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EXECUTIVE SUMMARY

As part of the Information System on Occupationgpd&sure in Medicine, Industry and Research
(ISEMIR) project, the Working Group on occupationakposures and radiation protection of
personnel in industrial radiography (WGIR) was fedmin 2010 to undertake 3 years of activity
focussed on improving the implementation of occigpal radiation protection in industrial
radiography (IR).

One of the first tasks of the WGIR was to perforsuavey to gain insight into occupational radiation
protection in IR around the world. Three differeqiestionnaires were distributed to: individual
industrial radiographers (operators), non-destvactesting (NDT) companies, and national or state
radiation protection regulatory bodies. The quesigres were distributed widely over an
approximate one year period (mid-2010 to mid-20Jt)marily using industry and NDT society
contacts of WGIR members and using IAEA contactk wegulatory bodies.

Responses were received from: 432 industrial radters from 31 countries and employed by
approximately 150 different NDT companies; 95 ND®mpanies from 29 countries; and 59
regulatory bodies.

Because of the nature of the distribution of theggionnaires to individual industrial radiographers
and to NDT companies, it is likely that those apgtted represent the better end of the practice
spectrum. Hence, it is recognised that the surgsylts cannot purport to be truly representativihef
worldwide practice of industrial radiography and r@sults must be interpreted with this caution.
Further, many of the questions involved a radiolgeapr a company assessing their own habits or
performance, and hence are subject to distortibnqeexception versus reality, thus placing a further
caveat on those results. The distribution of thylatory body questionnaire was systematic — contac
was attempted for all IAEA Member States. Notwiimgting the above caveats, useful insight into
current radiation protection practice in industrediography was gained.

The need for radiation protection training in intiad radiography appears to be well accepted, with
reported high prevalence of initial theoretical grdctical training. The use of refresher radiation
protection training could, however, be improvednlydwo-thirds of regulatory bodies required such
training.

Accidents, near misses and deviations from normattige are widely recognized as being a
characteristic of industrial radiography, and tbsutts of this survey provide such confirmatiomeyt

do occur. It is likely that the derived rates otwgence from the survey (e.g. 0.04 accidents per
radiographer per 5 years) are an underestimaterdthe estimated from the radiographer data were
higher than the estimates based on company dajgesting that what happens “in the field” may not
necessarily be reflected in the company reportanyj is even less likely to be reflected in the
regulatory body reporting. Means for minimizing thelihood of incidents remains a priority.

The survey showed that the use of collimators imma radiography and diaphragms in X-ray

radiography, and the general use of survey mevwaniist high, was not as high as it should be.
Further, about one-half of the radiographers aed\DT companies reported that on-site radiography
was being performed without the presence of théatiad protection officer (RPO), and hence

without the benefit of the specific radiation pidten expertise.

Almost all regulatory bodies required the use @feaning system to prevent entry to the radiography
site. The results of the survey suggest that contation between the NDT company and the client
(who is receiving the on-site radiography services)ess than desirable. Less than half of the
regulatory bodies require the client to inform BT company about conditions on the site that
might affect the safety of other workers on siteisTwas then reflected in practice where 30% of NDT
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companies reported that their clients were not wwaroviding information about other interfering
activities on site.

The majority of regulatory bodies had regulatoryfgenance requirements for the safety of sources
and exposure devices, and for periodic inspectiests/ and maintenance to verify compliance with
those standards. Almost all NDT companies repqueztbrming preventative maintenance.

High percentages of both the NDT companies anddfelatory bodies were performing inspections
of the radiographers at work. Both announced arshmounced inspections were being used. The
results suggest that a radiographer could expebetmspected at least twice a year by their NDT
company and about once or twice a year by the aégyl body. The five most common shortcomings
for the NDT company inspections were: no properafsellimators, dose rate at the boundary of the
work site not within limits set, no proper use of\&y meters, no pre-operation specific equipment
checks being performed, and poor operator knowleolggrocedures. For the regulatory body
inspections, the five most common shortcomings weeeproper use of survey meters, no proper
warning system to prevent entry to the work sit@orpemergency preparedness, no proper use of
alarm systems, and dose rate at the boundary efdhesite not within limits set.

Radiation sources used for industrial radiograplyppses have high radiation outputs and are
potentially very hazardous. Incidents do occur @#ng essential that systems are in place for
emergency preparedness and response, in partiuEmergency plan.

Almost all regulatory bodies stated that they regyfdiDT companies to have an emergency plan; 95%
of NDT companies stated that they had an emergglacy and over 90% of radiographers stated that
their NDT company had an emergency plan for sithography. The role of the radiographer in an
emergency is crucial. Almost 90% of radiographeported that they had received training for the
roles and responsibilities of radiographers inghgergency plan; and, over 90% of NDT companies
stated that their emergency plan had been discusitedheir radiographers and over 80% of NDT
companies reported that they provided specifioitngi on emergency preparedness and response. The
last figure reflects the practice that some coastiiave requirements to use specialist persons in
emergency roles, and hence specific training fdiographers in this role is not seen as appropriate

Reported individual monitoring data for 2009 frolne tradiographer questionnaire and the regulatory
body questionnaire gave average annual effectige @stimates for industrial radiographers of 3.4
and 2.9 mSy, respectively. Approximately 2% of isitial radiographers received an annual effective
dose in 2009 that exceeded the dose limit of 20.mRBwm the data submitted, the estimate (at the
95% level) of the mean occupational effective dpse exposure was 4.8 = 2.3 uSv per exposure.
There was no correlation between the annual effectiose in 2009 and the radiographers’
radiographic workload in 2009, emphasizing thatupational radiation protection in industrial
radiography is not being effectively optimized.

In summary, the survey results indicate that thisra need for improved implementation of the
radiation protection principle of optimization afopection and safety.

To this end, the results from the survey are beised to design the ISEMIR international database
that will be used by end-users to improve their langentation of optimization in occupational
radiation protection in industrial radiography, ateddevelop a “roadmap” tool that enables NDT
companies to assess their own performance in radiptotection against accepted practice.

The WGIR would like to thank sincerely the manyiundual industrial radiographers, NDT company
personnel, and regulatory body staff who respondéde questionnaires. Without their time and input
this survey would not have been possible.
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1. INTRODUCTION

In 2009, the IAEA launched the Information System@ccupational Exposure in Medicine,
Industry and Research (ISEMIR) — a project aimedngiroving occupational radiation
protection in those areas of radiation use in medjandustry and research where non-trivial
occupational exposures occur. The first task of Aldlwisory Group of ISEMIR was to
identify such areas of radiation use, and to fororkimmg groups to address these areas.
Industrial radiography was one of the areas idedtifand in January 2010 the Working
Group on Industrial Radiography (WGIR) was form&de membership of WGIR is given in
Appendix V, and is comprised of professionals wékperience of working for non-
destructive testing (NDT) companies, client companiNDT societies, technical service
organizations, including education, training anspiection, and regulatory bodies.

The mandate for WGIR included: to gain a world-waeerview of occupational exposures
and radiation protection of personnel in industréaliography; to identify both good practices
and shortcomings, and hence define actions to ivepoccupational radiation protection; and
to set up a system for regularly collecting andysiag occupational doses for individuals in
industrial radiography and for dissemination ofstlimformation to improve occupational
radiation protection.

Hence, as part of its initial actions, WGIR soughgain insight into occupational radiation
protection in industrial radiography world-wide mgiquestionnaires. This report presents the
results from this survey, which included resporfsa® 432 industrial radiographers, 95 NDT
companies, and 59 regulatory bodies.

2.METHOD

Three questionnaires were developed — one addréssadividual industrial radiographers,

another to NDT companies, and a third to natiomastate radiation protection regulatory
bodies. Each questionnaire addressed the topittaining in radiation protection; incidents;

safety of the radiographer, the public and souréespections; emergency plans; and
individual monitoring. The questionnaire for indival industrial radiographers was
comprised of 14 main questions. The NDT companystijprenaire and the regulatory body
questionnaire were more complex, comprising 31 2&dnain questions, respectively. To
help elicit a wider response, both the radiograpipeestionnaire and the NDT company
questionnaire were available in several languageShinese, English, French, German,
Portuguese, Russian and Spanish, with the additbnDutch for the radiographer

questionnaire. The Regulatory Body questionnaire iweEnglish only. The English versions
of the questionnaires are reproduced in Appendix IV

The questionnaires were distributed widely oveapproximate one year period (mid-2010 to
mid-2011), primarily using the industry and NDT maig contacts of WGIR members and

using IAEA contacts with regulatory bodies. Resgsngom radiographers were anonymous
unless the responder wished to be identified.
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3.RESULTS

The survey produced a large amount of informatang this section will present the main
findings only from the three questionnaires, wiithe detailed results (including regional
analysis) in the form of tables, figures and natesgiven in Appendices I-lll. In many of the
responses to the questionnaires, not all questivaee answered. In calculating the
percentages given in this section, “no reply” answeere excluded from the totals for that
question, unless otherwise stated. For questiorerevthe questionnaire instruction was to
“tick all options applicable then a “no reply” for a given option was integped as meaning
that that option was not applicable, and hencevadgnt to being a “no”, and these were
included in the totals for that question.

