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мΦ LƴǘǊƻŘǳŎǘƛƻƴ 

A planned well intercept, as related to the oil and gas industry, can be defined as one or more boreholes that are 
directionally drilled with the intention of geometrically intersecting a second or multiple boreholes to achieve a 
specified objective. The subject of Well Intercept has frequently been dealt with in best practice manuals, guidelines 
and check sheets.  

This eBook will attempt to capture in one document the main points of interest for public access through the Society 
of Petroleum Engineer (SPE) Wellbore Positioning Technical Section (WPTS) or otherwise commonly referred to as 
the άIndustry Steering Committee for Wellbore Survey Accuracy (ISCWSA)έ. This eBook was written by the SPE WPTS 
(aka ISCWSA) Well Intercept Sub Committee and is intended to develop good practice in wellbore intercept 
applications and promote its understanding within the oil and gas wellbore construction industry. 

Wellbore Intercept is a broad topic which covers a range of technologies, methods and domain expertise to deliver 
desired objectives. The topic covers a wide range of industry application from Steam Assisted Gravity Drainage 
Drilling (SAGD), River Crossing, Re-Entry Drilling, Plug and Abandonment Operations, Well Salvage Operations, 
Horizontal Directional Drilling, controlling a blowout with a relief well, and connecting boreholes end to end for 
pipeline production fluid conveyance. 

The objective for making the intersection, the local operational conditions, and available technology and expertise 
will dictate the well intersection design process. Each of the examples listed previously can be quite different from 
each other as well as from the basis of design for a typical production well. Although there are many similarities, 
such as the basic geometric design and drilling equipment used, designing and executing these wells requires 
expertise in the various specialized methods and equipment used to achieve the objective. 

The intent of this document is to help engineers determine the appropriate ranging methods and technologies for a 
given positioning objective. Depending on the objective complexity, there may not be a silver bullet or one 
technology on its own that may provide a complete solution. In many applications, a combination of ranging 
technologies and methods, involving multiple industry expertise may be required to achieve the desired objectives. 

The main ranging technologies to meet these challenges, which are currently available to the industry as of the time 
of this publication, can be summarized into two groups, Magnetic and Acoustic Ranging. Both technologies may be 
deployed with active or passive operations modes. This document outlines the characteristics and capabilities of 
both Magnetic and Acoustic methods of ranging. Also included in this document are sections on Relief Well (RW) 
Ranging operations which are intended to provide a general overview of the planning and processes required when 
developing a RW ranging plan. 

1.1 History of Ranging 
Prior to 1933, if a well blowout could not be controlled from the surface, multiple vertical wells were drilled around 
the blowout into the reservoir and produced at maximum rate to relieve the pressure. These wells were called relief 
wells. The name stuck when controlled directional drilling was used after that time to control blowouts even though 
the objective changed to pumping fluid into the blowout rather than producing the reservoir.  

The first documented case of intentionally drilling a well to intersect another wellbore in the reservoir occurred near 
Conroe, Texas in 1933 when traditional relief wells and other conventional well control methods failed to stop the 
Ŧƭƻǿ ŦǊƻƳ {ǘŀƴŘŀǊŘ hƛƭΩǎ aŀŘŜƭȅ Ім ōƭƻǿƻǳǘΦ tǊƛƻǊ ǘƻ ǘƘƛǎ LƴŎƛŘŜƴǘΣ ǊŜƭƛŜŦ ǿŜƭƭǎ ǿŜǊŜ ƴƻǊƳŀƭƭȅ ŘǊƛƭƭŜŘ ǾŜǊǘƛŎŀƭƭȅ ƴŜŀǊ 
the blowout well to relieve reservoir pressure through additional production, by flowing them at higher rates.  

However, it was conceived that if a wellbore could be drilled close enough to the blowout well to establish hydraulic 
communication, then water could be pumped through the relief well and into the blowout well, thus equalizing the 
formation pressure and killing the well. This proved to be an effective method on the Madely #1 blowout and 
became the standard strategy for relief well drilling until 1970. (Gleason, 1934). 

Before the advent of magnetic ranging, there were no reliable methods for detecting the location of a wellbore in 
the subsurface. This was particularly frustrating when drilling relief wells, because uncertainty in wellbore surveying 
methods made it extremely challenging to accurately place a relief well close enough to a blowout well to establish 
hydraulic communication and prevent an accidental collision. As a result, drillers often had to drill multiple relief 
wells in an attempt to land one or more close enough to effectively kill the blowout. This was an expensive, time 
intensive, and a relatively uncertain technique which often required trial and error. 
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On March 25, 1970, a relief well was needed when a blowout occurred at the Shell Corporation Cox No. 1 well in 
Piney Woods, Mississippi (Bruist, EH., Shell Oil Co., 1970). A conventional relief well, Cox No. 2, was drilled on May 3, 
1970 with a plan of reaching the bottom of Cox No. 1 at 6,400m (21,000 ft.) However, there was reasonable doubt 
about the effectiveness of this method as it required steering the well accurately to the bottom of Cox No. 1.  

The positional uncertainties associated with drilling a conventional relief well were known and this motivated the 
company to explore new techniques to place the relief well accurately. The operator formed a taskforce of engineers 
and scientists, and they developed a method for determining the relative distance and direction to a target casing 
near the planned intersection depth. Their primary approach was to analyze the remanent magnetic poles located 
on the target casing using new magnetometer and accelerometer technology to acquire the data. This method was 
ƭŀǘŜǊ ŎŀƭƭŜŘ άǇŀǎǎƛǾŜ ǊŀƴƎƛƴƎΦέ A secondary method was also used to help determine distance using an ultra-long 
spaced electric log. Using these methods, the first recorded planned geometric intersection was made and was close 
enough for perforating between the two wells. The pioneering work on this method was performed by J.D. Robinson 
and J.P. Vogiatzis of Shell Development Company. A United States Patent #3,725,777 was issued in recognition of the 
work. 

