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ABSTRACT 

Thickness measurements on fifty five gallon waste drums for drum 

integrity purposes have been traditionally performed at the INEL 

using ultrasonic testing methods. Ultrasonic methods provide high 

resolution repeatable thickness measurements in a timely manner, 

however, the major drawback of using ultrasonic techniques is 

coupling to the drum. Areas with severe exterior corrosion, 

debonded paper labels or any other obstacle in the acoustic path 

will have to be omitted from the ultrasonic scan. We have 

developed a pulsed eddy current scanning system that can take . 

thickness measurements on fifty five gallon carbon steel drums 

with wall thicknesses up to 65 mils. This type of measurement is 

not susceptible to the problems mentioned above. Eddy current 

measurements in the past have excluded ferromagnetic materials 

such as carbon steel because of the difficulty in penetrating the 

material and in compensating for changes in permeability from 

material to material. New developments in data acquisition 

electronics as well as advances in personal computers have made a 

pulsed eddy current system practical and inexpensive. Certain 

aspects of the pulsed eddy current technique as well as the 

operation of such a system and features such as real time 
pass/fail thresholds for overpacking identification and full scan 

data archiving for future evaluation will be discussed. 

I 

INTRODUCTION 

Transuranic waste containers held in interim storage at the 

Idaho National engineering Laboratory (,INEL) and at other 

Department of Energy (DOE) sites around the country need to be 



inspected for container degradation primarily 

The majority of the containers are Department 
due to corrosion. 

of Transportation 
(DOT) 17C 55 gallon (209L) steel drums with 90 mil. polyethylene 

liners Over the past decade inspection for corrosion on fifty 

five gallon waste drums at the INEL has been accomplished using an 

automated ultrasonic scanning system. This system scans 

circumferentially at a few fixed points along the side, top, and 

bottom of the drum. The ultrasonic technique used has high 

spatial resolution, and gives good thickness sensitivity for the 

intact metal in a drum wall. The major drawback in using 

ultrasonics for monitoring waste drum corrosion is the need to 

maintain the integrity of the acoustic path. Initial coupling of 

the transducer to the drum is accomplished by guiding a stream of 
water around the transducer and onto the waste drum. However, 

when external corrosion, debonded labels or paint are encountered, 

the acoustic path is interrupted preventing a measurement from 

being accomplished. With the present inspection system these 

areas are flagged and considered void in the data set. 

monitoring system would have good thickness sensitivity and 

spatial resolution and would not be susceptible to the above 

mentioned problems. 

such as water would also eliminate the potential for producing 

additional waste. 

A 

A n  ideal 

Elimination of the need for a coupling media 

Due to lack of magnetic field penetration and material 

property variations, conventional eddy current thickness 

measurement systems have not been traditionally used for measuring 

ferromagnetic materials. However, recent experimental work 

applying pulsed eddy current (PEC) methods 283 to ferromagnetic 
materials have been performed by various people 4r5t Conventional 

eddy current techniques use the continuous wave method (CW) which 

is considered to be at a single frequency or at least, over a very 

narrow bandwidth. Pulsed methods on the other hand have a very 

broad band signal which gives multifrequency data without the need 

of frequency sweeps and the average energy dissipation using the 

pulse method can be considerably less than for continuous waves 



having the same amplitude. This is of particular importance when 

investigating ferromagnetic materials because more information is 

acquired as well as allows for a higher signal intensity and in 

turn, a higher magnetic field strength with which to probe the 
sample. Studies have also shown that PEC can achieve a high 

degree of spatial resolution in certain applications 4 .  

Although a significant amount of modeling has been done on 

the pulsed eddy current method, work is yet to be found that is 

directly applicable to this project. The approach taken here so 

far has been completely empirical although some modeling is 

anticipated in future work. - 
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Figure 1: System diagram 



EXPERIMENTAL SYSTEM 

The present system is shown in figure 1. The drive side of 

the probe starts with an arbitrary function generator. Here drive 

pulses can be shaped to fit a particular application. The pulses 

are then amplified using a power amplifier and applied to the 

drive coil(s) in the probe. On the pickup side the signal is 

passed to a data acquisition board (DAQ) installed within the 

computer. Through the DAQ, data can be acquired using a software 

program originally designed for use in ultrasonics. This software 

-acquires data much like a digital oscilloscope and allows the user 

to scan a sample area by moving the probe via stepper motor motion 

control hardware. Figure 1 also shows the current fixture with an 

axis for rotating the drum and another axis for moving a single 

probe up the side of the drum. In a more practical configuration 

multiple probes could be applied to the side, top, and bottom of 

the drum as it revolves. 

The PEC probe has evolved through various forms during this 

work. 

coil coaxial with a set of differentially wound pickup coils 6 .  

