
     Revolutionizing Furnace 
Coil Maintenance:

 Effortless Cleaning & In-Line Inspection 
Without Manifold Removal



Fired heaters, furnaces and boilers containing common headers (i.e., manifolds) are widely used 
throughout the process industry. They include assets such as catalytic reformers, reboilers and 
CO boilers in refining; waste heat recovery units (WHRUs) in LNG; steam crackers in 
petrochemical; heat recovery steam generators (HRSGs) in power; and steam reformers across 
many sectors. These assets pose unique challenges for plant inspectors and reliability engineers 
in obtaining inspection and integrity data, primarily due to the common headers. Additionally, 
some of these assets suffer from internal tube fouling, making removal difficult with the headers 
attached. 

As these assets play a critical role in their respective industries, keeping them operational is a top 
priority for owner-operators. Unfortunately, tube failures are a common occurrence throughout 
the industry, whether from leaks caused by internal or external corrosion or erosion, ruptures from 
overheating and excessive internal fouling, or failures from stress cracking. Performance issues 
impacting product throughput can also arise from excessive internal fouling. Maintaining the 
integrity and proper operation of the coils is essential for overall asset performance and 
long-term reliability. 

So, what are the traditional methods to address these threats? 

Overview

Inspectors have traditionally collected wall thickness data by performing random or spot 
ultrasonic (UT) inspections across accessible coil sections using handheld devices. Common 
headers are also removed to allow access to the inside of the coils for more comprehensive 
in-line inspections. When a complete inspection picture is not achievable, some 
owner-operators replace entire banks (such as the convection, radiant, feed preheat, or boiler 
feedwater) based exclusively on high operating hours or localized tube failures. The API 530 
100,000-hour benchmark for the end of service life of fired heater tubes is often considered for 
coils with high operating hours that are inaccessible for inspection. And, in some cases, asset 
design constraints may prevent the collection of data altogether, leading to a “do nothing” 
approach. 
       

Inspection 

Traditional Approach



Cleaning

Chemical cleaning has been used to improve heat transfer and restore throughput by removing 
internal scale and build up, although it is not entirely effective on certain types of fouling. 
Common headers are also removed to enable high-pressure cleaning of the coil’s interior. And 
as with inspections, a “do-nothing approach” is sometimes taken, leading to operational 
uncertainty. 

Figure 1. Asset Performance Barriers  

Barriers to Improved Inspection Data and Cleaning Results

Numerous obstacles can hamper cleaning and 
inspection efforts. Common headers prohibit 
internal inspection and coil cleaning without 
significant modifications, but their removal is 
time consuming and costly. For example, a feed 
preheat section in a steam reformer can 
contain more than 100 coils connected to an 
inlet and outlet header, rendering full coil 
inspections prohibitive. There is also post-weld 
heat treatment to consider on some materials, 
which if done incorrectly can lead to tube 
embrittlement or cracking. 
Many of these assets have coils in tightly 
packed spaces with limited or no direct access 
to most of the tubes. Often, only the outside 
tube rows or return bends are accessible for an 
external inspection, but their conditions may 
not accurately represent the condition of the 
inaccessible tubes. 

Although some areas, such as catalytic reformer radiant sections, offer better access to coil 
exteriors, additional precautions are required to mitigate hazards such as refractory 
dust/particulates, heat stress, poor lighting and ventilation when working in confined spaces. 
Working from heights can also present challenges. Catalytic reformer coils can reach 60 feet 
in height, requiring extensive and costly scaffolding and posing additional personnel hazards.

Catalytic reformer coils may also suffer from oxidation when exposed to high-temperature 
operations, resulting in deterioration of the tube’s outer surface, effectively creating an 
insulating layer of external scale that hinders heat transfer and prevents wall thickness 
measurements using UT methods. Removal of the oxidized layer on all tube surfaces would be 
required to perform an adequate external inspection.  



Another inspection barrier is raised surfaces 
welded to the exterior of piping, commonly 
found on convection piping and other processes 
requiring improved heat capture and transfer. 
These surfaces unfortunately prohibit many 
non-destructive examination (NDE) methods 
unless the welded fins or studs are first removed.  

Using traditional approaches to address the 
barriers described here can lead to increased 
time, costs and safety concerns.

Figure 2. Asset Performance Barriers  

The Alternative Approach 

To overcome these barriers, an engineered 
device known as a header or manifold delivery 
system was developed to access the opening of 
the tubes welded to the common header 
without removing the header. This less invasive 
approach requires only a single opening at one 
end of the header, achieved by removing the 
flange or cutting off the end cap, to allow 
internal access for positioning the delivery 
system. The delivery system device is then 
maneuvered over the opening of the inlet and 
outlet of a coil and mechanically expanded 
inside the header to create a watertight seal 
against the coil openings. Water from a 
cleaning truck is pumped through hoses 
connected to the delivery system creating a 
closed loop system, allowing water to enter the 
coils while keeping the headers dry. 

Figure 3. Header Delivery System  

The water inside the coils acts as a couplant, enabling in-line UT smart pigging inspections while 
propelling the inspection tools and mechanical cleaning pigs through the coil via the cleaning 
truck pumps. The delivery system is then used to aid in dewatering the coils after the cleaning 
and inspection are completed.

These systems have been deployed worldwide across numerous industry assets, providing an 
avenue for obtaining comprehensive inspection data and ensuring a more effective method for 
removing internal fouling.  



