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requirements, reduce exposure time and
minimize the impact on refueling time, it was
necessary to consider alternative inspection
techniques.

Monitoring Pressurized
Water Reactor Lift Rigs
with Acoustic Emission

Acoustic Emission as an Alternative

by Ronnie K. Miller, Michael
L. Turnbow and Joel W. Whitaker

L

ift rigs are used during refueling
outages for pressurized water reactors
(PWR’s). The head lift rig (Fig. 1) used
for lifting the reactor pressure vessel
head is a three-legged, carbon steel structure
weighing about 10.75 tons (9.75 ×103 kg) that is
used to lift 156 tons (141.5 ×103 kg). The internal
lift rig (Fig. 2) is also a three-legged structure
fabricated from both carbon steel and stainless
steel (because portions of it are submerged
during the lifting process). It also weighs about
10.75 tons and is designed to lift the upper
internals that weigh 81.5 tons (73.9 ×103 kg) and
the lower internals that weigh 154 tons
(139.7 ×103 kg).
The connections shown in Figures 1a and 2
are by pin and clevis design. Each structure is
coated with epoxy paint to prevent corrosion
during exposure to water. A load cell and linkage
exists between each lift rig and the crane hook
to monitor the load during the lifting process.

would require that a special weight of 245 tons
(222.3 ×103 kg) be made available. In the case of
the Sequoyah Nuclear Plant (SQN) Units 1 and 2,
the reactor and auxiliary building cranes are not
rated for a load this high. In addition, because
of limited access and long-term radiation
exposure, visual testing and NDE of the major
load carrying welds are not easily performed in
all the required locations.
Prior to the use of AE, methods such as
liquid penetrant (PT) and magnetic particle
testing (MT) were used. Both required
labor-intensive preparation of parts and areas
to be tested. In addition, clevis pin inspection
and weld root area inspection required other
techniques such as ultrasonic testing (UT) to
detect subsurface flaws. To safely meet ANSI
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Acoustic emission technology is used to detect
stress waves (usually in the ultrasonic range)
that are generated by discontinuities or flaws
when loads that are considered nondestructive
are applied. Detection is achieved by surface
mounted, piezoelectric sensors that can detect
stress wave emissions originating from any
location within the loaded structure. The source
of the emission dictates the AE signature that is
recorded. The time of arrival of the same stress
wave at two or more sensors can be used to
triangulate the position of the acoustic emission
source.
In 1984, sponsored by the NRC, Battelle
Northwest Laboratories demonstrated AE
monitoring on selected pressure boundary test
areas during hot functional preservice testing at
the TVA Watts Bar Nuclear plant (WBN) Unit 1.
In 1989, TVA proposed using AE for the
examination of the SQN lift rigs to the NRC. In
March of 1990, AE monitoring was performed
at SQN Unit 1. No active defects were detected.

Focus continued on page 2.
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Lift rigs are used under the US Nuclear
Regulatory Commission (NRC) guidelines
provided in NUREG-0612, Control of Heavy
Loads at Nuclear Power Plants. This document
takes into consideration the possibility of a
radioactive material release should a load be
dropped. NUREG-0612 requires a licensee to be
in compliance with American National
Standards Institute ANSI N14.6-1978. This
standard requires the licensee to perform: a
150 percent load test of lift rigs with visual
testing (VT); or dimensional testing and NDE of
major load carrying welds.
In the case of the Tennessee Valley Authority
(TVA), performing the 150 percent load test

Focus: Monitoring Pressurized Water Reactor Lift Rigs with AE. . . . . . 1
From the Editor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Tech Toon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
FYI: Practical Radiography — Overview of Film . . . . . . . . . . . . . . . . . . 4
Radiography Review Crossword . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Practitioner Profile: James W. Duck . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Inbox . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

A Publication of the American Society for Nondestructive Testing

•

•

•

•

•

•

•

•

•

•

General Procedures

•
•
•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

In October of 1990, AE monitoring was performed
at SQN Unit 2. Once again, no active defects were
detected.
In October 1991, the NRC issued a safety
evaluation to TVA recognizing that the NUREG
guidelines had been satisfied for SQN. In the fall
of 1993, WBN implemented a plan to utilize AE
monitoring of lift rigs. Since that time, several
more lift rigs tests have been performed using AE
monitoring. These include a baseline AE
examination at WBN Unit 1 in July 1994 and again
in February 2005. SQN Unit 1 was examined in the
Spring of 2000 and Unit 2 in the Fall of 2000.