Charles A Schad also contributed significantly towards this method. He developed highly sensitive magnetometers to 
be used in the directional guidance system. His work led to the development of magnetometers sensitive enough to 
ƳŜŀǎǳǊŜ ǎƳŀƭƭ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ŘƛǎǘǳǊōŀƴŎŜǎ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ǇƻǿŜǊŦǳƭ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘΦ {ŎƘŀŘ ŀƭǎƻ 
envisioned the use of an artificial magnetic field to be produced in the target wellbore which would provide a much 
stronger and predictable magnetic signal to guide the well for interception. This idea later developed to be active 
magnetic ranging. 

The first commercial service using magnetic ranging techniques was developed by Tensor, Inc. and was called 
MAGRANGE Services. It was based on the United State Patent #4,072,200 issued to Fred J. Morris on February 7, 
1978. The development of this service was in response to a call by Houston Oil and Minerals when they experienced 
a blowout in 1975. This technology also used highly sensitive magnetometers to measure distortions in the natural 
magnetic field due to the presence of ferromagnetic bodies. However, this method differentiated itself by measuring 
the change in the magnetic gradient along a wellbore. MAGRANGE Services was designed to make continuous 
measurements along the relief well path to analyze the change in the magnetic gradient in order to determine the 
distance and direction of the intercept point. The rationale behind this technique was that a small magnetic field 
from the ferromagnetic body changes the small and uniform gradient of the natural magnetic field. This technique 
was used to drill many relief wells. However, it was eventually phased out as it was not accurate enough to 
consistently locate blowout wellbores and was also limited by its detection range. 

Within a few years, a wireline conveyed commercial passive ranging service was available to the industry and was 
used on dozens of relief wells from the mid-1970s through the early 1990s (SPE 6781). During this period, some 
geometric intersections were made, but in most relief well cases, the technology was used to get close enough to 
make hydraulic connection. A significant factor in not taking the effort to make geometric intersections during this 
period was the lack of precision directional drilling technology as well as uncertainty in the ranging techniques. 
Typically, multiple side-tracks using mudmotors and bent subs were required and became more complicated in open 
hole as this technique requires steel to be in the target well to range on. 

In the early 1980s, electromagnetic ranging became commercially available (SPE 11996). This method is often 
ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŀŎǘƛǾŜ ǊŀƴƎƛƴƎέ ōŜŎŀǳǎŜ ŜƭŜŎǘǊƛŎŀƭ ŎǳǊǊŜƴǘ ƛǎ ƛƴƧŜŎǘŜŘ ƛƴǘƻ ǘƘŜ ŦƻǊƳŀǘƛƻƴΦ LŦ ŀƴ ŜƭŜŎǘǊƛŎŀƭƭȅ ŎƻƴŘǳŎǘƛǾŜ 
target tubular (or even wireline) is within range, the injected current will flow on the target steel creating a radial 
magnetic field vector that can be measured to determine a distance and direction. In most situations, this method 
can sense the target at a greater distance than passive techniques and produces a signal along the target tubular. 
This technology increased the reliability of locating and tracking the target well, however, it was not until the late 
1980s with the introduction of new directional drilling technologiesτe.g., MWD, steerable motors and north seeking 
gyroscopesτthat geometric intersections began to become more practical. A geometric intersection greatly 
increased the chance of efficiently killing a blowing well and/or achieving a permanent P&A of the target well. 

From 1934 to 1990, almost all well intersections (close enough to gain hydraulic communication down hole) were 
relief wells drilled to control blowouts. After 1990, with the advent of better ranging and well placement technology, 
more geometric well intersections were being made for purposes other than controlling a blowout. The most 
common use was the P&A of wells that could no longer be re-entered from the surface. Once the intersection was 
made, the remediation might include perforating into the target casing in one or more places, cutting a hole with a 
mill, or cutting a slot for re-entry into the target casing. 
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Other uses included re-entry into a borehole below a casing shoe or fish that could no longer be accessed from the 
surface. During the 1990s, most geometric well intersections were made using active ranging technology, which was 
enhanced with the addition of gradient sensors that allowed for the direct measurement of distance when the 
proximity to the target well was less than 4 meters or so. Most of these intersections were made without access to 
the target well. However, a few were made when access was possible using a powered solenoid in the target well as 
a ranging beacon. While not used for making intersections, a similar technology was extensively used for drilling 
parallel Steam-Assisted Gravity Drainage (SAGD) wells at a fixed proximity during this period (SPE 27466). 

Starting in the early 2000s, more applications for well intersections developed, particularly in situations where the 
operator has access to the target well and can convey wireline tools to the intersection depth. New technologies 
aided in these projects, particularly the rotating magnet technique, which uses a bit sub containing strong 
permanent magnets in the drilling assembly and a sensor in the target well that can measure the distance and 
direction directly to the bit, in real time, during drilling (SPE-CIM-01-01-MS).  

The most common intersection application for this technology was the guiding of horizontal wells to intersect 
vertical wells for coal bed methane production. It has also been used for connecting boreholes end to end to create 
a pipeline under surface and/or subsea obstacles. Another example was the use of the method to drill a horizontal 
well from a land rig to make a perpendicular intersection of a well offshore (SPE 119420). 

As magnetic ranging technologies have matured into more robust and reliable services, the oil and gas industry has 
adapted many of these technologies to provide other technical solutions. Even though ranging techniques were 
designed for well intersection, the capability to determine relative distance and direction to an offset wellbore 
makes ranging suitable for applications that require close proximity drilling without intersection. In some 
applications such as fracture salvage and SAGD, the goal is to drill a well closely parallel to an offset wellbore in the 
form of twinning. Another application of ranging is collision avoidance. In many cases of multi-well pad drilling, the 
vertical segments of wellbores are planned very close to offset wellbores. Ranging can be used to maintain a safe 
distance from these offset wellbores in order to prevent costly and/or hazardous collisions. 