3.1. CAVEATS

Because of the nature of the distribution of theesfionnaires to individual industrial
radiographers and to NDT companies, it is likelgttthose approached represent the better
end of the practice spectrum. In the case of tldeistrial radiographer survey there were
regional biases, with two thirds of responses cgmitom Europe and North America.
Further, one quarter of all industrial radiographesponders were the only responder from
that NDT company, and hence were likely to havenb#® radiation protection officer
(RPO), or at least a person with an interest imatemh protection. Hence, it is recognised that
the survey results cannot purport to be truly repmnéative of the worldwide practice of
industrial radiography and all results must berprieted with this caution. Further, many of
the questions involved a radiographer or a compasgessing their own habits or
performance, and hence are subject to distortibpei@eption versus reality, thus placing a
further caveat on those results.

The distribution of the regulatory body questiomeavas systematic — contact was attempted
for all IAEA Member States. However, not all regoly bodies responded, and some of
those not responding were regulatory bodies otlamuntries.

Notwithstanding the above caveats, some usefughmsinto current radiation protection
practice in industrial radiography was gained, @smmarized below. Further details are given
in Appendices | to V.

3.2. NUMBER OF RESPONSES

Individual industrial radiographer operators:

— 432 responses from industrial radiography operatoosn approximately 150 different
NDT companies, and 31 different countries.

— Nearly 200 radiographers provided their approximatewual workload (number of
exposures) in 2009, with an average of just un@803&xposures and a median of 1000.

— In 2009, approximately three-quarters of the radipgers were using Ir-192 sources,
with a mean and median activity of about 40 Ci; wbone-third were using Se-75
sources, with a mean and median activity of ab®C# about 10% were using Co-60
sources, with a mean and median activity of ab@u€C# and about one-half were using
X-ray equipment, with a mean kVp of 230 kV.
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NDT Companies:
— 95 responses from NDT companies performing indaistadiography, from 29 different
countries.
o Of the 95 NDT companies, 73 performed both gamntbXaénay radiography, 14
performed gamma radiography only, and 8 X-ray rgqidiphy only.
o0 82 NDT companies gave information on their numideadiographers:
= The mean number of fulltime radiographers per N@mpany was 39,
with a median of 17. One-half of NDT companies amgpt less than 20
fulltime radiographers. Eight employed more than0 1Qulltime
radiographers.
= Few NDT companies (14 out of 81) stated that thapleyed part-time
radiographers.
0 74 NDT companies gave further information on thadiographers:
= On average, three-quarters of the radiographersa inompany were
involved in site radiography, and half were perforgnsite radiography
fulltime.
= On average, 60% of the radiographers in a compaese wising both
gamma sources and X-rays, 25% gamma sources amdy1%% X-rays
only.
0 Almost all NDT companies (97%, 91 out of 94) statieat they have an RPO or
radiation protection expert (RPE) included in th@mganization.
= Of these, the majority (88%, 78 out of 89) reparedtly to the managing
director.

Regulatory bodies:

— 59 responses from regulatory bodies (55 natiorgllegory bodies and 4 state regulatory
bodied) from 55 countries. Contact was attempted with Ié#liation protection
regulatory bodies from 133 countries, giving a ipgration rate of about 40%. The
responding regulatory bodies have jurisdiction cx@untries whose summed population
is also about 40% of the world’s total population.

3.3. RADIATION PROTECTION TRAINING AND QUALIFICATIONS OF INDUSTRIAL
RADIOGRAPHERS

Individual industrial radiographers:

— 30% of radiographers (121 out of 408) had leve$ thair highest level of NDT training;
54% (221 out of 408) had level 2; and 16% (66 ¢4t08) had level 3

— The majority of radiographers stated that radiafwatection training was included in
their NDT training on radiographic testing — 89%862out of 321) for level 1; 86% (249
out of 289) for level 2; and 53% (47 out of 88) fevel 3.

! Some Member States have a federal system of gmesity where each “state” within the country hassiliction
over the use of radiation in industrial radiography

2 NDT training is typically structured around thiegels of training, with level 1 being the lowestél of training and
level 3 the highest. Qualification and certificatiof NDT personnel in accordance with InternatioBtindards such
as ISO 9712 (Non-destructive testing — Qualifioatand certification of personnel) and aligned stadd helps to
ensure that people are competent, and assists glfety standards.
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- 85% of radiographers (364 out of 427) stated thay thad received separate radiation
protection training and, of these, most (87%, 3a2ad 358) stated that they had a formal
qualification in radiation protection.

— Only 8 out of 432 responding radiographers (2%)eapgd to have not had radiation
protection training, either as part of the NDTnrag or as separate training.

- 89% of radiographers (375 out of 422) stated thatcexures for emergencies were
included in the radiation protection training, afdhese:

o Two-thirds (247 out of 369) said that the trainingluded practical exercises for
creating a safe situation until the source is &blee recovered;

0 57% (195 out of 342) said that the training inclligigactical exercises for source
recovery.

— Three-quarters of radiographers (302 out of 403)est that they were not allowed to
perform a source recovery on their own withouttfiecentacting a specialized source
recovery person.

— Almost all radiographers (96%, 410 out of 425) glfficiently well qualified and trained
to be able to work safely and reliably.

— 10% of radiographers (40 out of 417) stated thay ttid not feel well prepared for an
emergency situation. About one-half of these had ha training in creating a safe
situation or in source recovery, and most wereatiotved to perform source recovery.

NDT companies:
— Almost all NDT companies (98%, 93 out of 95) stathdt they provide or facilitate
radiation protection training for their radiographeOf these NDT companies:
0 72% provide within the company initial theoreticaldiation protection training,
with a mean duration of 21 hours.
0 69% provide within the company initial practicaldiaion protection training,
with a mean duration of 21 hours.
0 66% provide within the company refresher theoréticadiation protection
training, with a mean duration of 10 hours, andemminterval between training of
13 months.
0 49% provide within the company refresher practrealiation protection training,
with a mean duration of 9 hours, and a mean intdveaween training of 10
months.
0 65% provide outside the company initial theoreti@aliation protection training,
with a mean duration of 32 hours.
o 47% provide outside the company initial practicadliation protection training,
with a mean duration of 23 hours.
o 51% provide outside the company refresher theaetradiation protection
training, with a mean duration of 15 hours, andemminterval between training of
34 months.
0 31% provide outside the company refresher practasdibation protection training,
with a mean duration of 16 hours, and a mean iatdpetween training of 33
months.
— Combining the responses for training that occuthiwiand outside the company gave:
o Nearly all NDT companies (96%, 89 out of 93) praddinitial theoretical
radiation protection training, either inside or ©idé the company or both. Only 4
NDT companies responded that they provided neither.
= Mean initial radiation protection training (theory37 hours.
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0 Most NDT companies (82%, 76 out of 93) providediahipractical radiation
protection training, either inside or outside thempany or both. 17 NDT
companies responded that they provided neither.

= Mean initial radiation protection training (pra&lir— 30 hours.

0 Most NDT companies (83%, 77 out of 93) providedesher theoretical radiation
protection training, either inside or outside thempany or both. 16 NDT
companies responded that they provided neither.

= Mean refresher radiation protection training pewyéears (theory) — 90
hours.

o Just over half the NDT companies (58%, 54 out 9f@8vided refresher practical
radiation protection training, either inside or®de the company or both. 39 NDT
companies responded that they provided neither.

= Mean refresher radiation protection training peyéears (practical) — 90
hours.
Just over half of NDT companies (49 out of 92)esathat they provide different radiation
protection training for gamma sources and for X-Rayrces.
With respect to training on specific aspects of iyaecy preparedness and response:

o Almost all (90 out of 92) stated that the trainingluded emergency procedures.

0 84% (77 out of 92) stated that the training inchigeactical exercises for creating
a safe situation.

0 66% (60 out of 91) stated that the training inctligheactical exercises for source
recovery. There appeared to be a regional differddetween Asia-Pacific (84%)
and Latin America (74%), and the remaining regien®\frica (50%), North
America (50%) and Europe (46%).

The majority of NDT companies stated that radiapootection training was included as
part of NDT training in radiographic testing in theountry — 86% for NDT level 1, 75%
for NDT level 2, and 49% for NDT level 3. When rl#sufor the same country were
combined, and contradictory results excluded, #regntages increased to 100% for level
1, 94% for level 2, and 57% for level 3.

92% of NDT companies stated that they provide tamhgprotection training in addition
to that contained in the NDT training.

Regulatory bodies (RBs):

Almost all regulatory bodies (58 out of 59) stathdt they require a person wishing to
perform on-site radiography to have had radiatiostgetion training to an acceptable
level.
o Of these, about 70% (35 out of 50) considered #uation protection training
given as part of the NDT-training on radiograplesting was acceptable;
o About 80% (43 out of 53) considered that radiafootection training given as a
separate training course was acceptable; and
o About 40% (22 out of 56) considered both as betugptable.
Over 80% of the RBs (43 out of 53) stated that thagl the same radiation protection
training requirements for using gamma sources ragding X-ray machines.
Nearly 90% of the RBs (51 out of 58) stated thatythequired the radiation protection
training to include both theoretical and practicaining.
70% of the RBs (41 out of 57) stated that the tamhgprotection training had to include
practical exercises for creating a safe situatioari emergency until the source is able to
be recovered.
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— A smaller percentage (63%, 34 out of 54) statetttiemradiation protection training had
to include practical exercises for source recovaryan emergency. This lower figure
reflects that in many countries, source recovergstricted to specialised persons.