•

The procedure to monitor the lift rigs with AE
observes these twelve steps:
1. Install acoustic emission sensors on head lift rig
at fifteen indicated locations and on internals
lift rig at fifteen indicated locations (Figs. 1
and 2).
2. Calibrate each sensor by performing pencil
lead breaks (PLB’s) next to the sensor.
3. Perform an attenuation study using 0.3 mm,
2H, PLB’s at intervals of 1.0 ft (0.3 m) from a
sensor selected on an upper leg and lower leg
of the lift rig. Record peak amplitude of each
PLB. (Fig. 3 shows typical sensor response.)
4. Lift the reactor pressure vessel head and
monitor and record acoustic emissions.
5. Lift the internals lift rig and monitor and
record acoustic emissions.
6. Conduct a performance verification of sensors
on both head and internals lift rigs (currently
done with a spring-loaded center punch).
7. Conduct a preliminary analysis of AE data in
conjunction with normal refueling activities.
8. Calibrate both sets of AE sensors again on both
lift rigs.
9. Perform the lift of internals and monitor and
record acoustic emissions.
10. Perform the lift of RPV head and monitor and
record acoustic emissions.
11. Repeat performance verification with
spring-loaded center punch (see step 6).
12. Conduct final analysis of AE data. If needed,
make recommendations for NDE followup in
areas specified by AE data.

Sensor Attachment and Calibration
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“Now you need your safety gear.”
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Hollis Humphries, TNT Editor
PO Box 28518, Columbus, Ohio 43228
(800) 222-2768 X206; fax (614) 274-6899
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nother year has been tucked away and we’re off
and running on the next. Here are few of the topics
planned for TNT in 2006; inspection of storage tanks
(overview and LNG), “FYI” articles on radiographic and acoustic
emission testing, NDT in archeology, an article on some of the
more esoteric uses of ground penetrating radar, using rope
access in NDT and, not least, an article on how to start an NDT
company. We hope you find the topics useful and informative.
Investigating your options for recertification? Here’s a point
you might want to consider. You can share your knowledge and
NDT expertise with TNT readers and, in the process, earn
recertification points. The author of an original NDT-related
article for this publication earns three recertification points. A
contribution for the “Working Smarter” feature earns one point.
Contact the editor for information or visit the ASNT Web page at
<www.asnt.org>. Click the “Certification” link and scroll to
“Recertification Credits Through Publication Activities.”
TNT would like to hear your humorous NDT experiences.
They could be potential topics for the TNT “Toon.” Here’s your
opportunity to see your experience or concept professionally
rendered and published in TNT. If accepted, TNT will pay
seventy-five dollars, list you as the source and mention your
employer and Section affiliation as well.
TNT and ASNT Staff wish you, our readers and contributors,
a peaceful and prosperous new year!
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FROM THE EDITOR

Focus continued from page 1.
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Sensor attachment is made using a high
performance polymeric adhesive approved by
TVA. The clevis sites are typically used during this
exercise. Normally an easy task, sensor attachment
is made difficult in areas where radiation exposure
warrants use of protective clothing. Figure 4
shows AE test personnel during the installation of
sensors on the internals lift rig. This difficulty
extends to the calibration procedure when test
personnel must operate a 0.3 mm, 2H mechanical

Instrument Settings
To date, acoustic emission monitoring of the
head and internal lift rigs has been
accomplished with a PC-based multichannel and
parallel processing acoustic emission system
from a single provider. Settings for this
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Figure 3. Attenuation data from pencil lead
breaks.

Data Analysis

4

10

instrument have been as follows:
detection threshold = 40 dBAE
preamp gain = 40 dB
instrument gain = 23 dB
peak definition time = 200 µs
hit definition time = 400 µs
hit lockout time = 200 µs
filter bandwidth = 100 – 300 kHz
Sensors used in conjunction with this system are
designed to operate over the 100-300 kHz
range with peak sensitivity at 150 kHz. Sensors
mounted on the internals lift rig must be
waterproof since they are submerged during
the lower internals lift.

Amplitude (dB)

pencil in order to produce PLB’s next to the
mounted sensor. Five PLB’s are required by an
individual who can be wearing as many as two
pairs of protective gloves.

