
 

 - 1 - 

Inspection Methods, Equipment and 

Software Needed To Reach Deep Energy 

Reserves – VisonArraySM 3D 

George M. Sfeir 

ENGT Technical Industries, Inc. 
Petroleum Towers Suite 530 

P.O. Box 52523 

Lafayette, LA 70505 USA 

georgesfeir@technicalindustries.com 

 

I.  Introduction 

 

1.1. Present Energy Situation Problem 

 

The energy industry estimates that 40% of the energy reserves in the world cannot be reached at 

the present time due to the unavailability of the technology needed.   It is simply not developed 

yet.   The demand for energy increases on the average 10% per year.   In order to maintain our 

nation energy supply the energy companies are forced to go in to deeper waters, and deeper 

wells.   Therefore, they are facing a dilemma due to the lack of technology. 

 

1.2. Present Energy Drilling Capabilities Problem 

 

According to April 2004 SPE (Society of Petroleum Engineers) seminar given at the Petroleum 

Club in Lafayette, Louisiana by Bernie Simpson a senior drilling and engineering advisor for 

deepwater drilling for BP America “The present API (American Petroleum Institute) drilling 

specifications such as API RP7G, and other independent companies specifications such as DS-1 
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of T.H. Hill & Associates of Houston, Texas, are written within the scope of the present NDT 

(Non Destructive Testing) equipment capabilities, “ The present API specifications now used 

were first placed in effect in 1957, and can only help the industry reach depth 12,000’ to 

155,000’.   The energy drilling industry now requires new specifications, and more advanced 

equipment to reach depth exceeding 30,000’ using the presently available equipment on the 

market such as drill pipes, heavy weight drill pipes, drill collars, subs, stabilizers, and other parts 

of the drill stem. 

 

1.3. Project Objective  

 

High quality and cost effective pipes are two important factors for successful deep well drilling. 

The present API and other specifications are based on the thinnest one area in the pipe and do not 

determine the actual strength of the drill stem. Therefore, the energy industry is forced to 

abandon API and other specifications and write new specifications to deal with the actual 

strength of the drill string enabling them to reach the presently unreachable energy reserves.  

 

The new specifications are based on the cross sectional area (CSA) of the pipe. By using the 

CSA method, the energy industry could determine the exact tensile strength of the drill stem. For 

expandable pipes, burst and collapse pressures are critical. To determining the burst and collapse 

pressures for a pipe, minimum and maximum outer diameter (OD), eccentricity, wall thickness, 

and ovality are needed. In order to obtain the parameters mentioned above, special non 

destructive testing (NDT) method is required. 

 

Some other applications also need new specifications. For example, during the development of 

the Mobil Bay the energy companies including Exxon encountered a serious H2S sour gas 

problem, which required them to abandon ferromagnetic grade pipe due to hydrogen 

embrittlement problems, and replace the material with a non-ferromagnetic pipe such as chrome, 

and incoloy. The new materials required new methods of inspections including the 64 points 

moving average. The new specifications required the collection of wall thickness readings in ¼” 

CSA circles or slices around the pipe and providing the lowest wall thickness for each CSA and 
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average of all the lowest wall thickness readings for 64 CSA which represent ¼” x 64 = 16” and 

repeat the process all the way along the length of the pipe. 

 

The purpose of this project is to develop special ultrasonic instruments, OD measurement 

instruments, and software capable of 2D & 3D virtual imaging modeling of oil & gas wells. 

Using data obtained from the special NDT instruments, we will be able to analyze and simulate 

pipe conditions before venturing in critical and deepwater energy drilling projects, calculate the 

capabilities of the Drill Stems and oil country tubular goods (OCTG) pipes used for exploration 

and production, and will be able to calculate the tensile strength, burst, and collapse rates by 

using the proper algorithm.   

 

II. Ultrasonic Dimensional Wall Thickness Mapping System 

 

To measure and calculate CSA for an adjustable width of circle or slice of a pipe, Technical 

Industries has developed the Non-Contact Dimensional Wall Thickness Mapping technology 

which is a special ultrasonic system that collects wall thickness data with adjustable horizontal 

resolution and rotational resolution. While collecting thickness data, other transducers are 

detecting the pipe for injurious defects including, cracks, seams, slugs, overlaps, and others.  

 

The key components of the system are the ultrasonic electronics, the inspection head, and the 

gantry.  

