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INTRODUCTION 
Most Heat Recovery Steam Generators (HRSGs) are not designed to allow access to the majority 

of the finned tubes for inspection.  These tubes are spaced tightly together and are welded to 

headers.  The headers are too small for a human to crawl inside.   

 

In the spring of 2014, EPRI contracted TesTex to develop a tool that could be inserted inside a 

header.  This tool would have drive wheels that are remotely controlled to move the tool down 

the length of the header.  Access to the header is provided by removing the end cap.  A Remote 

Field Electromagnetic Technique (RFET) probe equipped with a camera on the probe tip is 

carried by the crawler along the inside of the header.  The crawler aligns the position of the 

probe for insertion into the desired test tube through the use of cameras. Once the probe is 

properly positioned, the crawler has a probe feed module that pushes on the probe's poly to force 

the probe up into the tube.  A visual conceptual design of the HRSG Internal Access Tool is 

shown below.  The RFET and video data can be viewed in real time as the probe is inserted and 

as it is retrieved from the tube.  This data is also stored for analysis.   

 

The sketch above shows the initial concept for the HRSG Internal Access Tool. 
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TesTex has been working with the Remote Field Electromagnetic Technique since 1987 and felt 

confident a probe could be designed to detect general wall losses and under deposit corrosion on 

the carbon steel finned tubes.  The carbon steel fins do absorb some of the electromagnetic signal 

strength which affects the detection of small pits.  A multichannel RFET probe was designed and 

coupled with a video camera that was installed on the tip of the probe.  Software code was 

written to synchronize the RFET data and the video together on the screen at the same time.  

This data is encoded and can be displayed in the analysis program together. 

 

The RFET probe is flexible to go through a HRSG tube bend but it does contain some fix parts 

on it.  It takes a minimal distance for it to bend 90х from a horizontal position to a vertical 

position.  Because of this minimal distance the probe requires, the project team decided to design 

the tool to work in headers with a minimum inside diameter 5.25 inches (133mm) and larger.   

 

There are rubber coated wheels on the crawler that run on the inside of the header at the 4:00 and 

8:00 positions.  The probe's poly is fed through the bottom of the crawler through a series of feed 

module wheels.  After placing the poly in the feed module, the probe is inserted into a snorkel 

that is positioned at the front of the crawler.  The snorkel swings left and right as well as up and 

down.  The crawler and snorkel are remotely controlled by an Xbox gamepad controller. 

 

The project team tested the HRSG Internal Access Tool in some donated HRSG headers that 

EPRI obtained for the project.  This beta testing helped the team observe the challenges and 

tweak the system. 

 

In September 2015, a field trial sponsored by EPRI was conducted on a Nooter Eriksen HRSG 

with the HRSG Internal Access Tool. The tool was able to go down the whole length of the 

header and successfully positioned the probe into all three rows of tubes.  The quality of the 

RFET data collected was clean and repeatable.  Video images recorded from the probe were 

blurry and this issue is being addressed.  The probes feed module stalled out when the probe was 

34 feet (10.4m) up due to the force necessary to continue pushing the probe up the tube.  This 

issue has been addressed.  These items will be discussed in further detail in this report.   
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EXPLANATION OF THE REMOTE FIELD ELECTROMAGNETIC 
TECHNIQUE 
The Remote Field Electromagnetic Technique (RFET) is used for the inspection of 

ferromagnetic tubing.  A probe consists of a cylindrical driver coil and at minimum one 

cylindrical pick-up coil.  The driver coil is excited with a low frequency signal emitting a small 

amount of magnetic flux that penetrates to the exterior wall surface creating an eddy current 

sheath that propagates down the length of the tube.  There are two distinct signals emitted from 

the excited driver coil.  The first signal is a direct-coupled signal that stays within the inside of 

the tube.  While this signal is very strong near the driver coil, it quickly diminishes as the driver 

coil and pickup coil are separated at a distance of two to three tube diameters.  The second signal 

emitted from the driver coil is the remote field signal.  This remote field signal is the one 

penetrating through the tube wall that the pickup coil receives.  The pick-up coil is able to detect 

the flux from the eddy currents as they re-enter the tube.  At a coil separation of two to three tube 

diameters, the direct coupled signal becomes minimal and the remote field signal becomes 

dominant.  Figure 2-1 shows the path of the two distinct signals emitted from the driver coil.  