Reactor
pressure
vessel head

(b)

The lifting process will always generate acoustic
emission as a result of the movement of the lift
rig support legs and the resulting rotating of
the pins in their clevis. If the pins are not
lubricated and/or have oxide layers built up
from nonuse, their rotation will generate AE
due to fretting and the impact of any metal
surface on the oxide layer.
While all of this noise is being generated,
there is the probability that an active defect is
also generating stress waves. Therefore,
detecting defect emissions during fretting and
impact emissions may be next to impossible
while load is being applied.
In contrast, the fretting and impact will stop
(or subside) during load holds while the defect
may try to redistribute the load that it is
experiencing. This load redistribution process
will lead to the generation of stress waves that
are easier to detect and analyze.
As a result, the load is carefully observed
while lifting is taking place. Ideally, the output
of the load cell can be fed into the AE
instrument and recorded along with the AE

Figure 4. AE test personnel in protective
clothing during the installation of sensors on
the internals lift rig.
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Figure 1. Head lift rig: (a) diagram of acoustic
emission sensor placement and (b) photo of
personnel attaching sensors to head lift rig
and load cell.
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Figure 2. Acoustic emission sensor placement
on internals lift rig.

data. Then during the post-test, the AE data
from time periods during which the load was
held can be identified and extracted for further
analysis. If the load cell output is not recorded
on the AE instrument, this function must be
performed manually by creating a test log and
carefully noting when a lift was taking place
and when the load was being held or dropped.
To date, a conservative approach is taken
when analyzing the AE data. After the load
hold periods have been identified and removed
for further analysis, the data is examined to
determine which sensors have experienced the
most AE activity during all of the load hold
periods. These emissions are then examined for
high amplitude and high energy signal features
indicative of a defect. Anything that is suspect is

Focus continued on page 6.
01/2006 · The NDT Technician

·3

FYI
Practical Radiography —
Overview of Film
by Jeffrey J. Arveson, Richard A.
Harrison, and Raymond R. Shepard

T

his article provides an overview of
radiographic film and an
investigation of two different
radiographic applications.
Radiography is the use of X-rays or gamma rays
to expose film. Since the rays utilized possess
great penetrating capabilities, information
about the condition of a part or component
placed between the source and film can be
obtained. The greatest attribute of film
radiography is its flexibility of application.
Radiographic film starts out as a blue-tinted
sheet of thin plastic polyethylene. An adhesive
base is applied to aid in the adhesion of a film
emulsion that is composed of a gelatin binder
and grains of silver bromide. When X-rays,
gamma rays, or visible light interact with the
silver bromide, ionization of the compound
results. When developed, unexposed crystals are
removed and the remaining exposed silver
bromide crystals appear dark. The different
densities obtained on the film determine the
image of the part being viewed. Some basic
characteristics of film follow.
Film Speed. Film speed is determined by the
size of the silver bromide grain clusters used in a
particular film. The larger the grain clusters, the
faster the film reacts to ionization (Fig. 1).
Film Sensitivity. Radiographic film sensitivity
refers to the smallest detail that can be seen on
the radiograph. The smaller or finer the grain
(a)

(c)

(b)

Plastic base

size, the greater the film sensitivity. However,
increased sensitivity requires a corresponding
increase in exposure time. Use of high speed
films results in the loss of sensitivity. Other
factors affecting sensitivity are exposure
geometry (Ug) and the quality (kilovoltage) of
the radiating energy selected. Sensitivity is
usually measured with an image quality
indicator (IQI). A hole in the indicator with a
code specified diameter must be visible to the
film interpreter in order to meet the code
requirements. A wire-type indicator uses a series
of fine wires instead of holes to indicate
sensitivity (Fig. 2a and b).
Radiographic Film Contrast. Based upon the
exposure of individual grains, radiographic film
contrast is the measurement of the difference in
intensities or densities between the lightest and
darkest area of the captured image (Fig. 3a
and b). Film density is measured with a
densitometer. For an application such as
viewing corrosion, a film possessing high
contrast will increase the accuracy of thickness
correlations.

Radiography of Welds
The interpretation of radiographs for
weldments is not only dependent upon
parameters such as exposure geometry and film
speed, but also on factors such as type of base
material, joint configuration, and the welding
process used. If any one of these factors is not
taken into consideration, a false or irrelevant
indication could be confused with a true

discontinuity. Even worse, a true discontinuity
could be disregarded as an irrelevant or false
indication.
Material Characteristics. Certain materials
produce unique or characteristic results when
subjected to the various welding processes.
Knowledge of these characteristics is valuable
for accurate interpretation of radiographic
images. Without knowledge of the material
being examined, a correlation between
characteristic indications induced by the
material and the discontinuities introduced by
the welding process cannot be made.
Joint Configuration. To accurately assess an
indication’s position within the volume of a
weld, the joint configuration must be known.
For example, lack of penetration at the root of
a weld can only occur in the center of a
butt-joint. A specific type of discontinuity might
appear in one place when using a certain
welding sequence and joint preparation, and in
another place when using a different welding
sequence and joint preparation. Non-fusion
between fill passes and base material could be
confused with internal undercut or slag
inclusions, as an example. To facilitate
interpretation, a weld should be subject to
visual examination by quality control inspectors
or the radiographic technician prior to being
radiographed. The inspector should determine
that the surface of the weld and surrounding
base material are free of any anomalies that
may mask or be confused with any subsequent
indications within the image of the weld on the
final radiograph.
Process Discontinuities. Different welding
processes may have discontinuities specific to
the process. For instance, slag inclusions can
only be induced in a weld that uses a flux
shielding. A radiographer could expect slag
inclusions in a weld produced utilizing the
shielded metal arc welding process (SMAW) or
flux-cored arc welding process (FCAW), but
would not expect the same discontinuity in a
gas metal arc welding (GMAW) weld. Tungsten
(a)