Later additions included a core made from a powdered form of 

electrical steel to increase the flux density and to act as a flux 

guide to the drum. Water cooling was also added to eliminate 

drift in the signal due to coil heating. The probe has gone 

through many different physical configurations in trying to 

enhance the sensitivity and spatial resolution. 

Initially tzhe probe coils consisted of an air core drive 

RESULTS 

Eddy current measurements were initially made using a 

calibration strip made of carbon steel. 

consisted of eleven steps ranging from 20 mils to 70 mils. 

PEC probe could easily penetrate the 70 mil step. Baseline 

The calibration strip 

The 



thickness data for the strip was developed using ultrasonic 

measurements. 

calibration strip. 

test piece that directly affects the amount of electromagnetic 

coupling and thus the resulting measurement. The basic probe 

response for carbon steel is shown in figure 2. 

Lift off measurements were also made using the 

Lift off is the air gap between the probe and 
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Figure 2:  Signal response to carbon steel 

The signal was broken down into various regions which were 

compared with each other during calibration measurements. It was 

found that measurements from region 1 can be used to determine the 
lift off independent of variations in the sample thickness based 

on data extracted from regions 2 and 3. Figures 3 and 4 present a 

family of response curves from measuring the calibration strip 

with each curve marked for the associated thickness. Using a 
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figure 3: Family of curves for a calibration strip 
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Figure 4: Enlargement of figure 3. Calibrationvalues on left 
side of the graph correspond to curve amplitudes. 



calibration curve derived from this data, measurements were then 

performed on various carbon steel drums. The results from PEC 

thickness measurements on five different carbon steel drums are 

shown in figure 5. Again the PEC measurements are compared to 

measurements taken in the same locations using ultrasonics. As 

seen in this graph, variations between drums can introduce errors 
as much as 3 mils. 
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Figure 5: Calibration strip and data from five 
different carbon steel drums. 

ultrasonic thickness (mils) 
0 

One of the primary goals of this project is to be able to measure 

intact drum wall material through corrosion. Measurements of a 

drum with rust on one side proved useful. The thickness of the 

rusty drum was measured from the good side, in different 



locations, using ultrasonics. Measurements were then taken in the 

same locations, on both the good side and the rusty side, using 
the PEC probe. The data was then analyzed using the calibration 
results. 

a small permeability contribution and therefor it was treated as 

. 
The corrected data was obtained by assuming the rust had 

lift off. 
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The results are fairly accurate as seen in figure 6. 
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Figure 6: Calibration strip and drum data before 
after correction for rust. 

Another major consideration in using PEC for these 
measurements is that variations in the electrical properties of 

the steel, namely the permeability, would introduce a significant 
error in the thickness data. 

taking measurements on ferromagnetic materials with eddy current, 
Past work has indicated that when 

the material must be magnetically saturated to reduce error 



introduced by changing electrical properties 5 .  At this point, due 

to the qualitative nature of the PEC data, it is not known whether 

the steel samples are saturated or not. An example of material 

variations are seen in figure 6 .  Here the machined side of the 

calibration strip was chosen for the calibration curve. The PEC 

responses for the unworked side of the plate are plotted as 

asterisks. The observed offset is due to coldworking of the carbon 

steel. 

SUMMARY 

The results compiled so far indicate that PEC probe 

measurements on 55 gallon waste drums appear to be reasonably 

accurate. The experimental data has shown that rust on the 

surface of a drum can be accounted for using the PEC technique. 

Measurements taken with nonmetallic shims indicate that paper 

labels and other obstructions of that type should not interfere 

with monitoring. If lift off can be accounted for without losing 

sensitivity or creating significant error, data can be taken "on 

the fly" in a truly non contacting fashion. However, if 

variations in lift off create a problem during drum monitoring, a 

spring loaded shoe or cart can be incorporated into the probe to 

assure that the lift off remains at a constant value. Finally the 

variation in electrical properties between barrels introduce 

tolerable errors into the thickness measurements. It is possible 

that these errors could be reduced further by completely 

saturating the material or by using permeability information 

thought to be contained in the signal. 

.-.. 

The use of pulsed eddy current seems to be a viable technique 

for monitoring corrosion on fifty five gallon waste drums. The 

use of scanning software combined with the data acquisition and 

analysis methods discussed previously would allow an operator to 

scan a drum and display the scan information in near real time. 

The scanned image could be false colored (using certain threshold 

conditions)to display regions which were above or below the limits 



for overpacking. 

state for archival purposes or it can be partially analyzed and 

stored in a more compact form. 

The scan data can be saved in an as acquired 
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United States Government. Neither the United States Government nor any agency 
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turer, or otherwise does not necessarily constitute or imply its endorsement, rewm- 
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 