A revival in the use of passive magnetic ranging techniques began in the early 2000s using the raw MWD 
magnetometer and accelerometer data. This was primarily driven by cost and time savings over using 
electromagnetic ranging, which normally required tripping the BHA to make wireline conveyed ranging runs. It was 
mostly used on P&A and well avoidance projects where the budgets were low and re-entry is not required. It has 
also been considered for ranging in thick salt sections where typical electromagnetic ranging does not work. In some 
offshore wells, the casing that is run through the salt is pre-magnetized, as a contingency, to assure a strong 
magnetic pole for passive ranging if a relief well intersection is required. 

Passive and electromagnetic ranging methods both require some type of metal in the target well for ranging. There 
are currently field tests being run to determine the practicality and constraints of using active sonic-based 
measurements to range on open hole. 

1.2 Magnetic Ranging Techniques 
Magnetic ranging is a method of detecting nearby offset wellbores in the subsurface for the purpose of collision 
avoidance, twinning, and/or intersecting. Magnetic ranging technologies are based on the measurements of 
magnetic field disturbances attributed to the steel in the offset wellbore casing or tubing. By interpreting downhole 
magnetic field distortions, the relative distance and direction of the offset wellbore, which is the source of the 
magnetic disturbance, can be determined. This technique has become the industry standard for detecting offset 
wellbores, although, recent technological advances have increased interest to acoustic ranging, in fast formations, 
like salt. 

Magnetic Ranging Techniques can further be subdivided in to two sub categories: 

¶ Passive Magnetic Ranging (PMR) ς uses existing MWD sensors to measure the magnetic signature of the 

remanent magnetic field on the target well to determine distance and direction to the target. 

¶ Active Magnetic Ranging (AMR) ς generates its own alternating magnetic field on the target well which is 

distinct from both the earthΩs and target pipe magnetic field. The induced field is analyzed to determine a 

distance and direction to the target. 
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1.3 Acoustic Ranging Techniques 
Like magnetic ranging methods, an acoustic signal can be used to locate the target wellbore, or to complement the 
current technique which relies on magnetic properties. By knowing the time required for the sound to travel in the 
formation and which direction the sound is coming from, the ranging distance and direction can be determined.  

Acoustic Ranging Techniques can further be subdivided in to two sub categories: 

¶ Active Acoustic Ranging (AAR), this technique relies on sound from a transmitter being measured at the 

receivers. The sound waves traveling through the formation will be reflected by the target well and then 

bounce back to the receivers. By utilizing similar two way time surface seismic processing technique, the 

distance and direction can be established. 

¶ Passive Acoustic Ranging (PAR), this technique relies on the detection of the acoustic signal generated by the 

bit or fluid noise. By knowing the slowness or the speed that sound travels in the formation and from the 

direction of the sound is propagated, the distance and accurate direction of the noise can be determined.  

Acoustic Ranging helps solve the ranging challenges associated with Magnetic Ranging in salt formations. Since the 
salt formation is conductive, active magnetic ranging techniques which depends upon injecting current into the 
formation to magnetize (light up) the offset well can only occur at relative close proximity to the offset well. This 
results in the inability to make informed steering decisions early enough without entering the ellipse of uncertainty 
or avoiding having to plug back, if the objective was to intersect in the salt formation. 

1.4 Well Intercept/Paralleling Technology 
Well intercepts are becoming a more common technology in the oil and gas industry. The main uses are listed below, 
but all of them rely on one key fact, the better you understand the position of the well you want to intercept/parallel 
the easier this will be to achieve. The improved wellbore survey accuracy is the key to timely well 
intercepts/paralleling. 

Ranging technology itself is not going to answer all well intercept needs. These situations often involve some form of 
navigation and geometric challenges before the ranging process starts, so the positional accuracy of the offset well is 
key to enabling this. 

In PMR and AMR there is some form of target, such as drill pipe or casing in order to range. Magnetic parameters 
define the performance limits of this ranging technique and will be discussed further in this document. 

There are a number of applications for ranging technology, the main three being plug and abandonment, SAGD 
drilling and coal bed methane. The most notable of all applications is relief well drilling but this continues to be 
relatively rare. However, as a result of HSE consequences the high visibility of relief wells drives public interest and 
recognition. Ranging technologies need to be considered and understood during the initial planning stages when 
relief well contingencies are included in license applications. 

1.5 Wellbore Intercept Applications 
1.5.1 Relief wells  

A well drilled to re-establish control of a well in which containment is lost. Relief wells can be very complex. Each 
Relief Well is a unique event requiring study and analysis. Understanding all four techniques PMR, AMR, PAR and 
AAR, and their capabilities and limitations is necessary to design a relief well which satisfies the specific objectives. 

1.5.2 Intervention Wells 

Intervention wells are drilled to perform some type of remedial operation, such as a P&A or a re-entry into a wellbore. 
These wells are similar to a relief well in design but without the kill objectives and many of the complications and 
constraints caused by the blowout. Intervention wells are a product of the success from recent relief well operations 
and are the primary type of well intersections being drilled today. 

Milling a hole or a slot for re-entry into the target well tubular(s) or perforating or intersecting the open hole or annulus 
or another well are routinely performed to resolve various downhole issues. Most intervention wells require a specific 
orientation relative to the target well to achieve the desired objectives. 

¶ Plug & Abandonment ς The use of ranging technology to intercept wells, allowing pressure relief and or flow 

barriers to be put in place. Plugging regulations in the early 1900s were much generalized and lacked many 
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standard requirements across states or counties. Regulations changed significantly in the 1970s in order to 

drive greater environmental protection. These stricter requirements described that cement plugs had to be 

placed at specific depth intervals in order to prevent formation fluids from migrating to other strata. 