Radiation

(a)

Step wedge

12

(b)

Low
density

Film
cassette

High
density

Emulsion

Figure 1. Illustrations of (a) film with large
silver bromide grains that ionize quickly,
(b) film with small grains that ionize slowly
and (c) side view showing applied emulsion.
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Silver bromide grains

ASTM

(b)

Figure 2. Image quality indicators: (a) hole-type
and (b) wire-type.

Film cassette

Figure 3. Transmission of radiation through
(a) step wedge and (b) resulting image with
varying densities.

inclusions can only be present when using the
gas tungsten arc welding (GTAW).
Discontinuities have different densities from
the parent material. Discontinuities such as slag
inclusions or porosity allow more radiation to
pass through because they are less dense than
surrounding metal. The process of recording the
varying degree of absorption of penetrating
radiation through an object is the entire
premise on which the radiographic test method
is based. More ionizing radiation interacting
with the film produces a darker area in the final
radiographic image of the weld. A highly dense
material such as tungsten attenuates a greater
amount of energy than a discontinuity such as a
gas pore. Base material appears as one density
while the pore is darker than base metal. A
tungsten inclusion produces a very distinct,
bright, star-like indication on the radiograph.
Interpretations. Typically, in producing a
radiograph of a weldment, there are minimum
requirements stipulated by governing codes or
specifications. These may include sensitivity
within the image, proper identification of the
weld, location markers, and a specified
maximum and minimum density of the image in
the area of interest. The first step in
interpreting a radiograph is to make an overall
observation of the film to ensure that minimum
requirements are met.
During interpretation, thought must be
given to the origin of the various indications
within the radiographic image. Are the
indications false indications, artifacts, or a true
discontinuity? If a true discontinuity, what type
of discontinuity is it?
Process Discontinuities. Radiographers must
possess a working knowledge of basic welding
processes and the potential discontinuities
associated with each. Knowledge of where
within a weld or particular joint configuration
weld defects can occur improves the ability to
interpret film. Defects resulting from the
welding process can include: (1) lack of fusion,
(2) lack of penetration, (3) porosity, (4) excessive
or lack of fill, (5) slag, (6) transverse or
longitudinal cracking and (7) crater or star
cracking.
The last step in the interpretation process is
to compare the weld discontinuities to a
specified code or standard. A value is assigned
to a particular discontinuity based upon
characteristics such as size, shape, number of
pores and location according to the specified
requirements. To do this, the limits of the
indication’s length and width must be
determined and evaluated in accordance with
the code. If a discontinuity does not meet the
requirements of the code, it is classified as a
defect or reject. It should be noted that a true
depth measurement of a discontinuity can only
be determined by using radiographic parallax
techniques or by employing other
nondestructive test methods.

Radiographic Examination of Aircraft
Radiographic inspection of aircraft structures is
similar to radiography of steel welded
structures, forgings and castings. The basic
physics in each case are the same. Both X-ray
and gamma ray techniques may be used and
both film and digital imaging techniques may be
utilized.
Radiographs produced for aircraft inspection
are usually performed with a directional X-ray
tube head. The use of 360 degree emitter tube
heads (panoramic) can be used for circular
sections such as fuselage structures, engine
nacelles, and combustion chambers. Items
inspected can include many different structure
types including, skins, spars, ribs, cast
components such as landing gear components,
machined components such as wing attachment
fittings, and forgings such as landing gear
torque links.
Reasons for performing inspections on
aircraft vary and may include detection of
corrosion, fatigue cracks, stress corrosion
cracking, erosion, misplaced items or foreign
object debris (FOD).
Special Considerations. For most aircraft
applications, the radiation energy level used is
considerably less than that used for steel
structure inspection. A 160kV tube head has
sufficient penetrating ability for most aircraft
applications. This is due to the relatively thin
structure and the lower atomic number of the
materials used in aircraft construction.
Aluminum, magnesium, titanium and nonmetallic composite materials are frequently used
for most aircraft construction due to their high
strength-to-weight ratio. To achieve the
necessary subject contrast with these materials,
the energy used is often less than 100kV. A low
kV tube also offers the advantage of small
physical size and reduced weight. These are
valuable attributes in the inspection of aircraft
where, in many instances, accessibility to
locations for both tube and film is not ideal or
when placement of a larger tube head in the
correct position to meet the exposure
requirements of alignment and distance is
physically impossible. The weight of large tube
heads makes maneuvering the tube to the
required position difficult and may risk damage
to fragile aircraft structures when placing the
heavy tube head inside.
Film Choice. The choice of film type can vary
considerably. Critical inspections of fatigue or
stress corrosion cracking require a slow speed,
fine-grained film while the detection of FOD can
usually be done with a high speed coarse grain
film. This is based on the high degree of subject
contrast produced by a loose fastener (such as a
rivet) when seen against a lightweight aluminum
skin for example.
Film Packaging. Film packaging is another
important consideration especially if the film

