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Résumé

Ce rapport donne les grandes lignes du développement d'une
méthode ultrasonigue d'essais non destructeurs pour les
contenants d'évacuation du combustible irradié placé dans
une gangue métallique. Les travaux sont effectués dans
deux domaines principaux; inspection pour trouver les
absences de liaison 3 l'interface enveloppe/gangue et
recherche des vides dans la gangue. Les possibilités et
les limitations de cet techniques ont été pleinement établies.
Les zones sans liaison aussi petites que 4 mm de diamètre et
des vides ayant 6 mm de diamètre et 25 mm de profondeur dans
la gangue peuvent être facilement détectés.
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ABSTRACT

This report summarizes ultrasonic nondestructive testing
development for metal matrix supported spent fuel disposal
canisters. The work has concentrated in two areas:
inspection for lack of bond at the shell/matrix interface and
inspection for voids in the matrix. The capabilities and
limitations of these techniques have been fully established.
Unbonded areas as small as 4 mm in diameter and .voids 6 mm in
diameter, 25 mm deep in the matrix, can readily be detected.
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1. INTRODUCTION

One of the options being considered for long-term disposal of
spent nuclear fuel involves placing fuel bundles in a
corrosion-resistant metal canister and filling all remaining
space with a low-melting-temperature metal matrix. This is
one of several "supported shell" fuel disposal container
design options under investigation ' 2 ' 3. The Nondestructive
Testing Development Branch at the Chalk River Nuclear
Laboratories (CRNL) of AECL was requested to develop
nondestructive test methods for metal-matrlx-supported
canisters. This report is concerned with the development of
ultrasonic immersion testing to inspect shell/matrix bonding
and matrix quality. Since no criteria were available as to
the quality of bonding to be assessed or the size of voids to
be detected, immersion testing provided the simplest
experimental approach to defining the capabilities and
limitations of ultrasonic techniques for detecting unbonded
areas or matrix voids. Future work will address contact
ultrasonic testing that may be easier to implement using
remote techniques in a fuel disposal facility. The
feasibility of matrix quality assessment by autoradlography
has also been Investigated; this work was done In the Reactor
Control Branch at CRNL \

Two types of defects of importance in the metal matrixed
container design are lack of matrix/shell bonding, and voids
In the matrix^. The objectives of this work were: to
determine the minimum size of unbonded area and the size and
depth of matrix voids that are detectable by means of
ultrasonic testing, to quantify the percentage of bonding of
partly bonded areas, and to determine the spatial resolution
obtainable when mapping the interface and/or matrix. This
involves finding the best transducer size, frequency and lens
combination as well as the ultrasound propagation
characteristics in the candidate matrix and shell materials.

A number ofg potential shell and matrix materials have been
identified . The present work used 7 mm thick Type 316
stainless steel, Inconel 601 and Grade 2 titanium, as well as
20 mm thick OFHC copper for canister shell materials. Only
lead was evaluated as a matrix alloy; lack of casting
facilities did not permit use of other matrix alloys such as
zinc or Al-7% Si.
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2. BOND QUALITY INSPECTION

2.1 Background

Good chemical bonding is important for two reasons.
Firstly, it could lend more credibility to the argument that
the matrix is a second barrier since, in the event of local
container perforation, corrosion of the matrix by ground
water would also be localized. If, however, a gap exists
between the matrix and container shell, more general
corrosion of the matrix would occur. Secondly, bonding is
required to permit passage of ultrasound into the matrix if
ultrasonic testing is required for matrix defect detection.

Ultrasonic inspection holds the greatest potential for bond
evaluation. It has previously been used to assess the
bonding of lead to steel in chemical reaction vessels'.
Ultrasonic bond testing promises to be reasonably fast and
easy to automate for simple shapes such as cylinders.
Computer-aided processing and storage of data are also
possible with existing technology. However, detailed test
procedures cannot be finalized since the canister geometry
and shell/matrix materials have not been specified.

