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   Mr. Chairman, Ladies and Gentlemen
   Acknowledge the OTC & AWS for selecting this paper for presentation today
   Short bio. To clarify my position here since the majority of you are likely to be Welders 
   Strictly this paper is not about welding but molten metal is central to the process 
   I’ll keep the drilling terminology as simple as possible, if you don’t ask difficult metallurgical questions…
   



Casing Centralization 101
The Very Basics

• A hole is drilled
• Casing is run into the hole
• The casing is cemented in 

place to provide well control
• To ensure a good cement 

job the casing must be 
centralized in the hole
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   We will first lay out the very basic fundamentals of oilfield well construction
   Basic Well Control / Integrity Management is ultimately about flowing fluids up inside the casing
   The annulus between the casing and the wellbore wall must be sealed, normally with cement
   Casing that is laying up against one side of the hole will result in a cement cross-section resembling a crescent moon
   Where that annulus pinches out to nothing there will be no cement and therefore no seal
   This means that wellbore fluids, water, oil or gas could flow to surface up the outside of the casing resulting in a loss of well control
   



Casing Centralization 101
• Traditionally joints of casing are 

connected using threaded 
collars

• As annular tolerances get tighter 
the collar is replaced by a forged 
upset…

• … until the casing is completely 
flush and the connecting threads 
are cut within the wall thickness 
of the casing itself 3
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   Looking a little closer at the design of casing couplings…
   Traditional connecting collars have a ~1/2” shoulder, depending on the casing diameter
   That collar morphs into semi-flush connections…
   … and finally becomes perfectly slick
   We will see later why this is necessary and what the actual clearances are between successive casing strings
   



Casing Centralization 101
• Casing collars provide a very positive 

stop wherewith to locate centralizers
• The centralizer may be placed over 

the collar or above/below it 

4

Bowspring 
Centralizer
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   Those ~1/2” shoulders have traditionally been used to locate various centralizers…
   …or at least provide a stop to prevent the centralizer sliding onto the next joint of casing
   Shown here is a typical bowspring centralizer and of which there are literally hundreds of variants
   There are also a myriad of other centralizing devices available
   



Casing Centralization 101
• With upset or flush connections the 

centralizer must be located with 
another device

• These have limited holding capacity 
especially with higher grade casing 
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Set Screw 
Stop Collar
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   The need to positively locate centralizers is important for well integrity and legal obligations
   On more than one occasion a string of casing has been pulled after running into hole problems, only to find 30 centralizers all slid up onto one joint
   Sliding centralizers over semi-flush connections will split the centralizer, resulting in junk in the hole and the possible loss of that hole section
   The casing connection itself may also beccome damaged, compromising the integrity of the casing string and therefore the well itself
   



Casing Centralization 101
• The open hole beneath the 

last casing shoe is under-
reamed to reduce circulating 
pressure while cementing and 
to ensure a good cement bond

• To be effective in this 
enlarged hole centralizers 
must be able to pass through 
the casing annulus and then 
open out some inches6
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   With the very close tolerances between one casing string and the next…
   There would be too small an annulus for an effective cement job
   So the hole is under-reamed…
   … and the casing centralized in this enlarged hole
   As written in the paper, this is where a Magician has to pull something out of his hat…
   



Casing Centralization 101
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   Typical casing sizes for a well in DW GOM (if everything goes to plan)
   Contingencies may increase this number and reduce clearances even more
   The Annulus listed is the radial clearance through which a centralizer must compress down to pass through
   The figures in red show annular clearances of less than ½”
   The closest tolerance situation is when 11-7/8” casing passes through 13-5/8”
   Centralizers must pass through this 3/16” annulus and still open out into the open hole below
   



The Spray Metal Process
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   Before showing you some examples of our work I want to explain the Spray Metal Process for those of you not familiar
   We chose to use the TWAS
   One very important aspect of TWAS is that it is a relatively “cool” process and we do not heat the workpiece to higher than 300°F
   This temperature is well below that where any metallurgical changes would take place and does not hurt the internal plastic coating on drillpipe
   SM has been around for ~100 years and is typically used for coatings
   The difference in our case is that we build significant shapes by repetitively spraying the same area
   



The Spray Metal Process
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Two Wire 
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   Very much like a welding machine 



The Spray Metal Process
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Pipe Steel

Spray Metal
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   This micrograph shows the interface between the pipe steel and the spray metal
   It highlights a number of important features of this critical area
   Firstly you can see the rough profile which we have created by grit blasting
   Creating this key pattern is fundamental in creating the necessary mechanical bond 
   Then you can see how the droplets of spray metal have conformed and frozen in place, one layer upon the next with some interlocking
   There is no fusion at the interface 
   This resulting deposit has no crystalline structure and we call it a metallic conglomerate 
   We have measured the strength of this bond on numerous occasions in shear, which is our main interest… 
   



