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anufacturers of radiographic sources
provide a broad range of gamma
radiography equipment in addition
to sources themselves. Included are
exposure devices, control assemblies, collimators
and other associated equipment. However, the
item that has the most influence on the quality of
a radiograph is the source itself. It is truly the
heart of the matter. This article discusses the
design, fabrication and disposal of industrial
gamma radiography sources. The focus is on
iridium-192 sources as used in crank-out
radiography systems but the information is basic
and applies to all types of sources used in all types
of radiography systems.

SOURCE DESIGN
Iridium-192 is a man-made radioactive isotope
that starts as nonradioactive solid metal pellets
or disks. The pellets are irradiated or activated by
neutron bombardment. The irradiation process
typically takes about six weeks and is done in
only a few reactors around the world. The pellets
are small, approximately 0.1 in. (2.54 mm) in
diameter and 0.01 in. (0.25 mm) thick (Fig. 1).

The activity of an isotope is its degree of
radioactivity. Its half-life is the time it takes to
lose fifty percent of its activity by decay. The
half-life of iridium-192 is relatively short —
seventy-four days. It’s challenging for
manufacturers to keep an adequate supply of
high activity iridium-192 on hand all the time
and shipments of new iridium-192 are received
every few weeks.
All radiography sources are sealed capsules.
Most are double encapsulated in cylindrically
shaped stainless steel capsules. The iridium-192
pellets are installed inside the inner capsule and
welded shut. That capsule is placed in a larger
capsule which is also welded shut either at the
end or around the side of the capsule (Fig. 2).
Source Assemblies and Radiographic Systems.
Before explaining the role that sources play in the

Figure 2. Double encapsulated radiography
sources (a) diagram and (b) photo of sealed
and unsealed source capsules.
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quality of radiographs, it is helpful to provide an
overview of the radiographic process first. Most
radiography is performed using crank-out
radiography systems. For this type of system the
source capsule is attached to a source assembly or
Focus continued on page 2.
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pigtail that typically consists of a source capsule,
cable, connector, and locking ball (Fig. 3).
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A typical crank-out radiography system consists of
a shielded exposure device (camera), a long control
assembly (crank), a hollow source guide tube and,
of course, the source. The radiographer positions
the end of the guide tube in front of the item to
be inspected and, from a safe distance, uses the
control assembly to manually crank the source out
of the camera to the end of the guide tube to
expose the radiation (Fig. 4).

Crank
Camera

Source
guide
tube
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Figure 3. Source assembly or pigtail.

Figure 4. Exposure device with crankout and
guide tube.
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“Could you use a little more
real estate for those feet, McGonnagle?”
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Hollis Humphries, TNT Editor
PO Box 28518, Columbus, Ohio 43228
(800) 222-2768 X206; fax (614) 274-6899
<hhumphries@asnt.org>
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ASNT’s hurricane response page will have frequent updates
and added services to come. The TNT “Technician’s Corner” is
also a excellent resource for many valuable links to points on
the ASNT Web site and across the internet as well
<http://www.asnt.org/publications/tnt/techcorner.htm>.
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· An NDT job-wanted service open to members and
nonmembers. Ads are posted online within two business
days and published in the next issue of Materials
Evaluation.
· Links to new Gulf Coast forums in the ASNT bulletin board
and listserve.
· An online address change form.
· Information for postal delivery of Materials Evaluation
and this newsletter as well as links for downloads of each
in electronic format.
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t is coincidental that the author of this month’s Focus
article, “The Heart of the Matter,” was among the
many affected by Hurricane Katrina — a coincidence
that makes apparent how connected our NDT community is
and how the impact of this storm reaches us all — perhaps,
for years to come. The Gulf South continues to assess the
far-reaching effects of this destructive storm and as it
begins to implement the plans for recovery, it is important
that resources to aid that recovery be readily accessible. To
that end, ASNT has created a hurricane response page to
assist the NDT community living in the US Gulf Coast region.
These are some of the services available at
<http://www.asnt.org/latestnews/gulfcoast05a.htm>.
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Focus continued from page 1.

The Radiographic Process. The radiographic
process consists of placing radiographic film behind
the item to be inspected (a welded steel joint, for
example) and positioning a radioactive source in
front of the item. Gamma radiation passes through
the item and exposes the film. Any internal cracks
or voids in the item will allow more radiation to
pass through to the film. When the film is
developed, dark areas indicate a potential internal
flaw in the item. Simple enough.
Focal Size. However, it is not simple to know
exactly how far away from the item to position the
source and how long to leave it exposed. This is all
part of the art and science of radiography. With
the help of training, experience, and calculators,
the radiographer determines the parameters for
each radiograph. One of the critical variables that
must be included in every calculation is the focal
size. This is the largest physical dimension of the
stack of iridium-192 pellets inside the source
capsule. Focal size is a variable that affects the
geometric unsharpness of the radiograph. Simply
stated, the smaller the focal size the better or
sharper the image.
To illustrate this point look at the two diagrams
in Fig. 5. The larger focal size source on the left
produces a larger and more diffused image of the
defect on the film than the smaller focal size
source. In order for the larger focal size source to
produce a sharper image it would have to be
moved farther away from the defect.