— The majority of RBs (90%, 50 out 57) stated thagytlrequired the passing of an
examination at the end of the radiation protectraming, with:

0 44 % requiring a theory only examination; and
0 56% requiring the examination to be both theorkaoca practical.
— Separate radiation protection training was alloveelde provided by:
o the RBin 42% (18 out of 43) of responses;
0 educational institutes in 56% of responses (24064B);
o NDT companies in 44% of responses (19 out of 43]; a
0 private radiation protection consultants in 47%esponses (20 out of 43).
- 70% of RBs (41 out of 59) stated that they requirefiesher training in radiation
protection for persons performing on-site radiogsap
o For these RBs, the average interval between redresiurses was 4 years; and
o Over one-half of the RBs (21 out of 38) requiredexiamination as part of the
refresher training.

3.3.1. Radiation Protection Officers (RPOS):

— Almost all regulatory bodies (57 out of 59) statiedt they require a person wishing to act
as an RPO for a company that performs on-site gadphy to have had radiation
protection training to an acceptable level. Of ¢hes

o Nearly 70% (39 out of 56) stated that the RB wordduire a higher level of
radiation protection training for the RPO than tlwatan operator; and
o About 80% (42 out of 52) stated that there wasxamenation.

— Just over one-half of the radiographers (232 ou#t1B) stated that there is always a
qualified radiation safety expert (RPO or RPE) lo&work site, supervising the job, when
on-site radiography is being performed; and a frrtbne-third said that an RPO was
sometimes present. Of the 26 “never” responsesilail were radiographers with either
level 2 or level 3 NDT training.

3.4. INCIDENTS (DEVIATIONS, NEAR MISSES AND ACCIDERS)

Individual industrial radiographers:
— 20% of radiographers (83 out of 422) stated thay thad had an incident (accident, near
miss or deviation) in the last 5 years.
o A total of 229 deviations were said to have ocalifrem 409 responses, giving an
average of 0.6 deviations per radiographer perabsye
o A total of 41 near misses were said to have ocdurmm 409 responses, giving an
average of 0.1 near misses per radiographer pea’sy
o A total of 16 accidents were said to have occufrech 409 responses, giving an
average of 0.04 accidents per radiographer peafsye
— Most radiographers (87%, 71 out of 82) who hadihamients in the last 5 years said that
they always reported them to their NDT company.
— Less than half the radiographers who had reporteidents believed that their company
had, in turn, reported these to the regulatory b@d¢o believed the company did not
report the incidents; and one-third did not know.
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NDT companies:

— 40% of NDT companies (35 out of 87) stated thay ted had an incident (accident, near
miss or deviation) in the last 5 years.

o0 85% (72 out of 85) reported that they had had reidaats in the last 5 years. A
total of 93 accidents were said to have occurreth@an average of 1.1 accidents
per NDT company per 5 years.

0 70% (59 out of 84) reported that they had had ray nasses in the last 5 years. A
total of 150 near misses were said to have occugigohg an average of 1.8 near
misses per NDT company per 5 years.

0 82% (64 out of 78) reported that they had had naadiens in the last 5 years. A
total of 140 deviations were said to have occurgding an average of 1.8
deviations per NDT company per 5 years.

— Using data on the number of radiographers in agNBT company, the following event
frequencies were derived:

o An average of 0.03 accidents per radiographer yeabs.

0 An average of 0.05 near misses per radiographes pears.

o An average of 0.05 deviations per radiographebpgrars.

— Another estimate of the occurrence of incident@amnNDT company was obtained by
scaling the results from the radiographer questioes on the basis of the number of
number of radiographers who completed the questiomrversus the total number of
radiographers for that NDT company, obtained frétta NDT company questionnaires
This gave:

0 An average of 4.0 accidents per NDT company pexebs/

0 An average of 6.2 near misses per NDT company yeats.

0 An average of 29.3 deviations from normal per N@mpany per 5 years.

— With respect to reporting radiation incidents te tegulatory body:

o All accidents with individual exposures higher tithe annual dose limits (11 out
of 11) were said to have been reported.

0 70% of accidents with elevated individual exposumger than the annual dose
limits (57 out of 82) were said to have been regmhrt

0 24% of near misses (36 out of 150) were said t@ leeen reported.

0 15% of other deviations from normal (21 out of 14@re said to have been
reported.

o Very few NDT companies (4%, 1 out of 24) stated thair regulatory body had,
in turn, reported the radiation incidents to th&m

— The main sources of information for an NDT compaatyout abnormal individual
exposure of its radiographers were:

o From the dosimetry service providers, third parggulatory body or company,
based on the readings from passive dosimetersys<(8% out of 93); and

o Directly from the radiographers via their activesoioeters — 58% (55 out of 95).

— The main means for NDT companies to share infoonatwithin the company, about
radiation incidents was safety meetings (86%, 82ad®5). Email was the next most
common means (40%, 38 out of 95). Two-thirds of NédMmpanies (58 out of 91) used
two or more methods. Four companies did not se&ut options, implying that
information on incidents was not shared.

— The main means for NDT companies to share infownatibout radiation incidents with
other organizations was industry meetings (33%o@lof 95). Email was the next most
common means (27%, 26 out of 95). 23% (22 out ¢fBated that they did not share
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information on incidents with other organizatioms\d a further 14 companies did not
select any options. This would suggest that 38%o0{&60f 95) do not share information
on incidents with other organizations.

Regulatory bodies:

— Over 90% of regulatory bodies (55 out of 59) statieat there were requirements for
licensees to report radiation incidents in indastradiography to the regulatory body. The
main criteria for reporting were: a lost or stoleource; a stuck source or equipment
malfunction with implications for safety; or, aneat that caused, or could have caused,
significant exposure to workers or the public.

— Over 80% of regulatory bodies provided statistiogtte number of notified events in the
last 5 years, as follows:

o Accidents with elevated individual exposures gretitan the annual dose limit:
= 50 regulatory bodies replied:
« 36 regulatory bodies reported zero notifications.
e Atotal of 34 accidents were notified, giving areeage of 0.7 such
accidents per jurisdiction per 5 years.
o Accidents with elevated individual exposures lésstthe annual dose limit:
= 48 regulatory bodies replied:
e 29 regulatory bodies reported zero notifications.
» Atotal of 181 accidents were notified, giving areeage of nearly 4
such accidents per jurisdiction per 5 years.
o Near misses with the potential for elevated indrgidexposures greater than the
annual dose limit:
» 46 regulatory bodies replied:
e 37 regulatory bodies reported zero notifications.
« A total of 22 near misses were notified, giving arerage of 0.5
such events per jurisdiction per 5 years.
o Near misses with the potential for elevated indraidexposures less than the
annual dose limit:
» 46 regulatory bodies replied:
« 35 regulatory bodies reported zero notifications.
« A total of 46 near misses were notified, givingemerage of 1 such
event per jurisdiction per 5 years.
o Notified deviations from normal operations:
= 44 regulatory bodies replied:
e 28 regulatory bodies reported zero notifications.
* A total of 181 deviations were notified, giving amerage of 4.1
such events per jurisdiction per 5 years.

— Two-thirds of regulatory bodies (40 out of 58) sthtthat they maintain a radiation
incident database for their jurisdiction. Of these:

0 About 70% (23 out of 34) analyse the database agigulo determine if there are
common factors in the incidents.

o0 Two-thirds (23 out of 35) stated that they used ItRES system to classify the
severity of incidents.

— Only about one-half of regulatory bodies (27 out 58) stated that they have an
established system for sharing lessons learned feported incidents. Of these, almost
all (24 out of 27) disseminated information to thgerating NDT companies in their
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jurisdiction, but fewer than half (10 out of 27)sseminated information to other
regulatory bodies.

o From the 17 regulatory bodies providing data onribenber of disseminations,
there were a total of 18 instances of disseminatifggmation to NDT companies
in the last 5 years, giving an average of approtefgal action of dissemination
per jurisdiction per 5 years.

o One regulatory body reported a high number (86)isseminations to other
regulatory bodies over the last 5 years. The nigktdst number was 5.

About 30% of regulatory bodies (16 out of 50) Hdatteat they had reported an industrial
radiography incident to the IAEA in the last 5 y&ar

3.5. SYSTEMS AND PROCEDURES TO ENSURE PROTECTION DAMSAFETY IN
INDUSTRIAL RADIOGRAPHY

3.5.1. Safety of theradiographer

Individual industrial radiographers:

Nearly 90% of radiographers (373 out of 418) statemt they always check for the
presence of the source in the exposure deviceédé&iking the device from the store, and
95% (396 out of 418) always check after the NDT.tes

80% of radiographers (338 out of 418) stated thal talways use collimators when
performing gamma radiography. A further 18% (77 aiu418) stated that they sometimes
use collimators. Only 3 out of 418 said they newsxd collimators.

Almost one-half of radiographers (181 out of 37{ated that they always use
diaphragms/collimators when performing X-ray radaghy. A further 35% (133 out of
377) stated that they sometimes use diaphragmsteddirs. About 10% stated that they
never use diaphragms/collimators.

77% of radiographers (320 out of 416) stated that tdiscussed radiation protection
issues or their occupational doses with their R&@,the mean number of discussions per
year was 6. 20% of radiographers (90 out of 41&)est that they did not have such
discussions.