However, since steel casing is susceptible to corrosion and collapse, often these depths can become 

obstructed and not reachable through traditional means. This led to the methodology of using ranging 

technologies to intersect the subject wellbore at the necessary depths to set the required plugs. (Plugging 

and Abandonment of Oil and Gas Wells, 2011) 

¶ Well salvage ς twinning an existing well from which reservoir access has been lost in order to recover the 

production. One specific example of this is fracture salvage. In certain fields, the cost to drill a wellbore is 

significantly less than the cost to hydraulically fracture the reservoir. In these situations, when a wellbore 

collapses from corrosion or other environmental conditions, ranging is used to drill a new wellbore in close 

proximity to the existing well in order to penetrate the existing fractured zone for continued production. 

¶ Well Recovery ς re-entering a well below a fish or casing damage. 

¶ Fish & By Pass - a variation of Well recovery. When a portion of the BHA is separated from the drill string 

and creates an obstruction within the wellbore, ranging may be used to navigate a side-track past the fish 

and back into the original wellbore by detecting the magnetic signature from the steel in the BHA 

components. This enables the recovery of an already drilled hole which can result in significant cost savings. 

¶ Completion recovery ςThe use of ranging technology to parallel or re-enter a well to the reservoir, run a 

completion and drain the area where a previous completion has failed. 

Figure 1 depicts some typical Relief and Well Intervention and Intersection designs which have been utilized in the 
industry. 
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Figure 1τRelief and Well Intervention and Intersection 
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1.5.3 U-Tube Wells 
The first feasibility study for connecting two wells together end to end was developed in 2000. The objective was to 
assess connecting two offshore platforms together using two connected wells versus laying a pipeline on the seabed 
to mitigate the associated permitting and environmental risk. The first implementation of the method was made a 
few years later in the successful connection of two wells under a canyon to convey a pipeline (New Technology 
Magazine, December 2004). While this operation has been attempted only a few times, they all have been 
completed successfully. 

These types of projects will normally have access to both wells and would typically use dual-well ranging technologies, 
e.g., rotating magnet, single wire ranging, solenoid techniques, or combinations, for making the intersection (see 
Figure 2). 

 
Figure 2τExample of a U-Tube Well Connected End to End to Convey a Pipeline 

 

1.5.4 Conductor Connector Well (CC) 
Intersect two or more wells at any incidence angle for production purposes. An example is the perpendicular 
intersection of a horizontal well into a vertical well for coal bed methane production. 

¶ Normally there is access to the target well when drilling this type of borehole. Ranging will typically consist 
of a rotating magnet, single wire, solenoid, or combinations.  

¶ Modern well intersection technologies are opening new opportunities for well designs and production 

ŜƴƘŀƴŎŜƳŜƴǘǎΦ !ǎ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ ŜȄǇŜǊƛŜƴŎŜ ƛƴŎǊŜŀǎŜǎ ǿƛǘƘ ǿŜƭƭ-to-well intersections, then it could be 

expected that new applications will be found for this unique type of well. An example of connecting a 

producing offshore well to a horizontal land well is reviewed in SPE 111441. These types of projects will 

normally have access to both wells and would typically use dual-well ranging technologies, e.g., rotating 

magnet, single wire ranging, solenoid techniques, or combinations, for making the intersection (see Figure 

3). 
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Figure 3τConductor Connector Well drilled in 2007, SWR = Single Wire Ranging, RMRS = Rotating Magnet Ranging System 

 

1.5.5 Steam Assisted Gravity Drainage wells  
Well twinning, where a producer and a steam injector are drilled in close proximity (and normally parallel) to each 

other to optimize thermal transfer and therefore production. Ranging technology is used to ensure the relative 

placement of the two wells is achieved. SAGD was conceptualized by Dr. Roger Butler of Imperial Oil in the 1970s for 

application in the Canadian oil sands. 

1.5.6 Well avoidance 
Well avoidance is the use of ranging technology to avoid other wells, where conventional survey techniques may not 
be adequate. In certain applications, ranging to a nearby offset wellbore is used as a mechanism to reduce the 
relative uncertainty of the offset wellbore position for the purpose of collision avoidance. This practice has become 
more common in recent years as multi-well pad drilling has become prolific. This method is especially advantageous 
when the combined positional uncertainty of the two wells exceeds an acceptable risk threshold.  

1.5.7 Subsurface connected wells  
Using ranging technology to allow two wells to meet or parallel each other in a reservoir, both wells are drilled from 

different locations but are positioned in the zone of interest relative to each other. 

1.5.8 Horizontal Directional Drilling (HDD)  
Generally used for running pipelines under villages/towns/rivers. It is an adaptation of previous applications and 

technologies. 

1.5.9 Ranging to Surface 
Technologies for ranging to surface do exist, and generally consist of generating a magnetic field with a current at 
the surface that is sensed by sensors downhole. The effective TVD range of such systems is limited to around 50m, 
depending on the current loop used. 
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нΦ tŀǎǎƛǾŜ aŀƎƴŜǘƛŎ wŀƴƎƛƴƎ όtawύ 

2.1 Introduction to PMR 
The PMR method uses surface ǎƻŦǘǿŀǊŜ ƳŜǘƘƻŘǎ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ƳŀƎƴŜǘƛŎ άƛƴǘŜǊŦŜǊŜƴŎŜέ ƳŜŀǎǳǊŜŘ ōȅ ǘƘŜ a²5 ƻǊ 
other magnetic surveys that may be caused by a casing string, stuck fish, or other steel in an offset wellbore. The 
ƳŀƎƴŜǘƛŎ άƛƴǘŜǊŦŜǊŜƴŎŜέ ƛǎ ǳǎŜŘ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ ǊŀƴƎŜ ŀƴŘ ŘƛǊŜŎǘƛƻƴ ǘƻ ǘƘŜ ƻŦŦǎŜǘ ǿŜƭƭ ŦǊƻƳ ǘƘŜ ŀŎǘƛǾŜ ǿŜƭƭΦ 

Most steel casing possesses some degree of remnant magnetism. There are several events in the life of a steel 
tubular that will cause it to become magnetized, including cooling in the presence of a strong magnetic field after 
being formed, magnetic inspection, and being in close proximity to other magnetized objects. Usually attempts are 
made to demagnetize the steel tubulars after inspection, but the magnetism is almost never completely erased. The 
remaining magnetism on a steel tubular after all magnetizing and de-magnetizing events have concluded is called 
remnant magnetism. It is this remnant magnetism that can be sensed downhole during PMR operations. Note that it 
is possible to purposely magnetize casing prior to putting it downhole. Such an operation can greatly increase the 
detection range and accuracy of PMR. 