cassette has to be placed in a fuel tank in a wing
cavity. This use requires vacuum sealed film packs
made from a thin vinyl or similar polymer
material to prevent the film from becoming
wetted by the fuel. Most techniques that require
film to be placed within a fuel tank state that the
tank should be drained and purged. However,
even the best cleaning techniques can leave
pockets of fuel in areas where the film is to be
placed.
Film placement. Film placement can also prove
to be tricky due to the presence of wiring looms,
insulation, interior trim, and hydraulic pipes
within the aircraft structure. A solution often
employed for placing film behind wiring looms
without crimping is to attach the film cassette to
a long sheet of thin aluminum with a width
comparable to the film. The aluminum is used to
slide the film cassette behind the wiring looms
into the area of inspection.
When inspecting fuselage frames, complete
coverage of the frame’s circumference is typically
required. The tube head is commonly placed
inside the fuselage and the film is placed on the
outside of the fuselage skin. Each time the tube
head is repositioned, the film is changed. In this
application, when coverage of the entire frame
circumference is required, a panoramic tube
head is valuable. Use of a panoramic tube head
allows the entire circumference to be covered in
one shot. This efficiency results in significant
savings in time and labor, factors that offset the
initial added expense of the equipment. The
tube head is centrally positioned within the
fuselage. A roll of film is wrapped around the
full circumference with a slight overlap. In some
instances, a longer exposure time may be
required because the focal spot to film distance
(FFD) may need to be increased to position the
tube head centrally.

Conclusion
Radiography’s greatest benefit is its flexibility of
application. Knowledge of the principles of film
radiography allows the radiographer to use it to
obtain information on a wide variety of
components and in many applications. The use
of radiography in the examination of welds and
in aircraft structure are but two of an
increasingly wide variety of applications in
today’s industry. TNT
Jeff Arveson is Radiation Safety Officer and
Quality Control Manager for Kakivik Asset
Management LLC and an ASNT certified Level III in
MT, PT, RT, UT, LT and VT. (651) 470-8830, e-mail
<jarveson@kakivik.com>.
Richard A. Harrison is President of T.E.S.T. NDT,
Inc. and ASNT Level III in UT, MT, PT, RT, ET and
VT. He is also a member of the Technicians
Advisory Committee. (714) 255-1500, e-mail
<ndtguru@aol.com>
Ray Shepard is Quality Assurance and Training
Manager for Kakivik Asset Management LLC and
a former professor of welding and NDT at the
University of Alaska, Anchorage. (907) 770-9418,
e-mail <rshepard@kakivik.com>.
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Focus continued from page 3.
reported and follow up nondestructive
evaluation is performed (usually UT) in the area
or areas indicated.
There is one reference available for crack
emissions. In 1991, TVA performed a
demonstration to the NRC. An AE simulator
(Fig. 5) called a cracker using beams and typical
bolted joint configurations was installed on this
structure with a hydrogen charged bolt that
was torqued to cause loading to failure. The
failure process generates AE from cracking that
is coupled back into the test structure in order
to test the ability of the sensors and

From the observation made about fretting and
impact emissions, a clear conclusion is that it is
wise to lubricate the pins before performing
any lifts. This reduces the number of extraneous
emissions and improve the chances of
identifying defects that are active during
loading.
Because acoustic emission monitoring has
now been demonstrated as an acceptable
global inspection technique, the need to
disassemble lift rigs in order to inspect them is
no longer necessary and, when used properly,
AE can identify areas where other NDE
techniques should be performed. It therefore
minimizes the impact of inspection on the
refueling process, both financially and in terms
of radiation exposure. As a result, AE

