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Cleaning
Steam cleaning is the method of choice for
cleaning bottom hole assembly components. The
heat both opens the cracks and makes the
thread lubricant less viscous. For this system to
work the cleaning must be done with sufficient
time to warm up both the bottom hole assembly
material and any thread lubricant.
If steam cleaning is not available, solvent is
the next choice. Solvent can also be used after
steam cleaning to remove the detergent residue.
The final cleaning solvent should be one that
the liquid penetrant manufacturer has deemed
compatible. Residues from cleaning agents,
strong alkalies, pickling solutions and chromate
may adversely react with the liquid penetrant
and reduce sensitivity and performance.

Liquid Penetrant
Testing of Oil Field
Drill Pipe
by Joseph L. Mackin

M

ost products used in drilling oil wells
are made of ferrous steels and are
therefore inspected with magnetic
particle and electromagnetic methods. This
article, excerpted from Volume 2 of the
Nondestructive Testing Handbook on Liquid
Penetrant Testing describes the novel
application of liquid penetrant testing in oilfield
drill pipe when typical methods aren’t
applicable.

Liquid Penetrant Testing Technique
Selection
Visible dye liquid penetrants are used to inspect
nonmagnetic bottom hole assembly materials.
Visible dyes provide the required sensitivity for
the type and size of cracks found in
nonmagnetic bottom hole assemblies.
Nonmagnetic bottom hole assembly
connections are inspected many times in their
Continued p 2.

Range of Applications
Some tubular products used in drilling are made
of austenitic stainless steels or beryllium copper
and are not magnetic in nature. These parts are
normally used in directional survey or other
applications where a magnetic field interferes
with the results to be obtained.
These tubulars normally fall into the category
of bottom hole assembly (BHA) components.
This assembly is used to put weight on the bit so
that it will break up the formation as it rotates.
The tubulars have large outside diameters and
minimal inside diameters to maximize weight on
the bit and stability. The cross section of the
nonmagnetic tubular shown in Fig. 1, is 7.75 in.
(200 mm) outside diameter and 2.8 in. (70 mm)
inside diameter.
During use, the nonmagnetic bottom hole
assembly components develop cracks because of
fatigue and stress corrosion. Fatigue cracks
originate in the thread roots because this is the
weak point for cyclic stress. The cyclic stress is
caused by the rotation of the bottom hole
assembly while it is bent from compression or in
a dogleg. Stress corrosion cracking originates
from the bore of the nonmagnetic bottom hole
assembly (Fig. 1). Stress corrosion cracking is
caused by a combination of stress and corrosion.
These cracks can be either longitudinal or
transverse.

Figure 1. Cross section of nonmagnetic
tubular from bottom hole assembly.
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life and because it is not advisable to use
fluorescent liquid penetrant after visible dye
liquid penetrant, the use of fluorescent is avoided.
Liquid penetrant used to inspect the threaded
area is normally removed by the solvent wipe
technique. Water washable liquid penetrant is not
appropriate because restricted access to the box
threads makes it difficult to remove excess water.
Water washable liquid penetrant is most
appropriate for the small inside diameters of the
bore. Water washable liquid penetrant is also
used for outside diameter surfaces.

Test Process
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“Looks like a shear horizontal wave to me, Murph.”
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T

he Focus article for this issue of TNT is an
excerpt from the Liquid Penetrant Testing
volume of the third edition Nondestructive
Testing Handbook series. The article details PT as
applied to tubular parts used in drilling oil wells
when typical methods are not applicable. This is a
novel or unusual application of the method and,
consequently, may provide insight for other
industries using similarly constructed equipment.
The FYI Practical Contact Ultrasonics series
continues with article four in the projected series of
eight and encompasses procedures for IIW based
equipment calibration.
This issue also includes a feature article on
airport inspection systems. It’s is an eye opening
overview given by an industry expert from an NDT
perspective. Considering the difficulty and
magnitude of the task, it encourages patience and
cooperation by and for all those traveling by air.
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FROM THE EDITOR

Focus continued from p 1.

Temperature. Surface temperature is typically the
biggest problem in testing oil field equipment.
The range of acceptable temperatures for liquid
penetrant testing is 50 to 125 °F (10 to 52 °C). It is
important that the temperature remain within
this range throughout the testing process.
Because most of these tests are done in the field,
the inspector has little control over the
environment. If steam cleaning is done, the
bottom hole assembly must be allowed to cool to
an appropriate temperature. In the winter while
doing the testing outdoors, the bottom hole
assembly may be too cold to do a reliable test. In
this case the bottom hole assembly must be
moved inside and allowed to warm up before
testing. It is important that the surface
temperature remain within the proper range
during the entire test time.
The bottom hole assembly temperature is the
main consideration for dwell time. As the
temperature approaches the minimum
temperature of 10 °C (50 °F) the dwell time should
be extended to 30 min. Longer dwell times do not
affect the sensitivity of the test as long as the
liquid penetrant is not allowed to dry. So, if in
doubt, extend the dwell time.
Removing Excessive Liquid Penetrant. Standard
liquid penetrant removal procedures are used for
the removal of both the postemulsifiable and
water washable liquid penetrants. When liquid
penetrant is removed with a solvent wipe, a
technique for both the dry wipe and damp wipe
should be developed so that the minimum
number of passes over the surface are required to
thoroughly clean the surface. Ideally, if all the
excessive liquid penetrant could be removed with
one pass of the dry cloth and one with the
dampened cloth the optimum result for the test
would be achieved.
Drying. Surfaces of the bottom hole assembly to
be inspected must be completely dry before the
application of the developer. With the solvent
remover system, this is not normally a problem,
because the solvent dries quickly.
Developer Application. Solvent based
(nonaqueous wet developer) spray-on developer
is normally used in the testing of bottom hole