(a)

(b)
Source with
large focal size

Source with
small focal size

SOURCE FABRICATION

Steel
plate

Voids
Film

Diffused
image

results were the same. It required disposal of the
source and cleaning up anything that became
contaminated. The decontamination efforts were
extensive and very expensive in some cases.
Today, leakers are rare.

Sharp
image

Figure 5. Focal size of radioactive source
affects geometric unsharpness of radiograph
(a) large focal size creates diffuse image and
(b) smaller focal size results in an image with
increased definition.
The design of a radiography source is based
on two general needs. It must function properly
when subjected to the conditions of use and it
should provide the smallest possible focal size.
Part 34 of Title 10 of the Code of Federal
Regulations requires that the source capsule
must be designed and tested to meet the
applicable requirements of ANSI N542, Sealed
Radioactive Sources, Classification. The objective
is to make sure that none of the radioactive
content leaks out. The capsule must be designed
to withstand various impact, bending, pressure
and thermal tests to ensure that it will maintain
its structural integrity during reasonably
expected and even unusual conditions of use.
All new radiography source designs must be
submitted to the Nuclear Regulatory Commission
or an Agreement State for approval. The
application provides the government with a
description of the design, the ANSI standard
classification the capsule was designed to meet,
and a description of the performance test results.
Transporting Sources. For transportation
purposes the sealed sources are classified as
special form radioactive material. Before a new
source model can be shipped, the US
Department of Transportation must approve the
design and issue an International Atomic Energy
Agency (IAEA) Certificate of Competent
Authority for Special Form Radioactive Materials.
In the United States all radiographic sources
are double encapsulated as a redundant means
to maintain capsule integrity. Cobalt-60 sources
must be double encapsulated to meet regulatory
requirements and iridium-192 sources are
voluntarily double encapsulated because
manufacturers have determined that this is the
best way to prevent leaks. Prior to 1990, it was
not uncommon to hear about iridium-192
leakers. In most cases they were not true leaks
but rather surface contamination that rubbed off
the welded joint of the capsules during use. The

When a source order is received from the
company providing the isotope, the
manufacturer determines the exact number of
radioactive pellets to put in the source capsule
based on the activity or radioactive strength of
the material on that day. Iridium-192 decays at a
rate of approximately one percent per day.
Therefore, the older the material, the more
pellets required to build the source. As explained
earlier, this has a detrimental effect on the focal
size. To maintain a small focal size, it is
sometimes necessary to order lower activity
sources (in the form of fewer iridium-192
pellets). As an alternative, it is possible to
maintain small focal size by positioning the
source farther away from the item being
inspected. However, one must then endure
longer exposure times.
Because of the one percent per day rate of
decay of iridium-192, and the fact that customers
order various activities, it is uncommon for
manufacturers to fabricate sources in advance
just to have them sitting on the shelf ready to
go. In fact, some manufacturers customize the
inner capsule to accommodate the exact number
of iridium-192 pellets required on a per order
basis. That way there is absolutely no free space
for pellets to move around in the capsule.
After the inner capsule is welded inside the
outer capsule of the source assembly, it is wipe
tested for removable radioactive contamination.
Radioactive activity is also carefully measured.
The activity, expressed in curies and becquerels,
represents the amount of radiation emitted from
the source, not the amount of radioactive
material put into the capsule. It actually takes
about 150 curies of iridium-192 to get 100 curies
of output. Where does the rest go? It is
attenuated by the self absorption of the
iridium-192 pellets themselves which are very
dense.

being shipped back to the manufacturer, it is
because a source, though no longer useful to the
radiographer, is still a complete source. In theory,
it could still be used. Therefore, for regulatory
purposes, it is not considered to be radioactive
waste until the capsule is cut off and sent to an
authorized burial site for ultimate disposal.
When a source is returned to the
manufacturer for disposal, its beneficial life is
not quite over. It still has one important
contribution to make. It is used to inspect the
remaining source assembly connector, locking
ball and cable for signs of wear or damage as
part of the manufacturer’s design quality
program. TNT
R.D. “Donny” Dicharry is President and RSO of
Source Production & Equipment Co., Inc. (SPEC),
manufacturer of industrial gamma radiography
equipment in St. Rose, Louisiana. Donny has been
an active member of ASNT for more than twenty
years serving on the Board of Directors, as
Chairman of the Section Operations Council and as
Chairman of ASNT’s New Orleans Section. In
addition, he has represented ASNT on the
Conference of Radiation Control Program Directors’
G-34 Committee on Industrial Radiography. He is
also a past President of the Nondestructive Testing
Management Association (NDTMA).
Source Production & Equipment Co., Inc.,
113 Teal Street, St Rose, LA 70087; (504) 464-9471,
e-mail <rddich@bellsouth.net>,
<http://www.spec150.com>.
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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

