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Well-defined guidelines and appropriate assurances are necessary
before allowing industrial radiography sources to be brought
on site and placed into use there.

Axel Macdonald*

Abstract: Gamma radiography is used ex-
tensively under conditions of site radiography
for non destructive festing of components
where it is not reasonably practicable to check
these components in a shielded enclosure.
This is one of the few occasions when a high
activity radioactive source is used outside a
shielded enciosure and administrative con-
trols are the principal means of restricting
expasure. A company where site radiography
is required should carry out certain checks
themselves to ensure that other personnel not
involved in the radiography are not exposed to
ionizing radiation. Prior discussion with the
radiography company on their safety systems
and equipment and checks by the client before
and during radiography will reduce the like-
lihood of unintentional exposures and ensure
that ne radioactive materials are left on the
site. Health Phys. 79(Supplement 2):
S61-565; 2000
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INFRODUCTION

Gammna radiography forms an
important part of non destructive
testing (NDT). Radiography is
predominantly carried out to
check the structural integrity of
castings or integrity of welds on

* National Radivlogical Protection Board, Chilton,
Didcot, Oxon OX11 ORQ, England.

safety critical systems, e.g., pipes
within a boiler at a power station.
The ability to produce a phoio-
graphic image of the weld to
check for defects and to radio-
graph welds in relatively inacces-
sible areas are some of the advan-
tages of gamma radiography.
However, the use of high activity
sources required for the radiogra-
phy has the potential to cause
injury to the radiographers and
others not involved in the work.
Safe working procedures need to
be established to keep doses as
low as reasonably achievable and
prevent toss of the source.

BACKGROUND

One of the few occasions when
a high activity source is used
without any shielding is during
site radiography. Gamma or x ra-
diography is normally carried out
in a purpose designed shielded
enclosure; however, this is not
always practicable, for instance if
fixed pipes need to be examined.
Gamuma or x radiography outside
of a shielded enclosure is known
as site radiography.
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During site radiography, the
dose rates close to the source may
be wvery high, on the order of
Sieverts per hour, and the dose
rate may not fall to less than 7.5
pSv b1 (0.75 mrem h~ ") for sev-
eral tens of meters. The main
controls to prevent high personal
exposures are administrative con-
trols supporting various warning
signs and signals. A number of
nuclides may be used in gamma
radiography, but the principal
nuclide remains ?Ir with activi-
ties typically ranging from 185
GBq to 3.7 TBq (5 Ci to 100 Ci).

The purpose of this article is to
provide information to a client
who will have gamma radiogra-
phy carried out on their site on
what safe procedures should be in
place for the radiography to pro-
ceed and what checks should be
carried out whilst the radiogra-
phers are on site. In the UK, the
lonising Radiations Regulations
1998 cover the use of sources of
ionizing radiation, and these reg-
ulations are enforced by the
Health and Safety Executive. Sim-
ilar regulations will be avaiiable
in most countries to cover this
work but their requirements and
content will differ. This article
focuses on the practical aspects of
supervising site radiographers
rather than specific regulatory
guidance. For those whose regu-
lations don't cover the topic of
site radiography, the Interna-
tional Atomic Energy Agency has
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produced a practical radiation
safety manual on gamma radiog-
raphy (IACA 1992). Although
gamumna radiography is dealt with
in this acticle, many of the prin-
ciples are also applicable to x ra-
diography.

The objectives from the point
of view of the client are

i. that staff and contractors,
other than the radiographers,
are kept away from the area
where the work is to take
place;

2. there are effective controls in
place to prevent persons not
involved in the radiography
from entering the area; and

3. that the source is removed
from the site at the end of the
work.

Why the fuss? A look at any
database on radiation accidents
will reveal that incidents involv-
ing site radiography seem to
dominate. The [AEA have pub-
lished a safeiy report (1998) on
industrial radiography accidents
and lessons learned from these
accidents. The use of untrained
personnel, incorrect recovery
procedures, and the failure to use
a radiation monitor have resulted
in high doses to radiographers
and others leading to determinis-
tic effects. Even worse, radiogra-
phy sources have become de-
tached and left behind. High
individual doses have been re-
ceived because a radiography
source has been picked up and
taken home (Fig. 1)!

Figure 1. Amertest container with a radi-
ography source,
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SAFE WORKING
PROCEDURES

Prior to work startirig

Referentce is made throughout
the procedures to a Radiation
Protection Adviser (RPA). In the
UK this is a recognized individual
or corporate body with a special-
ist knowledge of radiation protec-
tion and legislation. In other
countries the government may
have similar specialist advisers or
qualified experts. Reference is
also made to a coordinator. This
is not a radiographer but an em-
ployee of the client company re-
sponsible for coordinating the
work with the radiographers. The
role of the coordinator is to check
that the radiographers are follow-
ing the correct safety procedures
and ensure that no other staff or
contractors are in the work area
when radiography starts.