assembly threaded areas. This, of course, is
difficult in rotary shouldered connections,
particularly the box, because the restricted
diameter makes it difficult to spray directly on
thread roots. However, achieving an even thin
coating on the thread roots should be
emphasized as that is where cracks will be
located.
For the inside and outside diameter surfaces
dry powder developer is also used.
Evaluation. The area to be inspected should be
observed periodically during the development
time. In the evaluation process, the observations
made concerning indication development will
be helpful. The test should be done with at least
500 lx (50 ftc) light intensity at the surface to be

Figure 2. Crack indications on connection
outside diameter after development time.
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inspected. The final examination is only done
after the full development time has elapsed.
Figure 2 shows crack indications on the
connection outside diameter after the
development time.
Regardless of size, cracks render a bottom
hole assembly unfit for service and it must be
rejected. Other indications are classified according
to the appropriate testing standard. TNT
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An active member of ASNT since 1989, Joseph L.
Mackin is the current President of ASNT. He is
also Executive Director of the International Pipe
Inspectors Association (IPIA), Houston, TX. He
holds ACCP Professional Level III certifications in
MT, PT, UT and VT and ASNT NDT Level III
certification in ET.
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Ultrasonic Testing

by Jacques L. Brignac
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Across

Answers on p 10.

2. Increases strength of signal.
4. Periodic disturbance in a
medium.
7. One crystal, transmit and
receive (3 words)
9. Longitudinal pressure waves
in air or some medium.
10. _______ beam, split crystals.

11. Frequencies within audible
range.
14. Type of battery
(abbreviation).
15. International Institute of
Welding.
16. Difference between two
points on a conducting wire
carrying a constant current of
one ampere when power
dissipated is one watt.
18. Cathode ray tube
(abbreviation).
20. Distance being displayed on
CRT screen.
21. Increase in signal power with
dBs.
22. One type of ultrasonic
inspection.
23. Sound area other than in
sound path.
25. Returning sound.
26. Type of crystal.
31. Defect shows lack of _______
(see figure below left).
32. Couplant.
35. Transmitter and _______.
36. λ – b.
37. Illuminated line on CRT
screen.
38. Controls pulse repetition rate.

Down
1. Graduation of an instrument
to enable measurements in
definite units.
3. Number of cycles per second
undergone or produced by

an oscillating body.
4. Substance which lowers
surface tension of a liquid.
5. Document which prescribes
approved procedures to be
followed.
6. Hz.
8. When a system vibrates at
the same frequency as the
exciting force, it is said to be
in _______.
10. dB.
11. Ability of the test system to
detect a given sized defect at
a given distance.
12. Used to insure passing of
sound waves into and out of
specimen.
13. See 37 across.
16. N = D 2F / 4C, where C is the
_______ of sound.
17. Transducer or search unit.
19. Moderately damped probe.
23. Transfer _______ caused by a
rough or curved surface.
24. Larger diameter probe will
give you less _______ spread.
27. Some transducers have a
dead _______.
28. Ten decibels equals one
_______.
29. Opposite of bright.
30. In formula in 16 down, N is
_______ field.
33. Frequency that oscillates
between 10 kilohertz to
100,000 megahertz.
34. Nondestructive testing
(abbreviation).
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FYI

tolerance, the operator can proceed to distance
calibration or setting screen width.

Practical Contact
Ultrasonics — IIW Based
Angle Beam Calibration
by Jim Houf

T

he most critical task prior to starting a
contact angle beam ultrasonic
inspection is the UT operator's
calibration of the UT equipment with respect to
the specific part to be inspected. The term
calibration in UT is applied to both annual scope
calibration and on site or field calibration.
Annual calibration determines that the scope
meets horizontal and vertical linearity
requirements and can be done in house by a
Level III or externally by a qualified UT
equipment supplier. On site calibration using the
IIW block or derivatives, the focus of this article,
is performed by the UT operator at the time of
the inspection and consists of setting up the
scope presentation and sensitivity of the
inspection unit to perform a specific inspection.
The two most commonly used UT calibration
methods in the US are based on either the
International Institute of Welding (IIW)
calibration block or a derivative that the
American Society of Mechanical Engineers'
Boiler and Pressure Vessel Code (ASME Code)
refers to as a basic calibration block.