The magnetism along a steel tubular is often conceptualized as a bar magnet, with a North Pole at one end, and a 
South Pole at the other. It is common to treat each end of this conceptual bar magnet as a separate magnetic 
monopole (also called a magnetic charge) even though magnetic monopoles are not thought to exist. 
Mathematically, there is nothing wrong with this approach (indeed there are many advantages to it), even though it 
is technically incorrect. This assertion is supported by SPE 17255, which elaborates on this topic by comparing 
various magnetic models for casing. To simplify the explanation as much as possible, the point source magnetic 
monopole paradigm will be adopted in what follows. It should be noted, however, that some techniques model the 
magnetic monopoles as with an exponential decay rather than as a point (SPE 14388). 

As the joints of casing are joined together and placed downhole, they can be visualized as a string of bar magnets as 
a first approximation. The bar magnets may all be aligned in the same direction as they go down the hole, but more 
than likely some of the joints will be magnetized in the opposite direction, meaning two North poles or two South 
poles may abut, generating a much stronger magnetic field than the neighbouring North + South pole combinations 
(which will cancel each other to a degree). 

The magnetic field originating from each magnetic monopole is superimposed upon (added to) to the magnetic field 
due to the Earth at any location in the vicinity of the casing. Thus, when a magnetometer is experiencing 
interference from nearby casing, the interference is likely due to many magnetic monopoles of unknown strength, 
located at unknown positions along the casing in the offset well, as illustrated in Figure 4.  

This is a challenge of PMR: Identifying the location of a distributed source (as opposed to a point source) in the 
presence of a background field of unknown strength and relative orientation. To begin to discern the effect of one 
magnetic monopole vs. another, multiple magnetometer readings are required along a length of the active wellbore. 
Proprietary methods are then used to separate remnant magnetism from the background field, and to estimate the 
relative range and direction of the offset well. 

PMR is classified as an access independent ranging technique, meaning that ranging can occur without access to the 
offset well. It is known as a passive magnetic ranging because the magnetic source (the steel casing, stuck fish, or 
any other steel downhole equipment) is not altered in real-time during the ranging process. 
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Figure 4τSuperimposition of Magnetic Fields Emanating from Multiple Magnetic Monopoles on Top of the Magnetic Field of the Earth 

2.1 When to use PMR 
PMR can be used anytime magnetic interferences occur, owing to the presence of the necessary MWD hardware in 
the wellbore. For example, PMR can be used either for collision avoidance purposes, when offset wellbores are 
relatively parallel in trajectory to the drilling wellbore or in a top hole environment with nearby multiple wells; it can 
also be used for complex wells such as paralleling a target well with the objective to perform a P&A operation, or 
with the objective to perforate the target well. 

2.3 Economics 
PMR normally can be an economical ranging option as it utilizes the existing MWD Hardware found within a typical 
drilling BHA. However, each situation is unique and needs to be evaluated to assure the risk in understood and the 
technology is fit for purpose. 

2.4 Insensitivity to Formation and Hole Conditions 
PMR does not depend on formation, as it relies on an offset well steel equipment remnant magnetic field, however 
it is independent of formation conductivity as compare to the active magnetic ranging. The process requires the 
collection of 8 to 15 discrete MWD directional survey Measurements anytime an estimation of the range and 
direction to the target well needs to be done. 

EM-MWD increases the transmission rate of the data from downhole to surface by decreasing the acquisition time, 
while possibly increasing the data density for analysis. Higher density data along the string increases confidence in 
the results. 

2.5 High Inclination and Incidence Angles 
High incidence angles can limit PMR if native MWD is used due to the distance between the sensor and the bit when 
combined with the limited range. PMR can be used at all hole inclinations including horizontal. High incidence angles 
between the drilling and offset well can affect PMR. 

2.6 Accuracy and Detection Range 
Detection range differs from one project to another due to the initial remnant steel casing (which may be an 
unknown), the quality and the evolution of the casing with time, and the random arrangement of the distributed 
North/South poles. However, at the planning stage, expected and maximum PMR detection range can be estimated 
using the weight/length characteristics of the target tubular and from a field strength chart. Published accuracy and 
detection ranges will vary somewhat from vendor to vendor. It is good practice to assume that accuracy numbers for 
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any ranging technique represent 1 standard deviation in the absence of further clarification by the PMR provider. 
Note that quoted accuracy levels assume a good signal-to-noise ratio (SNR). As the sensor gets further from the 
offset well, SNR decreases which will impact accuracy. Key points about the PMR detection range Include: 

¶ Expected and maximum detection range are estimation based on a theoretical remnant magnetic field.  

¶ Range to a physical break or end of tubular or casing shoe is approximately twice that along the body of the 

tubular. 

¶ No minimum range exists however it is physically possible that a tubular may have little or no remnant 

magnetic field. It is also possible that the arrangement of the tubulars (north/south magnetic poles) 

ƳƛƴƛƳƛȊŜ ŜŀŎƘ ƻǘƘŜǊΩǎ ŘƛǇƻƭŜǎ ƻǳǘΦ 

¶ Detection is not typically dependent on the survey instrument as any 6 axis MWD/wireline tool can provide 

readings that can be utilized for PMR. ς Detection range is a function of the sensitivity of the sensors and 

their calibration residuals due to the variation in the measured field as a function of change in attitude. 

¶ Generally, the resolution of the MWD tool has no impact on the detection range as the typical MWD tool 

with a resolution of 6nT is well below the typical earth field noise. 