2.2 Ultrasonic Bond Evaluation

Figure 1 schematically illustrates the inspection procedure.
An ultrasonic beam striking an unbonded area (air gap) is
reflected completely except for attenuation losses in the
shell material. When an identical beam encounters
metallurgically bonded regions, only a fraction of the
incident energy is reflected depending on the acoustic
impedance mismatch between the shell and matrix materials
the remainder being transmitted into the matrix.

To minimize attenuation losses in the shell, the best
transducer test frequency must be determined. The three
ultrasonic transducers listed in Table I were used to
determine longitudinal beam attenuation in the four shell
materials as a function of frequency. Attenuation was
determined from the difference in echo height, in volts, of
the first to fourth backwall echoes displayed on a spectrum
analyzer. Figure 2 shows both a typical CRT display and the
spectrum of one echo. Figure 3 shows attenuation as a
function of frequency for the various materials. It
indicates that the attenuation in stainless steel and Inconel
increases markedly above 5 MHz. Therefore, to avoid highly
attenuated signals, transducer frequencies of 5 MHz or less
were used during the inspection of the bonded samples.
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Reflection factors for all the candidate canister/matrix
combinations and canister to water interfaces were calculated
from acoustic impedance properties and are listed in Table
II. The reflection coefficients of the canister/matrix
interfaces represent the expected echo height in % screen
from the interface, for perfect bonding, 100% screen echo
height (Ej of Figure 1) for no bond. A graphical
presentation of the variation in sensitivity that can be
expected from different canister/matrix combinations is shown
in Figure 4. As shown in this figure, the reflection
factor, 'Rf determines the dynamic range available for
acoustic indication of bond quality. The slope, AA/AB,
describes the accuracy, AB, with which the percentage
bonding can be predicted in the presence of an uncertainty in
the recorded echo amplitude, AA. This accuracy is material
dependent for example, a titaniurn/lead combination has a
greater available range than Inconel/Al-7% Si.

Initial bond testing experiments were conducted with flat
samples of 7 mm thick titanium Grade 2, Inconel 601, 316
stainless steel, and 20 mm thick OFHC copper.! Circular
patches; on the sample surface with various diameters were
oxidized to prevent bonding to the lead matrix as shown in
Figure 5(a). Remaining surfaces were cleaned and tinned with
soft solder. The specimens were placed in a reould, preheated
and lead cast onto the prepared surface. After casting, lead
was machined from one corner for calibration purposes. This
procedure resulted in specimens such as that shown in Figure
5(b). In the case of titanium it was first necessary to
nickel-plate the sample to obtain bonding. Seven samples
were produced: two each of 316 stainless steel, Inconel 601
and copper, and one of titanium.

All the bonded samples were inspected in a tank using an
immersion pulse echo normal beam technique. This inspection
of each sample.was done using a 5 MHz, 20 mm diameter
transducer fitted with a 38 mm spherical perspex lens, giving
a 65 mm focal length in water. To determine the effect of
beam diameter on spatial resolution, both copper samples were
also tested with a 5 MHz, 25 mm diameter focussed transducer
having 170 mm focal length in water. The beam profiles for
these transducers are shown in Figures 6 and 7. Both figures
show clearly defined symmetrical profiles having a -6 dB beam
width of 1.2 mm and 4.2 mm, respectively. To investigate the
influence of surface contour and/or shell warpage on the
accuracy of bond evaluation, one Inconel sample was machined
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flat, to improve surface finish and remove surface
undulations, after the initial inspection, thereby changing
the beam incidence across the surface of the plate. The
plate was then re-inspected using the original instrument
settings.

Since a totally unbonded area could not be positively
identified, the water interface at the corner of each sample
was used for calibration. For all seven samples the
transducer was adjusted to focus on the shell/water
interface, and instrument gain was adjusted to set the first
echo height (Fj of Figure 1) to the reflection coefficient
of that particular interface listed in Table II. This is
equivalent to a setting of 100? for a shell/air interface.