The IIW Block
IIW calibration blocks are 12 × 4 × 1 in. in size
and are made of the same or acoustically similar
material as the part to be inspected.
Predominant features of an IIW block, Type 1
(Fig. 1), are two side drilled holes that are 0.06
and 2 in. in diameter and two notches. The first
notch is a 0.06 in. deep curved notch with an
inner radius 1 in. from the marked reference
point and another 0.08 in. full width notch
directly opposite the reference point. One end
of the IIW block is cut to a 4 in. radius from the
reference point. For illustration purposes,
additional etched markings located on the long
edge of the block have been shown on the
same side or front of the block in Fig. 1.
The IIW block is designed to permit the
operator to perform multiple functions for both
straight and angle beam testing including
distance and sensitivity calibration and wedge
angle verification. For straight beam calibration,
the transducer can be placed on the 1 in.
surface at the reference point and the screen
width can be set by using the 4 in. reflection
from the opposite side. Block thickness can be
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used for 1 in. reflections. Because the reference
point is directly opposite the 0.08 in. notch,
resolution can also be determined.

Wedge Angle Verification
For angle beam testing, the wedge angle can be
checked by placing the transducer on the 1 in.
surface at point A in Fig. 2. In this example, a
70 degree point (shown on the side of the
wedge) is placed over the 70 degree mark
etched on the side of the block. The transducer
is then moved back and forth until the return
signal from the 2 in. diameter hole is maximized
on the cathode ray tube (CRT) screen. The actual
refracted angle can be read by determining
where the exit point mark aligns with markings
on the side of the block. When using 45 or
60 degree probes, the operator starts with the
transducer over the corresponding mark on the
block and checks the wedge angle in the same
manner. It should be noted that most codes and
specifications permit the wedge angle to vary
slightly within ±2 degrees of the designated
angle, but the the tolerance should be verified
before continuing. If the wedge angle is within

Distance Calibration
To set up a CRT screen width that represents the
proper distance for the part being tested, the
operator must determine the length of the
sound path in that thickness of material, as was
described in the previous article. Once the
length of a full skip distance is calculated, the
screen width can be set. In the following
example we will set up a 10 in. screen.
Prior to starting the distance calibration,
good operating procedure is to make sure the
electrical zero, or main bang, is at or just off the
left edge of the CRT screen. If not, it is possible
that the operator will be working with the
second reflection, which makes it impossible to
calibrate the machine. A simple way to
determine this is to dampen a finger with
couplant and rub the bottom of the transducer
face. The resulting signal can be set to the left
side of the screen.
Once the operator is comfortable that the
main bang is in the right place, the transducer is
placed on the 1 in. block surface above the
marked reference point (placement B, Fig. 2)
and is aimed at the end of the block with the
4 in. radius. Using the range and delay controls
(may be named differently on newer machines,
see manual), maximize the signal from the 4 in.
radius and set the reflector signal at the fourth
major graticule on the CRT screen. Then turn
the transducer around and maximize the return
signal from the curved notch with the 1 in.
radius. Set that signal at the first major
graticule. For smaller diameter transducers, it
may be necessary to move the transducer to the

Side drilled holes

Full width notch
0.08 in.

0.06 in.

Curved notch
1 in. radius
2 in.
º
45

º º
60 70

4 in. radius

Reference point

Figure 1. International Institute of Welding (IIW) calibration block, Type 1.
C
Signal

Signal

Legend
A. Wedge angle.
B. Distance calibration.
C. Sensitivity calibration.

A

Signal
º
70

B

Figure 2. Transducer placement on IIW calibration block, Type 1.

Note that 80 percent FSH is commonly used, but
some codes and specifications may require
other FSH values.
Once the UT system has been calibrated, the
operator can increase the gain setting to the
scanning level (dB value) dictated by the
governing code or specification and perform
the inspection.

side of the 1 in. surface to get a good signal
back from the radiused notch. Switching back
and forth between the two transducer
positions, the operator should continue to
adjust the controls until both signals line up on
the proper graticules. When this is
accomplished, screen width is set to 10 in. with
each major graticule representing 1 in. of sound
path.

Reference point

0.031
1 in.

Figure 3. Distance sensitivity calibration
(DSC) block is a smaller and lighter alternative
to heavier reference blocks.

While the IIW block is a very good calibration
block, its large size and heavy weight are
inconvenient when carried in the field or when
working out of position and up in the air.
Several other calibration blocks have been
designed that are smaller and lighter in weight.
Distance Sensitivity Calibration Block. The most
commonly used alternative block is the distance
sensitivity calibration (DSC) block (Fig. 3). The
DSC block measures 4 × 1 × 2.5 in. which is
considerably smaller and lighter than the IIW
block and will fit into a pocket. This block has a
flat scanning surface with a 1 in. radius at one
end and a 3 in. radius at the other end. The 3 in.
end of the block has a machined 0.375 in. deep,
0.031 in. wide flat bottomed notch with a
2.625 in. radius from the reference point.
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Manufactured commercially, these blocks can be
purchased from many UT suppliers.
When using a block that has a radius on both
ends, it is important to remember that most of a
sound beam will reflect from an interface, so
when the sound reflects from the 1 in. radius,
most of the sound returning towards the
transducer will reflect from the scanning surface
and travel down towards the 3 in. radius. This
sound will then return to the scanning surface
but since it hits the scanning surface at the
wrong angle to enter the probe , it reflects
downward towards the 1 in. radius and then
Continued p 6.