SOURCE DISPOSAL
Finally the source is loaded into an exposure
device or source changer to ship to the customer.
As the source decays, the focal size remains the
same as the day it was made. Eventually the
activity becomes too low and the exposure time
too long for the source to be economically
productive. For a typical 120 curie iridium-192
source this takes approximately six months. At
that point it must be returned to an authorized
licensee, usually the manufacturer, for disposal.
If you’ve ever wondered why decayed sources
are not considered to be radioactive waste when

services the aerospace, automotive
and medical device industries. We
have locations in MI, OH, SC, VA,
OR, & AL.
Contact the HR Administrator:
deborahh@xrayindustries.com
Fax: (248) 362-4422
EOE
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FYI
Practical Radiography
— Radiation Safety
by Raymond R. Shepard and
Jeffrey J. Arveson

Y

our biggest responsibility as an industrial
radiographer is to learn the best ways to
protect yourself and others while
performing your job. Learning and following
proper radiation safety practices and procedures
when working with radioactive materials is the
only way to prevent harmful exposure. Your
equipment and the company operating and
emergency (O&E) procedures established by your
radiation safety officer (RSO) have been designed
with built-in redundancies for safety. Following
procedures and using testing equipment and
personnel protective equipment (PPE) carefully will
make your career as a radiographer safe and
productive. Radiation safety may seem simple, but
accidents involving overexposure from gamma
sources and X-ray producing devices occur at a rate
that shows much room for improvement.

Radiation Safety Incidents
Keeping the operating and emergency procedures
of your company in mind, read through the
following radiation safety incidents and note the
actions that lead up to them. These radiation
safety incidents, obtained from the Texas
Department of Health - Bureau of Radiation
Control, Division of Compliance and Inspection,
were actual occurrences in the US.
Incident 1. A licensee notified the Nuclear
Regulatory Commission (NRC) that a radiographer
received a one-time 6500 millirem exposure while
on the job. The radiography was being done by a
three-member crew, with the camera being
operated by the trainer and trainee as the
radiographer changed the film on a nearby
scaffold. At the conclusion of the shot, the trainer
left to talk to facility employees while the trainee
cranked the source back into the shielded position.
The trainee then gave the radiographer the “all
clear” to change film. The radiographer changed
the film, left the scaffolding and then became
aware that his rate alarm was sounding. The tests
were being conducted in a noisy area and the
radiographer had been wearing earplugs. As a
result, he had not heard the rate alarm while on
the scaffolding. The radiographer went to the
crank, noted his survey meter and pocket
dosimeter were off scale and then cranked the
control cable an additional turn to return the
source to the shielded position. Neither the
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radiographer nor the trainee had performed a
survey of the camera after concluding the previous
shot. The source had been approximately 10 inches
outside the camera. The trainer immediately shut
down the job and sent the crew’s film badges in
for processing.
Not following established procedures is the
number one cause of radiation safety incidents.
Every radiographic crew should have at least two
calibrated and operable survey meters, and every
member of the crew must have a rate alarm, a
dosimeter and a film badge, with an
understanding of how each works. The following
summarizes some of the tasks that were not
performed according to NRC regulations and
standard operating procedures.
· Radiographer did not maintain direct control of
camera at all times.
· Radiographer did not have headphones plugged
into rate alarm.
· Proper survey of the camera was not conducted
immediately after the shot.
· Inexperienced trainee was not directly supervised
by a licensed radiographer.
· Trainee did not have a rate alarm.
Incident 2. A pedestrian found a package labeled
radioactive in the middle of an intersection and
reported it to the local sheriff’s office. The sheriff’s
department and the fire department responded,
blocked the intersection and contacted the
national emergency response organization. The
agency investigator performed a radiographic
survey and determined that the package
contained an iridium-192 camera. The camera,
though undamaged and with the source still fully
shielded, had been lost when a radiography crew
on the way to a jobsite stopped briefly for coffee.
Temporarily placing the camera on the truck’s
bumper, they failed to recover it upon returning to
the vehicle. The camera was removed from the
intersection and traffic was allowed to resume.
The licensee and the radiographers were cited for
loss of control of the camera, failure to secure the
device for transport and failure to have shipping
papers and emergency information in the
radiography truck. Here are some of the safety
items that led up to this incident.
· Proper checkout procedures were not followed.
· Camera was not properly secured in the
transporting vehicle.
· Vehicle surveys were not performed.