Figure 8 shows an ultrasonic C-scan (plan view) of a
titanium/lead sample. The circles indicate the intentional
unbonded areas (oxidized patches). A scanning pitch equal to
half the -6 dB beam width of Figure 6 was used. The
resolution obtainable was taken from the four oxide patches
on the samples. This scan shows the range of echo amplitude:
0-60% full screen (blank areas), 60-80% full screen (parallel
lines), 80-100% full screen (cross-hatched lines). The
smallest, 3.6 mm diameter, spot did not conform to its
original shape and therefore represents the limit of
definition available.

Ultrasonic C'scans of the Inconel 601/lead sample before and
after machining the surface are shown in Figures 9(a) and
9(b). The effect of a small change in beam incidence on echo
amplitude is readily apparent. The area marked "A" changed
to parallel lines and even blank areas in some places from
the original cross-hatching, while the area marked "B"
changed to blank areas from the original cross-hatching and
parallel lines, indicating a signal change of up to 20%
screen height due to a reduction in beam scatter caused by
surface contour and/or plate warpage. This reduced the
overall reflections of the metal/matrix interface. The oxide
spots appear smaller in Figure 9(b) due to an overall
decrease in echo height and returned to their original size
when the instrument gain was increased by 1 dB. This effect
was probably due to a better surface finish on the machined
plate, causing less scatter of the incident beam.

Ultrasonic C-scans of one of the copper/lead samples tested
with the 20 mm and 25 mm diameter transducer are shown in
Figures 10(a) and 10(b). Comparison of these two scans
indicates that the 25 mm transducer has inferior resolution
for detecting small unbonded areas. This is due to averaging
over a larger beam diameter. The effective loss in
sensitivity can be determined by comparing the circled oxide
patches in these figures. This shows that the 5.6 mm
diameter spot is the smallest unchanged known reflector and
indicates that the limit of resolution for the large
transducer is somewhere between 3.6 and 5.6 mm. This is
approximately equal to the -6 dB beam width of 4.2 mm of this
t ransducer.
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A sample casting produced at Whlteshell Nuclear Research
Establishment (WNRE) has also been Inspected for bond
quality. It consists of part of a single inactive fuel
bundle in a lead matrix inside a carbon steel cylinder with a
diameter of 168 mm and a wall thickness of 7 mm, as shown in
Figure 11. A perfect carbon steel/lead bond should reflect
31% of the incident ultrasonic pressure. Initially the
cylinder was rotated past a fixed transducer in the immersion
tank. The result was the C-scan shown in Figure 12(a); the
dark unbonded areas represent an Ej amplitude of 40% to
100%. The apparent lack of bond in Figure 12(a) is partially
due to inadequate beam alignment. Minor variations in
cylinder geometry can also affect the E^ amplitude because
the beam from a fixed transducer cannot remain normal to an
irregular surface or maintain its focal point at the
shell/matrix interface. This effect became apparent during
initial scanning of the sample and demonstrated the need for
a surface follower to maintain a constant transducer to
interface spacing and alignment. The follower shown in
Figure 13 was designed and built. A rescan of the WNRE
sample casting with the follower produced the results of
Figure 12(b). Comparison of Figures 12(a) and 12(b) shows
the effect beam incidence and/or misalignment has on the Ej
amplitude. Figure 12(b) indicates much better bonding than
was originally apparent in Figure 12(a).

The ultrasonic C-scans of the seven flat samples and the
sample container led to the following observations:

(a) Complete bonding is difficult to achieve even under
laboratory conditions with small samples. Figures 8,
10(a) and 10(b) show the best bonding that was achieved.
Figures 9(a) and 9(b) are more typical of the samples
produced; they contain extensive unbonded and partially
bonded areas in addition to the oxide patches.

(b) A viable calibration method has been developed.

(c) The technique is capable of mapping the various degrees
of bonding and is suitable for automatic scanning and
data handling.