•

Sensitivity calibration is done to provide an
inspection reference level based on the
amplitude (height) of a signal from a reflector
of a known size. On the IIW block, that signal is
generated from the 0.06 in. side drilled hole. To
set sensitivity, the block is turned over and the
transducer is placed on the 1 in. surface inboard
of the 0.06 in. side drilled hole (placement C,
Fig. 2). The transducer is moved back and forth
until the signal from the hole is maximized on
the CRT screen. Using the gain control, the
signal amplitude is then adjusted so that the
maximized signal is set at 80 percent of full
screen height (FSH). The amount of gain in
decibels (dB) is recorded and this gain value
becomes the reference level for inspection.
•

2.5 in.
0.125 in.

Sensitivity Calibration

•

3 in. radius

1 in.
radius

Alternative Calibration Blocks

•

0.375 in.
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FYI continued from p 5.
returns to the transducer, creating a second
signal. As a result, it is important to note that
the distance between the back wall signals is the
sum of the distances from the radii to the
reference point and the second back wall (and
all others) will show on the screen at 4 in., the
sum of 3 + 1 in., after the preceding back wall.
To perform a distance calibration for a 5 in.
screen, the transducer is placed at the reference
point and aimed at the end with the 1 in.
radius. The first return signal is maximized and
placed on the second major graticule. Two
additional signals should be on the screen; a
short signal from the notch and a taller signal
from the 3 in. radius. The signal from the 3 in.
radius should be placed on the tenth major
graticule and using the delay and range
controls, the 1 in. and 3 in. signals should be
adjusted until both fall on the proper graticule.
When this is done, the scope should be set for a
5 in. screen. The signal locations are
represented by the green signals shown on the
5 in. screen (Fig. 4a). To confirm calibration, the
transducer is reversed and aimed at the 3 in.
radius. If calibration is correct, the first signal on
the screen will be the notch (just past the fifth
graticule) and the next will be the 3 in. radius
signal (sixth graticule). These positions are
shown by the signals shown in purple on the
5 in. screen presentation (Fig. 4a). As mentioned
above, since the signal from the 1 in. radius
occurs 4 in. later, it would come up at 7 in.,
which cannot be seen on a 5 in. screen.
To perform a distance calibration for a 10 in.
screen, the transducer is again placed at the
reference point and aimed at the end with the
1 in. radius, but this time the first return signal
is maximized and placed on the first major
graticule. Because the distance between back
walls is the sum of the radii, the operator
should also see back wall signals at 5 in. and
9 in., with notch signals 0.375 in. before each
back wall signal, shown in green in the 10 in.
screen presentation (Fig. 4b). Again, the delay
and range controls should be used to position
the back wall signals in the proper places. To
verify calibration, the transducer is again
reversed and aimed at the 3 in. radius. The
operator should then see back wall signals at
3 in. and 7 in., with notch signals slightly before
each back wall signal (signals shown in purple
on 10 in. screen presentation in Fig. 4b).
In either calibration, if the second set of
signals (shown in purple) do not come up on
the screen where they should be, the operator
should use the delay control to determine that
the main bang is where it should be (at or off
left side of screen). If not, and if a first back wall
is at that location, move the main bang to the
left edge of the screen and start over.
Sensitivity calibration using a DSC block is
performed in the same manner for either a 5 or
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10 in. screen. Once screen width has been set,
the transducer is aimed at the 3 in. radius and
the signal from the notch is maximized and set
to 80 percent full screen height (or as detailed
in governing documents). The gain setting for
this signal amplitude is used as the reference
level for the inspections. When using a 10 in.
screen, there will be two notch signals, at screen
locations of 2.625 in. and 5.25 in. The 2.625 in.
signal should be set to 80 percent FSH (or as
required), and if the operator is permitted to do
so, peaks of the two signals can be connected
to create a rudimentary distance amplitude
correction (DAC) curve.

(a)
Reference point

1 in.
2 in.

(b)
0.5 in.
0.5 in.
2 in.
0.5 in.

(a)

1 in. signal

1 in.

10
9
3 in.signal

8

Notch
signal

7

Figure 5. Distance calibration (DC) blocks
require separate sensitivity blocks:
(a) 1–2 block and (b) half-round block.

6
5
4 in.

4
3

1 in.

2
1

1.4 in.

0
1

2

3

(b)

4

5

6

7

8 9 10

0.6 in.
0.06 in. diameter hole

3 in. signal

10

2 in.

9
3 in. + 1 in. signal

8

Figure 6. The IIW hit block is a small portable
sensitivity calibration block representing a
corner of the IIW block.