Assuming the conductivity and magnetic permeability of the tube are constant, any variations in 

wall thickness at the two coils causes a change in the phase and amplitude of the received signal.   

 

The schematic above shows the path of the remote field and direct coupled signals that 

reach the pick-up coil. 
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The fill factor for a probe is the ratio of the probe size to the inside diameter of the tube and is 

calculated as follows:   

Fill factor = (probe diameter/tube ID)² x 100 

 

For RFET, a 70% fill factor is optimal on straight tubing but many inspections can be performed 

at a lower fill factor and still produce valid results.  For tubes with bends such as a drum to drum 

boiler, fill factors are usually 40-50%.  A lower fill factor loses resolution on small pits and 

cracks.  General wall loss, baffle cutting, and erosion are easily seen and measured with lower 

fill factors. 

 

For the detection and sizing of smaller defects such as pitting and under deposit corrosion, 

multichannel pick-up coils are used.  A typical multichannel probe will have eight segmented 

pick-up coils spaced evenly around the circumference of the probe. These smaller individual 

pick-ups are more sensitive to smaller localized anomalies. 

 

Accurate sizing of defects found in the field can be achieved through the use of calibration 

standards.  In order to do this, a stock tube matching the desired test tube needs to be procured.  

Defects of known shapes and depths are machined into the stock tubing.  Specific defects can be 

machined if the test unit is experiencing a specific failure mechanism.  The RFET probe is pulled 

through the calibration standards, the responses are recorded, and calibration tables are produced.  

Any RFET signals observed during the inspection are compared to the calibration tables to 

determine the depth of wall loss for the defects found.  
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DEVELOPMENT OF THE INTERNAL ACCESS HEADER 
INSPECTION TOOL 

The function of the internal access tool is to crawl inside a lower HRSG header, insert a Remote 

Field Electromagnetic Technique probe into the vertical tubes and push it up the length of the 

tube to the top header.  The RFET probe acquires thickness readings and video images as it is 

inserted into and as it is retracted out of the tube.  The internal access tool has several key 

components that are critical for a successful tube inspection.  The items are listed below: 

¶ Remote Field Electromagnetic Technique probe  

¶ Camera placed on the probe tip 

¶ Crawler Drive Wheels 

¶ Probe Feed Module 

¶ Probe Encoder 

¶ Snorkel 

¶ Crawler Camera 

¶ Control Software 

¶ Cable Reel 

¶ System Electronics 

 
The drawing above shows the multichannel RFET probe equipped with a camera at the tip 

used to examine HRSG tubes. 



 
 

 

 

  

 

 

 

 

       

       
 

 

STATE OF THE ART PRODUCTS AND SERVICES 

FOR NON-DESTRUCTIVE TESTING 

 

535 Old Frankstown Road 

Pittsburgh, PA 15239-1858 

 

Telephone: (412) 798-8990 

E-mail: info@testex-ndt.com 

Website: www.testex-ndt.com 

  

The RFET waveform above shows the response from the 1 inch (25mm) square notch 60% 

deep placed on the inside of a 2 inch (51mm) diameter carbon steel finned HRSG tube. 

