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ULTRASONIC METHODS FOR LOCATING HOLD-UP* 

Dipen N. Sinha (MST-11) and Chad T. Olinper (NIS-7) 
Los Alamos National Laboratory 

Los Alamos, New Mexico 87544 USA 

ABSTRACT II. ULTRASONIC RESONANCE 
TECHNIQUE 

Hold-up remains one of the major contributing 
factors to unaccounted for materials and can be a costly 
problem in decontamination and decommissioning 
activities. Ultrasonic techniques are being developed to 
noninvasively monitor hold-up in process equipment 
where the inner surface of such equipment may be in 
contact with the hold-up material. These techniques 
may be useful in improving hold-up measurements as 
well as optimizing decontamination techniques. 

I. INTRODUCTION 

Ultrasonic standing waves can be easily estab
lished in the walls of nuclear material containers or pro
cess equipment Detailed characteristics of the standing 
wave, such as the amplitude, frequency, and fine struc
ture within the spectrum of a resonance, depend on 
physical characteristics of material contacting the sur
face opposite the transducer generating the standing 
wave. 

For example, variations in the impedance mis
match between the internal wall and hold-up affect the 
reflection loss of the standing wave. This changes the 
standing wave characteristics, such as phase and the 
standing wave ratio. We can detect these changes by 
scanning a small ultrasonic transducer across the surface 
and monitoring the standing wave. This information 
can then help us to determine if there is a problem with 
hold-up and can pinpoint locations of particular concern 
for further analysis. This could provide a useful screen
ing tool where radiation-based screening measurements 
are limited by equipment geometry or high background 
radiation fields. After identifying the exact location of 
hold-up, the appropriate techniques for removing or fur
ther characterizing the material may be optimally 
employed, reducing overall costs or improving account
ability estimates. 

•This work supported by the US Department of Energy, 
Office of Safeguards and Security. 

In this paper, we discuss a sensitive ultrasonic 
technique for detecting hold-up in process tanks or 
pipes. In many situations, it is necessary to determine 
the location of hold-up inside a nuclear material con
tainer from outside of the wall. Radiation-based 
sensors sometimes have limitations in detecting hold
up either because of high background radiation fields or 
because geometric constraints make it difficult to get 
the detector close enough to get an accurate 
measurement hi such cases, this acoustic technique 
can complement conventional hold-up measurement 
techniques. 

A. Principle 
A metal plate can be used as an acoustic resonator 

because of the parallel geometry of the plate walls. If 
two piezoelectric transducers are coupled to either side 
of the plate such that one excites mechanical vibrations 
and the other detects the vibrational response, the res
onator characteristics of the plate can be observed. If 
the frequency of the source transducer is adjusted to gen
erate a sound wave inside the plate material that is an 
integral number of half wavelengths, then a pronounced 
resonance peak can be observed by the receiver 
transducer. 

2 

The frequency thus depends on the sound speed in the 
metal plate and the plate width. This relationship can 
be expressed as the following: 

where D is the width of the plate, n is an integer, c is 
the speed of sound in the plate,/n is the nth resonance 
frequency mode, and X is the wavelength of sound in 
the plate. Whenever a standing wave is set up inside 



the plate, the response is a pronounced resonance peak 
at frequency /„ . This resonance represents the thickness 
resonance mode of the plate (localized in the sound path 
between the transducers). Because the thickness is sig
nificantly smaller than any other geometric parameters, 
generally this mode will have negligible interference 
from resonances associated with any other structural 
vibrations that depend on the overall geometry of the 
test item. Other structural resonances occur typically 
below 100 kHz, whereas the plate resonance modes are 
in the megahertz region. 