 

2.1. Inspection head and gantry 

 

The ultrasonic transducers are placed in a mechanical device that positions the transducer a fixed 

distance from the OD of the pipe. This device is called the inspection head. This distance must 

be maintained throughout the entire inspection of the pipe. The head contains many transducers, 

some measures the thickness of the pipe and others look for cracks, seams, pits, laminations and 

other injurious defects. The transducers are mounted on a shoe. The pipe is placed on five sets of 

rollers that will spin the pipe at high speed. The pipe spins at speeds from 4 to 7 revolutions per 

second. A mechanical stop that rotates prevents the pipe from walking on the rollers. The head is 
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attached to a mechanical device that traverses down the length of the pipe. This device is called 

the gantry (Fig 2.1). The head is also sitting on the pipe while the pipe is rotating. Water is used 

as an ultrasonic couplant and flows freely at high pressure between the ultrasonic transducer and 

the outside surface of the pipe. The ultrasonic wave is transmitted into the steel by this method.  

 

 

Fig. 2.1 Gantry and scan head 

 

The helix path of each transducer is exact. The control system makes sure that the pipe speed is 

precisely tied to the cart speed. For this to happen, the cart carrying the inspection head has an 

encoder attached and the pipe also has an encoder that rides on the pipe as it is rotating. 

 

The system also has a method to measure every revolution as the pipe is spinning and generates 

an interrupt to the computer so that the position can be recorded. 

 

In order to obtain the data required for pipe analysis, the following is done. 

 

Wall thickness data are acquired for every degree around the pipe and every ¼” circle down the 

length of the pipe. In order to do this the exact location of the transducer on the pipe must be 

known. The data then needs to be massaged and stored in a matrix 360 degrees by length of pipe 
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divided by ¼”. This data is then ready for statistical analysis and display by the 2D & 3D 

software which will be covered in the following sections.  

 

2.2. Ultrasonic electronics 

 

The ultrasonic electronics include the pulser/receiver board, encoder counters, digital I/O, 

transducers, computer, and inspection software. 

 

The pulser/receiver board fire transducers and receive echoes from them. The board has the 

following features. 

• On-board DSP Chip for extremely fast ultrasonic data processing. 

• One-Board Design: pulser/receiver, analog-to-digital converter, and encoder counter. 

• On-board encoder counters for on-position acquisition. 

• Time stamps, 6-axis position, and I/O status for each A-scan. 

• Up to 100MSPS high-speed A/D conversions and data compression. 

• 800 KB buffer memory to assure real-time operation. 

• Pulser switch-off while taking data for low pulser noise. 

• Wide-range dynamic gain. 

• Up to 500 volts pulse.  

The pulser/receiver board is a combination of a pulser/receiver and a high-speed analog to digital 

converter-both of which are located on a single board for the PCI bus. The board generates an 

electrical pulse with user-defined pulse voltage and pulse width. The pulse is transmitted to an 

ultrasonic transducer, and the transducer converts the electrical excitation pulse to an ultrasonic 

pulse which is propagated into either the tested material or couplant. The transducer also receives 

the echoes that are reflected back from the interface and converts the ultrasonic pulse back into 

an electrical signal. The on-board receiver processes the signal with the user defined parameters, 

and the A/D converter converts analog signals into digital data at a rate of 100 million samples 

per second. In addition, the digital data is transferred to a computer’s RAM at about 80 MB per 

second.  
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Other adjustable parameters include pulse voltage, pulse width, damping, internal relay for 

pulse/echo or through transmission switching, receiver gain, DC offset, low-pass filter, high-pass 

filter, rectifications, sampling rates, external trigger, and adjustable trigger delay. 

 

One of the unique features is the on-board DSP chip from Texas Instruments. It runs 600 MHz 

clock and executes up to 4.8 gaga instructions per second. It is capable to process data at high 

speed for real-time peak detection, data compression, and triggers the defects spray marker. 

 

The board has 48 channels that can be used.  In most cases 24 channels are used to transmit and 

receive a pulse-echo mode and the other 24 channels are used to receive.  

 

The encoder counters are used to receive digital signals generated by digital encoders. The 

inspection software then maps the counter readings to physical position of the transducers on the 

pipe. The onboard I/O is used to set alarm and to receive signal the computer to interpret. 

