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ABSTRACT 
Corrosion under insulation (CUI) has become one of the serious problems in recent years 
especially in chemical plants, petroleum refineries, power generating facilities and other 
plants the world over.Corrosion  is difficult to find because of the insulation cover that 
masks the problem until it is too late. 
Moisture combined with oxygen is the largest contributing factor to corrosion.The 
insulation does not allow evaporation and the insulation acts as carrier in moving the 
moisture from one area  to another area and resulting in corrosion. 
The problem is observed mostly on carbon steels and 300 series stainless steels. 
 
Inspection Methods used for detecting the Corrosion Under Insulation (CUI) : 
By way of Profile Radiography,Ultrasonic Thickness Measurement,Insulation removal to 
check the surface condition of the pipe and replace the insulation ,guided wave 
ultrasound, real time radiography and pulsed eddy current  nondestructive inspection 
technique.The latest technique being developed is by using fiber optical Doppler(FOD) 
sensors, which is already being applied in some places such as evaluation of corrosion 
damage on the bottom of tanks.It was developed in Japan and it’s under study. 
Many companies are preferring to have waterproof insulation which prevents water from 
entering the insulation and the lack of pores helps water move quickly over the surface.A 
new NDT Technique has been developed to provide a method of rapidly evaluating 
insulated or buried piping for external corrosion with the help of the broad band  
electromagnetic waves  being introduced to excite the pipes. 
Electromagnetic wave inspection offers an ideal solution to rapidly locate the corrosion 
damage in insulate or buried piping. 
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INTRODUCTION 
 
Most facility managers,engineers and construction personnel  now know that corrosion 
under insulation (CUI) exists and, left to its own devices, can cause serious problem and 
even catastrophic consequences.CUI is difficult to identify because it lies hidden under 
insulation material, often until it becomes a serious problem.It is also expensive to 
inspect for  or repair since tha usually requires inspection by radiography, ultrasonic or 
other forms of inspection but in most cases requires the removal of the insulation system. 
It is also widely known that the results of CUI are costly. 
A study done by Exxon Mobile Chemical and presented to European Federation in 
September 2003 indicated that: 

 The highest incidences of leaks in the refining and chemical industries are due to 
CUI and not to process corrosion. 

 Most piping leaks (81 percent) occur in diameters smaller than 4-inch nominal 
pipe size; and 

 Between 40 and 60 percent of piping maintenance costs are related to CUI. 

For CUI to form there must be two basic ingredients: moisture and warm temperatures. 
For iron products like carbon steel piping and equipment, oxygen is also needed. To have 
chloride stress corrosion (SCC) of 300 series stainless steel, there also must be the 
presence of chloride ions. Obviously, oxygen is fairly easy to find, but, maybe 
surprisingly, so are chloride ions, which are available in a great number of places from 
seawater, drinking and process water, and chloride chemical compounds to roadway de-
icing salts. The presence of acids, acid gases, and bases like caustics and salts also can 
create and accelerate corrosion.  

The temperature ranges where CUI is a potential problem is from 32°F to300°F (0°C to 
149°) for carbon steel and between 140°F to 300°F (60° to 149°) for 300 series stainless 
steel.Optimum tempeature for the aggressive corrosion on both carbon steel and 300 
series stainless steel seems to be between 200°F & 240°F (93.3°C to 115.6°C).In this 
corrosion is most severe at about 93°C 

Additional factors encourage CUI: the environment, insulation design and specifications, 
installation craftsmanship, and maintenance. Let's examine what can be done to reduce 
the risks.  

Since most elements in the environment that contribute to CUI are very difficult or 
impossible to control, the only hope of a "cure" lies in properly dealing with the other 
factors contributing to CUI: design and specification, installation craftsmanship and 
maintenance. 