Cracker

Figure 5. An AE simulator or cracker installed
on clevis generates cracking that is coupled
back into test structure as a means of testing
sensors and instrumentation.
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Ronnie K. Miller is a freelance NDE consultant.
A member of ASNT for many years, he is an
ASNT Fellow. Ron served as technical co-editor
for Vol. 6, of the third edition NDT Handbook
on Acoustic Emission Testing and as technical
editor for Vol. 5 on Acoustic Emission Testing
in the second edition of the same series. Ron
has a Ph.D. in aeronautics and astronautics
from Purdue University. (513) 404-2708,
<Orchidad@cinci.rr.com>.

Results and Conclusions

Attached
sensor

•

monitoring has been shown to have
considerable financial advantage while
providing a sensitive technique to satisfy the
NUREG-0612 guidelines. TNT

instrumentation to detect the stress waves
generated by the cracker.
A similar exercise was performed at SQN
where two such test configurations were
installed on two separate pins on the head lift
rig. The AE signals generated had peak
amplitudes in the range of 35 to 76 dB as
detected by a sensor 6 in, (15 cm) away. The
energy feature that was measured ranged from
30 to 50,000 energy counts.
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NDE specialist for the Inspection Services
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Radiography Review
Crossword
1
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Across
1. Positively charged particle with a mass equal to the electron.
7. Depleted _______ is used as the shielding material in a modern
radiographic exposure device.
8. Most commonly used target material in an X-ray tube.
11. Movement, geometry, and screen contact all affect radiographic
__________.
12. Chemically, the effect of the latent image in film development is
called ________.
13. The image of the required penetrameter and hole on the
radiograph indicates proper ___________.
14. Particle identical to a helium nucleus.
15. The primary form of energy conversion that occurs when
electrons strike a target in an X-ray tube results in the
production of ____.
17. Improper geometric factors, poor contact between film and lead
foil screens, and graininess of film can all result in poor
__________.
19. Radiographic sources are ____________ to prevent loss of the
radioactive material.
20. ____ particles are identical to high-speed electrons with the
exception that they may be either positively or negatively
charged.
21. Curve that depicts the relationship between exposure and
resulting photographic density for a particular film type.
23. Low voltage X-ray tubes are generally fitted with windows made
of this.
24. Half-life in years of a radioisotope if one eighth of a sample of
the radioisotope remains after 24 years.

30

26. When comparing low-voltage radiographs with high-energy
radiographs, the high-energy radiographs show greater ________.
29. Unit of energy in the SI System.
30. Atomic number is equal to the number of _______ in the nucleus.

Down
2. ________ activation produces radioisotopes by capture of a
neutron by the target atoms.
3. Short wavelength electromagnetic radiation produced during the
disintegration of nuclei of radioactive substance.
4. An X–ray film with wide latitude also has low ________.
5. Sheet of lead with an opening cut in the shape of the part to be
radiographed and used to decrease the effect of scattered
radiation.
6. Governs the penetrating ability of an X-ray beam.
9. The liberation of electrons from a substance exposed to
electromagnetic radiation results in the ____________ effect.
10. Metal that forms the image on an x-ray film.
16. Emission of an alpha particle decreases the mass of the nucleus
by four and the atomic number by ___.
18. In an X-ray tube, the filament and focusing cup are essential
parts of the _______.
22. The quantity of radiation that will produce, by means of
ionization, one electrostatic unit of electricity in 0.001293 g of
dry air is one ________.
25. An alpha particle is identical to a ______ nucleus.
27. Loss of excess energy by the nucleus of radioactive atoms.
28. Minimum percentage at which fixer contamination results in
serious developer malfunction.

Questions for “Radiography Review” adapted from Supplement to Recommended Practice No. SNT-TC-1A (Q&A Book) - Radiographic Testing Method. Answer key in April issue.
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PRACTITIONER
PROFILE
James W. Duck

James W. Duck has a gift for understatement. You only learn about
his interesting and varied career in bits and pieces; the early days of
NDT, his experiences in underwater inspection and even his NASCAR
exploits as co-owner of a stock car back in the 70s. He’s 73 now but
don’t make any assumptions based on his age; his work in NDT still
calls him all around the world. Very much a “hands on” person,
you’ll find he’s out there making most of the NDT inspections
himself.

Q: Did most of your training come about on the job?

Q: How did you first become involved in NDT?

Q: What NDT methods do you use most often in your work now?