We have found that it is straightforward to excite 
and detect such thickness-mode resonances of a metal 
plate by using a dual-element transducer in which both 
the exciting and the detecting elements are on the same 
side of the plate instead of on opposite sides as 
described above. This particular innovation of using a 
dual-element transducer opens up the possibility of 
using acoustics in locating hold-up. It is also possible 
to use a single piezoelectric transducer and monitor its 
impedance change to detect the plate resonances. How
ever, this approach does not provide adequate sensitivity 
for the measurements discussed here. Using the dual-
element transducer, a series of resonance peaks can be 
obtained by simply sweeping the frequency of excita
tion and recording the response of the second transducer 

as shown in Fig. 1. In this figure, several resonance 
modes of a 3.1-mm-thick aluminum plate are shown. 

The width of the resonance peak is related to 
internal losses within the plate itself. Microscopic het
erogeneities scatter some of the acoustic energy. This 
and internal friction reduce the standing wave amplitude 
and widen the peak shape. 

If the opposite surface is in contact with other 
material (for example, hold-up), the reflected energy is 
reduced: 

R = Z 1 - Z 2 

Z1 + Z2 
(3) 

where R is the fraction of incident acoustic energy 
reflected, Zj is the acoustic impedance (Z= density x 
acoustic velocity) in the metal and Z^ is the acoustic 
impedance in die material contacting the opposite sur
face of the metal wall. Hold-up material can be detected 
by scanning the transducer over the surface and 
monitoring the reflected wave amplitude. Locations 
where the reflected wave drops significantly in 
amplitude indicate areas of possible hold-up. 
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Fig. 1. Thickness mode resonance of a metal plate. 



Having considered a simple plate geometry for 
simplicity, curved walls of pipes or process tanks are 
essentially analogous under the condition that die wall 
thickness is much less than the radius of curvature. 

B . Experimental 
Experimentally, there are two simple ways to find 

an appropriate standing wave (resonance) frequency. In 
the first method, a feedback loop is used that automati
cally locks on a resonance frequency of the plate within 
a frequency window. The second more versatile 
approach employs a frequency sweep (as mentioned pre
viously) in which a resonance spectrum of the plate is 
obtained (see Fig. 1). 

Another possible approach is to observe the 
reflected signal amplitude (from the back surface of toe 
plate) of a rapid pulse. One should expect to see a 
reduced signal amplitude when hold-up is present 
However, this approach requires a very narrow width 
(high-frequency) pulse and very fast electronics to 
resolve and monitor the reflected signal. This becomes 
particularly problematic if the plate thickness is rela
tively small ~ a few millimeters. Moreover, high-
frequency sound waves are strongly scattered and attenu
ated. This approach, although possible in principle, is 
not very effective. 

Because of the limitations of the pulsed acoustic 
techniques, we have used a swept-frequency technique in 
these investigations. A commercially available, 
DSA120 Digital Synthesizer and Analyzer (Neel 
Electronics, CA) PC plug-in board was used to carry 
out the sweep measurements. The DSA120 board has a 
frequency range of 1 kHz-10 MHz and includes both 
sweep frequency generation and signal processing cir
cuitry in a single board. It also uses a heterodyning 
signal processing technique that works as a narrow-band 
frequency-tracking filter. This makes the measurements 
immune to any ambient vibration signals and provides 
a high (>8Q dB) signal-to-noise ratio. We typically 
used Panametrics D7076 dual-element O.S-in.-diam, 
5-MHz center-frequency transducers for our measure
ments. Other transducers can also be used. 

In this swept-frequency approach, the amplitude of 
any of die resonance peaks depends on the interface con
dition of the boundary wall on the opposite side of the 
plate. Because of the extreme acoustic impedance mis
match between the metal plate and air, nearly all of the 
acoustic energy is reflected for a resonant standing 

wave, so the detected amplitude is determined by the 
internal loss in the plate material. However, when a 
layer of a second material is placed on the opposite sur
face of the plate, the impedance mismatch is reduced. 
Consequently, some of the acoustic energy is transmit
ted into the coating. This is detected as a corresponding 
reduction in amplitude of the reflected resonance peak. 