7
6
5
4
3
2
1
0
1

2

3

4 5

6

7

8

9 10

Figure 4. Signals resulting from distance
calibrations performed on DSC block for
(a) 5 in. screen and (b) 10 in. screen.
There is a correlation between the IIW block
and the DSC block. The signal amplitude from
the notch of an accurate DSC block should be
within ± 2 dB of the signal created by the
0.06 in. side drilled hole in the IIW block, and
this should be checked at regular intervals.
Distance Calibration Block. The distance
calibration (DC) block (Fig. 5a), often called a
1-2 block, is similar in shape to the DSC block but
has a 1 in. radius and a 2 in. radius. It does not
have a notch for sensitivity calibration. For this
reason, distance calibrations can be performed
but the operator must carry a separate block to
set the sensitivity level of the equipment
Half Round Distance Calibration Block. Another
DC block is the half round block (Fig. 5b). Like
the 1-2 block, it can be used for distance
calibration but a separate sensitivity block is

required. The advantages to the half round
block are that that they can be readily
manufactured by any machine shop and, by
using various radii, very narrow screen widths
can be set up.
IIW Hit Block. The IIW hit block is a small
portable sensitivity calibration block that is a
1 in. thick piece of material representing the
corner of the IIW block that contains the
0.06 in. side drilled hole. The block is
4 × 2 × 1 in. with an 0.06 in. side drilled hole
0.6 in. down from the 1 in. scanning surface and
1.4 in. in from the end of the block (Fig. 6). By
using the hit block and a DC block mentioned
earlier, calibration for both distance and
sensitivity is achieved. Distance is done as
mentioned above, and sensitivity is done using
the hit block in the same manner as is done on
a full size IIW block. TNT
Jim Houf is Senior Manager of ASNT’s Technical
Services Department and administers all ASNT
certification programs. (800) 222-2768 X212,
(614) 274-6899 fax, <jhouf@asnt.org>.

ASNT is an International System of Units (SI)
publisher providing units in SI as well as
common units of measure.
1 in. = 2.54 cm

Feature
Airport Inspection
Systems from an NDT
Perspective
by Hans J. Weber

I

f you’ve traveled at all by air in the past
few years, you’ve experienced the
extensive scrutiny that passengers and
luggage are now subjected to. While standing in
long and often slow airport security lines, the
NDT professionals who spend their careers
looking for discontinuities inside items without
opening them might wonder just exactly what
goes on in these inspections.

Introduction
Congress established the Transportation Security
Administration (TSA) as a means of
strengthening transportation security after the
bombing of the World Trade Towers in
September, 2001. As part of the newly created
Department of Homeland Security (DHS), this
agency is responsible for security in all modes of
transportation. It’s broad responsibility is
organized into four categories:
· commerce inspection systems (luggage, cargo
and mail)
· passenger inspection systems (people and
carry on baggage)
· infrastructure protection systems (airports,
ports, railroad tracks, bridges, highways, etc.)
· aircraft protection systems (includes
hardened and locked cockpit doors in
commercial airplanes and special
transponders).

Inspection Systems
Inspection systems have had a central role in
aviation security since the seventies. The first
systems were metal detector portals screening
passengers for hidden weapons, and X-ray
machines to inspect carry on luggage for
weapons. The mandate at the time was to
counter the threat of hijacking. To the NDT
community, using X-ray technology as a means
to locate weapons is an obvious solution.
Usually made of metal, weapons are thus
detectable with metal detectors. They also
contrast nicely against the background image
of the mostly organic bag contents and the
carry on bag itself. Also, weapons typically have
characteristic shapes that are relatively easy to
interpret by the security screener or inspector.
Unfortunately, weapons detection has become
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much more difficult over time as the metallic
content of guns and knives has been reduced or
even eliminated completely as in the case of
knives made entirely of a very hard ceramic
material. As a result of the escalating threat,
metal detection technology and X-ray sensitivity
have greatly improved.

Threat of Explosives
While weapons detection has not been easy,
another threat to air transportation has posed a
much more serious challenge to the security
community: explosives hidden in baggage and
designed to explode while the airplane flies fully
pressurized at high altitude. It is at this point
that aircraft are most vulnerable to break up
from the sudden overpressure that results when
an explosive detonates. The world of air travel
first began to seriously consider this threat in
1985 when an Air India Boeing 747 exploded
over the Irish Sea and disappeared below the
surface of the water. The subsequent criminal
investigation determined that a bomb had been
placed on the plane.
The world was shocked again in 1988 when
Pan American flight 103 exploded over
Lockerbie, Scotland a few days before Christmas.
This time the plane disintegrated over land and
the location of the bomb as well as its material
composition and size could be determined from
the wreckage. The investigation that followed
revealed another serious concern for security
professionals. The amount of sophisticated high
explosive material employed had been very
small, considerably smaller than had been
assumed up to that point. Potency of explosives
varies with composition. Certain high explosives
are so powerful that the amount of material
that can destroy a pressurized fuselage (threat
quantity) is so small, it can easily be hidden in a
suitcase or carry on bag.