Before the radiographers arrive
on site o carry out the work,
there must be some consultation
between the radiography com-
pany and the site where the work
is to take place. The aim of the
consultation is to

» Identify the personnel who will
carry out the radiography and
ensure that the radiographers
who will carry out or supervise
the work have been adequately
trained. The training would
have covered basic radiation
protection standards and pro-
cedures for recovering a de-
tached source. Normally at
least three persons are required:
the radiographer who will con-
trol the source, his/her assis-
tant, and one extra person to
patrol the barriers. If the radi-
ography contractor cannot pro-
vide someone to patrol the bar-
rier then the client may be able
to provide someone but they
must have received adequate
instruction in their role. The
barrier walker does not need to
enter the designated work area
but will require an effective

Supervision of site radiography contractors

means of conmmunication with
the radiographers.

e Check that the relevant regula-
tory body has been notified of
the work, if appropriate.

e Discuss the area where the
work is to be carried out and
means of restricting access.
This may mean disabling eleva-
tors and prevention of access to
areas below and above the work
area. If two radiography teams
are to be used then their work
areas must be distinct from
each other and not overlap.
Normally it is expected that
rope/tape barriers will be used
to demarcate the work area (re-
ferred to in UK legislation as
the radiation controlled area).
Physical boundaries, e.g., walls,
may also be used.

s Discuss what safety systems are
to be used (warning signs and
signals) fo check that they do
not conflict with any similar
signs and signals already in use.
Normally a pre-exposure sig-
nal, kiaxon/air horn, would be
used to indicate that an expo-
sure is immninent and a separate
signal, red beacon, would indi-
cate that a scurce is exposed.
These signals must be clearly
explained on warning notices
at the barriers, and the signals
must be able to be heard/seen
from approach to the barrier. In
the event that it is not practica-
ble to use pre-exposure/expo-
sure lights then some other
method of indicating the
source status must be used that
meets the above criteria.

e Obtain a copy of the radiogra-
pher’s operating procedures
and check that they contain
the names of any relevant per-
sons who may be called upon
in the event of an incident, the
safety procedures for carrying
out the work, and contingency
plans to cover any reasonably
foreseeable incidents. Further-
more, a check should be made
on what emergency equipment
the radiographers will bring
onto the site with them, e.g., to
deal with a source recovery, At
least two appropriate radiation
monitors, e.g., compensated
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geiger muller dose rate moni-
tor, must be brought on site-—
one for the barrier walker and
one for the radiographer. In ad-
dition, all three persons should
wear electronic personal alarm
meters preferably with a digital
display of the integrated dose
and an alarm feature to warn
the wearer if a pre-set dose rate
is breached.

¢ Check that there are no hazard-
ous conditions that could be
caused by the work. An exam-
ple of this could be if the radi-
ography was carried out on a
chemical plant where nucle-
onic level detectors were in use,
The detector on the tank or
hopper could respond to the
gamma radiography source
leading to the vessel overfilling.
Some types of fire detection
systems may also respond to
the gamma radiography source.

e Request details of the nuclide
and source activity that will be
used. In the UK, some client
companies impose a 370 GBq
(10 Ci) activity limit for ™fr
sources. Other radionuclides
may be used subject to prior
agreement with the Company’s
Radiation Protection Adviser.
Also check what type of source
container they will be using.
Normally a shielded wind-out
Container would be used, but
the client should consult a ra-
diation protection adviser if an-
other type of system is pro-
posed.

¢ Check that there is no need for
other contractors/staff to be in
the area during radiography.

Arrival on site

The radiographers should ei-
ther be met at the entrance to the
site or directed to a specific area
for the following checks to bhe
made. They should not be per-
mitted to remove any equipment
from the vehicle until the coordi-
nator is satisfied that the radiog-
raphers have all the necessary
equipment with them. The vehi-
cle should have a placard depict-
ing the trefoil symbol on each
side and the rear of the vehicle in
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compliance with the appropriate
transport regulations. The source
container should be securely
fixed within the vehicle to stop
movement during transport and
in the event of a road traffic acci-
dent:

e Check the identity of the ra-
diographer and that an assis-
tant and a barrier walker are
present. Ask to see their per-
sonal dosimeters (film or TLD).
The radiographers should not
be permitted to progress fur-
ther if only the radiographer
has turned up or if they do not
have their personal dosimeters.

e Check that they have a copy of
their safety procedures, inciud-
ing a contingency plan, with
them and additionally a copy
of the transport document—
this should agree with the
source details,

» Confirm the source details and
check that they correlate with
the actual source brought on
site——compare against the
transport document. The ra-
diographers will normally have
a decay chart pertinent {o that
source that can be used to con-
firm the activity and radionu-
clide (Fig. 2).

e Check that they have brought

two radiation dose rate moni-
tors with them and the batter-
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Figure 2. Client company’s coordinator
asking radiographer to check container
on agrival.

ies are satisfactory-—use the
battery check function ( Fig. 3).
In addition they should be re-
quested to measure the dose
rate from the surface of the
source container. Many con-
tainers use depleted uranium
shielding, and an empty con-
tainer would give rise to a dose
rate of approximately 25 pSv
h=' (2.5 mremn h-'). This may
rise to approximately 80--90
uSv h=! if a 370 GBq (10 Ci)
source was present within the
container. Both radiation mon-
itors should indicate stmilar
dose rates. The dose rate read-
ing should be recorded by the
coordinator. This reading will

Figure 3. Typical ancillary equipmeit taken with container—note lack of tead shielding!
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