 

The RFET waveform shown in Figure 3-2 displays the signal from the 60% deep 1 inch (25mm) 

square notch that was machined into the inside surface of a finned HRSG tube.  This RFET 

waveform displays the data in 5 windows.  The bottom right window shows the raw data.  This 

probe has eight individual pick-up coils which are shown with the eight individual red lines.  The 

bottom left window shows the data zoomed in and processed.  The middle left window is a 

simulated C-scan and the top left window shows a select channel/sensor of data.  The top right 

window shows a 3-D view of the data.  There are two responses in the waveform from the  1 

inch (25mm) square notch.  The first rise in most windows is from when the pick-up sensors 

passes over the notch.  The second hump in most windows is from when the driver coil passes 

over the notch.  If the defect was longer than the driver coil to pick-up coil separation which is 5 

inches (127mm), there would only be one larger signal due to the fact that both sensors are in the 

flaw at the same time. 
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The picture above was captured with the camera on the end of the probe.  This picture was 

taken inside a 2 inch (51mm) diameter tube.  The shiny defect in the middle is the 1 inch 

(25mm) square machined notch. 

 

The project team equipped the crawler with four wheels that ride at the 4:00 and 8:00 positions.  

The two rear wheels are the drive wheels and they have an independent drive train.  All four 

wheels are coated with urethane.  The initial placement of the wheels is for headers with an 

inside diameter of 5.25 inches (133mm) to 7.5 inches (191mm).  These wheels can be 

reconfigured for the inspection of HRSG tubing with larger diameter headers.  The crawler is 

designed to ride on the wheel edges to help it go over tees in the header.     

 

The probe cabling is encased inside a flexible poly that is fed through a feed module located on 

the bottom of the crawler.  The probe feed module is set to push/pull the probe's poly at 2 inches 

(51mm) per second.  These Vee wheels originally had 30 pounds (13.6kg) of continuous push 

force.  During the field trial the feed module stalled out when the probe was 34 feet (10.4m) up 

in the tube.  This continuous push force has been increased to 40 pounds (18.2kg).  With this 

increased push force, the feed module is able to push the probe up the entire length of our 

mockup which is 51 feet (15.5m) high.  An encoder was installed on the feed module to track the 

probe's position in the tube and provides this information to the computer. 

 

The system has a snorkel mounted to the front of the crawler that is used to align the probe into 

position to be inserted into the desired test tube.  The snorkel has the ability to move left to right 

through a control on the X-box gamepad.  It is also able to move up and down through the use of 

a pneumatic ram that is activated by a remote pneumatic switch.  Once the snorkel is properly 

aligned with the test tube, the probe's feed modules pushes the probe up into the tube. 
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There is a color camera fitted on the crawler right behind the snorkel.  This camera has built in 

LED lights.  Through the use of this camera along with the camera on the probe tip, the crawler 

and snorkel can be adjusted to align the probe up with the desired test tube.  The HRSG Internal 

Access Tool is shown below. 

 

There is a dedicated computer that is used to control the internal access tool.  The customized 

software is a windows based control system.  An Xbox gamepad controller is used to remotely 

move the crawler and to move the probe in and out of the tubes. 

 

The probe's poly is 100 feet (30.5m) in length.  It has a tendency to become tangled up if left to 

go in and out of the tube unrestrained.  A cable reel is used to roll the poly up as it comes out of 

the tube.  The cable reel is designed to be placed outside the header.  Depending on accessibility 

it can be placed on the scaffolding or on the ground.  The cable reel is synchronized with the 

probe feed module to wind/unwind the poly as the probe is pushed in or retracted from the tube.    

 

The picture above shows the HRSG Internal Access Tool. 
 

The RFET system electronics collects 480 samples a second per channel at a test frequency of 15 

hertz.   The RFET data is displayed on a laptop computer in real time.  The video images are 

displayed at the same time on the right hand side of the monitor.  The data is saved for analysis 

and is also stored for future reference.  As in the data collection screen, the RFET data is coupled 

with the video images in the analysis program.  This allows the technician to zoom in on a 

specific location in the video where a signal is noted in the RFET data and vice versa.   