 

 



Inspection Methods 
1.Profile Radiography 

Exposures are made of a small section of 
the pipe wall. A comparator block such as 
a Ricki T is used to calculate the 
remaining wall thickness of the pipe. The 
exposure source is usually Iridium 192, 
with Cobalt 60 used for the pipes of 
heavier wall. (See Figure 1.)  
Profile radiography is an effective 
evaluation method, but becomes 
technically challenging in piping systems over 10 inches (25.4 cm) in diameter 
and only offers the limited luxury of verifying relatively small areas.  
This technique will not detect CISCC in stainless steels. In addition, radiation 
safety can be a real concern. Nobody can work within the area while the 
inspection is under way, this can result in downtime and manpower scheduling 
conflicts.  
2.Ultrasonic Thickness Measurement 
This is an effective method, but limited to 
a small area. (See Figure 2.) It is 
expensive to cut the insulation holes and 
cover the holes with caps or covers. It is 
not practical to cut enough holes to get a 
reliable result. The inspection holes cut in 
the insulation may compromise the 
integrity of the insulation and add to the 
corrosion under insulation problem, if they are not recovered carefully. This 
technique will not detect CISCC in stainless steels.  
3.Insulation Removal 
The most effective method is to remove the insulation, check the surface 
condition of the pipe, and replace the insulation. This approach will detect CISCC 
in stainless steels; may require eddy current or liquid dye penetrant inspection. 
This is also the most expensive method in terms of cost and time lost. The 
logistics of insulation removal will probably involve asbestos and its attendant 
complications. Process related problems may occur, if the insulation is removed 
while the piping is in service.  
4.Infrared 
In the right conditions, infrared can be used to detect damp spots in the insulation, 
because there is usually a detectable temperature difference between the dry 
insulation and the wet insulation. Corrosion is a distinct possibility in the areas 
beneath the wet insulation.  

5.Neutron Backscatter 
This system is designed to detect wet insulation on pipes and vessels. A 
radioactive source emits high energy neutrons into the insulation. If there 

 
Figure 1: Profile Radiography  

 
Figure 2: UT Inspection  



is moisture in the insulation the hydrogen nuclei attenuate the energy of 
the neutrons. The instrument’s gage detector is only sensitive to low 
energy neutrons. The count displayed to the inspector is proportional to 
the amount of water in the insulation. Low counts per time period indicate 
low moisture presence. 

REAL-TIME 
RADIOGRAPHY  
Fluoroscopy provides a 
clear view of the pipes 
outside diameter through 
the insulation, producing a 
silhouette of the pipe 
outside diameter (OD) on 
a TV-type monitor that is 
viewed during the 
inspection. No film is used 
or developed. The real-
time device has a source and image intensifier/detector connected to a C-arm. 
(See Figure 3.) There are two major categories of RTR devices on the market 
today; one using a X-ray source and one using a radioactive source. Each has its 
own advantages and disadvantages, however the X-ray systems deliver far better 
resolution than the isotope type equipment (3).  
The X-ray digital fluoroscopy equipment operates at a maximum of 75 KV, a low 
level Mdiation source, but the voltage is adjustable to Figure 3 obtain the clearest 
image. This allows for safe operation without disruption in operating units or even 
confined spaces. The radiation does not penetrate the pipe wall as more powerful 
gamma ray or X-ray would, instead it penetrates the insulation and images the 
profile of the pipe's outside wall. The radiation is generated electrically so the 
instrument is perfectly safe when the power is off, whereas the Iridium 192 used 
in wall shots produces gamma-radiation constantly, even when shielded within 
the camera. Therefore the gamma-ray camera always needs careful supervision 
and control during all operations, including transportation and shipping. The 
systems with the electrically generated X-rays are far more convenient for 
shipping.  
The new systems come with a heads-up, video display. The helmet-mounted, 
visor-type video display frees the system operator's hands so that he can 
maneuver the C-arm, while keeping the image before the operator at all times. 
The heads-up display also improves interpretation by shielding the screen from 
the sun. The video images can be printed on site using a video printer or recorded 
using a standard VCR for evaluation later.  
 