· Operating and emergency procedures weren’t
present in the vehicle.
· Daily radiation job sheet and exclusive use form
were not filled out or followed.
· Shipping container labeling was not current.
· Drivers’ compartment was not surveyed.
Surveys are done with a radiation detection survey
meter. Had established procedures been followed,
a survey meter would have been used to survey
the camera before placing it in the truck, the
shipping container within the truck would have
been locked and surveyed, the back of the truck
locked and the truck surveyed also. Note that a
shipping container should read between
0–200 millirem per hour at the surface, the outside
of the truck should read less than 2 millirem per
hour and the driver’s compartment should read
less than 1 millirem per hour. All of these surveys
should have been recorded on the daily radiation
job sheet. It’s always safest to leave at least one
radiographer in the vehicle when stopped for
short errands. If no one stays with the vehicle, the
cab of the truck must be locked.
A source utilization log must be filled out
whenever a radiographer assumes control of a
camera. A copy of the NRC Radiological Materials
License and an Exclusive Vehicle Use form must be
within reach of the driver’s seat of the
transporting vehicle and a three-ring binder
consisting of the company operational and
emergency procedures as well as emergency
contact numbers should be permanently secured
behind the driver’s seat. In the event of an
emergency, the trainee can act as a copilot for the
radiographer in charge. With emergency
procedures in hand, a radiographer can read aloud
each item of the emergency procedure checklist as
an assistant or trainee performs the checks. In this
way, all safety issues are addressed, required
notifications are performed, and procedures are
followed, ensuring compliance with company and
NRC regulations.
It’s easy to become complacent. Attention to
detail can fade when a source has been cranked
thousands of times without an incident,
boundaries have been secured effortlessly, and
camera checkouts have been performed flawlessly
for years. Complacency is remedied by adhering to
established procedures with good, predictable,
and repeatable work habits. Following established
procedures leads to continued job safety. Not
following them leads to severe consequences.

ALARA
Being aware of your environment and concerned
about proper shielding is an important part of
your job. ALARA (as low as reasonably achievable)
is something all radiographers learn in their first
radiation safety class.
Reducing Exposure. The three primary means of
reducing or eliminating radiation exposure on the
job are: (1) reduce unavoidable radiation exposure
to the shortest time, (2) use any available shielding

as additional safeguards and (3) maintain
maximum distances while still keeping direct visual
contact of radiation areas (in low exposure zones).
Inverse Square Law. Distance and/or intensity
can be easily calculated using the inverse square
law. This states that, when output from an X-ray
or gamma ray source is constant, the radiation
intensity reaching the specimen (or object) is
governed by the distance between the source and
the specimen, varying inversely with the square of
the distance (Fig. 1). In other words, when the
distance from the X-ray or gamma ray source is
doubled, the amount of exposure is one quarter
of that at the initial distance. The inverse square
law is expressed algebraically as:
I1
I2

=

D22
D12

responsibility of cranking the source with those
who have lower exposure doses. Also, because
radiation exposure is consistently monitored for
each radiographer as it is plotted, each individual
is made aware of his personal exposure on a
monthly basis. Here are suggestions for tracking
radiographic exposure.
· Ensure that each radiographer receives film
badge results on a monthly basis.
· Track radiographer’s exposure with charts.
· Ensure that radiation exposure record keeping is
accurate and up-to-date.
· Assign radiographers to other NDT disciplines
such as MT, PT and UT.
· Set exposure thresholds lower than the 5000
maximum millirem required by the NRC as
shown in the example below.
3000

where I1 and I2 are the radiation intensities (R/hr)
at distances D1 and D2 respectively.
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Figure 2. Example of an ALARA exposure
graph used to track the monthly radiation
exposure for five radiographers.
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Annual Refresher Class
Legend
A = radiation source
B = focal point
C = film plane
D = source-to-film distance
I = radiation intensity

Figure 1. Illustration demonstrating inverse
square law.
Tips for Reducing Exposure. The following are
ALARA tips to reduce radiation exposure.
· Use a collimator whenever possible.
· Increase your distance from the source.
· Use additional shielding such as bags of lead
shot or sheet lead.
· Use objects as shielding.
· Use the object being radiographed as shielding.
· Always use a survey meter, rate alarm, dosimeter,
and film badge.
· Use as fast a film as possible.
· Switch job duties with qualified individuals.
Tracking Radiation Exposure. A simple and
effective means of eliminating the potential for
overexposure can be achieved by plotting monthly
film badge results for each radiographer in a
graph or exposure chart. A straight line
representing the threshold limit starts at 0 and is
raised to 5000 millirem over a twelve-month
period. As each radiographer’s monthly exposure
is plotted, it is possible to see which radiographers
have received higher radiation doses than others.
Those individuals with higher doses can swap the