Crawler Wheels 

SnakeEye Camera 

Probe Feed Module 

Snorkel 
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INTERNAL ACCESS HEADER INSPECTION TOOL FIELD TRIAL 
RESULTS 
Under EPRI contract, TesTex conducted a field trial to evaluate the "HRSG Internal Access 

Tool" on September 15-18, 2015.  The objective of this field trial was to determine how the 

Internal Access Tool performs in a real HRSG.  The evaluation was conducted on a Nooter 

Eriksen HRSG.  The last header in the HP Evaporator was selected because there were no 

obstructions on the south end of the HRSG.  The carbon steel header has an outside diameter of 

10 inches (254mm) with a wall thickness of 1.75 inches (44mm).  This header, pictured in Figure 

4-1, has three rows of 2 inch (51mm) diameter carbon steel tubes that come out of the lower 

header.  These tubes have a minimum wall thickness of 0.155 inches (4mm) with carbon steel 

fins 0.75 inches (19mm) high.  The distance between the bottom header and the top header is 55 

feet (16.8m).  Rows 1 and 3 come out of the lower header at a 30х angle at the 11:00 and 1:00 

positions respectively.  These tubes bend straight up approximately 3 inches (76mm) above the 

header.  The straight tubes in Row 2 come up from the lower header at the 12:00 position.   

 

The picture above shows the HP Evaporator header before the end cap was removed. 
 

The plant provided the project team drawings of the HRSG about three months before the field 

trial.  A mockup of the header was fabricated that matched the inside diameter of the header and 

Row 1 Row 2 Row 3 
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had a row of tubes protruding out at a 30х angle with a bend and also had a row of tubes coming 

straight out at the 12:00 position.  This mockup, shown below, was used at TesTex to fine tune 

the internal access tool for the field trial.  

 

The picture above shows the mockup that was fabricated to aid in preparing for the field 

trial.  

 

The pictures on the following pages shows the scaffolding that was erected, the headers after the 

casing was removed, and the header after the end cap was removed. 
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The picture above shows the scaffolding that was erected prior to cutting the casing off the 

HRSG. 

 

The picture above shows some of the headers in the HP Evaporator.  The header on the 

right is the one that was examined. 
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The picture above shows the end cap removed from the header with the HRSG Internal 

Access Tool inserted. 
 

After placing the tool inside the header, the snorkel was adjusted to insert the RFET probe into 

tubes in row 1.  In order for the tool to push the probe up the first three tubes from the open 

header end, the tool needs to be manually held or placed on some type of platform because the 

snorkel extends out in front of the drive wheels. The picture on the following page shows the 

setup of the computers, external electronics, Xbox gamepad controller, and the cable reel that 

were located on the ground next to the header.   All the operation commands of the tool and 

probe were performed from this location.  For this trial, it was easier to start on the fourth tube in 

from the open end.  The tool pushed the RFET probe through the lower bend up into the tube.  

The probe was pushed into the tube a length of 22 feet (6.7m).  At this distance, the poly on the 

probe started to kink and didn't seem rigid enough to push the probe up any further.  No 
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obstructions were noticed on the probe's video that would be restricting the probe.  The video 

and the RFET data was recorded as the probe was inserted up the tube.  This data was reviewed 

to make sure that it was successfully saved.  The data was also recorded as the probe was 

retracted from the tube.  Upon removing the probe from the fourth tube in row 1, called tube 1-4 

(Row 1 - Tube 4), the tool was repositioned and the probe was inserted in tube 1-5.  The probe 

was pushed up into the tube 19 feet (5.8m) before it would not go any further.  The RFET and 

video data were collected as the probe went up the tube and as it came out of the tube.  The probe 

was then inserted into tube 1-6 up a distance of 22 feet (6.7m).  There was no evidence of any 

restrictions in the tube observed on the probe's video camera.  The crew decided to try a tube in 

row 2, the middle row, to see if the probe would go up any further.  Adjustments were made to 

the snorkel to line up the probe to test the tubes in row 2.  The probe was inserted into tube 2-4 

and went up into the tube 20 feet (6.1m).   
 

 

The picture above shows the computers, external electronics, Xbox gamepad controller, 

and the cable reel that were positioned on the ground next to the header. 
 