 
 
 
 

 
Figure 3:  



PERFORMING THE INSPECTION  
Using the sorting criteria listed above it is possible to prioritize a list of piping for 
inspection that is manageable in a reasonable time frame. The CUI inspection 
crew then inspects the pipes iso by iso.  
The "C" shaped arm is the actual device that is used to scan the pipe. A cathode 
ray tube on one side generates the X-rays, shooting them across to the receiver on 
the other side. The operator manipulates the arm around the pipe, guiding it by the 
black & white heads-up display on his hard-hat. A typical scan will go up the pipe 
while moving the arm about 45° to both sides of the track. The C-arm is then 
rotated 180° and the pipe is scanned downward in a similar fashion. After rotating 
90° the up and down process is repeated.  
RESULTS  
To the untrained eye, the image in the 
screen would appear to indicate very 
serious corrosion. However, what is being 
imaged is the exfoliation of the rust (See 
figures 4 and 5.) Performing the 
inspection in this manner the inspector can 
inspect a considerable amount of pipe in a 
short time.  
LIMITATIONS  
One of the main limitations of the system 
is the C-arm. There are a couple of sizes 
of C-arms available. The manufacturer has 
had success in checking pipes up to 24 
inches in diameter. These systems were 
not originally designed for the field but 
rather for laboratory work.  
This limitation has been addressed and the 
systems available today are more robust. 
However, they still require a lot of care 
and attention. There will always be some 
percentage of piping where real-time X-
ray can not be used. The prime example is 
the center lines among tightly nested 
pipelines with little clearance between the 
pipes. Finally, while the X-rays are low 
energy, they are still radiation, and so the 
system must be used with extreme caution  
REAL TIME RADIOGRAPHY USES TO LOCATE PIPING 
COMPONENTS FOR POSITIVE MATERIALS IDENTIFICATION 
PROGRAMS 
Alan Wolf (2) of Exxon Research and Engineer ing Company recently wrote, 
"Over the years the industry has experienced several incident failures where the 
root cause was attributed to installation of improper material." He also suggests 
real-time X-ray as an effective alternative to insulation removal in the search for 

 
Figure 4: Example of Rust 
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Figure 6  



piping components. Using correct procedures with real-time radiography 
extensive field tests have demonstrated a 99% field reliability of detecting 
circumferential welds with a weld crown of at least 1/32 to 1/16 inch (1-2 mm).  
Figure 6 shows an RTR image of a weld crown through insulation. RTR's proven 
ability to detect weld crowns offers compelling testimony of the system's ability 
to detect CUI.  
 

 
 

                Fig.. Radiography system mounted on insulated pipe 
 
A New Inspection Technology for Detecting Corrosion Under Insulation 
A new non-destructive testing technique that has been developed to provide a 
method of rapidly evaluating insulated or buried piping for external corrosion. 
Broadband  electromagnetic waves are introduced to excite the pipe. As these 
waves travel along the pipe they are altered in predictable ways when 
encountering corrosion. The waves can travel hundreds of feet down piping and 
provide full-body inspection without the need to access the pipe's surface. For this 
reason this new electromagnetic inspection of piping offers a unique advantage 
over conventional non-destructive inspection methods for evaluating the integrity 
of piping whose surface is not directly accessible. 
Development of CUI Inspection Techniques 
Using Fiber Optic AE2) 

Therefore, there was a strong requirement for 
development of CUI inspection techniques for pipes 
that did not require the work of removing the insulation 
and worked for plant facilities requiring protection from 
explosions.. 

 



            
Researchers are focusing on utilizing AE methods as an OSI (On Stream 
Inspection) tool and on enabling to screen/choose where among the long distance 
of piping to be precisely inspected. 
1. An inspection method for inspecting corrosion under insulation, in piping to 

which a heat insulator is provided, the method comprising: providing a fiber 
optical Doppler sensor to the piping; and inspecting the corrosion in the piping 
by using the fiber optical Doppler sensor.  
 
2. The inspection method as set with the fiber optical Doppler sensor detects 
acoustic emission of frequencies in a range of 10 kHz to 150 kHz.  

 
 
Conclusion: 

The present corrosion under insulation detection methods are: profile radiography, 
ultrasonic thickness measurement, insulation removal, infrared, and neutron 
backscatter.A new NDT technique that has been developed to provide a method 
of quick evaluation of insulated or buried piping for external corrosion.Broadband  
electromagnetic waves are introduced to excite the pipe.An alternative method 
which is being developed is to propagate guided waves in the walls of the pipes, 
and to look for reflections from defects. 

The method providing a fiber optical Doppler sensor to the piping; and inspecting 
the corrosion in the piping by using the fiber optical Doppler (Acoustic Emission) 
sensor is also gaining wide attention and recognition. 
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