf of Mexico

Slide 35

AAR – Case Study Results

Cased hole ST00BP00                   Open hole ST01BP00

Shaded blue to overcome the +/- 22.5o direction uncertainty

SPE-187313: Active Acoustic Ranging to Locate Two Nearby Wellbores in Deepwater Gulf of Mexico

Slide 36

AAR – Conclusions

Ranging Case Study: Successful collaboration to test viability 
of AAR solutions in salt. 

Maximum effective distance: ~160 ft. (49 m), slowness values, 
+/- 11.75o of direction. 

Use monopole and dipole sources to record compression and 
shear waves.

• Compressional signals: Better to detect Cased Hole.

• Shear signals: Better to detect Open Hole.

SPE-187313: Active Acoustic Ranging to Locate Two Nearby Wellbores in Deepwater Gulf of Mexico
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Ranging Technology Summary

Slide 38

Ranging Technology Summary

Slide 39

Ranging Technology Summary



3/21/2018

14

Benny Poedjono

Relief Well Project Concept

Slide 41

• Successful relief well drilling is 
dependent on teamwork between 
oil company, service company, 
drilling contractor, and third 
party contractors. 

• Oil company: Responsible party to 
make decisions based on 
recommendations or conclusions 
of relief well team experts.

Relief Well Drilling Team

SPE-186901-MS: Managing Risks  in Relief Well Operations: From Planning to Execution

Slide 42

Challenges

Technical Complexity

Multidisciplinary 
Interactions

HSE Risks

Emergency and 
Pressure Control

Requirements

Technology and Expertise

Communication Protocols 
and Workflows

Hazard and Risk Control

Leadership, Experience 
and Commitments

Relief Well Project Context

SPE-186901-MS: Managing Risks  in Relief Well Operations: From Planning to Execution
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At the core of the relief 
well process is the 
workflow, which consists 
of seven phases. 

All actions described
• Who
• What
• When
• How
• Deliverable
• Risk Analysis
• Assessment

Relief Well Activity

SPE-186901-MS: Managing Risks  in Relief Well Operations: From Planning to Execution

Slide 44

Example of components needed for relief well drilling and how 
they relate to other activities. 

Relief Well Management System

SPE-186901-MS: Managing Risks  in Relief Well Operations: From Planning to Execution

Slide 45

Relief Well Activity

SPE-186901-MS: Managing Risks  in Relief Well Operations: From Planning to Execution
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Planning

Topography

Shallow Hazards

Subsurface Infrastructure

Approach

Torque and Drag

Angle of Approach

Kill Modeling

Locate

Locate Plane

Ranging Tools

Triangulation

Following

Track Target Well

ADP < 0

Orienting for Interception

Relief Well Activity

SPE/IADC-173097-MS •  A Guide to Relief Well Trajectory Design using Multidisciplinary Collaborative Well Planning Technology
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Planning

Topography

Shallow Hazards

Subsurface Infrastructure

Approach

Torque and Drag

Angle of Approach

Kill Modeling

Locate

Locate Plane

Ranging Tools

Triangulation

Following

Track Target Well

ADP < 0

Orienting for Interception

Intercept

Incident Angle

Last Casing Shoe of RW

Intercept Depth

Relief Well Activity

SPE/IADC-173097-MS •  A Guide to Relief Well Trajectory Design using Multidisciplinary Collaborative Well Planning Technology
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Contingency Relief Well Design

Sail Angle2 ≤≤≤≤ 50°°°°

Locate +/- 1,000ft
Above Intercept Point 

Intercept Incident Angle ≤≤≤≤ 5°°°°

DLS at KOP
Shallow Depth

SHL Approved
Separation 1,000m for SIMOPS

Typical Relief Well Design for GoM
Reservoir

Last Casing Shoe
Of Relief Well +/-100ft
Above Intersection Point

Tracking at +/-30ft 

The Target Well Survey Program is of 
paramount importance for locating 
points along the Blowout Well.  The 
last casing shoe above the 
hydrocarbon bearing zone needs to 
be positioned to an absolute 
uncertainty of ≤≤≤≤ 100ft at 2σσσσ4.

Preferably:
RW Uncertainty + TW Uncertainty ≤≤≤≤
100ft at 2σσσσ.

Approach Incident 
Angle ≤≤≤≤ 15°°°°

Contingency RW Design 

Considerations

SPE/IADC-173097-MS •  A Guide to Relief Well Trajectory Design using Multidisciplinary Collaborative Well Planning Technology
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QA/QC Ladder Plot

Ct-Ct

Combined EOUs

Approach Locate

Intercept

ADP

No-
Go

C
en

te
r 

to
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en
te

r 
S

ep
ar

at
io

n 
(f

t)

150ft
Wells Crossing

ADP = 0

Following

1000ft MD

Relief Well

100f
t

Measured Depth (ft) Relief Well  
Last Casing 

Shoe 

Before  
Intersection

Subject Well Last 
Casing Shoe 

Before 
Hydrocarbons

Target Well

SPE/IADC-173097-MS •  A Guide to Relief Well Trajectory Design using Multidisciplinary Collaborative Well Planning Technology
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