¶ Care should be taken not to plan detection ranges based on an externally magnetized casing model, unless 

the operator has specifically stated that the casing has been intentionally magnetized prior to the blowout.  

2.6.1 Direction Accuracy 
PMR is generally able to produce accurate estimates of the direction of an offset well. This is because the PMR relies 
on vector measurements of the magnetic field signal. Commonly quoted accuracies are on the order of ± 5 degrees. 
This number should assume to be a 1 standard deviation number in the absence of further clarification by the PMR 
provider. 

2.6.2 Distance Accuracy 
The commonly quoted number is up to ± 10% of the well-to-well distance. PMR is typically less accurate in 
determining a distance to an offset wellbore than a direction, because the strength of the remnant magnetic field for 
any casing string is estimated and is based on a maximum theoretical value for each casing string for a specific 
weight and size. This estimated value is treated as a known variable when calculating the distance to the offset 
target for PMR. Inaccuracy in the estimated strength of the remnant magnetic field for any given casing string 
directly relates to the accuracy of the distance to target determination, and currently there is no means of 
independently measuring the remnant magnetic field strength for a casinƎ ǎǘǊƛƴƎ ǿƘƛƭŜ ƛǘΩǎ ŘƻǿƴƘƻƭŜΦ 

Note that some PMR methods do not use the pole strength as an input. However, the estimation of distance is 
heavily dependent on the modelling of the poles (with more or less complex functions and distribution of poles). It is 
this sensitivity on the modelling that also typically results with the distance determination being less accurate than 
the direction determination. 

2.6.3 Detection Range 
Publicized PMR detection range is usually between 6 ς 10m (19 ς 33 ft.). However, these detection ranges are 
maximum theoretical values as the detection range is entirely dependent on the amount of remanent magnetism in 
the offset well, which is highly dependent on the weight of the casing, and is significantly reduced if the casing itself 
becomes corroded. Pre-magnetizing a section of casing can increase the detection range of PMR up to 15m (50 ft.).  

2.7 Limitations of PMR 
Some of the more significant limitations of PMR are outlined below.  

2.7.1 Reliability/Repeatability 
PMR relies on the residual magnetism in the casing of the offset well as a source signal. If a section of the casing has 
little to no residual magnetism, the well will not be detectable via PMR. This makes ranging to corroded casing 
potentially difficult. However, a break in otherwise un-corroded casing can improve the PMR detection range but the 
irregular field will potentially degrade the accuracy of the ranging. 

As with any service offered by various providers not all PMR techniques will yield the same result. For non-
automated methods, the human performing the fit can cause results to vary from individual to individual. 
Furthermore, the quality of MWD sensors and telemetry used to gather the MWD information can vary from vendor 
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to vendor. Care should be taken to ensure the MWD tool being used meets the expected accuracy requirements of 
the PMR vendor. For example, tool saturation is possible when at close distances to the target well.  

Note: a possible limitation is the saturation level of the magnetometers. When drilling very close to the target well 
<0.5m (1.5 ft.) and the remnant magnetization level are observed up to 100,000 nT, typical MWD sensors can be 
saturated at 60,000 nT. Therefore, considerations should be given to ensure the MWD can sustain the expected level 
of magnetization without saturation in certain specific cases. 

Some PMR techniques require knowledge of the Earth magnetic field to range. These techniques can be affected by 
how accurately the Earth magnetic field is known and how accurately azimuth can be determined from the 
corrupted MWD measurements. All PMR techniques can be affected by large changes in the Earth magnetic field as a 
function of time during the collection of the ranging measurements.  

Use of Interpolated in-Field Referencing (IIFR/IFR2) is a way to mitigate the effect of Earth magnetic field variations 
when ranging. In the absence of real-time background field monitoring, care should be taken to check for space 
weather which can cause such magnetic variations. Notwithstanding, IIFR/IFR2 is not necessary but local magnetic 
diurnal variation monitoring is. Absolute measurement is not essential; compensation of variation is a simpler 
option. There is a requirement for vector as well as total field monitoring in order to back out the change in the 
magnetic vector (which is what PMR measures). 

2.7.2 Sensor Location 
MWD-based PMR utilizes the sensors in the MWD directional tool. As such, they are usually 15 ς 20m (45 ς 65 ft.) 
behind the bit. If offset from the bit is an issue, an EMS tool can be run on a wireline to get a PMR ranging shot closer 
to the bottom or the hole, however this rather reduces the advantage of using inherent MWD sensors and may sway 
the economic/precision balance towards AMR. 

2.7.3 Interference from the Casing Shoe in the Drilling Well 
Using PMR immediately after exiting a casing shoe can result in unreliable results. This is because the PMR can pick 
up the magnetism of the casing shoe, which decays with distance. The casing shoe signal makes it difficult to isolate 
the magnetic signature of the casing in the offset well. 

2.7.4 Multiple Offset Wells 
It is increasingly difficult ranging to an offset well while using PMR when there is another offset well a similar 
distance away. While there are techniques for dealing with such scenarios, the complexity of the situation can result 
in decreased accuracy of the ranging solution until a closer proximity is established to the target wellbore.  

2.8 Applications for PMR 
There are many applications where PMR is useful. A few are: 

¶ Collision Avoidance 

o When magnetic interference is detected 

o During planned close approaches with relatively similar wellbore trajectories 

¶ Well Twinning  

¶ Passing Over/Under a Perpendicular Well (When accidental collision is not a safety concern) 

¶ Wellbore Intercept 

¶ Well Re-Entry 
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оΦ !ŎǘƛǾŜ aŀƎƴŜǘƛŎ wŀƴƎƛƴƎ 

Active magnetic ranging (AMR) is used to reduce the uncertainty of wellbore position when surveys are not enough. 
AMR technology is comprised of two main components: the generation of a magnetic field and a method to detect 
that magnetic field. This generated magnetic field, which is distinct from the earthΩs magnetic field, is then measured 
and analysed to define a proximity vector between the two wellbores. AMR technology is separated into two 
categories: 