 

The inspection software has two programs. One of them runs on the pulser/receiver board and 

does the real time data processing. The other one is the user graphic interface (GUI) software 

that runs on the computer side. The GUI software allows users to set and adjust all the ultrasonic 

parameters, start, stop, and monitor the inspection process. After each inspection is completed, 

the data are saved on the computer hard drive. 

 

III. OD Mapping Measurement System 

 

The OD measurement system consists of gantry, cameras, red line laser modules, digital 

encoders, digital I/O and counter board, computer, and software.  

 

The gantry is the same as the one used for ultrasonic inspection. The cameras and laser modules 

are mounted on the gantry. The digital I/O and counter board is installed on the computer 

motherboard. The input signals are from the same source as those used for ultrasonic inspection. 

The OD system works like this. By pointing the red laser line modules to both edges of the pipe 

(Fig. 3.1), the cameras catch the image of the illuminated area of the pipe and send the image to 
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the computer. The computer software analyzes the image, find the edges, and determine the OD 

of the pipe. The OD data and their corresponding positions determined based on the encoder 

counter’s counts are saved in the computer memory. 

 

LASER # 3

LASER # 1 LASER # 2

LASER # 4

45PIPE45

 

Fig. 3.1 Laser beam positioning 

 

IV. VisonArray Viewer 

 

To analyze and view the wall thickness and OD data, a software called VisonArray Viewer has 

been developed using Visual C++ and OpenGL. Fig. 4.1 shows the 2D images of thickness and 

OD of a pipe. The 2D rectangle shape image represents the side surface of a pipe. That is, the 

pipe is cut along the axial direction and is opened to form a flat rectangle plate. The unit of 

vertical coordinate is degree with a range from 0
 o

 to 360
o
. The horizontal direction represents the 

length of the pipe. The color of the image represents different thickness or OD size. The lighter 

the color is the thinner the wall or the smaller the OD is. The navigation bar tool allows users to 

view data for each slice.  

 

Users can also have a 3D view of the pipe (see Fig. 4.2). 

 

With mouse clicks, users can easily view the followings: 

 minimum, maximum, and average eccentricities and their location, 

 minimum, maximum, and average ovalities and their location, 

 minimum, maximum, and average CSAs and their location, 

 minimum, maximum, and average IDs and their location, 

 minimum, maximum, and average ODs and their location 
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Fig. 4.2 3D view of wall thickness 

  

 

 
 

Fig. 4.1 VisonArray Viewer 
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 minimum, maximum, and average 64 point averages and their location, 

 minimum, maximum, and average wall thicknesses and their location, 

 minimum, maximum, and average low walls and their location, 

 burst pressure, 

 collapse pressure. 

 

Fig. 4.3 displays some of the above quantitative data. 

 

 

Fig. 4.3 Display of eccentricity, ovality, CSA, burst and collapse pressures 

 

Users can also view the CSA visually (Fig. 4.4).  Because the head traverses down the pipe at a 

¼” helix, the image here represents one ¼” slice of the pipe.  The darker the image is the thicker 

the material and the lighter the image is the thinner the material. 

 

Extensive testing indicates that the VisonArray system has high accuracy and sensitivity. Below 

are two examples. 
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Fig. 4.4 Cross-sectional area (CSA) 

 

In normal inspection, what the customer gets from the wall report is a number. However, is this 

number accurate? The answer is, maybe. It could be accurate, or it could not even represent the 

actual wall thickness at all. Would you want to take that chance? Fig. 4.5 shows a real example. 

In this example, a minimum wall of 0.546” was reported. The joint had a lot of scales on it that 

went unnoticed by the operator as it was being inspected. It wasn’t until the data was presented 

in this format that a re-run was known to be necessary. After removing the scales and a re-run 

was done, a different minimum wall was found in a different location (see Fig. 4.6). 

 

 

Fig. 4.5 Surface conditions that effect CSA calculations 
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As you can see, the true wall thickness is 20 thousandths different and a totally different location.   

 

 

Fig. 4.6 Surface conditions that have improved after sand blast 

 

Fig. 4.7 shows how sensitive the system is. The bottom right hand corner shows the actual pipe 

with several grind marks. The ultrasonic testing picked up these grind marks and they can be 

clearly seen using the 3D VisonArray Imaging system.  