NDT companies:

All NDT companies stated that they provide theiustrial radiographers with at least
one form of dosimeter. 88% (84 out of 95) of comearstated that they provide their
industrial radiographers with passive dosimetend, 33% (82 out of 95) that they provide
active dosimeters. 76% (72 out of 95) of compastated that they provide both forms.
Of those 82 NDT companies providing active dosimsgtéhe percentage that provided
active dosimeters with the following features were:

0 Audible alarm — 85% (70 out of 82);

o Visual alarm — 52% (43 out of 82);

o Vibrating alarm — 5% (4 out of 82).
All NDT companies stated that they keep recordseaziupational doses received by their
radiographers. Almost all companies (90 out 93)tedtathat they inform their
radiographers of their personal doses.
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- 62% of NDT companies (58 out of 94) stated that thave established investigation
levels for personal doses. A larger percentage (82% out of 88) stated that the
regulatory body has established investigation kef@l personal doses.

o For those NDT companies that had an investigatemel] 79 gave data on the
number of investigations in the last 5 years. Ne&@% (37 out of 79) stated that
they had performed no investigations. A total aftjaver 750 investigations were
said to have taken place, giving an average oflynd#r investigations per NDT
company per 5 years. This corresponds to an averfagbout 0.2 investigations
per radiographer per 5 years.

— A high percentage of NDT companies (91%, 86 oub4f stated that they provided
survey meters.

— The majority of NDT companies (68%, 64 out of 94ated that they provided area
monitors. Most area monitors had visual alarmsgyd6of 55) and audible alarms (49 out
of 60).

— Almost all NDT companies (93%, 78 out of 84) statdtht they require their
radiographers to use collimators with gamma radipigy. This is a little higher than the
radiographer responses for the same companiesevabeut 80% said they always used
collimators and about 20% used them sometimes.

— The majority of NDT companies (78%, 61 out of 7%ted that they require their
radiographers to use collimators with X-ray radagdry. Radiographer responses for 45
of these companies indicated that some radiographe8 of the companies never used
collimators, despite the company requirement.

Regulatory bodies:

- Excluding 3 “no replies”, all regulatory bodies tsth that they require industrial
radiographers to use passive dosimeters. 80% (450f066) also required industrial
radiographers to have active dosimeters.

— Of those regulatory bodies requiring active doserst the following features were
required:

o Measurement of integrated dose — 64% (27 out gf 42)

0 Audible alarm — over 90% (41 out of 44);

o Visual alarm — 63% (25 out of 40);

o Vibrating alarm — 24% (9 out of 38).

— Reporting of monitored doses of industrial radipirers:

o0 80% of the regulatory bodies (44 out of 54) stdted the radiographers had to be
informed about their doses, with a median valugfimes per year;

0 90% of the regulatory bodies (53 out of 58) statieat the NDT company or
employer had to be informed about the industrigiagrapher doses, with a
median value of 12 times per year,

o 70% of the regulatory bodies (38 out of 53) stated the regulatory body had to
be informed about the industrial radiographer dosagh a median value of 4
times per year; and

o0 70% of the regulatory bodies (36 out of 49) stateat the national personal dose
database had to be informed about the industiiggsapher doses, with a median
value of 12 times per year.

— Almost all regulatory bodies (52 out of 55) reqditbe industrial radiographer to always
have a functioning and calibrated survey meter whém.
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- 90% of regulatory bodies (52 out of 57) stated tthaly require the NDT company to
employ an RPO or RPE. Of these, 80% (40 out ofédyire that the RPO or RPE reports
directly to the Managing Director, or equivaleritttoee NDT company.

3.5.2. Safety of the public

NDT companies:

— 70 NDT companies provided data on the dose rathith a warning system is required
to be set up. The mean dose rate was 13 uSv perittn a median of 7.5 uSv per hour
and an inter-quartile range of 2.5-20 uSv per hour.

— Rope or ribbon was used in the warning systememtljority of cases (89%, 84 out 94),
plus a high usage of signage — 76% (71 out of &4péssive warning signs and 71% (67
out of 94) for active warning signs.

— 58% of NDT companies (53 out of 91) stated thay ted determined the more common
causes for unauthorized persons to trespass pastaiming system. The most common
stated causes were wilful violation (84%) and trerning system not being understood
(60%), with incorrect setting up of the warningtgeys also being indicated (20%).

— 72% of NDT companies (67 out of 93) require thadliographers to always announce or
warn whenever a radiographic exposure is made. di3@6mpanies (12 out of 93) stated
that they did not require such announcements onimgs. Where an announcement or
warning was required, a visible alarm (such ashftag lights) was the most common
method (86%), followed by an announcement via dipadress system (51%), and an
audible alarm (44%). Often, more than one methosl wezd.

— When NDT companies are providing radiography sesvia an industrial plant:

o The majority of NDT companies (71%, 60 out of 8dparted that the client was
always providing information about other interfegyiactivities on site.

0 Less than half the NDT companies (45%, 37 out of §ated that the client
always provided a plan of the installation. On ttieer hand, few companies (7%,
6 out of 83) stated that they were never providét plans.

0 About half the companies (53%, 45 out of 85) shiak the client always had a
“permit to work” system.

o No NDT company reported that their clients nevéonm other workers about the
radiography to be performed.

o Just over half the companies (54%) stated that tieints _always inform other
workers about the purpose and method of the waraysgem, the meaning of
alarm signals, and the risks of ionizing radiati@onversely, very few (5%)
companies reported that the clients never inforlmeiotvorkers on these matters.

Regulatory bodies:
— Only about 40% of regulatory bodies (22 out of E&Juired advance notification about
individual on-site industrial radiography jobs. hbse:

o From the 17 regulatory bodies providing data onrtheber of hours of advance
notification, the average advance notification ezl was 48 hours, while the
median value was 24 hours.

— Almost all regulatory bodies (56 out of 58) reqdirthe use of a warning system to
prevent entry to the radiography site. Of thesé&p &3 regulatory bodies (47 out of 56)
stated that they had an official standard procettursuch a warning system.
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0 Such standard procedures typically required barié out of 46); warning signs
(47 out of 47); and, flashing lights (31 out of 43)
43 regulatory bodies provided data on the maximosedate allowed at the barrier. The
average was 30 uSv/hour, and the median value &vas¥/hour.
Only about 40% of regulatory bodies (24 out of BE&juire the client (who is receiving
the on-site radiography services) to inform the Né@mpany about conditions at the site
that might affect safety of other workers on déthese:
0 70% of regulatory bodies (17 out of 23) require ttient to provide the NDT
company with site plans; and
o All regulatory bodies (22 out of 22) require theent to provide the NDT
company with information about other worker actest occurring at the same
time and in the vicinity of where the radiographyl wccur.
Almost half of the regulatory bodies (28 out of SEguire that there is a qualified
radiation protection officer or radiation protectiexpert on the work site during on-site
radiography.

3.5.3. Safety of sources and exposur e devices

NDT companies:

78 NDT companies provided data on the interval betwpreventative maintenance for
exposure devices in gamma radiography — the meah naedian interval between
maintenance was 8 and 6 months, respectively. TWd Mompanies reported that
preventative maintenance was not performed.
The auxiliary equipment reported to be includethm preventative maintenance was:

o Control cable (100%, 81 out of 81);

o Guide tube (100%, 81 out of 81);

o Crank (95%, 77 out of 81);

o Collimator (69%, 56 out of 81).
Preventative maintenance was performed by varionsbmations of the NDT company
itself, the device manufacturer and a third paenvige provider. The NDT company was
involved in 72% of the responses (60 out of 83)%4daf responses for the device
manufacturer, and 49% for a third party servicevjgter.
67 NDT companies provided data on the interval betwpreventative maintenance for
X-ray equipment used in industrial radiography e thean and median interval between
maintenance was 8 and 6 months, respectively. @E ddmpany reported that it did not
perform preventative maintenance.
The auxiliary equipment reported to be includethm preventative maintenance was:
Cables (88%, 65 out of 74);
Control panel (97%, 72 out of 74);
Diaphragm or collimator (72%, 53 out of 74);
X-ray output (78%, 57 out of 73);
Leakage radiation (78%, 57 out of 73).
The preventative maintenance was performed by waricombinations of the NDT
company itself, the device manufacturer and a tpady service provider. The NDT
company was involved in 67% of the responses (30bué5), 32% of responses for the
device manufacturer, and 55% for the third partyise provider.

O OO O0oOo
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Regulatory bodies:

— 80% of regulatory bodies (43 out of 55) stated titety require any source used for
industrial radiography purposes to meet specifitahdards. 31 regulatory bodies
provided details on what these standards were:

0 60% (19 out of 31) named specific ISO standardduding 1SO2919:1999 RP -
Sealed radioactive sources - general requiremdé839978:1992 RP - Sealed
radioactive sources - leakage test methods; or 39@2004 - Radiation
protection - Apparatus for industrial gamma radapdry - Specifications for
performance, design and tests.

0 26% (8 out of 31) invoked unspecified national lagjans, standards or norms.

0 19% (6 out of 31) invoked unspecified internatiosi@indards.