(d) A surface follower must be used during immersion testing
to compensate for changes in surface contour and/or
geometry,
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(e) A greater number of ranges for echo amplitude must be
used to improve upon the resolution.

(f) The smallest detectable unbonded region is about 4 mm in
diameter with the resolution obtainable with a
particular transducer limited to its -6 dB beam width.

(g) The accuracy in predicting percentage of bonding is
material dependent. Titanium canisters containing lead
are expected to produce more reliable values than
Inconel canisters with a lead matrix.

3. MATRIX INSPECTION

3.1 Background

There are several common discontinuities that may occur
in cast materials: inclusions, segregation, piping,
microporosity, porosity, hot tears, cold shots, cold shuts.
The matrix defects of greatest concern are volumetric defects
such as voids (gross porosity) and shrinkage (piping). These
are important because they could result in inadequate shell
support against hydrostatic forces expected to develop in a
disposal vault. Excessive matrix voids could result in
localized shell collapse and buckling leading to primary
barrier failure.

One normally uses ultrasonic testing (UT) or radiography for
such defects. Normal radiography using an external X-ray
source and film is impractical for spent fuel disposal
canisters; it would be hampered by penetration problems
through thick sections of high density material, background
radiation from the fuel and necessity for reading and
eventual storage of large quantities of photographic film.
Ultrasonic matrix inspection also has problems. An
ultrasound beam can only penetrate into the matrix when
shell/matrix bonding exists. Tha previous section shows that
this may be a substantial limitation. In addition, cast
alloys are usually difficult to inspect by UT due to beam
scatter by large as-solidified grains and dendritic
microstructures. However, if good bonding is achievable
between the shell and matrix, the limitations on resolution
for UT inspection of the matrix must be determined.

3.2 Ultrasonic Matrix Inspection

The reflection coefficients listed in Table II are also
important in ultrasonic matrix testing. Only the sound that
is not reflected from a good matrix/shell interface is
available for detection of matrix defects. Material
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combina t/ons with a low reflection coefficient are. easier to
inspect/because more sound can penetrate the interface. In
addition, the multiple shell echoes, E2 > E3 , etc., in Figure
1, ĉ n, obscure shallow matrix defects; this situation is
aggravated by the need to use higher instrument gains for matrix
inspection since the number and amplitude of these multiple
echoes increases with gain.

Table II shows that the reflection coefficients range from U% to
58% for the various shell and matrix combinations. Since carbon
steel/lead, at 31%, falls nearly in the middle of this range,
the WNRE sample casting was also used to investigate the
feasibility of ultrasonic matrix inspection. Four 6 mm diameter
holes were drilled into the matrix at 7 mm, 13 mm, 19 mm and 25
mm from a bonded interface region as shown in Figure 11. Figure
14 illustrates the inspection approach used. Three transducers
were used: 1 MHz, 25 mm diameter; 2.25 MHz, 20 mm diameter
fitted with cylindrical lenses and 5 MHz, 20 mm diameter fitted
with a spherical lens designed to focus 20 mm deep in the
matrix. Lens design details are given in Appendix A.

The preliminary results showed that; the 5 MHz transducer having
a short wavelength could not penetrate the lead because of beam
scatter. It also showed that although three of the four holes
were detectable with the 1 MHz transducer the signal to noise
ratio of 4 to 1 for the 19 mo hole meant the 25 mm hole was
barely detectable. The 2.25 MHz transducer had a 12 to 1 signal
to noise ratio for the 19 mm hole; all four holes were readily
detectable. Both transducers gave reflections that were
non-symmetrical in appearance due to poor beam alignment and/or
improper focussing. They both gave strong multiple echoes of
the holes caused by reverberations in the shell. The 1 MHz
transducer, because of the longer transducer ringing time,
blended these multiple echoes> together yielding larger
indications than expected.