III. RESULTS 

Figure 2 shows experimental data on a 3.1-nun-
thick aluminum plate. The measurements were 
repeated with two different types of coating on the plate 
surface to observe the effect of die presence of the 
coating. The transducer was kept fixed at one position. 
The results were later verified by moving die 
transducers on the plate. Only one resonance peak is 
shown for clarity. A very thin layer of vacuum grease 
reduces the amplitude significantly. The presence of 
salt mixed witii vegetable oil to form a paste produces 
intermediate results. The salt was not ground to a 
powder and die paste was highly inhomogeneous in 
consistency. We have used this reduction technique for 
resonance peak amplitude to detect die presence of 
foreign material on steel plates as thick as 2 cm. 

If a metal plate, tank wall, or process pipe has 
hold-up attached to it in a few areas, these locations can 
be detected and mapped by sliding die transducer along 
the surface of die plate on die outside and observing die 
amplitude variation. Once a particular resonance peak 
is selected, die instrument is set at tfiat frequency and 
die amplitude value is observed on a bar graph display. 
Significant changes in amplitude will be observed when 
die transducer passes over die edge of a layer of hold
up. These edges can tiien be marked to monitor for 
changes or to provide a guide for optimum placement 
of a conventional radiation-based hold-up monitor such 
as die HMSII. An ultrasonic scanner for tiiis purpose 
can be built into an easily portable, hand-held, battery-
powered unit. It should be pointed out diat the 
resonance peak frequency will change if die diickness of 
die plate varies. Such variations can be taken into 
account to some extent, if it does not exceed a few 
percent and die diickness variation is smoodi and not 
abrupt, by automatically tracking die resonance peak. 

The data shown in Fig. 2 were taken widi vacuum 
grease as coupling material between die transducer and 
die plate surface. This coupling can also be 
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Fig. 2. Detection of hold-up material using plate mode resonance. The hold-up material is simu
lated using thin layers of grease and a paste made from salt and oil. Simulated hold-up can be 
detected by scanning the transducer over the outside surface and monitoring for a decrease in the 
resonant amplitude. 

accomplished using a polytetrafluoroethylene (PTFE) 
pouch filled with coupling gel attached on the top 
surface of the transducer.'- The coupling medium is 
contained within small pores in the pouch, which 
nearly eliminates any coupling gel residue on the sam
pled surface, but still permits convenient movement of 
the transducer across the surface to locate hold-up. 

We have since found a much simpler approach to 
this coupling issue, particularly for curved surfaces. 
Surprisingly, natural rubber provides excellent coupling 
in addition to surface geometry conformity. A dual 
transducer with a thin layer of natural rubber glued in 
front works quite well for cylindrical objects such as 
large pipes. If necessary, coupling can be further 
enhanced by applying a very thin layer of grease on top 
of the rubber surface but such additional coupling does 
not seem to be necessary for relatively smooth metal 
surfaces. 

It is also possible to devise a system using elec
tromagnetic acoustic transducers (EMATS) that would 
allow completely noncontact measurement. This could 
significantly improve die repeatability of the technique. 

Measurement variability introduced by the pressure of a 
conventional transducer on the test surface will be elim
inated, permitting a reduction in the detection threshold 
associated with variations in reflected amplitude when 
hold-up material is in contact with the process equip
ment The possibility of using an EMATS transducer 
for nondestructive testing has been demonstrated, but 
adaptation of this technology for the present purpose 
will require further characterization and development2'3 

V. LIMITATIONS 

While the theory for using ultrasound to detect 
hold-up is relatively straightforward and the potential 
utility is confirmed by preliminary experimental 
results, real variations within materials may limit this 
technique. Surface corrosion and intrinsic microscopic 
heterogeneities within the walls of process vessels or 
pipes will scatter the acoustic energy in the standing 
wave. This reduces the detected amplitude in a similar 
way to hold-up in contact with the inner surface. 