— 80% of regulatory bodies (43 out of 55) stated thay require any exposure device used
for industrial radiography purposes to meet spedifstandards. 33 regulatory bodies
provided details on what these standards were:

0 48% (16 out of 33) named specific ISO standardduding 1S0O2919:1999 RP -
Sealed radioactive sources - general requiremé839978:1992 RP - Sealed
radioactive sources - leakage test methods; or 39@2004 - Radiation
protection - Apparatus for industrial gamma radapdry - Specifications for
performance, design and tests.

o 30% (10 out 33) invoked unspecified national regore, standards or norms.

0 24% (8 out 33) invoked unspecified internationahstards.

— 80% of regulatory bodies (45 out of 55) requiret ttme source and the exposure device
are subject to periodic inspections to verify caamde with required standards. 35
regulatory bodies provided data on how often smslpections must occur — the average
and median interval between inspections was 12 msor®f those regulatory bodies
requiring inspections:

0 90% (39 out of 43) stated that accessories araded,;

0 90% (37 out of 40) permit the manufacturer or maatufrer’'s agent to perform
such services;

0 70% (24 out of 36) permit the NDT company to perf@uch services;

o Over 70% (25 out of 34) permit an approved thirdypt perform such services.

- 65% of regulatory bodies (36 out of 55) stated thay require any X-Ray generator used
for industrial radiography purposes to meet spedifstandards. 27 regulatory bodies
provided details on what these standards were:

0 50% (13 out of 27) invoked national regulationgnstards or norms;

0 60% (16 out 27) invoked international standards.

— 70% of regulatory bodies (41 out of 56) requiret tthee X-Ray equipment is subject to
periodic inspections to verify compliance with reqd standards. 32 regulatory bodies
provided data on how often such inspections mustioe the median interval between
inspections was 12 months. Of those regulatorydsodiquiring inspections:

0 90% (33 out of 36) stated that accessories araded,;

0 90% (32 out of 35) permit the manufacturer or maatufrer's agent to perform
such services;

0 75% (23 out of 30) permit the NDT company to perf@auch services;

0 80% (25 out of 31) permit an approved third paotpérform such services.

— Almost all regulatory bodies (55 out of 56) speaigguirements for on-site storage of
sources.
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— Almost all regulatory bodies (53 out of 57) requifee licensee to conduct periodic
documented checks of sources to confirm that theyratheir assigned locations and are
secure.

3.5.4. Compliance inspections

NDT companies:

- 66% of NDT companies (63 out of 95) reported thla¢irt Radiation Protection
Programme (RPP) was approved by the company’s nrapdgector or chief executive
officer; 62% (59 out of 95) reported approval bg tompany’s RPO; and 61% (57 out of
93) reported approval by the regulatory body. 3&@orted that all three parties approved
their RPP, while no NDT company reported that tiR#P was approved by none of the
parties.

— Almost all NDT companies (96%, 89 out of 93) repdrthat they performed their own
compliance inspections of their radiographers.iese:

0 61% reported that they performed planned (annoyramdpliance inspections;

0 77% reported that they performed unplanned (unamrem) compliance
inspections;

0 42% reported that they performed both sorts ofenspns;

0 Most of the compliance inspections (89%, 76 ou8®f involved the RPO. Some
management team presence was reported for 42% dfddBpanies;

o From the data of 78 responses, the mean and meuiamber of times a
radiographer would be inspected by the company igear were 4 and 2,
respectively;

o The following summarizes the percentage of compasyections that addressed:

Proper wearing of passive individual dosimeter$%9

Proper wearing and use of active individual dosarset 93%;

Proper use of survey meters — 95%;

Proper use of collimators — 90%;

Proper warning system at the work site — 93%;

Dose rate at the boundary of the work site withim limits set — 92%;

Proper use of alarm systems — 86%;

Proper training and qualifications of radiographe&l1%;

Operator knowledge of procedures — 88%;

Pre-operation specific equipment checks — 82%;

Equipment condition — 85%;

= Emergency preparedness — 74%.
0 The five most common shortcomings were reported as:
* No proper use of collimators;
= Dose rate at the boundary of the work site notiwithe limits set;
= No proper use of survey meters;
= No pre-operation specific equipment checks beinfppaed,;
» Poor operator knowledge of procedures.

- 66% of NDT companies (60 out of 91) reported thed tegulatory body performed
planned (announced) compliance inspections of dnepany’s radiographers on the work
site.

o From the 56 responses with data, the reported medmedian number of times a
year that a company radiographer would undergoamngld regulatory body
inspection were 2 and 1, respectively.
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- 64% of NDT companies (58 out of 91) reported thed tegulatory body performed
unplanned (unannounced) compliance inspectioneeotompany’s radiographers on the
work site.

o From the 51 responses with data, the reported medmedian number of times a
year that a company radiographer would undergorganned regulatory body
inspection were 2 and 1, respectively.

— 87% of NDT companies (81 out of 93) reported thatiegulatory body performed some
form of compliance inspections of the company’sagrhphers on the work site.

o From the 74 responses with data, the calculatech meaber of times that a
company radiographer would undergo a regulatoryybogpection was nearly 3
times a year.

— 40% of NDT companies (37 out of 93) reported that tegulatory body performed both
planned (announced) and unplanned (unannouncedylieme inspections of the
company’s radiographers on the work site.

o From the 33 responses with data, the calculatech meanber of times that a
company radiographer would undergo a regulatory ybadspection was
approximately 4 times a year, with 2 being planaed 2 being unplanned.

- 13% of NDT companies (12 out of 93) reported thad tegulatory body performed
neither planned or unplanned (unannounced) congdiamspections of the company’s
radiographers on the work site.

Regulatory bodies:

— Over 90% of regulatory bodies (54 out of 58) stdted they perform inspections of NDT
companies that provide on-site radiography servioéshese, 85% (46 out of 54) perform
inspection where on-site radiography is actualkyng place. Further, of the inspections:

0 26% (14 out of 53) are announced only;
0 2% (1 out of 53) are unannounced only; and
0 72% (38 out of 53) are either announced or unancexin

— From the data of 46 regulatory bodies, the aveeagkthe median number of regulatory
inspections were both 1 per year. Most regulatospéctions addressed similar elements,
including:

0 Wearing of passive dosimeters — 98% (51 out of 52);

Wearing of active dosimeters — 90% (46 out of 51);

Use of survey meters — 96% (50 out of 52);

Use of collimators — 88% (44 out of 50);

Use of warning systems to prevent entry to the vetk— 98% (51 out of 52);

Dose rate at the boundary of the warning systei®% @7 out of 52);

Use of alarm systems — 96% (49 out of 51);

Training and qualifications of radiographers — 10% out of 52);

Operator knowledge of procedures — 96% (47 ouBdf 4

Pre-operation equipment checks — 86% (42 out gf 49)

Equipment condition — 98% (49 out of 50);

o Emergency preparedness — 96% (47 out of 49).
— Based on the responses from 54 regulatory bodies5tmost common shortcomings
were:
o 1%— No proper use of survey meters:
o 2"— No proper warning system to prevent entry totbek site;
o 39— Poor emergency preparedness;
o 4™ — No proper use of alarm systems;

O 0O0OO0OO0O0OO0OO0OO0OO0OOo
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o 5" — Dose rate at the boundary for the work sitewititin limits set.
3.5.5. Emergency preparedness and response

Individual industrial radiographers:

— Over 90% of radiographers (385 out of 412) stated the NDT company they worked
for had an emergency plan for site radiographyth@ge, almost 90% (338 out of 379)
said that they had received training for the r@ad responsibilities of radiographers in
that emergency plan.

NDT companies:

— Almost all NDT companies (95%, 90 out of 95) statedt they had an emergency plan
and procedures for responding to incidents dutegperformance of site radiography. Of
the four “no” responses, all were X-ray only NDThgzanies.

— The emergency plan is communicated and discusdéd wi

o Company radiographers — over 90% of NDT compardgs(t of 88);

o Company clients — less than half of NDT compand&squt of 85);

0 The regulatory body — 82% of NDT companies (69ailg4);

o Other emergency response authorities — 44% of N@iipanies (36 out of 82).

— All responding NDT companies communicated and dised their emergency plan with
at least one of the above parties. 26 NDT compasteged that they communicated and
discussed their emergency plan with all of the aoarties.

— 82% of NDT companies (78 out of 95) stated thay ghvided specific training to their
radiographers on emergency preparedness and resddms specific training included:

0 Explanation of emergency procedures — effectivéllynath 77 out of 78, and one
“no reply”;

0 Practical exercises on containment of the situati®0%, 69 out of 77,

o Practical exercises on source recovery — 73%, 58foiB.

— The 16 “no” answers with respect to specific tnagnion emergency preparedness and
response were dominated by 13 from Europe. lkilithat these responses reflect the
practice and requirements to use specialist pelisoamergency roles, and hence training
radiographers for this role is not considered appate.

- 91% of NDT companies (85 out of 93) stated thay theeve emergency equipment for site
radiography. Emergency equipment included:

o Longtongs —89% of NDT companies (74 out of 83);

o Shielding material — 98% of NDT companies (80 dui2);

o Emergency or rescue container — 79% of NDT comsati¢ out of 81);

o Other equipment included protective clothing (Gasses), cutting equipment (6),
additional survey meters (long) and dosimetersf{#,extinguishers (2), first aid
kit (1), and toolbox (1).

- 92% of NDT companies (77 out of 84) stated thairthediographers have access to
emergency equipment.