A: This was more than 45 years ago. I was just a young bronc
about 25, 26 years old and a
welder laying pipeline and
building tanks. They would cut
coupons or three-inch plugs out of
the welds and then cut straps from
the plugs. Of course that was
destructive testing. Then they
would take the strap and bend it
and see if the weld broke. If it
didn’t, your weld was good. The
company asked me if I would be
interested in doing the
inspections. Back in those days, we
didn’t have full-time inspectors. If
you were a welder for a company and they really trusted you and
you knew what you were doing, they would let you inspect the
welds.

A: Dye penetrant and X-ray. I don’t do the X-ray anymore but I
read the film. I let the technician read it and then I’ll read it to
verify his findings. To do X-ray, you need to work at it every day
and I don’t keep it up. I do UT myself. I don’t use as much UT as I
used to because that’s another one of those areas that you need
to do every day to stay good at it. So I may just call in a good
certified UT hand that I know and let him come in and do it;
somebody that I’ve used for years and I’ll just witness what he’s
doing. In some situations, I do it myself but it depends on the size
of the job. I’ve got one hand that comes with me occasionally on
jobs that’s an engineering graduate of Virginia Military Institute.
He got tired of doing what he was doing and went off and got
certified in UT. And there’s another that sometimes works with me
that’s been in NDT about thirty years. I primarily use them on tank
inspections or if we’re going into a plant to do an annual or fiveyear preventive maintenance program. We’ll go in and go through
all of their equipment and check everything for metal thickness,
wear — mechanical integrity.

Q: Was this work related to the petroleum industry?

Q: What other kinds of structures do you test?

A: Well, I was working for the company building a carbon black
plant. Carbon black is nothing but the smoke from oil which,
believe it or not, has a thousand and one uses.

A: Well, this past week, we put up a 270-foot metal pipestack. We
X-rayed every weld on the stack. I looked after the construction of
it, supervised the job, plus I did the inspection on the job. The
company that we were doing the work for contracted everybody
but they asked me to look after taking down the old stack and
putting up the new one. I called out an X-ray crew that did the
X-ray. Now, when we started to take the stack down, I went up in
a basket on a crane and used UT myself to test the integrity of the
lifting lugs up at the top of the stack. That stack had been up over
30 years and you have to make sure the lifting lugs are still in
good shape and that the stack metal they are welded to is in good
shape so that they can stand the load.

Q: What other NDT methods did you use at that time?
A: On the tanks, we would use what we called the diesel test. You
would weld up a seam, then go on the other side and throw diesel
fuel into that section. If you had a leak in the weld, a pinhole or
non-fusion, it would penetrate right on through just like dye
penetrant today. It was a good system and in some foreign
countries I’ve worked in, they are still using the diesel test. We
didn’t have liquid penetrant back then and we didn’t have X-ray.

A: On the job, yes ma’m. Later years, I took ultrasonic training and
X-ray training and attended schools. This was not where you go to
school for six months or a year, it was maybe a one-week class or
even a one-day class. I did it on my own. I was interested in it and
I had seen these inspectors come out and use that kind of stuff
and I wanted to know what they were talking about.

Q: What indications do you typically look for?
Q: Do you mean that those methods didn’t exist?
A: As far as I know, they didn’t. I didn’t see liquid penetrant until
ten or fifteen years after that. And to my knowledge, we didn’t
have X-ray. It was a few years after that when I saw my first X-ray.
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A: Metal thickness and cracks. My work is primarily high-pressure
equipment; boilers, heat exchangers, condensers, evaporators,
high-pressure piping. That’s all to ANSI B 31-3 or 31-1 code. You
are looking at the integrity of the weld or, when you do UT, you

a wet suit and sent me down to about 25 feet. It was in the Gulf
and the water was crystal clear that day. I was a little anxious but
they sent me down to look at a weld and I did a visual exam and
then they let me play around down there for about 30 minutes.
That was my first dive and I enjoyed it. I signed on and worked for
that company for about four and a half years. But I finally got
tired of living out in that Gulf. Offshore you’re stuck on a little old
platform for 30, 40, or 60 days until you finish the job.

go in a lot of the time to do thickness measurements to check
wear or the corrosion rate of the materials to see what kind of
condition it’s in. I also do a lot of source inspection and by that I
mean inspecting equipment as it’s being fabricated in a shop; a
boiler, heat exchanger or some type of shop fabricated equipment.
Q: Is most of your work in Louisiana?
A: Well, I work out of New Iberia, Louisiana but I go all over the
world. In the past year, I’ve been to Brazil three times, twice to
France, once to Malaysia. I’ve worked in Mexico, Venezuela,
Canada, China, Malaysia, Taiwan. I do a little of everything. I
haven’t worked a pipeline in three or four years but I do pipeline
inspections, tank inspections. About three months ago, I spent
about a month inspecting the cables, the roller bearings — shields
of elevators in a chemical plant.