¶ Access-Dependent Active Magnetic Ranging - Access-dependent active magnetic ranging services are used 

when it is possible to position a magnetic source in one of the wells under examination. Such techniques are 

used for the precise measurement of distance and direction between two or more wellbores, accomplished 

by using magnetic field sources of known strength and orientation. Access-dependent active magnetic 

ranging systems allow two or more wellbores to be positioned within extremely tight tolerances, such as: 

o Drilling stacked horizontal well pairs for steam-assisted gravity design (SAGD)  
o In-fill drilling and collision avoidance  
o Wellbore intersections for well control or pipelines  
o Observation well placement  
o Coalbed methane degasification wells  

 

¶ Access-Independent Active Magnetic Ranging - When there is no access to the existing wellbore, access-
independent active magnetic ranging systems precisely position wellbores with no cumulative surveying 
error, allowing wellbores to be placed much closer together than is possible using surveys alone, greatly 
optimizing wellbore placement. This technology is used for: 

o Relief well operations  
o Complex plug and abandonment  
o Collision Avoidance 
o Wellbore recovery 

3.1 Access Dependent Active Magnetic Ranging 
3.1.1 Magnetic Solenoid AMR Systems  

The system consists of a solenoid, approximately 5m (16 ft.) in length, which is placed in the reference well on mono 
conductor wireline at a specific depth relative to the current bottom hole depth in the drilling well. A single large 
magnetic field is generated by the solenoid by sending a direct current in a positive polarity through it, followed by 
reversing that current to a negative polarity. The magnetic field is generated only during a special Magnetic Solenoid 
AMR Survey.  

The AMR engineers are in constant communication with the Wireline engineers moving the Magnetic Solenoid to 
new depths in the reference well as drilling progresses. When the radial separation between the reference well is 15 
ς 23m (50 ς 75 ft.) the accuracy of the Magnetic Solenoid AMR system is within + 5% of the radial distance. When 
within 4.5 ς 15m (15 ς 50ft.) of radial distance the accuracy of the Magnetic Solenoid AMR system improves to + 2 ς 
4% of the radial distance.  

Note: There are commercially proven solenoid systems that offer the following: 

¶ Reference well separation is between 20 ς 30m (65 ς 100 ft.) accuracy is between + 1.5 - 5% (2 sigma) in the 
radial direction.  

¶ Reference well separation is when between 4.5 ς 20m (15 ς 65 ft.) accuracy is between + 0.5-1.5% ( 2 sigma) 
in the radial direction. 

¶ Magnetic Solenoid AMR Systems are used in a variety of Directional Drilling applications including: 

o Drilling stacked horizontal well pairs for Steam Assisted Gravity Drainage (SAGD) 

o Infill and collision avoidance 

o Observation well placements 

¶ Magnetic Solenoid AMR Systems Downhole typically consists of the following components: 
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o 6 axis MWD Directional Probe (Sensor in Drilling Well) 

o 5m (16 ft.) Magnetic Solenoid (Conveyed via Wireline in Reference Well) 

3.1.1 Typical Magnetic Solenoid AMR Systems Protocol 
¶ Follow normal drilling practices until a regular survey depth is reached 

¶ Confirm Magnetic Solenoid is at desired depth with Wireline Engineer in the reference well 

¶ Have the Magnetic Solenoid energized with a positiǾŜ ŘƛǊŜŎǘ ŎǳǊǊŜƴǘ ǳǎƛƴƎ ǘƘŜ aŀƎƴŜǘƛŎ {ƻƭŜƴƻƛŘΩǎ ǇƻǿŜǊ 
supply 

¶ Begin taking Magnetic Solenoid survey with Magnetic Solenoid software 

¶ When indicated by the Magnetic Solenoid survey software, reverse the polarity of the Magnetic Solenoid 

¶ When the Magnetic Solenoid survey is completed, demagnetize the Magnetic Solenoid and turn off direct 
current 

¶ Ranging Engineer provides QA of the Magnetic Solenoid survey, and provides the Directional Driller with a 
relative position to the reference well (Typically High-Low / Left-Right distances are provided) 

¶ Begin drilling down to next survey station in the drilling well 

¶ Move Magnetic Solenoid to the next desired depth in the reference well 

¶ Repeat steps 2 ς 9 until well is completed or AMR is no longer needed 

3.1.2 Rotating Magnet AMR Systems  
The system consists of a Rotating Magnet Sub (RMRS), approximately 0.5m (1.6 ft.) in length, which sits between the 
bit and the motor. This sub contains stacks of powerful rare earth magnets that create an A/C magnetic field when 
rotating with the bit. This magnetic field is monitored by the 6-axis directional sensor located in a nearby well on 
wireline, with a useable range of up to 46m (150 ft.) in Casing, and 80m (262 ft.) without casing; it provides a 
distance and direction from the sensor to the drill bit. Data is processed in real time to generate distance and 
directions between each of the well bores to an accuracy of approximately + 5% of the wellbore separation 

Note: There are commercially proven rotating magnet systems that have a usable range of 91m (300 ft.) in a cased 
well and 128m (420 ft.) in open hole. 

Rotating Magnet AMR Systems are used in a variety of Directional Drilling applications including:  
¶ Intersecting an existing well 

¶ Steering past an existing well at a controlled separation 

¶ As a guidance tool in Civil Engineering River Cross operations 

¶ To provide controlled separation of parallel wellbores (typically in heavy oil production) 

Rotating Magnet AMR Systems Downhole Tool strings typically consists of the following components: 
¶ The 6 axis Directional Sensor Probe (Conveyed via Wireline in Reference Well) 

¶ A bottom weight bar  

¶ The tool foot 

¶ Optional above tool weight bar with feed-through wire 

¶ Rotating Magnet Sub (Drilling Well) 

The tool and weight or extension bars are 1.75 inch O.D Standard Temp applications or 2.0 inch O.D for High Temp 
applications (up to 200°C), with an approximate length of 1.4m (4.6 ft.) for the tool, and 1.3m (4.2 ft.) for the weight 
or extension bars, making the typical tool assembly of wireline head, tool, weight bar, and foot approximately 3.1m 
(10.3 ft.) in length. The connection between tool and wireline is made with a Gearhart Owen (GO) type single 
conductor connector.  