- In reply to the questions on responsibilities & ttarious stages of an emergency, the
following can be summarized:

o0 Responsibility for containment of the situation:
= The radiographer and the RPO for most NDT compa(1i8%o, 68 out of
89). There were no responses where the radiograpliee RPO were not
involved.
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0 Responsibility for planning and rehearsing the vecy:

* Primarily the RPO (87%, 75 out of 86), with a sugimgy role of the
radiographer (44%, 38 out of 86). There were 4 omspes where the
radiographer or the RPO were not involved.

o Responsibility for recovery of the situation:

* Primarily the RPO (77%, 67 out of 87), with a sugimgy role of the
radiographer (46%, 40 out of 87). There were 3 amsps where the
radiographer or the RPO were not involved.

0 Responsibility for investigating and reporting:

* Primarily the RPO (89%, 77 out of 87), with a sugimgy role of the
radiographer (34%, 30 out of 87). There were 3 amsps where the
radiographer or the RPO were not involved.

— Just over half of NDT companies (56%, 49 out of 8&ted that they hold emergency
exercises to test the critical components of thregany’s emergency plan.
o From those that responded that they do hold exacithe mean number of
exercises per year was 2 and the median numbet was
— Nearly two-thirds of NDT companies (63%, 54 out8#f) stated that they undertake
periodic formal reviews of the company’s emergepiey.
o From those that responded that they do undertakews, the mean and median
number of reviews per year was 1.

Regulatory bodies:

— Almost all regulatory bodies (57 out of 58) statldt they require NDT companies to
have an emergency plan. Three-quarters of theatwylbodies (43 out of 57) require the
emergency plan to specify requirements for trainamgl exercises. 80% of regulatory
bodies (43 out of 55) stated that they approve Bit Bompany’s emergency plan.

— Three-quarters of the regulatory bodies (43 ol @)frequire licensees to have emergency
equipment.

- 60% of regulatory bodies (35 out of 57) stated thay have resources to assist licensees
in recovering from emergencies.

- 90% of regulatory bodies (52 out of 57) stated thaly check the emergency plan and
equipment during periodic inspections or at licerereewal.

3.6. INDIVIDUAL MONITORING

Individual industrial radiographers:

— Over 90% of radiographers (387 out of 423) stateat they knew what occupational
doses they received. The mean number of times par that the radiographer was
informed about their dose was 11 times, and theianedumber was 12 times. This is
consistent with 1 month or 4 weeks being the mashroonly reported monitoring
periods (73%).

— Over 200 radiographers gave a value for their dnmc@ipational effective dose in 2009:

o The average was dose for 2009 was 3.4 mSv, wietparted maximum annual
effective dose of 30 mSwv.

o While the majority of radiographers (76%) statedttthey received an annual
effective dose of less than 5 mSv in 2009, nearlg-guarter received a dose
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between 5 and 20 mSv, and a small percentage @8jved a dose greater than
20 mSv.
0 Regional details are given in Appendix I, Tabld$& & 1.15b and Figure I.1.

— Almost 200 radiographers gave a value for theirimaxn dose for a monitoring period in
2009. Results were normalized to a 1 month momigopieriod:

o0 Nearly 70% of radiographers (122 out of 181) hasaximum monthly dose in
2009 of less than 1 mSv. The mean maximum montbée dvas 1.4 mSv and the
median 0.5 mSuv.

o One radiographer had a maximum monthly dose in 26@8eding 20 mSwv.

0 4% of radiographers (7 out of 181) had a maximumntily dose in 2009
exceeding 5 mSv.

o On average, approximately one-third of the annwakeds received in the month
with the highest dose.

0 More details are given in Appendix |, Tables I.86816b and Figures l.1a & 1.2.

— Based on data from 141 radiographers who provid#d Bnnual doses and workloads,
the estimate (at the 95% level) of mean occupaltidose per exposure was 4.8 + 2.3 uSv.
If data for radiographers with very low workloade &xcluded (less than 100 exposures
per year), 129 data points remained, giving anregé of mean occupational dose per
exposure of 2.9 £ 1.2 uSv.

— There was no statistically significant differencetvileen the mean occupational dose per
exposure for those radiographers who worked witimrga sources only and those who
worked with X-Ray sources only. (See also ApperidiXable 1.18a and Figures 1.4 &
1.5).

— For those radiographers who worked with Ir-192 sesirin 2009, there was no strong
correlation of annual occupational dose with so@acvity, and no strong correlation of
occupational dose per exposure with source activitgwever, in both cases, the
correlation was stronger for radiographers who wdnwith Ir-192 sources only compared
with those radiographers who worked with other sesras well as Ir-192. (See also
Appendix I, Figures 1.6 to 1.9).

— There was no statistically significant differencetvileen the mean occupational dose per
exposure for those radiographers who always usiichators when working with gamma
sources compared with those who only sometimes c@éthators. (See also Appendix |,
Table 1.19a and Figures .10 & 1.11).

— There was no statistically significant differencetvileen the mean occupational dose per
exposure for those radiographers who always usgghcagms/collimators when working
with X-Ray sources compared with those who nevedudiaphragms/collimators. (See
also Appendix I, Table 1.19b and Figures 1.12 &3).1

— There was no statistically significant differencetvibeeen the mean occupational dose per
exposure for radiographers with level 3 NDT traghicompared with level 2 or level 1
radiographers. (See also Appendix I, Table 1.2028b and Figures 1.14 & 1.15).

— There was no correlation between the annual ocimuzteffective dose in 2009 and the
total number of events (accidents, near misses dewlations), or each separately.
Similarly, there was no correlation for the highesinthly occupational dose, or for the
occupational dose per exposure. (See also Appdndiables 1.21a, b, & ¢ and Figures
.16 & 1.17).

— There was no statistically significant differencetvibeen the estimates of mean annual
effective dose for the radiographers who had hahtsvin the last 5 years compared with
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those radiographers who had not had events. Siyifar the estimates of mean
occupational dose per exposure. (See also Appéneigures 1.18 & 1.19).

NDT companies:

— 76 NDT companies provided banded annual dose data ftotal of 3375 industrial
radiographers for the year 2009. Over half (58%) &a estimated annual effective dose
less than the 1 mSv. A small percentage (0.3%)dmdstimated annual effective dose
greater than or equal to the dose limit of 20 mSv.

Regulatory bodies:

— 60% of regulatory bodies (34 out of 55) stated thay have direct access to a national or
state database of individual doses for industadlagraphers and other workers involved
in NDT.

— 33 regulatory bodies were able to supply annuat diaga for industrial radiographers for
the year 2009:

o The average annual effective dose for nearly 18,0@@nitored industrial
radiographers, from 33 countries, was 2.9 mSyv, witeported maximum annual
effective dose of 158 mSv.

o While the vast majority of industrial radiographd@6%) received an annual
effective dose of less than 5 mSv in 2009, nedly Bersons (2%) received a dose
greater than 20 mSv, and nearly 50 persons (0.88&jwed a dose greater than 50
mSv.

o The average annual effective dose for nearly 5,0@ghitored “other NDT
workers”, from 10 countries, was 0.6 mSv, with @ated maximum annual
effective dose of 91 mSv.

0 99% of “other NDT workers” received an annual efifex dose of less than 5 mSv
in 2009.

o From the distribution of country-average annuatetiize doses:

= The mean country-average effective dose for indalstdiographers was
2.2+0.8 mSyv for 2009; and

= The mean country-average effective dose for “othBT workers” was
1.2+0.8 mSv for 2009.

— 21 reqgulatory bodies were able to supply data am rieximum monthly dose for
industrial radiographers for the year 2009:

0 90% of industrial radiographers (8201 out of 91449l a maximum monthly dose
in 2009 of less than 1 mSv.

o 3radiographers had a maximum monthly dose in 20@8eding 50 mSv.

0 2% of radiographers (187 out of 9144) had a maxinmamthly dose in 2009
exceeding 5 mSv.

0 98% of “other NDT workers” (3572 out of 3642) hadhaximum monthly dose in
2009 of less than 1 mSv.

— About one-half of regulatory bodies (17 out of 3@ted that they perform trend analysis
of the occupational doses in industrial radiographly of these regulatory bodies stated
that they use the results of the analyses to ingnm@adiation protection in industrial
radiography.

WGIR Report on the Questionnaires on OccupatiompbBure in Industrial Radiography
October 2012 Page 23



4. DISCUSSION

As noted above in sub-section 3.1 on caveats, arauthust be exercised in drawing

conclusions from the survey results. Neverthelssg)e comments and discussion follow on
particular topics. Further, having the three questaires with responses from the three
different sources — radiographers, NDT compani&sragulatory bodies — provides different

perspectives on the various topics, and allows @sgns to be made. Additional comments
appear in the Appendices as notes to some of lestand figures.

There are other aspects that affect radiationysaiahdustrial radiography, which the results
of the survey are likely to have glossed over. Tits is that while an NDT company may
have a manual with a comprehensive set of safeabpgr procedures, this does not
necessarily translate into the use of those praesdan actual practice in the field. Some hint
of the extent of this problem is evident in the pamson of results for company responses
with those for the radiographers — see sectiorl 48low, for example.

A second aspect is that clients can bring undusspre upon the NDT company, and hence
the industrial radiographers, to complete a giask in a constrained period of time or a set
of adverse conditions. A third related aspect & #n NDT company may be operating on a
very narrow profit margin in order to secure a giwentract. In both these cases, corners are
likely to be cut, and radiation protection and salé&ely to be compromised. The effect of
such issues is unlikely to have fully emerged mrbsults of the survey.