An Explosives Primer
Explosives fall into two major categories; low
and high explosives. Low explosives, such as
black powder, do not truly explode. Instead they
burn very rapidly. Thus, they do not cause the
very high pressure spike that is the most
destructive feature of an explosion. A low

explosive, to be effective, is placed in a
container that bursts when the gases from the
rapidly burning material have built up enough
pressure, causing a severe pressure spike. Such
containers (a pipe bomb is an example) are
relatively easy to spot with typical airport X-ray
screening devices, especially since the container
has to be quite large to accommodate enough
low explosive material to be effective. It takes
considerably more low explosive material to
achieve the same destructive effect as that of
high explosive material. Pound for pound, the
destructive force of high explosives vastly
exceeds that of low explosives.
High explosives do not burn rapidly, they
detonate. Detonation causes a much more
powerful overpressure effect. It also means that
they are fully effective in bare form, without the
need for an enclosing pressure container.
However, high explosives must be set off with
another detonating effect or detonator.
The most powerful explosives are certain
plastic explosives. It was a powerful plastic
explosive that destroyed Pan American
flight 103. Plastic explosives consist of organic
material made up of atoms of carbon, oxygen,
hydrogen and nitrogen. The vast majority of
high explosives contain nitrogen, although there
are some exceptions. Considering these
constituents, it is readily apparent that plastic
explosives are quite similar to harmless, everyday
materials. Although to a limited extent, even
their densities overlap with those of certain
common, harmless materials. For example, on a
density map, a block of salami falls within the
range of densities for plastic explosives.

Screening Checked Baggage for
Explosives
To recap, high explosives are organic material
with the same atomic constituents as many
harmless organic materials. Although difficult to
measure, there are some characteristic
distinctions at the molecular level. Several
ingenious technologies that detect these
distinctions have been developed or are under
development. However, the sensing processes
developed up to now that utilize these
distinctions are too slow to keep up with the
flow of checked luggage. Moreover, they do not
work for all explosives. Thus, the one parameter
we have to work with in high speed screening
for all explosives is density, even though this
feature does not distinguish all explosives from
harmless materials.
The problem of screening checked bags for
explosives at a rate of 200 to 800 bags per hour
per station before they are loaded onto aircraft
can be framed in terms NDT professionals can
relate to. Subtle density differences have to be
found with the greatest possible accuracy and
precision in the content of a container without
opening it, at a high rate of throughput. The

content of a bag consists of many individual
pieces with air in between, thus eliminating
techniques that require material continuity
between the pieces, such as ultrasonic testing.
This leaves X-ray inspection as the method with
the highest level of capability for measuring the
various densities of the bag’s content. Computed
tomography (CT) is the technology with the
highest level of X-ray performance. Indeed, the
only systems that to date have passed stringent
TSA certification tests for explosive screening in
luggage are those based on CT technology. A
TSA certified explosive detection system is called
an EDS. As of April, 2004, only two
manufacturers offer certified explosive detection
systems. A limited number of manufacturers are
preparing additional systems for TSA
certification. Essentially, the systems currently
certified are able to discriminate on the basis of
the three dimensional density distribution
generated by the CT technique. A further
refinement in identifying explosives is achieved
by means of highly sophisticated image analysis
algorithms which look for certain patterns in the
image that might further indicate the presence
of explosive devices and help in discriminating
against harmless materials of similar density and
composition.
Despite the use of image analysis algorithms,
the density overlap between explosives and
certain harmless materials can result in false
alarms or false positives for CT based explosive
detection systems if the harmless materials are
present in sufficient quantity. The incidence rate
for false alarms depends on the bag content. An
average rate of about 30 percent is not unusual.
All alarms must be cleared by determining the
cause of the alarm. This can be done by wiping
the bag with a piece of tissue which is then
inserted into an explosive trace device (ETD)
capable of detecting trace amounts of explosives
with a high degree of specificity based on
molecular characteristics. Or the alarm can be
cleared by opening the bag for visual inspection.
As of January 1, 2003, all checked baggage
must be screened for explosives with explosive
detection systems. Inspection with explosive
trace devices or ETDs is acceptable as an interim
measure until a sufficient number of explosive
detection systems or EDSs have been installed at
all airports. Manual inspection is an alternate
but uneconomical inspection method.

Explosive Specific Inspection
Technologies
While ETDs have been found to be effective
even if only a modest number of explosive
molecules are present, their effectiveness is
hindered by the fact that certain plastic
explosives give off very few molecules in the
form of vapor. A skilled and careful terrorist,
with the right materials, can theoretically
package a bomb and insert it in a bag without

leaving any detectable trace on the outside or
inside of the bag. Another drawback of ETDs is
that they are very slow (a few minutes for the
full procedure) and labor intensive.
Quadrupole Resonance. Some of these
drawbacks have been overcome by newer
techniques that also discriminate on the basis of
molecular features. Quadrupole resonance (QR)
uses the fact that many explosives emit
electromagnetic radiation at frequencies unique
to each explosive type after being subjected to
bursts of microwave radiation at carefully
selected energy levels. In this sense, quadrupole
resonance behaves like magnetic resonance
imaging (MRI), a powerful, widely used medical
diagnostic procedure. Unlike MRI, which
requires powerful magnets surrounding the
item under inspection, QR works with the
earth’s magnetic field making it a relatively
compact and simple to use technology. Not all
explosives have been defined in its current stage
of development but characteristic signatures for
the most powerful ones and those most likely to
be used by terrorists have been determined.
Capture Gamma Rays. Another inspection
technique works at the atomic level by exposing
the bag to a beam of fast neutrons and then
analyzing the characteristic capture gamma rays
emitted by oxygen, carbon, hydrogen and
nitrogen as a result of the exposure. It has been
demonstrated to be an effective, if expensive,
method of detecting explosives with a very low
false alarm rate. Neutrons have the further
advantage of being able to penetrate readily
through thick layers of materials. Systems
utilizing this technique have been shown to
penetrate large cargo containers and trucks and
are thus being considered for cargo inspection.
Coherent Scattering. A third technique
discerning characteristic features of explosives
at the molecular level is coherent scattering.
This promising technique looks for explosive
signatures by analyzing radiation scattered
from bag contents as a result of incident
gamma rays.