The Spray Metal Process
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Spray Metal
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   In this test we were trying to determine the strength of a simple band of material 4” x ¼” 
   At 155,000 lbs we reached the limit of the test rig 
   By which time the centralizer was history…
   … And our SM material had not even begun to show any sign of failure
   Through this and a number of other destructive tests we have deduced a shear strength figure of ~10,000 lbs for each square inch of contact area between our SM and the base pipe
   I should add here that the wear resistance of our material is comparable with hard metals that you might find welded onto the tooljoints of drillpipe. This has been established by third parties in a standard industry DEA-42 test, and in multiple ASTM G-65 dry sand wheel abrasion tests 
   It is classified as “casing friendly” and excels in open hole
   



Spray Metal 
Stop Rings

Centralizers using 
Spray Metal stops

13-5/8” Bowsprings to pass thru’ 14.5”
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Spray Metal 
Stop Rings
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   Translating that testing into real life, here are some examples of our work which have gone downhole successfully in the DW GOM
   



Centralizers using 
Spray Metal stops

11-7/8” Unibody to pass thru’ 12.25”
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Flow channels 
through 12.20” 
stop rings to 
reduce 
circulating 
pressure
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   The bowspring centralizers in this picture are one-piece, cut from a specially made thin-wall tube 
   And are designed for use in the tightest tolerance situations (3/16” radial annular clearance) 
   In this instance our bands of spray metal have been deliberately slotted to reduce ECD whilst still inside the 13-5/8”  
   The centralizers are deliberately oversprayed with  ~0.010” of SM to reduce friction and improve the wear resistance of the bows
   



Centralizers using 
Spray Metal stops

9-7/8” Unibody with Internal Anchors
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   Where possible it is desirable to place the centralizer anchors INSIDE the centralizer to PULL them into the hole
   This action reduces the possibility of the centralizer collapsing which is a possibility if it is pushed into the hole
   Note the guide rings etc.
   This type of application cannot be rotated on RIH for fear of damaging the bows
   This type of close tolerance application can replace centralizing subs which have a fabricated bowspring located in a shallow machined groove on a short piece of the same casing material & are then added into the casing string
   The advantages we see in the applications shown so far are that we are not adding any additional connections into the casing string, each of which is a potential failure point, and our applications can be made at any position on a joint of casing, including multiple locations on a single joint
   



Centralizers using 
Spray Metal stops
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Bowsprings 
with internal 
spray metal 
stops.

Allows rotation 
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   Where tolerances are not so tight it is possible to build our stops inside a bowspring centralizer… 
   … which then allows rotation of the pipe while RIH to break the friction in the hole and increase available running weight
   Note that these are prefabricated centralizers which are slid onto the pipe…
   … and the stops are then constructed inside the centralizer 
   



Centralizers using 
Spray Metal stops
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Use Solid 
Bodies 
where 
clearances 
allow
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   Shown here is a very robust application where pre-cast solid body centralizers are located with our SM stops
   These solid bodies are free to rotate on RIH – no ploughing – and their bearing effect reduces torque where the casing needs to be rotated
   Rotating casing may sometimes be essential for getting casing to depth and it is also desirable during the cementing process to improve the cement job
   I should mention here that there are alternatives to SM available, apart from mechanical devices: 
   One such material is a composite which is molded on but which does not have the same strength or durability of SM
   



Centralizers built entirely of  
Spray Metal
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The simplest 
designed 
centralizer has 
three straight 
blades. 

Helical blades 
provide better 
stand-off. 
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   We do not always locate third party centralizers and the simplest answer may often be to build a complete centralizer of SM where expansion into under-reamed open hole is not necessary 
   This simple design highlights one of the advantages of this process which is the lack of any connecting collar between the blades so there is a minimum restriction to mud and cement flow past the centralizer
   The duct tape is optional. Actually it is used for masking and we usually remove it before taking pictures of our product…
   



Stabilizers built entirely of  
Spray Metal
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For 
Casing-
or Liner-
Drilling

Replacing 
machined 
IBS’s
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   Depending on the application we may build the blades heavier for casing/liner drilling purposes
   We can build a BHA directly onto the customer’s casing in place of machined IB stabilizers which then have to be added into the string
   The advantages of  SM are numerous… Ease of handling at the rig (just like casing)… Reduced rig crew exposure… ECD mitigation 
   An alternative to these are crimped-on pressed steel centralizers, commonly used in casing drilling applications…
   … which we have sometimes hard faced with our own SM for better wear resistance and/or to increase the otherwise fixed OD
   



Conclusions
• Spray Metal is proving to be an enabling 

technology in many downhole applications
• Its strength and durability are up to an 

order of magnitude better than alternatives
• Rather than starting with heavy-walled pipe 

and machining much of it away…
• … This process “grows” the required 

shapes directly onto the casing, as if it were 
a part of it, and without introducing 
additional potential failure points 
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   Follow the text
   



Advances in Casing Centralization 
Using Spray Metal Technology

Thank You
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   Questions?
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