4.1. RADIATION PROTECTION TRAINING AND QUALIFICATIONS OF INDUSTRIAL
RADIOGRAPHERS

The need for radiation protection training in intliad radiography appears to be well
accepted and established. On the one hand, théategubodies almost universally stated
that they require radiation protection training fadiographers, and on the other hand almost
all the NDT companies provided or facilitated ialtradiation protection training. The result
was that the radiographer responses indicated la pigvalence of radiation protection
training, with only 8 responding radiographers (28tgting that they had not had radiation
protection training. It should have been zero rgdiphers having had no radiation protection
training, but nonetheless the result is very muoetards the desired situation.

Most regulatory bodies (90%) required the radiapootection training to include both theory
and practical. Data from the NDT companies showeat almost all (96%) gave initial
theoretical training in radiation protection, with mean of nearly 40 hours, but a lower
number (82%) gave initial practical training in i@tbn protection, with a mean of 30 hours.
This appears to be in addition to any radiatiortguiion training received as part of the NDT
training, as indicated by the radiographer responggere the greater majority (85%) stated
that they had received radiation protection trajrseparate to the NDT training.

Refresher training was less well established, witty 70% of regulatory bodies stating that
they required refresher training in radiation petittn for persons performing on-site
radiography. Almost 20% of NDT companies reporteat they did not provide or facilitate
refresher theoretical training in radiation proict and a larger percentage (40%) reported
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that they did not provide or facilitate refreshemgdical training in radiation protection.
Clearly, there is scope for improvement.

The question of specific training for emergencyaiions is an interesting one. The majority
of radiographers (89%) reported that proceduresefoergencies were included in their
radiation protection training. However, only twartls said that the training included
practical exercises for creating a safe situatiatil the source is able to be recovered, and just
over half said that the training included practiea¢rcises for source recovery. Three-quarters
of the radiographers stated that they were notvaitbto perform a source recovery on their
own without first contacting a specialized soureeavery person. Regardless of the authority
of radiographers to actually perform source recpvgiven the likelihood of emergencies and
the associated very real health hazards it shadthsessential that all radiographers are well
trained with respect to procedures for emergencies.

The NDT companies were asked about training for rgemeies in two parts of their
questionnaire. In the section on radiation protectducation and training (in questionlc)
almost all (90 out of 92) stated that their tragnincluded emergency procedures. However,
in the section on emergency preparedness and rssigguestion 24), the lower number of 78
stated that they provided specific training to thradiographers on emergency preparedness
and response. Of twelve who had said “yes” to goesic(i), eleven then said “no” to
question 24, and one said they did not know. Perltiagre were perceived differences in the
two questions, and it was noted that the NDT conggathat said “no” to question 24 were
predominantly from Europe and likely reflected practice and requirements to use specialist
persons in emergency roles. Perhaps more reassyramyy two NDT companies said “no”
to both questions, although again this should diyuzave been zero.

The influence of different country and regional eggches to dealing with emergencies was
further evident in the results for the practicaliiing on containment of the situation and
creating a safe situation and on source recovarloth areas of training, the percentages for
Europe, North America and Africa were lower thanAgia-Pacific and Latin America.

From the regulatory perspective, the regulatoryyboesponses showed that about 70%
require the radiation protection training to inctug@ractical exercises for creating a safe
situation in an emergency until the source is ablée recovered, with a lower percentage
(about 60%) requiring practical exercises for seugcovery.

It would seem essential that all radiographers wéidorm on-site radiography be trained in
emergency procedures and understand their rolevaatl specific steps they are required to
be involved in to create a safe situation, regasdte who will ultimately perform the source
recovery.

The concerns expressed here are perhaps echdeslradiographer responses to the question
on “do you feel sufficiently well qualified and tred to be able to work safely and reliably?”,
to which less than 2% of radiographers replied ;rmit about 10% replied that they did not
feel well prepared for an emergency situation.

It was perhaps surprising that, while almost ajutatory bodies (57 out of 59) stated that any
person wishing to act as an RPO for a companypédorms on-site radiography must have
had radiation protection training to an acceptaéel, only 70% (39 out of 57) thought that
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the acceptable level was higher than that for sgrdpher. It would seem essential that in an
industry with a track record of accidents and ieaig that the RPO really needs to have
specialist expertise in radiation protection. Thisuld, therefore, seem to be an area for
improvement.

4.2. INCIDENTS (DEVIATIONS, NEAR MISSES AND ACCIDERS)

Accidents, near misses and deviations are widetpgerized as being a characteristic of
industrial radiography [1], and the results of thisvey provide such confirmation — they do
occur. It is likely that the reported values in thevey are an underestimate, especially with
regard to near misses and deviations.

Rates of occurrence of accidents, near-misses aemdtins were reported by both the
radiographers and the NDT companies. Tables 1 amuripare the derived rates of incidence
from the two sources for each of accidents, neas@si and deviations. The estimates of rates
of incidence for radiographers were obtained diyeftbm the radiographer responses and
derived from the NDT company responses by scaliegcbompany incidence by the number
of radiographers in that company. Similarly, théineates of rates of incidence for NDT
companies were obtained directly from the NDT conypeesponses and derived from the
radiographer responses by scaling the radiograpbelence by the number of radiographers
in that company.

Table 1. Estimates of the incidence rates of aotgjenear misses and deviations per
radiographer per 5 years, estimated from the radpiger responses and the NDT company
responses.

Radiographer data NDT company data
Incidence of: Per radiographer per 5 years  Peogadpher per 5 years
Accidents 0.04 0.03
Near misses 0.1 0.05
Deviations 0.6 0.05

Table 2. Estimates of the incidence rates of aot&glenear misses and deviations per NDT
company per 5 years, estimated from the radiograptegponses and the NDT company
responses.

Radiographer data NDT company data
Incidence of: Per NDT company per 5 years Per NDgany per 5 years
Accidents 4.0 1.1
Near misses 6.2 1.8
Deviations 29.3 1.8

While there are uncertainties associated with #ta,dn each case the estimate from the NDT
company data was less than the corresponding estinaan the radiographer data, especially
for near misses and deviations. This would sugtiest there is a knowledge gap between
what occurs in the field versus what is known dinmeviedged back at headquarters. There
may be reluctance for a radiographer to reporinardent for fear of repercussions, or there
may be reluctance for NDT companies to acknowletige incidents are happening in their

company. A safety culture needs to be promoted INAT companies, whereby reporting of
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incidents is not only encouraged but is also sgeallbas adding value to radiation safety by
providing the opportunity to learn and to improve.

Sharing information about radiation incidents iwell-recognized means for minimizing the
likelihood of similar incidents elsewhere, but tdesel of dissemination appears to be less
than desirable. While almost all NDT companies diae or more means for doing this within
their companies, there was a sizeable proportiear(n 40%) that did not appear to share
information on incidents with other organizations.

Almost all regulatory bodies reported that they lestiablished criteria for when it was a
requirement to report an incident to the regulatoogly. For the more serious accidents,
reporting to the regulatory body by the NDT compampeared to be well implemented —
100% for accidents with individual exposures higtiemn the annual dose limits, and 70% for
accidents with elevated individual exposures, butelr than the dose limits. Statistics from
the regulatory body perspective gave an accideaid@mce of nearly 5 accidents per
jurisdiction per 5 years. As with the radiographaiosve, there may be reticence for an NDT
company to report an incident for fear of regulat@ctions. Again, the more incidents that are
reported, the greater the scope for learning andigsemination of information to minimize
the likelihood of recurrences.

Only two-thirds of regulatory bodies stated thaytimaintain a radiation incident database for
their jurisdiction, resulting in slightly less thdmalf of the regulatory bodies analysing data
regularly to determine if there are common faciarshe incidents. Again, only about one-
half of the regulatory bodies reported having aaldshed system for sharing lessons learned
from reported incidents, reiterating the commermtvabon poor dissemination.

Means for minimizing the likelihood of incidentsmains a priority in industrial radiography,
and the survey results indicate there is roomrfgerovement in reporting incidents from the
field to the company, and from the company to thgutatory body. For the latter, more
regulatory bodies should consider establishing @rident database which would then
facilitate the dissemination of lessons learned.

4.3. SYSTEMS AND PROCEDURES TO ENSURE PROTECTION DAMSAFETY IN
INDUSTRIAL RADIOGRAPHY

4.3.1. Safety of theradiographer

Safety of the radiographer is ensured through lgagood work and radiation protection
practices and confirming this with appropriate dustry and monitoring.

Most, but not all, radiographers reported checkiogthe presence of the source in the
exposure device before taking the device from theesand checking after completing the
NDT exposure. Knowledge about where the sourcd @llaimes is crucial in preventing
accidents, and cannot be overstressed. All radibgra should be routinely performing these
checks each and every time.

Collimators are used to reduce the radiation beasome directions. They should be used
whenever possible, to reduce radiation levels amnabeqquent occupational doses. A very
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small percentage of radiographers (< 1%) said tiexer used collimators when performing
gamma radiography, but about 10% said they neved dg&aphragms/collimators for X-ray
radiography. From the company perspective, over 8@¢d they required collimators to be
used for gamma radiography and this can be compeitadhe radiographers from the same
companies of whom only 80% said that they alwayslullimators. For X-ray radiography,
almost 80% of NDT companies stated that they reguihe use of diaphragms/collimators,
but the radiographer responses for 8 out of 45hek¢ companies suggested that some
radiographers were not using diaphragms/collimatbespite the company requirement.
Clearly, there is room for improved practice.