In an attempt to improve the signal to noise ratio and decrease
the strength of the reverberations in the shell, lenses to
properly focus in two orthogonal planes (compound lenses) were
designed and fabricated (see Appendix A). The beam profiles in
water for both transducers fitted with the compound lenses are
shown in Figures 15 and 16. Again both figures show clearly
defined symmetrical profiles having a -6 dB beam width of 2 mm
for the 1 MHz transducer and 1 mm for the 2.25 MHz transducer.

The gain-echo height method and the -6 dB beam width method were
used with the calibration holes to determine the actual focal
point in the sample canister for both the cylindrical and
compound lenses for each transducer. The results of both
methods are shown in Figures 17 and 18. Figure 17 shows plots
of the gain required to maintain a constant echo height for the
calibration holes and a plot of the corrected gain when the
attenuation factors shown in Figure 3 are taken into account.
There is no clearly definable focal area detectable for either
transducer.
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A plot of -6 dB beam width versus hole position for both
transducers is shown in Figure 18. Again there is no clearly
defined focal area. This is probably due to a lack of
calibration points and the complex geometry of the lenses and
the sample canister (materials and curvatures playing a big
part).

To determine the capabilities of ultrasonic matrix
inspection, ultrasonic B-scans were used (cross-sectional
views from the interface through to the fuel bundle
periphery). B-scan presentations for the cylindrical and
compound lenses with both the 1 MHz and the 2.25 MHz
transducers are shown in Figures 19 and 20, respectively.
Figure 19(a) shows the results obtained using the cylindrical
lens, and Figure 19(b), the results from the compound lens
with the 1 MHz transducer. Both B-scans show shell
reverberations blending together and making the defect size
look larger than it is. Neither of the transducer/leas
combinations indicates better sensitivity to smaller and
deeper defects than the other. Figure 20 shows B-scan
results for the cylindrical and compound lenses on the 2.25
MHz transducer. Both lenses show shell reverberations as
separate indications with hole echoes more symmetrical,
indicating better resolution than the 1 MHz transducer. In
addition, Figure 20(b) also shows better sensitivity to
smaller and deeper defects as indicated by the extra
reverberations from the holes and the stronger reverberations
from matrix defects. The time scale of the B-scan enables
differentiation between defects and their reverberations.
However, reinforcement of reverberated echoes by shear wave
echoes and/or phase addition later in time can make some
reverberations look like separate defects. Therefore, to
simplify defect detection in the matrix, these reverberations
must be removed.

From the results in Figures 19 and 20, it can be concluded
that the 1 MHz transducer does not have as high a signal to
noise ratio or resolution as that displayed by the 2.25 MHz
transducer and therefore should not be used for matrix
inspection. A compound lens on the 2.25 MHz transducer
showed greater sensitivity to smaller and/or deeper defects
and should be employed if possible. However, the resolution
obtainable with compound lenses will likely be dictated as
before by the -6 dB beam width of the transducer/lens
combination.

The results of the matrix inspection led to the following
observations:

(a) Ultrasonic matrix inspection shows promise for
detection and location of voids down to 6 mm in
diameter

( b) A simple met.': • for producing compound lenses has
been developed

(c) Total elimination of reverberations in the shell
through lens design is not possible and must be
achieved through other means.
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(d) A transducer frequency of 2.25 MHz should be used for
matrix inspection since at higher frequencies the wave-
length is too short and at lower frequencies the ringing
time is too long.

4. CONCLUSIONS

The capabilities and limitations of ultrasonic bond and matrix
inspection have been defined:

(a) A viable calibration technique and the capability of
mapping and predicting various degrees of bonding using
automatic scanning techniques and data handling are
available.

(b) The resolution achievable for bond evaluation is 4 mm
diameter for unbonded regions. Matrix voids 6 mm in
diameter can be detected.

(c) The limit of resolution and scanning pitch should be
determined from the -6 dB beam width of the
transducer/lens combinations used for interface and
matrix testing.

(d) Shell reverberations lead to multiple echoes from the
matrix interface and make matrix defects less than 5 mm
from the matrix/shell interface difficult to detect.