Methanol Steam Reformer

Real World Applications

The first case study involves a convection bank in a methanol steam reformer. The scope of work 
included light cleaning and an in-line inspection utilizing smart pigging technology on 100 coils 
in a Process Natural Gas (PNG) tube bundle. An engineering screening assessment was also 
conducted to determine suitability for continued operation. The coils were connected to a 
12-inch inlet header and a 16-inch outlet header. The 24-year-old bundle had never been 
inspected or cleaned. The owner-operator was primarily concerned with the coil condition due 
to the inaccessibility for conventional inspection methods. To add to the complexity, the headers 
were long, and the coils were connected in two rows and at different angles, with a diameter of 
only 2  inches.

Figure 4. PNG Coils and Headers    



Since the header delivery system technology was new to 
the owner-operator, proof of concept and validation 
testing were requested before the live project. A mock-up 
with matching header dimensions and coil layout was 
designed, and testing was performed at the contractor's 
premises using inspection and cleaning tools to verify 
smooth passage through the delivery system and test 
tubes. After a successful test and verification by the asset 
owner-operator, the live project proceeded. 

The mechanical cleaning, smart pigging inspection, and 
engineering assessment were conducted on 100 coils over 
four days. A 2-inch smart pigging tool was utilized, 
capturing well over 6000 UT readings per foot (i.e., 20,000 
per meter) across the coils. The technology is capable of 
detecting broad area and localized corrosion, erosion, and 
deformations such as bulges and dents. Upward of 40% 
internal and external localized wall loss was detected in 
numerous coils, and an engineering screening assessment 
was performed, confirming the coils were fit for service for 
the next four-year operating period. 

The most unexpected benefit of the project was the 
discovery and removal of significant fouling from the coils. 
Unbeknownst to the owner-operator, 19 of the 100 coils 
were completely blocked. Since the coils were connected 
to common headers, no flow control or measurements 
were available to detect flow restrictions in individual coils. 
After restarting the reformer, the owner-operator saw a 
60% increase in heat transfer efficiency, resulting in an 
estimated $1 million USD per year in additional methanol 
production.

Catalytic Reformer (e.g., Platformer, CCR, Rhenifomer, Ultraformer)

The next case study involves a catalytic 
reformer radiant section. The heater coils were 
40 years old and had confirmed oxidation 
damage. The owner-operator sought to 
understand the extent and rate of wall loss. The 
same scope as in the first case study was 
completed over 2 and 1/2 days on 150 
4-inch-diameter coils connected to 30-inch 
inlet and outlet headers. Minimal cleaning was 
required since catalytic reformers operate in a 
clean (non-fouling) service. However, the same 
cleaning equipment was also used to pump the 
smart pigging tools through the coils. 

Figure 5. Header Delivery System Mockup 

Figure 6. Tube Thickness Plot 
Showing Wall Loss      

Figure 7. Localized Oxidation Damage



The inspection revealed extensive wall loss from 
oxidation, with more than 30 pipes below the 
minimum remaining wall thickness requirement of 
54%. Additionally, 40% of the coils had remaining wall 
thicknesses below 60%. A subsequent screening 
assessment identified 5 pipes that failed the 
assessment, requiring immediate replacement. 
Another 17 pipes were recommended for replacement 
during the next scheduled shutdown in five years. 

Figure 8. Oxidation Layer on Tube  

Ethylene Cracker

The final case study covers an entire convection section of an ethylene cracker, including a feed 
preheat, economizer, high-temperature coils 1 and 2, and high-pressure steam superheat tube 
bundle. A sister heater of the same design and vintage experienced a tube failure, prompting an 
inspection. The tube bundles were 16 years old, which exceeded the API 530 100,000-hour end of 
service life benchmark. With minimal fouling expected, the primary focus was to identify if any 
integrity threats existed (such as tube wall loss and deformations) and perform selective tube 
replacements as needed, rather than replacing whole bundles based only on operating hours. 
The wide array of pipe and manifold sizes in the convection section increased the project 
complexity. Multiple delivery system sizes were employed and adapted to the inside of the 
headers, and mechanical cleaning, smart pigging inspection, and an engineering assessment 
were completed in just under 3 days on 52 coils.
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Figure 9. Convection Section Bundle Details  



The smart pigging technology discovered significant localized internal wall loss upward of 60% 
in all coils in the feed preheat bundle. The damage seen in Figure 10 was present in all 12 coils 
near the end of the outlet tube. Smart pigging also identified numerous areas of tube fretting in 
the high-pressure steam superheat and high-temperature tube bundles, and heavier than 
expected internal fouling was detected and removed from the high-temperature coils-1 
bundle. Due to the significant wall loss along with other factors, 7 pipes failed the engineering 
assessment and were immediately replaced. 

Figure 10. Internal Wall Loss at Outlet Tube   

Figure 11. Example of Fretting   

Across these three case studies, common themes were discovered, including significant wall loss, unexpected 
internal fouling, or a combination thereof. These integrity and performance threats would likely have continued to go 
unnoticed using traditional inspection and cleaning methods, potentially leading to tube failures and degraded 
performance from reduced product throughput. Header or manifold delivery systems offer an alternative for 
improved cleaning and inspection programs, enabling tube life extensions, increased production and operating 
time, and enhanced asset performance, reliability and integrity.

Conclusion

Quest Integrity is a premier energy technology company, developing asset integrity and reliability 
management services to help companies optimize performance, mitigate risk, and improve operational 

planning. Our integrated services consist of advanced inspection and engineering assessment solutions 
to help our partners in the global energy industry.
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