A simulated process tank in our laboratory pro
vides a good example. This tank is constructed from a 
sheet of stainless steel that was rolled into a cylindrical 
shape. Residual stresses within the wall result in 
standing wave amplitudes that are slightly more 
variable than for a flat plate, which is quite uniform. 
The practical implication of this is a reduced sensitivity 
for detection of thin hold-up coatings. 

Another potentially significant limitation to the 
technique is that it requires that the hold-up material be 
in intimate contact with the surface. Crystalized mate
rial that falls from the top of equipment to the bottom 
may not be easily detected. 

These limitations suggest that ultrasonics provide 
a method for hold-up surveys that is complementary to 
radiation-based techniques. Ultrasonics can be useful in 
locations with high-radiation backgrounds that would 
reduce the efficiency of radiation-based surveys or tight 
geometries where it may be difficult to identify exactly 
which pipe is contributing to a radiation-based hold-up 
signature. 

V . DISCUSSION 

As discussed earlier, ultrasonic investigation of 
process equipment may provide a powerful new tool 
that will help to improve hold-up measurements. 
Because of the immediate feedback, it should be possi
ble to scan lengths of pipe rapidly using this technique. 
If proven in field tests, this will help to reduce overall 
time required in hold-up surveys, saving time and reduc
ing personnel radiation exposure. These cost reductions 
could be significant 

Where the preliminary survey identifies suspect 
areas and radiation measurements confirm the presence 
of hold-up, ultrasonic spectroscopy may help in provid
ing details useful in hold-up models required to 
calculate fissile material mass from gamma-radiation 
measurements. For example, edges of the material 
might be mapped to determine whether the material is 
essentially a line, point, or plane radiation source and 
whether it is at the near or far side of the pipe. 

In addition to mapping the edges of hold-up in a 
particular area by detecting amplitude shifts for a given 
frequency, it may also be possible to estimate hold-up 
thicknesses using ultrasound. Fine, periodic structure 
superimposed on the pattern associated with the shell-

thickness resonance modes in high-resolution spectra 
might be useful in estimating thicknesses of such coat
ings. Accurate assessment requires independent knowl
edge of the acoustic velocity in the coating material, 
which may not always be available. Even without 
independent knowledge on the acoustic velocity, this 
approach may provide useful information regarding the 
uniformity of material coatings and, thus, further 
improve hold-up estimates based on radiation measure
ments. Our preliminary tests with a thin liquid layer 
showed that it is indeed possible to detect variations in 
liquid layer thickness on top of a plate from die other 
side of die plate. 

We have mentioned that by ultrasonics alone it 
may be difficult to discriminate between corrosion of 
internal surfaces and hold-up in contact with die inner 
surface. At face value this appears to be a nuisance 
effect, but it may actually provide an operational safety 
benefit by providing a simultaneous preliminary screen
ing for hold-up as well as material defects. 

VI . CONCLUSIONS 

We have presented a simple ultrasonic approach as 
a solution to the hold-up detection problem. The basic 
concept of mis approach is simple and it is straight
forward to implement Various different implementa
tions are possible. Our present approach uses a swept-
frequency method to maximize information return. It 
should be quite feasible to develop an ultrasonic hold
up survey instrument that could be made highly 
portable and still maintain a wide range of 
functionality. 

The data presented are to prove the principle of the 
concept and are by no means complete. We are 
carrying out a systematic study, both theoretical 
modeling and experimental, to develop this technique 
further. Specific areas for future investigation include 
mapping of hold-up geometry, assessing thickness or 
variation in thickness of hold-up, and determining how 
rapidly surfaces can be scanned. It is important to note, 
however, that even if all of these areas prove 
successful, an ultrasonic hold-up meter will only be 
useful as a complementary tool for improving overall 
efficiency and accuracy of hold-up measurements. 
Radiation-based measurements will still be required to 
develop the safeguards-relevant quantity (that is, die 
mass of fissile material). 
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