areas of registration of radiation-producing
machines and the use and inspection of these
machines as well as the licensing of radioactive
materials and their use and inspection.
Non-Agreement States. Those states that choose
federal jurisdiction under the US Nuclear
Regulatory Commission (NRC or non-Agreement
States) adhere to the safety requirements for
industrial radiography stipulated in the Code of
Federal Regulations (CFR), Title 10, Parts 20 and 34.
The two documents are similar, but the SSRCR
covers both X-ray and gamma radiation whereas
the CFR only addresses gamma sources. Both
documents also contain regulations for the location
of safety boundaries and personnel protective
equipment. A listing of the Agreement or
non-Agreement status of each state can be found
on the NRC Web site. Your company operations and
emergency manual should address the applicable
document for your state. By law, anyone
performing industrial radiography is required to
have a copy of the appropriate CFR Parts (or the
SSRCR Part E, if applicable) as well as a copy of the
company operations and emergency manual with
them as they work.

Those holders of a byproduct materials license
who perform industrial radiography are required
by the NRC to develop and administer an annual
eight-hour radiation safety refresher class. Key
elements to be covered are:
· changes to company operating procedures,
· changes to the NRC Code of Federal Regulations,
· unusual events that occurred during the year
including accidents or errors observed,
· results of internal inspections or NRC audits,
· use of radiation measurement devices and
· emergency procedures.
An annual review also provides an opportunity for
employees to ask safety questions and, equally
important, simply acts as a reminder of the
importance of radiation safety.

Agreement and NRC States
Agreement States. Safety requirements for
industrial radiography are determined on a stateby-state basis. This is because some states, called
Agreement States, have chosen to retain state
jurisdiction instead of relying on federal controls.
In Agreement States, the governing document is
usually the Suggested State Regulations for
Control of Radiation (SSRCR), Part E, Industrial
Radiography published by the Conference of
Radiation Control Program Directors, Inc (CRCPD).
This nonprofit organization develops suggested
state regulations for the control of radiation in the

Radiation Safety Certification
Both NRC and Agreement States now require
radiographers to hold radiation safety certification
issued by an Agreement State or an independent
certification organization. Ten Agreement States
offer nationally recognized radiation safety
certification programs, as does ASNT, which is
currently the only independent certifying
organization. The ASNT Industrial Radiography
Radiation Safety Personnel (IRRSP) certification
program has been recognized by both the NRC
and the CRCPD as complying with the
requirements of 10CFR34 Appendix A and SSRCR,
Part E, Appendix A, respectively. These programs
require that all applicants document a minimum
number of hours of radiation safety training, a
certain amount of on-the-job experience and must
pass a written examination based on the training
topics in 10CFR34 or the SSRCR, Part E.

Conclusion
Used properly, the built-in redundancies of tools,
personnel protective equipment and company
procedures can reduce the potential for
overexposure. However, safety is always up to you.
When performing tasks, the careful radiographer
considers the consequences of every action. TNT
Ray Shepard is the Quality Assurance and Training
Manager for Kakivik Asset Management LLC, an NDT
and corrosion engineering services company in
Anchorage, AK, and a former professor of welding
and NDT at the University of Alaska, Anchorage.
(907) 770-9418, e-mail <rshepard@kakivik.com>.
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>.
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Feature
The Importance of
Properly Written
Inspection Reports
by Kenneth S. Harris

H

ow often have you encountered a
project or purchasing manager,
engineer or client who thinks minimal
or no inspections are necessary during new
construction of petroleum exploration, refining, or
chemical processing equipment? Then, due to poor
workmanship or project specification violations
discovered well into the manufacturing process,
the inspection department is called upon at the
last minute to provide inspections with little or no
technical specifications or to provide costly aroundthe-clock monitoring. In many of these instances,
the cost of last-minute inspections far exceeds that
of a well thought out inspection plan implemented
at project startup. If this has happened to you, you
may have wondered, “Why do project and
purchasing managers, engineers, and clients avoid
involving inspectors in a project until the last
minute?”. Perhaps it is because the value of the
NDT is perceived as unnecessary or too costly
because the impression of inspectors, in general, is
negative. Inspection personnel at all levels can
influence the timing and level of their involvement
in projects by changing that perception. In addition
to the professional performance of inspection
duties, this can be achieved by well-written
inspection reports.