Typical Rotating Magnet AMR Systems Protocol 

1. Follow normal drilling practices until approximately 90m (300 ft.) from the pass by of the Offset Well 

2. While drilling and approaching the 90m (300 ft.) distance data monitoring will begin. If the RMRS Probe is 
detecting a flux in the AC field, data will be recorded and an RMRS determination will be made at the next 
survey point. 
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3. Steps involved with taking a Recorded Rotary Magnet AMR Shot: 

a. At any new hole depth, a bottom hole survey will be taken 

b. The Directional Driller on tour will make an extrapolation to the bit based off of the survey 
information received and provide that extrapolation to the Ranging Specialist 

c. Data is typically acquired real-time while drilling. Dependent on the quality of data collected while 
drilling, the ranging specialist may require the data be collected after a section has been drilled by 
having the driller wipe the section at a speed of Ғ 1.5m/min (5ft/min). It is important that the 
section is wiped at a consistent speed in rotary and not fluctuating between the given parameters. 
Each wiped section will be 3 ς 5m (10 ς 15 ft.) in length, and is determined on a case by case basis by 
the Ranging Specialist 

d. Note: This step may not be required in some cases.  All data can be taken at the survey station on 
bottom while circulating the hole prior to making connection. Wiping the hole may be optional 
depending on the situation.  

e. Once the determined section has been wiped the Driller will take necessary precautions to maintain 
hole integrity by reducing parameters to what is deemed appropriate by the Company 
Representative(s) on site. Note: In certain circumstance this step can be eliminated, hole integrity 
issues may be avoided by not wiping the hole. 

f. At this time the Ranging Specialist will process and analyze the recorded Rotating Magnet AMR Data 

4. Depending on the results from any given recorded RMRS determination the Ranging Specialist will 
determine whether or not more RMRS data is need to be taken at a given hole depth 

5. Once enough data has been acquired at a given point, the Ranging Specialist will advise the Company 
Representatives on the status of the where the drilling well is relative to the offset well. The Ranging 
Specialist will also recommend a distance to drill ahead, typically 3 ς 10m (10 ς 33 ft.) 

6. Steps 3-5 will be repeated until the objective has been completed. 
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Figure 5τTypical RMRS tool Configuration 
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Figure 6τTypical Magnetic Solenoid & Rotating Magnet AMR System Tool Specifications 

3.2 Access-Independent Active Magnetic Ranging (AI AMR)  
AMR works by injecting an AC current into the formation and then onto the target well, which in turn creates a 
magnetic field. From this induced magnetic field, both distance and direction can be determined. 

3.2.1 Advantages 
¶ Detection is based on a signal that is generated by the AMR assembly. 

¶ Detection range is typically an order of magnitude greater than PMR. 

¶ Planning can be developed around a calculated detection range significantly reducing the likelihood of a 

side-track. wŀƴƎƛƴƎ Ŏŀƴ ōŜ ŎƻƴŘǳŎǘŜŘ ǘƻ άŜȄŎƭǳŘŜέ ǘƘŜ ǘŀǊƎŜǘ ǿŜƭƭ ŀƴŘ ŀƭƭƻǿ ŘǊƛƭƭƛƴƎ ǘƻ ŎƻƴǘƛƴǳŜ ƛƴǘƻ ǘƘŜ 

ellipsoids of uncertainty with confidence. 

¶ Works equally well on steel and non-magnetic tubulars. 

¶ Detection range not significantly impacted by the target well tubular size. 

¶ LƴŘǳǎǘǊȅΩǎ ƻƴƭȅ ǊŀƴƎƛƴƎ ǎŜǊǾƛŎŜ ǘƘŀǘ Ŏŀƴ ǘŀƪŜ ŀ ŘƛǊŜŎǘ ŘƛǎǘŀƴŎŜ ƳŜŀǎǳǊŜƳŜƴǘΦ 

¶ Lowest risk of an accidental collision as the ranging is taken on bottom with the greatest depth of 

investigation. 

3.2.2 Disadvantages 
¶ 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. This constraint is 

generally not an issue when ranging in close proximity of the target well. This issue may also be mitigated by 

the design of the ranging assembly that has the excitation source above the UHR formation. 

¶ Service requires dedicated kit and personnel onsite which increases the cost. 

3.2.3 AMR Data Collection 
For each ranging run, a unique data collection plan is designed to ensure the data requirements are met while also 
making the overall logging time as short as possible. Factors that impact the overall data collection time include: 

Typical Magnetic Solenoid & Rotating Magnet AMR Systems Tool Specifications 

 Magnetic Solenoid AMR Rotating Magnet AMR 

Nominal Tool OD  2.0 in / 44.5 mm 1.75 in / 44.5 mm 

Hole Size Range  NA 3-7/8 in & Up 

Minimum Tubing ID  2-7/8 in / 73 mm 2-7/8 in / 73 mm 

Length  8.2 ft / 4.9 m 8.2 ft / 2.5 m 

Weight  20 lb / 9.1 kg 20 lb / 9.1 kg 

WL Connection  1-3/16 inch ς 12 GO-head NA 

BHA Connection  NA 2-3/8 inch Reg & Up 

Maximum Operating Temperature  302°F / 150°C 392°F / 200°C 

Maximum Operating Pressure  15,000 psi / 103.42 MPa 25,000 psi / 103.42 MPa 

Accuracy 16 to 49 ft / 5 to 15 m  2-4% 5% 

Accuracy 49 to 82 ft / 15 to 25 m  5% 5% 

Accuracy Beyond 82 ft / 25 m  NA 5% 

Maximum Range  82 ft. / 25 m 262 ft. / 80 m 














































































































