 

 

Fig. 4.7 Comparison of VisonArray image with picture of actual pipe 

 



 

 - 12 - 

V. Applications 

 

5.1. Minimum wall versus CSA 

 

Fig. 5.1 is an example of how Technical Industries and its 3D VisonArray technology help our 

customers save money. Shown here is a piece of 17 7/8” casing. The eccentricity in this pipe was 

a high as 25% and it had a low wall of 86.5% on the far right side. This happens to be in the 

thickest part of the pipe. The graph of the CSA at the bottom shows well over 100% of metal 

mass in that area. For a tension or tortional application this would be a piece of prime pipe.  

However, if you use API 87.5% as a reject criterion, like most inspection processes do, this pipe 

would be rejected.  

 

 

Fig. 5.1 17 7/8” casing with graph of CSA 
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5.2. ID corrosion versus CSA 

 

Here are two examples of corroded pipe (Fig 5.2). The top image and graph show a piece of pipe 

who’s ID looks like coral, but because the CSA is very high it is considered prime. The lower 

image and graph show another piece of used drill pipe with ID corrosion that seems to start in a 

spiral fashion and then spreads throughout the pipe. Again, we were able to create a digital image 

of both joints and provide this customer with all of the inspection data and information needed to 

determine if, and how, this pipe is to be used.   

 

 
Fig. 5.2 Drill pipe with ID corrosion (5 ½” OD, 0.5” nominal wall) 

 

5.3. Pipe “Fingerprinting” 

 

One of the most unique attributes of the VisonArray Imaging system is it’s fingerprinting 

capabilities. This is possible because just like a human fingerprint, each joint has unique 

identification marks. Once a joint is inspected it is assigned an identification number and the data 
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collected is stored. When the same joint is inspected in the future, we can call up the old 

inspection data and compare it with the new inspection data. This process allows our customers 

to track the wear on each joint in order to better predict the life cycle of their pipe. Shown here in 

Fig. 5.3 is inspection data for the same joint taken 7 months apart. The old inspection is on the 

bottom and the new inspection is on the top. 

 

 
Fig. 5.3 Pipe “Fingerprinting” (5” OD, .362 nominal wall) 

 

5.4. Sorting pipes by minimum CSA percent of nominal 

 

With the CSA calculations, VisonArray gives users the ability to sort all the pipes by minimum 

CSA percent of nominal. Once all of the data has been sorted it can be easily graphed to give the 

engineer a quick way to see what the condition of the string is. Fig. 5.4 shows an example that 

the string has been arranged based on the minimum percentage of nominal wall in relation to the 

TI number that was assigned to each joint during inspection.   
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Fig. 5.4 Graph of pipe sorted by minimum CSA percent of nominal 

 

5.5. Expandable casing 

 

One of the newest and most exciting advancements in the E&P field has been the development 

and use of expandable casing. Expandable casing is used in an effort to eliminate the need for 

traditional telescoping casing in order to increase the ID at the production depth. The downside is 

that the technology is new and has encountered some problems. When these pipes were sent 

through a normal inspection process they met all normal inspection specifications. Yet, when 

they were run in the well the pipes were continuously bursting as show here (Fig. 5.5). The burst 

pipe was looked over by scientists and engineers and they came to the conclusion that the 

problem was caused by a metallurgical defect. We worked with BP and Baker to help create an 

inspection process that could identify these problem areas in the tubing. We were able to use the 

huge amounts of data that only the VisonArray inspection process can collect, and locate 

indications in the metal that we thought would cause problems when it was run in the well. We 

circled the areas we found using the VisonArray system on the 2D image (Fig. 5.6) and on the 

actual joint (Fig. 5.7), and then expanded it.  How accurate were we? Every single indication we 

circled, and only where we circled, showed signs of failure when the joint was expanded. With 

the new inspection technology we had created for them, BP and Baker were able to successfully 

complete the first well using an expandable monobore liner system. 
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Fig. 5.5 Expandable pipe failure 

 

 

Fig. 5.6 Locating Indications on 2D image 
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Fig. 5.6 Locating indications on actual expandable casing 

 

VI. Conclusions 

 

VisonArray system is a new technology needed to reach energy reserves that cannot be reached 

by using other existing technology. Fig. 6.1 lists a comparison chart of VisonArray with other 

technologies. This technology allow us to use existing pipe and equipment and saves the oil 

company money by avoiding the use of heavier pipe, heavier platform or having to resort to 

titanium which is very expensive and hard to work with. 
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Fig. 6.1 Comparison of VisonArray with other methods 