Break Out of the Rut
Too often, details of an inspection are poorly
conveyed in the written report. As a result, the
value of a good inspection program may go
unrecognized. Poorly written reports cause the
reader to think that the inspection program, and
the inspector's abilities, are below expectations.
Adding to the difficulty, the report reader often
assumes that the equipment manufacturer has
provided better workmanship than is actually true.
Inspection supervisors or managers often
facilitate poor report-writing skills by providing
little or no report-writing training or constructive
feedback. This contributes to the report writer’s
impression that “No one reads the inspection
report anyway.” Think about it. How motivated
would you be if you felt your reports just end up in
an archived project file only to be resurrected in
the event of operational problems or failures.
Unfortunately, in that event, poorly written reports
can be scrutinized in great detail to determine
what went wrong and the end result can be a
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perception that the entire inspection effort was
unsatisfactory.

Documenting Specifics
Good inspectors routinely find and help avoid
costly mistakes made by equipment manufacturers.
They make suggestions that enhance the quality of
the work and identify many small — and some not
so small — mistakes that could have significant cost
and/or quality implications if undetected. However,
it often occurs that little of what was seen or done
by the inspector in this regard will actually make its
way into the report. The inspector’s write-up may
unintentionally camouflage what was seen or
done with a blanket statement such as, “The item
was inspected and found to be acceptable” when,
in fact, a number of corrective measures may have
been implemented before final acceptance
because of the inspector’s efforts. The true
measure of value can only be identified when all of
an inspector’s efforts have been clearly
documented in an inspection report.

Target Your Audience
The inspector must strive to assist the reader by
writing his report as clearly and concisely as
possible. Inspection reports are, of necessity,
technical and usually contain wording that is
foreign to the nontechnical reader. Inspection
reports are also typically directed toward
inspection managers and supervisors who fully
understand technical inspection jargon. In
addition, inspection personnel routinely use short,
choppy sentences, incorrect abbreviations, and
terms only veteran inspection people understand.
However, in reality, the inspector's most important
audience is composed of the clients, project
managers, project engineers, and others whose
second language is not technical inspection jargon.
These individuals look to the inspector to be the
expert in inspection and they expect technically
correct reports that convey the quality and status
of manufacturing and the inspection process in
language they can understand.

Effective Nonconformance Reporting
Comment should be made about another form of
report known as the nonconformance report.

Nonconformance reports are rarely written by
inspectors and manufacturers because of the
impression that such reports cast blame or harsh
criticism. In fact, a nonconformance report is
merely a good quality assurance tool designed to
document, segregate, and assist in the disposition
of a nonconforming product.
Every inspector will encounter a
nonconforming product at some point, and those
inspectors and manufacturers who correctly use
the nonconformance report as it is intended should
be commended. The stigma that nonconformance
reports imply intentional negligence needs to be
erased. It is encouraging when one hears that a
manufacturer or inspector has issued a
nonconformance report and has thus advised all
concerned. It shows, first and foremost, that the
quality control system is working and problems are
being identified at the point of manufacture and
not after the equipment has been delivered.

Steps for Improvement
The following are ways in which inspection
managers and supervisors can influence positive
change to improve one of our most important
deliverables — the inspection report:
· Establish written reporting guidelines that meet
the needs of the project and intended audience.
· Encourage feedback and comments from the
project and purchasing managers, engineers,
and clients who read the reports.
· Read all inspection reports carefully and never
distribute one that is unsatisfactory.
· Provide regular feedback and training to
inspectors on reporting. This could include an
evaluation of reports based upon compliance
with project or company reporting requirements,
correct usage of technical terms and references,
proper spelling and punctuation, general
appearance, organization of the report, and
whether or not it is easy to read.
Efforts to improve inspection reporting, and
thereby the perceived value of NDT in general, can
equally be served by the inspector.
· Strive for improvement. Experience shows that
most inspectors welcome comments, training,
the opportunity to improve, and the knowledge
that comes with knowing someone is actually
reading what they write.
· Learn what is expected and realize the
importance of the report. In most cases, an
inspection report provides a critical first
impression of the inspector, his or her abilities,
and the company represented. The report could
also be the last impression.
· Don't be offended by suggestions for
improvement. In most cases, those offering
advice wouldn't be doing so if they didn't think
of you as a valuable inspector.
· Remember who your most important audience
is. Spell things out clearly and avoid the use of
Reports continued on page 10.