5.
RECOMMENDATIONS FOR FURTHER WORK

Immersion testing was used in the present work; it is the
simplest available approach during optimization of test
parameters. Further work is in hand to develop comparablp
contact test methods. Duplication of the immersion test
results will be attempted; if this proves impossible the losa
in sensitivity on going to a contact technique will be
established.

A second area which requires attention is the suppression of
multiple echoes or reverberations that can obscure matrix
defect echoes. It is believed this can be achieved
electronically(9). This technology would also prove useful in
contact testing by providing a means of eliminating unwanted
echoes from wear shoes and transducer stand-offs.
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TABLE I: TRANSDUCER SPECIFICATIONS USED FOR
ATTENUATION MEASUREMENTS

TRANSDUCER TYPE FREQUENCY MHz TRANSDUCER
DIAMETER mm

SERIAL No.

KB-Aerotech Gamma
KB-Aerotech Gamma
KB-Aerotech Alpha

10.0
2.25
5.0

12.7
12.7
19.0

120991
FO9513
B11501
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TABLE I I
PERCENT ULTRASOUND REFLECTION FROM A PERFECT BOND

CANISTER MATERIAL MATRIX MATERIAL

Copper
W=4.18xlO6 g / ( c m . s )

Type 316 SS
W=4.55x106 g / ( c m . s )

Incone l 601
W=6.45xlO6 g / ( c m . s )

Commercially Pure
Titanium Grade 2
W=2.77xl0b g / ( c m . s )

Carbon S t e e l
W=4.56x106 g / cm.s )

Lead
Zinc
A1-7S
Water

Lead
Zinc
Al-7%
Water

Lead
Zinc
Al-7%
Water

Lead
Zinc
Ai-7%
Hater

Lead
Zinc
Al-7%
W.itir

Si

Si

Si

Si

Si

ACOUSTIC
IMPEDANCE (W)
g/(cm.s)xlO6

2.40
6.82
1.70
0.15

2.40
6.82
1.70
0.15

2.40
6.82
1.70
0.15

2.40
6.82
1.70
0.15

2.40
6.82
1.70
0.15

REFLECTION FACTOR,'R'
SHELL/MATRIX INTERFACE
(% SCREEN HEIGHT)*

27%
16%
41%
93%

31%
20%
45%
94%

47%
36%
53%
95%

7%
4%

23%
90%

31%
15%
40%
94%

*The dynamic range available for bond evaluation ranges from
R (perfect bond) to full scale height (complete lack of
bond)

where R * coefficient of reflection
Wj » acoustic Impedance of plate (canister material)
W - acoustic impedance of lead

R •• 100% full scale screen height for
all solids against gas
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TABLE III: PERCENTAGE OF UNBONDED AREA A1 AS SHOWN IN FIGURES 8 TO 10

WALL MATERIAL PERCENTAGE UNBONDED AREA ACCORDING TO
THRESHOLD LEVELS

316 Stainless

Inconel 601

Titanium Grade

Copper

Steel

2

THRESHOLD LEVEL
% FULL SCALE

BLANK

C-60

0-42

0-25

0-57

0-45

PARALLEL
LINES

60-80

42-71

25-62

57-78

45-73

(CROSS-HATCHED)
LINES

80-100

71-100

62-100

78-100

73-100

A1 R-E
R-l with E = echo height

R = reflection coefficient at plate
to lead Interface
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FIGURE 1: SCHEMATIC SHOWING ULTRASONIC BOND EVALUATION TECHNIQUE
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(a) TIME (uS)

FREQUENCY (FIHz)

(b)

FIGURE 2: TWO PICTURES SHOWING THE METHOD OF MEASURING THE
ATTENUATION OF SHELL MATERIALS: (a) CRT DISPLAY
OF BACKWALL ECHOES; (b) SPECTRUM ANALYSER DISPLAY
OF ONE ECHO IN(a).
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CALIBRATION NOTCH

FIGURE 8: ULTRASONIC C-SCAN OF TITANIUM/LEAD SAMPLE
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(a)