Performance Improvements
Given a false alarm rate that is as high as
30 percent for current explosive detection
systems, the effective throughput of these
inspection machines is determined by the rate at
which alarms can be cleared. Bag opening for
manual inspection or even explosive trace device
screening is a slow technique, taking more than
one minute per bag. Thus, in an effort to
improve current systems, faster, automated
means of clearing alarms are given high priority.
Development efforts underway explore
performance benefits to be gained by
combining an explosive detection system with a
system that is explosive specific, for example a
quadrupole resonance based system or one
employing coherent scattering. A combined

system can be termed as a system of systems. All
bags would first move through the explosive
detection system. Alarms would be screened by
a slower secondary system. All nonalarming bags
would be cleared by the explosive detection
system. In this approach, the slower secondary
system would only have to inspect a fraction of
the total number of bags.
Parallel to the development of combined
systems, the TSA is encouraging innovative
approaches using physical principles and
technologies not yet considered for the
detection of explosives such as advances in
nanotechnology.

Screening Carry On Baggage
Only a very limited number of carry on bags are
currently being inspected for explosives. This will
most likely change in the future, as 100 percent
screening is implemented in response to the
realization that suicidal terrorists can bring
explosives on board in carry on baggage.
Explosive detection systems optimized for carry
on bags are under consideration and are clearly
technically possible. The complexity and cost of
an explosive detection systems decreases if
designed for smaller luggage.

Passenger Screening
Passenger screening is still limited to looking for
weapons. Various techniques that check for
explosives hidden under clothing are in
development. Among these is a phone booth
sized device in which air blown over the
passenger is analyzed for trace amounts of
explosives with explosive trace device type
sensors. In another approach, a passenger
pauses briefly in a portal and is momentarily
subjected to a very low flux of X-rays. Sensors
embedded in the portal frame receive radiation
scattered by the person that is then assembled
into an electronic image. This method has been
demonstrated to reveal the presence of even
small objects hidden under clothing. While
technically effective, this technique is not yet
accepted for regular use because of unresolved
privacy issues. The image generated is essentially
that of an undressed person.

Cargo Inspection
Unfortunately, explosive detection systems for
checked bags cannot be scaled up to
accommodate cargo size items. However, there
are approaches that have demonstrated real
promise such as X-ray systems using an X-ray
source with sufficient energy and intensity to
punch through the container and its content.
The system operates in normal transmission
mode. It can only detect quantities considerably
larger than those specified for checked luggage.
Continued p 10.
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Image analysis software also highlights
potential threats. A fast-neutron based system
which, in its most sophisticated form, uses an
accelerator to generate pulses of fast neutrons
which are sent through the cargo container.
Sensors surrounding the container capture the
gamma rays emitted by oxygen, carbon,
hydrogen and nitrogen when neutrons interact
with them. The signals are analyzed for
characteristic signatures indicating the presence
of explosives. Pulsing the neutron beam permits
keeping track of the neutrons and making it
possible to determine the point of origin of the

emitted radiation. This gives the ability to detect
small quantities on the order of those specified
for checked luggage and to pinpoint the
location of the explosives in the container. This
technology is in the prototype demonstration
phase and the cost to implement is
approximately ten times that of an explosive
detection system for checked baggage. TNT
Hans J. Weber is majority owner of TECOP
International, Inc., a technology management
consulting group with emphasis on international
business. He is also owner of Weber Technology
Applications. He currently serves on the FAA’s
Research, Engineering and Development Advisory
Committee (REDAC) as chair of REDAC’s
Subcommittee for Aircraft Safety. He also serves
on the TSA’s Scientific Advisory Panel.
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TNT Crossword
T Ultrasonic Testing Answers

•

Across

36. Lamda

12. Couplant

37. Trace

13. Trace

38. Clock

16. Velocity
17. Probe

18. CRT
21. Gain

1. Calibration

23. Loss

7. Single element probe

22. Weld

3. Frequency

24. Beam

•

9. Sound

23. Lobe

4. Wetting agent

27. Zone

•

10. Dual

25. Echo

5. Specification

28. BEL

•

11. Sonic

26. Quartz

6. Hertz

29. Dim

•

14. Nicad

31. Fusion

8. Resonance

30. Near

15. IIW

32. Glycerine

10. Decibel

16. Volt

35. Receiver

11. Sensitivity

•

4. Wave

•

19. Gamma

20. Range

•

•

Down

2. Amplifier

33. Radio
34. NDT

•

TNT Crossword appears on p 3.
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Cleaning Padded Nylon
Instrument Cases

•
•
•
•
•
•
•
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ew people ever clean padded nylon instrument cases but probably
would if they knew just how easy it is. Brush on any good waterless
hand cleaner, inside and outside the case. If absorbed too quickly,
reapply promptly and let sit in a plastic grocery bag overnight to slow
evaporation. Then hose down the next day with the garden hose with nozzle
attached. Some lanolin will be left on as a residue, which is okay. It will help
further cut dirt on the next cleaning and will also keep the nylon soft. Repeat
if necessary. Sorry, this won’t remove paint!
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PRACTITIONER
PROFILE
Jacob D. Weerts
ake Weerts has been working in NDT for almost four years
now and he’s really enthusiastic about what he does —
pipeline radiography. He says he has lots of active hobbies
— rock climbing, canoeing, spelunking, weight lifting and
cooking among them — but just not enough time to be an expert
at any one of them.