PRACTITIONER
PROFILE
Mohammed Abu Four
Mohammed Abu Four works for Saudi Aramco, the world’s largest
oil company. Owned by the Saudi Arabian government, Saudi
Aramco is a global enterprise employing 54000 people engaged
in the exploration, production, refining, distribution, shipping and
marketing of petroleum. Its many facilities include such diverse
structures as wells, plants and refineries, storage tanks and marine
terminals — all connected by enough pipeline (if laid end-to-end)
to stretch across the Arabian peninsula twelve times over. The role
that NDT plays in the productivity of these structures and the
safety of those working around them is vast. As an NDT group
leader, Mohammed operates advanced UT phased array and
time-of-flight systems while supervising a P-scan crew for
automated corrosion mapping.
Q: How did you first become involved in NDT?
A: I was working as an assisting engineer with Saudi Aramco in
1986 when an NDT supervisor came to talk to each of us in the
department. He encouraged us
to join NDT. Career potential
was good with the probability
of overtime which meant an
opportunity to make more
money. I had been working as
an assistant to an engineer,
doing what was essentially a
clerical job and I was bored. The
curriculum for an assistant
engineer at that time was the
same as for NDT. So, I learned
more about it and decided to
work in NDT.
Q: How did you choose to study NDT at the Moraine Valley
Community College?
A: Saudi Aramco selected three potential colleges for me and a
colleague. Initially, we enrolled at Contra Costa College in San
Pablo, CA but then transferred to the associate degree program
at Moraine Valley.
Q: What training did you have prior to attending Moraine
Valley and what was the criteria for your selection by Saudi
Aramco to train there?
A: I attended the academic school here in Saudi Aramco with
classes in mathematics, science and physics — plus English. I also
completed NDT training in all the methods; basic NDT in PT, MT,
RT and UT to become a Level II. At that point, the inspection
technology unit here at Saudi Aramco selected four of us as
candidates for an associate degree. Our abilities in English were
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tested. A colleague and I tested higher than the required 500
points and so were selected to study for an associate degree at
Moraine Valley.
Q: What NDT methods do you use most in your work and what
equipment or structures are you testing?
A: Initially, most of my work was RT with some MT and PT. Then
I went to the Hellier Institute in Connecticut and took Level I
and Level II training in ultrasonics. When I returned, I tested for
and received Level II company certification. Since then, most of
my work has been concentrated in ultrasonic technique — it
varies sometimes but mostly it’s UT. My work is in refineries and
with pipelines. We are the inspection department that performs
testing for other departments. Each department has their own
inspections but when they have a problem or want verification,
they request us to investigate it and give them our opinion.
Q: What types of NDT equipment do you use and what tests
are performed with each?
A: There’s P-scan that we use mainly for corrosion mapping and
weld examination. We use time-of-flight diffraction (TOFD), to
verify the size of cracks — their height and thickness. This is for
the surface. We use EMAT (electromagnetic acoustic transducer)
for quick inspections of, say, a half to one kilometer
(0.3 - 0.6 mi.) of pipe for quick information about the line. We’ve
just gotten phased array equipment that we use to test for
surface thickness and to verify and size cracks. We also do high
temperature UT mapping here. We have a new machine used
for temperatures up to 600 °F (316 °C). So far, we’ve used it at
temperatures up to 450 °F (232 °C) in one of our reaction
furnaces and we’re getting good results.
Q: Does your job require you to travel?
A: I am always traveling. As an acting field supervisor, I am
responsible for about 16 technicians. I always make a site visit
with the work group at the beginning to make sure that every
thing about the job is setup okay. Once that is done, the crew
continues on and I check the job from day-to-day. If the job is
critical, I stay there around the clock whether the job is in
Riyadh, Jiddah or wherever in the kingdom.
Q: How have the oil industry and NDT changed in the twenty
years you have worked with Saudi Aramco?
A: As the demand for oil has increased, we have had to maintain
production equal to that demand. Many refineries have been
built and much new pipeline. It’s up to us to maintain a safe
environment for all of that, ensure that it has safe operation.

That creates the need for a lot of NDT. In 1986, we started here
with only a few technicians — four. Now we have 40, maybe 45
just in our unit. Plus there are other units in other departments
like pipeline or refinery. We also have a lot of local NDT
contractor companies now to support Aramco jobs. There used to
be just two or three but now there are 15 or 20. Growth is big. If
we have something that we can’t do or don’t know how to do, or
if we need to shorten the time frame, Saudi Aramco will contract
with other companies from around the world and bring them to
Saudi Arabia to work for a week, two days or whatever is
needed. It’s important that no refinery stops working.

agree with one from Canada that phased array is the best way
to detect this type of cracking.
Q: How large is the ASNT Section in Saudi Arabia?
A: I started as a board member in 1999 and at that time we had
only a few people. Most people involved in NDT didn’t know
about ASNT. But at our dinner meeting last night, there were 75
in attendance. And we are an active Section. We give training
for 20 to 25 new technicians every two or three months.
Q: What’s been the worst part of the work you do in NDT?

Q: What is the working environment in Saudi Arabia?
A: We have a column here that is the highest in any Aramco
facility, more than a hundred meters (328 feet). We needed to
do some corrosion mapping at the top — pulling the equipment
up there and then climbing to the top and staying there. A
pulley in the top of the column lifted the equipment but we
had to climb the ladder and that was exhausting. We are the
only guys to do this so far.