(b)

FICURE 9: ULTRASONIC C-SCANS OF INCONEL/LEAD SHOWING THE EFFECTS OF A CHANGE IN SURFACE FINISH HAS ON
BOND EVALUATION (a) AS PRODUCED (b) AFTER MACHINING OUTSIDE FACE FLAT.
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(a )

CALIBRATION
NOTCH

(b)

CALIBRATION
NOTCH

FIGURE 10: ULTRASONIC C-SCAN OF COPPER/LEAD SAMPLE SHOWING THE EFFECTS THAT AN INCREASE IN
BEAM WIDTH HAS ON BOND RESOLUTION (a) 20 MM DIAMETER TRANSDUCER (b) .25 MM
DIAMETER TRANSDUCER.
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FIGURE 1 1 : SAMPLE CAN1ST!
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FIGURE 12: ULTRASONIC C-SCAN OF WNRE SAMPLE CANISTER SHOWING THE EFFECT OF CHANGES IN
BEAM INCIDENCE AND/OR TEST OBJECT GEOMETRY HAS ON BOND EVALUATION
(a) WITHOUT TUBE FOLLOWER (b) WITH TUBE FOLLOWER.
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TRANSDUCER L»S

FIGURE 13: TUBE FOLLOWER USED WHEN TESTING THE WNRE SAMPLER CANISTER
TO OBTAIN FIGURE 12(b) Results.



- 2 7 -

ULTRASONIC TRANSDUCER

LENS

ULTRASONIC BEAM

FOCAL SPOT

CALIBRATION HOLES (6 MM DIANETERK-.

MATRIX INSPECTION ^

FUEL PINS

OOCW3OO

CALIBRATION NOTCH

INTERFACE INSPECTION

FIGURE 1 4 : SCHEMATIC SHOWING MATRIX TESTING TECHNIQUE.
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FIGURE 15: BEAM PROFILE OF A 1.0 MHz, 25 mm DIAMETER TRANSDUCER FITTED
WITH A PERSPEX LENS FOCUSSING IN TWO ORTHOGONAL PLANES.
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FIGURE 16: B3AM PROFILE OF A 2.25 !1Hz, 20 mm DIAMETER TRANSDUCER
FITTED WITH A PERSPEX LENS FOCUSSING IN TOO
ORTHOGONAL PLANES.
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FIGURE 17: DETERMINATION OF FOCAL LOCATION USING THE GAIN-ECHO
AMPLITUDE METHOD (a) 1 MHz, 25 on DIAMETER TRANSDUCER;
(b) 2.25 MHz, 20 m DIAMETER TRANSDUCER
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FIGURE 18: DETERMINATION OF FOCAL LOCATION USING THE -6 dB BEAM WIDTH OF CALIBRATION HOLE ECHOES.
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FIGURE 20: ULTRASONIC B-SCAN PRESENTATIONS OF WNRE SAMPLE CANISTER
TESTED WITH 2.25 MHz, 20 mm DIAMETER TRANSDUCER
(a) WITH CYLINDRICAL LENS (b) WITH COMPOUND LENS
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APPENDIX A

ILLUSTRATION OF THE PERSPEX LENS CONFIGURATIONS USED
IN CANISTER EVALUATION

TRANSDUCER
DIAMETER (mm)

20 mm

20 mm

20 ram

25 mm

25 mm

FREQUENCY
(MHz)

5

2.25

2-25

1.0

1.0

r,
(HUD)

38,46*

—

—

—

n
(ram)

~

34

—

27

(mm)

—

34

—

27

(mm)

—

70

—

74

TYPE OF
RADIUS

Spherical

Cylindrical

Compound

Cylindrical

Compound

NOTES:

1. Radii ri and
Reference 8.

2. Radii r2 and
at CRNL.

* 3. The 46 mm radius for 5 MHz transducer was used for matrix inspection
evaluation.

were calculated using Wiistenberg's formula shown in

were calculated using a computer program developed