Q: What’s the worst part of the work you do in NDT?
A: The travel, the overseas travel. In a regular work year, ninety
percent of my time is spent traveling. At one time I didn’t mind it
but I’m 73 years old now. I don’t enjoy sitting on an airplane for a
14 or 15-hour flight but I still do it because, after I get there, I
enjoy what I’m doing so much — meeting and working with
people from other countries.

Q: You seem to know a lot about mechanics.
Q: What’s the best part of NDT?
A: Well, yes, I’ve also done a lot of millwright work in my life.
A: Getting a good job or having a successful job. Sometimes you
run into a lot of trouble if you’re working people that you don’t
know and you’ve got hands that you don’t know. If they don’t make
good welds and, when you X-ray, you start finding bad welds,
you’ve got to do some cutouts. If it doesn’t meet the code, they’ve
got to cut it out. They’re not happy to hear it and I call that a bad
job. The best part is when you can complete a job and look back
and see you’ve got two or three percent repairs in the welding.
That’s a good ratio. TNT

Q: What’s been your most unusual application of NDT?
A: I did commercial diving in the Gulf of Mexico, the Mississippi
River, the Atchafalaya and other waterways. A friend of mine was
doing it and said they were looking for some good hands. It
sounded interesting so I decided to see if they would let me go.
Sure enough, they called and sent me out. I was a helper for about
an hour and then they put a hat on me — a diving helmet — and
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Q. Where did the number 45,000 in the
MT coil formula for ampere-turns
come from? J.T., Seattle, Washington
ampere turns =

45, 000
L
D

A.
The constant, 45,000, was
determined experimentally in the
late 1940s, early 50s. It is based on
the formula,
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nI =

kB
⎛ L⎞
6⎜ ⎟ −5
⎝ D⎠

where n = the number of turns in the
coil, I = the intensity of
magnetization, k is a constant,
B = flux density, L = part length and
D = part diameter. The term nI is
what we now call ampere-turns. By
experimentation, researchers came
up with 45,000 as the number to
replace kB that would detect most
defects and had sufficient accuracy
for most applications. The resulting
formula was one that could be used
by technicians based on the physical
properties of the equipment and the
part being tested. This evolution is
documented in the paper, "Theory
and Application of Coil
Magnetization", presented by
Mr. Glenn McClurg of Magnaflux
Corporation at the Fall, 1954 SNT
Conference. The paper was printed
in the January/February issue of the
SNT Journal.
Q. I sometimes perform inspections in
poorly lit places where I need to
hold a light as well as the testing
equipment. What’s a good way to
do this without having to set
something down or use a second
person?
A. The easiest solution is to use a
hardhat-mounted light. Several types
are available ranging from
professional Mine Safety and Health
Administration (MSHA) lights with
explosion-proof ratings to less
expensive types such as those used in
hunting. MSHA-rated headlights:
• are rechargeable, but have
relatively heavy batteries
• are more expensive,
• require a serious recharger, and
• clip to a mounting bracket on a
miner's hardhat designed for that
type of light.
Sports-type lights found in gun
shops or sporting goods stores:

• are less expensive (20-30 dollars),
• use 2-4 standard D cell batteries
(rechargeable or disposable),
• typically use an elastic mounting
strap to fit most hardhats, and
• are reasonably durable.
Both types focus from spot to flood
by turning the rim of the outer light
cover. Sports type lights have a small,
belt-mounted high-impact plastic
battery pack. A set of batteries
typically lasts 8-12 hours in
continuous use with a standard bulb.
Krypton bulbs give brighter light
and are recommended but cut
battery life by an hour or so. If your
tests require a minimum amount of
light at the work surface, make sure
your light meets those
requirements.TNT

Editor’s Note: Copyright for the article
“The Importance of properly Written
Inspection Reports” by Kenneth S.
Harris printed in the October issue of
TNT (Vol. 4/No. 4) is owned by The
American Welding Society (AWS) and
was reprinted with permission.

The Perfect Job
The Perfect
Company
Join the X-R-I Testing
family and enjoy a successful
career in NDT! If you are
qualified to be certified to
Level II or III in the MT, PT, RT,
and UT disciplines, then our
staff would like to speak to
you.
We are a growing, full service
commercial testing lab that
services the aerospace,
automotive and medical
device industries. We have
locations in MI, OH, PA, SC,
VA, OR, & AL.
Contact the HR Administrator:
hr@xrayindustries.com
Fax: (248) 362-4422
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