J

Q: How did you first become involved in NDT?
A: I was in the welding and machining program at Kankakee
Community College and the welding instructor started talking
about NDT. I guess it really struck an interest in me. Two weeks later
I was enrolled full time in NDT. All of my initial training was through
Moraine Valley Community College in Palos Hills near Chicago,
Illinois. I completed Moraine’s program and began working part
time for my present employer, McNDT, while finishing college. I’ve
been full time with them for about a year and a half now. McNDT is
a pipeline radiography company and I feel like it’s a pretty good
industry to be in.
Q: What NDT methods do you use most for pipeline inspection?
A: We use gamma radiography and iridium-192 mainly to inspect
new pipeline welds.
Q: Can you describe your work for us?
A: A very large number of the pipelines we work on are for
petroleum and also for natural gas — to and from tank storage
fields, to and from refineries, into and out of natural gas power
generation stations, product delivery lines for, say, jet fuel to
airports. Basically, you name it and we’ve done it or can do it. A
phenomenal number of pipelines crisscross the whole country. The
average person just doesn’t have a grasp of its magnitude.
Something we have specialized in lately is digital or computerized
radiography. Our company has perfected using it to shoot through
fluid filled pipelines. Typically, in the past, if you had a pipeline that
was, say, 20 in. in diameter, or 24 in. or 12 in., that is full of crude oil
or gasoline, you really couldn’t X-ray the line because of the density
of the fluid inside. You couldn’t get the information you needed.
Not without taking an exorbitant amount of time to do it. It was
pretty much impossible. But with digital radiography you can shoot
right through fluid filled pipelines. The source used in digital
radiography is exactly the same as film. Any radioactive source you
would use with film, can be used with digital.

of the time because it takes much less exposure. Most importantly,
you can read or manipulate the density of the image in areas of
interest in real time after you’ve captured the image. You can view
almost any area of interest with just the one shot. The image is
captured on an imaging plate that is treated just like film. The
problem with film is, say you’re shooting a casting that has different
thickness of metals, you would have to shoot with either different
speeds of film to get the right densities or you would have to shoot
each area of different thickness separately. This is very time
consuming and costly. But with digital radiography, you can shoot it
with one shot with one imaging plate and then you can manipulate
the density through the entire range of thicknesses throughout the
piece of material.
Q: What’s been your most unusual
application of NDT?
A: One thing that I’ve done that’s pretty
interesting is locating something called
a pig. These devices run inside the
pipeline on the differential pressures
from the fluid in the pipeline. They have
different purposes; some clean the pipes
— scraper pigs — some inspect.
Occasionally, they get stuck or break or
get lost. We go in and locate the pig by
X-raying areas of the pipeline. It’s kind
of fun finding the needle in the
haystack.
Q: What’s the worst part of NDT
A: I don’t want to sound really spoiled saying this because I don’t
have to do this on a regular basis but I guess that would be working
on a holiday or a weekend in the middle of the night, in a power
station, inside a boiler. It’s not fun.
Q: What’s the best part of NDT?
A: Pipeline work. My work is great. It’s challenging to work as
efficiently as you can work especially if there’s a rush. Being
outdoors, working in an open area is very appealing to me. I like
the fact that you’re traveling on a mainline job and going to see
some new places and new things.

Q: So what makes digital radiography different from film?

Q: What advice would you offer to someone considering a career
in NDT?

A: Say you’re shooting a weld with film, you’re going to get a
certain density range with film and that density has to be
ascertained the first time to get it right. Digital is much more
sensitive than film. You can effectively shoot the weld in a fraction

A: A degree doesn’t hurt. Avoid being complacent, pursue
additional training and maintain your certifications. It’s also
important to maintain a well put together resume. Document your
work history. TNT
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Reveals Even the
Smallest Surface Defects!
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Introducing the Maxima™ ML-3500
— the world’s most powerful UV-A lamp!
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Latest micro discharge light (MDL) technology enables the
Spectroline® Maxima™ ML-3500 UV lamp to deliver a
steady-state UV-A intensity of 50,000 µW/cm 2 at 15 inches!
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Features:
• Instant on/off/restrike switch — No lamp
warm-up required
• Safe — Virtually no emission of hazardous
UV-B light
• Super rugged — Lamp head and handle
constructed of special engineering polymer
• Prefocused bulb — Ensures optimum
performance
• Ergonomic design — Not affected by
excessive shock and vibration, provides
fatigue-free handling
• Mounting accessories — Ideal for custom
assembly

1-800-274-8888
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For more information, call
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Battery-operated and
flood versions also
available.
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