A: A coworker from the Philippines complains that it’s hotter
here than in the Philippines. In the summer, it’s very windy and
dusty and sometimes we have to stop work on the pipelines
because of those conditions. In summer it reaches 50 ºC (120 ºF)
in some places.
Q: What new areas of NDT would you like to investigate?

Q: What’s the best part of your work in NDT?
A: We have had problems detecting step-wise cracking. There’s
sour gas here that creates blistering and our engineers and
inspectors want to know the link between the blisters and how
the cracks occur. I’ve talked to several NDT engineers and I
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A: The best part? It’s to work in different areas and to meet
different kinds of people in doing that. And — learning to take
responsibility, which has helped me a lot in my life. TNT
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incomplete or short, choppy sentences,
slang abbreviations, and obscure
terminology.
Check technical references for accuracy.
Take the time needed to ensure your
report complies with project reporting
requirements and properly addresses
the inspection process in detail.
Take credit for your efforts. While
being objective and fair to the
manufacturer, list the instances where
potential problems, rework situations,
and/or nonconforming conditions have
been avoided as a result of your
inspection efforts. This could be
nothing more than the notation of a
simple reminder of an overlooked
requirement.
Work to continually improve your
technical vocabulary and grammar.
Read carefully before delivering the
report.
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Reports continued from page 6.
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E-mail, fax or phone questions for Inbox to
the Editor: <hhumphries@asnt.org>,
phone (800) 222-2768 X206,
fax (614) 274-6899.
•
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A. The shape of the penetrameter or
pene, is determined by its thickness.
Penetrameters less than or equivalent
to 0.160 in. (4.1 mm) in thickness (a
160 pene) are rectangular.
Penetrameters more than 0.160 in.
thick are circular. These shapes are an
industry convention and do not affect
the penetrameter’s radiographic
characteristics.
The two percent penetrameter
thickness and required hole sizes
possibly evolved from engineering
decisions made in reference to
questions such as; "What is the largest
inclusion we can afford to have in the
part but not be able to find?" and
“What thickness of penetrameter can
be reliably seen on the film image?” As
thickness of the test material increases,
the size of the indication you can
afford to miss also increases. Thus, a
thicker penetrameter and larger
required hole is specified.
For film to be considered properly
exposed, the outlines of both the
penetrameter and the required hole
must be visible. If both are visible, it is
assumed that any discontinuity in the
part that is thicker than two percent of
the part thickness and bigger than the
diameter of the required hole will also
be visible. The part may also contain
discontinuities smaller than two
percent, but the individuals that
determine code content have decided
that anything that small would not
affect use of the part.
Penetrameter selection is dictated by
the governing code or standard. Most
US standards refer back to ASTM
E-1025 (Annual Book of ASTM
Standards, Vol. 03.03) for the design
and manufacture of hole-type
penetrameters. According to ASTM
E-1025, penetrameter dimensions,
width and length, may be modified as
long as the modifications are
documented and attached to any
report concerning the modified

•

•

•

penetrameter. However, paragraph
4.1.2.2 states that the identification
shall be lead numbers. If a modified
penetrameter is used and the lead
numbers won't fit on the modified
penetrameter, the numbers may be
placed beside the penetrameter on the
part. ASTM E-1025 requires that the
lead ID numbers for all circular
penetrameters be placed beside the
penetrameter on the part. TNT
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Q. Can you provide background about the
hole type penetrameter; what
determines the shape, why two
percent of part thickness was selected
and can a penetrameter or the
permanent designation or ID number
be modified?
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Inbox

Remember that inspection reports
reflect on you directly as an inspector
and that your most important audience
is composed of individuals who expect
technically correct inspection reports
written in understandable language.
TNT
Kenneth S. Harris is the Facilities Inspection
Manager for Mustang Engineering LP in
Houston, Texas. He manages an inspection
staff of 41 inspectors as well as
subcontracted inspectors in other parts of
the world. (713) 215-8965,
<steve.harris@mustangeng.com>,
This article was adapted from text
previously published in the Fall 2001 issue
of Inspection Trends.
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No matter what path you take,
Kodak is going your way. We have an entire
line of digital CR systems—with smart options like
flexible phosphor plates. And a complete array of advanced film
processing technology. All supported by a global network of over 4,000 technicians.
Film. Digital. Or a combination of both. Kodak will keep you ahead of the curve. KODAK INDUSTREX
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Steady-state UV-A intensities of
MAXIMA models at 15 inches (38cm):
ML-3500S (spot bulb) — 50,000 μW/cm2
ML-3500D (spot bulb with diffusing filter) — 14,000 μW/cm2
ML-3500FL (flood bulb) — 4,500 μW/cm2

1-800-274-8888 for more information.
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