There is also a SnakeEye Camera mounted on the crawler that is used to help drive it and line up 

the probe for insertion.  This camera has built in LED lights but the lighting was poor which 

made the video hard to see.  A flash light was taped to the tool which improved the video 

feedback. 
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The quality of the RFET data looked good, but the probe's video data was blurry. Throughout the 

first day of testing, some software issues arose which caused a few delays.  At times, the 

program would crash and would have to be restarted.  The field crew contacted TesTex software 

engineers and explained the issues.  The software engineers troubleshot the program and issued 

an updated version to be downloaded that evening. 
 

The following day, the Internal Access Tool was inserted into the header and driven down to the 

far end of the header.  The tool traveled over a 5 inch (127mm) nozzle that was located at the 

6:00 position on the header at its midpoint.  Since the wheels on the tool are designed to ride on 

the sides of the headers at roughly 4:00 and 8:00 positions, the tool went over the nozzle with no 

issues.  The probe was inserted into tubes 2-25 through 2-36.  The tool was able to push the 

probe up 17 feet (5.2m) to 22 feet (6.7m) into these tubes.  Tube 36 is located at the far end of 

the header.  The Internal Access Tool was able to successfully insert the probe into tube 2-36.  

The snorkel was then adjusted to insert the probe into tubes in row 3.  Tubes 3-6 through 3-16 

were examined.  The distance the probe went up in the row 3 tubes varied from 12 feet (3.7m) to 

22 feet (6.7m).  Most of the row 3 tubes were tested in the afternoon where the ambient 

temperature reached 93хF (34хC).  As the temperature increased, the softer the probe poly 

became, the more difficult it was to push the poly up the tubes.  

 

The updated software ran smoothly.  The time it took to inspect a single tube was about two 

minutes.  This includes the time to position the tool, push the probe up into the tube 

approximately 20 feet (6.1m) and then retract the probe.  The RFET and video data was collected 

as the probe entered and exited the tube. 

 

It was determined the lack of stiffness in the probe poly was preventing the probe from being 

pushed up 55 feet (16.8m) through the tube to the top header.  The project team had a 100 foot 

(30.5m) section of stiffer poly shipped to site.  One of the RFET probes was mounted into the 

stiffer poly. 

 

The probe with the stiffer poly was placed in the HRSG Internal Access Tool and calibrated.  

After placing the tool in the header, the probe was pushed up tube 2-6.  It was able to go up 

slightly more than 34 feet (10.4m).  At this distance the probe's feed module motor stalled.  The 

probe was also inserted into tubes 2-8 and 2-9 traveling up 33 feet (10.1m) and 30 feet (9.1m).  

In these two tubes, the wheels on the feed module kept spinning but was not gripping the poly to 

push it up.  The crew tried to adjust the screws on the feed module but was unable to keep the 

wheels from slipping on the poly.  TesTex took the probe with the stiffer poly out of the Internal 

Access Tool and manually pushed the probe up into tube 2-1 to see if the poly was strong enough 

to push the probe the whole way up.  The technician was able to push the probe up to the upper 

header.  It took a lot of physical effort but the poly held up without kinking. 
 

The goal of this field trial was to see how the Internal Access Tool functioned inside the header.  

Driving the tool back and forth in the header and across a 5" nozzle was successful.  The Snorkel 
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was able to align the probe with each individual tube and the Probe Feed Module successfully 

pushed the probe through the straight tubes in row 2 as well as the tube bends in rows 1 and 3.  

The tool was able to insert the probe into the column of tubes at the far end of the header.  After 

a software revision, the data collection program worked smoothly.  The cable reel performed 

well and kept the poly from getting tangled.   

 

A total of 36 tubes was partially examined during the field trial.  One tube showed 20-30% wall 

loss.  All other tubes tested showed less than 20% wall loss.  RFET waveforms collected during 

the field trial follow. 
 

 

The RFET waveform above is from Tube 1-4 that was collected during the field trial.  The 

large rise on the left side of the waveforms is from the bend right above the header and is 

also due to the first 8 inches (203mm) of the tube being unfinned.   