The survey meter plays an important radiation gafde in industrial radiography. Almost all
regulatory bodies (95%) stated that they requirendnstrial radiographer to always have a
functioning and calibrated survey meter with themost the same percentage of NDT
companies (91%) stated that they provide surveyersetUnfortunately, the radiographer
questionnaire did not ask about the presence amdfusurvey meters. Perhaps an estimate of
use is given by the percentage of radiographetstiexk for the presence of the source in the
exposure device after performing NDT exposuresmahg 95%. While all these percentages
are high, each should really be 100%.

The RPO has a role to play in promoting good peadci the field. Most (90%), but not all,
regulatory bodies stated that they require an NDmgany to employ an RPO or RPE, and
almost all NDT companies (97%) stated that theyeh@v RPO or RPE in their organization.
However presence in the field is another issue.ubAlmme-half of the regulatory bodies
required an RPO to be present on the work sitenduwin-site radiography. This aligns well
with about 55% of radiographers reporting that &0ORor RPE was on site during on-site
radiography. This implies that in almost half ofetleompanies and for almost half the
radiographers, on-site radiography is being peréatnwithout the benefit of radiation
protection knowledge of the RPO. It was also less tsatisfactory that 20% of radiographers
reported that they did not have regular discussieitis their RPO on radiation protection
issues or their occupational doses.

All regulatory bodies stated that they requiredagchphers to use passive dosimeters. While
about 80% also required the use of active dosimetieis means that there were about 20% of
regulatory bodies who had no expectation that grdighers need to have active dosimeters
with alarm functions. Most active dosimeters hadilale alarms, but fewer had visual or
vibrating alarms. Using active dosimeters thatadithree senses rather than just one would
seem to provide additional radiation safety, esglcin the often hazardous environment in
which the radiography is taking place. It was radsg that all NDT companies stated that
they provided their radiographers with at least fumen of dosimeter. However, only 90% of
radiographers stated that they knew what occupatawses they received. The implication is
that the other 10% did not use dosimeters, eitkealbise dosimeters were not provided or the
radiographers chose not to use them, or perhapthtihyawere uninterested in their doses.

The role of investigation levels could be more Wyddtilized. Less than two-thirds of NDT
companies reported that they had established dlgirinvestigation levels, although a higher
percentage said that the regulatory body had s#t guevel. All NDT companies should be
using investigation levels. Of those that did haweestigation levels, almost half reported
that they had not performed any investigationqlast 5 years. This could be indicative of
good practice, or it could suggest that investayatevels are set too high.
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4.3.2. Safety of the public

Radiation protection for the public is afforded diigh ensuring that dose rates in areas
accessible to the public are at levels which carleatl to the public dose limits being
exceeded, and by ensuring that members of thegdblnot enter a site where radiography is
taking place.

Clearly, warning systems form an important part ppbtecting the public. Almost all
regulatory bodies required the use of a warningesygo prevent entry to the radiography
site. Most of the regulatory bodies (80%) statexd they have a standard procedure for such a
warning system, based mainly on barriers, and wgrrsigns and lights. The average
maximum dose rate allowed at the barrier, as sédyegulatory bodies, was 30 pSv/hr with
a median of 10 uSv/hr. These values can be compatiedhe NDT company reported values
of 13 uSv/h and 7.5 uSv/h for the mean and medespectively, both of which are less than
the regulatory body values.

One group of the public that are at particular mgth site radiography are other workers at
the site. It is self-evident that these workersdneebe aware that radiography is taking place,
and that they need to understand the meaning nadgegyand warning lights. Conversely, the
industrial radiographers need to know about padicaspects of the site that they are
working at, including interfering activities. Theesults of the survey suggest that
communication between the NDT company and the tigeless than desirable. For example,
the regulatory impetus is lacking — less than bélthe regulatory bodies require the client
(who is receiving the on-site radiography servicas)inform the NDT company about
conditions on the site that might affect the safetyother workers on site. This is then
reflected in practice where the majority (70%), hat all, of NDT companies reported that
their clients always provide information about atimterfering activities on site.

A sizable proportion (60%) of NDT companies saidttthey had analysed reasons why
unauthorized persons trespassed past the warnstgnsy Wilful violation was the main
cause, followed by ignorance about the meaninguopgse of the warning system. Both of
these could be addressed through better communichétween the NDT company and the
client.

4.3.3. Safety of sources and exposure devices

Regulatory performance requirements set the basmsafety of sources and exposure devices.
Most regulatory bodies (80%) stated that they megusources and exposure devices used for
industrial radiography to meet specified standaaahsl 75% required X-ray generators used

for industrial radiography to meet specified stadda

Further, 80% of regulatory bodies required thatdberce and the exposure device be subject
to periodic inspections/tests and maintenance tofyveompliance with the required
standards. For X-ray generators, periodic inspasttests and maintenance were required by
70% of regulatory bodies. This can be compared WithNDT company responses, where
only 2 companies (2%) stated that preventative teaance was not performed for exposure
devices for gamma radiography, and only 1 compaby)( stated that preventative
maintenance was not performed for X-ray equipment.
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The average interval specified by the regulatordié® was 12 months for both gamma
radiography devices and X-ray equipment. The NDmgany data gave an average interval
of 8 months, again for both gamma and X-ray deyiseggesting that the practice in industry
is better than current regulatory requirements.

4.3.4. Compliance inspections

Checking that actual practice is indeed as it pgpssed to be is an important part of radiation
protection. High percentages of both the NDT congmm@nd the regulatory bodies were
performing compliance inspections of the radiogephat work. Both announced and
unannounced inspections were being used. The sesuligest that a radiographer could
expect to be inspected at least twice a year by @T company and about once or twice a
year by the regulatory body.

Both the NDT companies and regulatory bodies weked in their respective questionnaires
to rank the 5 most common shortcomings in theipactions. Table 3 compares these
shortcomings. Two shortcomings were common — pgeraf survey meters and dose rates at
the boundary of the work site not being within lisniTwo further related shortcomings of the
regulatory body inspections (no proper warningayst to prevent entry to the work site and
no proper use of alarm systems) were rat8caléd ' respectively in the NDT company
shortcomings. However, two of the shortcomingsN@T company inspections (poor use of
collimators and no pre-operation specific equipmzrgcks being performed) rated near the
bottom of the regulatory body inspections’ shortouys.

It is possible that the results of the shortcomirggtect the different focus of the two forms of
inspection — the NDT company inspections perhapsussing more on whether the

radiographer is following company procedures andtqmols, while the regulatory body

inspections may have a focus on public protectdonetheless, all the shortcomings have
implications for radiation safety, and that shomaags are found reinforces the continuing
need for regular inspections.

Table 3. The five most common shortcomings for effddDT company and regulatory body
inspections.

Five most common shortcomings

NDT company inspections Regulatory body inspections

No proper use of collimators No proper use of syiweters

Dose rate at the boundary of the work site |[Mgb proper warning system to prevent entry to
within limits set the work site

No proper use of survey meters Poor emergency mepess

No pre-operation specific equipment checkéo proper use of alarm systems
being performed

Poor operator knowledge of procedures Dose rateedtoundary of the work site npt
within limits set

4.3.5. Emergency preparedness and response

Radiation sources used for industrial radiograpbsppses have high radiation outputs and
are potentially very hazardous. Incidents do oeout it is essential that systems are in place
for emergency preparedness and response, in gartasuemergency plan.
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Almost all regulatory bodies (98%) stated that thieguire NDT companies to have an
emergency plan; 95% of NDT companies stated tret ttad an emergency plan; and over
90% of radiographers stated that their NDT compaag an emergency plan for site
radiography.

The role of the radiographer in an emergency isciatu Again, there seemed to be

consistency across the questionnaires with almo%i 6f radiographers reporting that they
had received training for the roles and responséslof radiographers in the emergency plan;
over 90% of NDT companies stated that their emarggrlan was discussed with their

radiographers and over 80% reported provided dpec#ining on emergency preparedness
and response. The last figure reflects the prat¢hiae some countries have requirements to
use specialist persons in emergency roles, ancehspecific training for radiographers in this

role is not seen as appropriate.

Only three-quarters of regulatory bodies requireBTNcompanies to have emergency
equipment. However, 90% of NDT companies statetlttiey had emergency equipment for
site radiography — primarily long tongs, shieldintaterial, and an emergency or rescue
container.

4.4. INDIVIDUAL MONITORING

Figure 1 (next page) shows a comparison of thegattnal dose distributions for industrial
radiographers in 2009 assessed from the differeastgpnnaires. The radiographer data are
for 234 radiographers, the NDT company data arentarly 3500 radiographers, and the
regulatory body data are for over 16000 radiogresptieeassuringly, there is broad agreement
with the average annual effective dose from theogadphers’ data and the regulatory bodies’
data being 3.4 and 2.9 mSv, respectively. Someeréifiites are, however, evident. For
example, both the regulatory body data and the M@Tipany data show a higher proportion
of radiographers receiving an annual dose lessthav — 60% and 58% respectively, while
the radiographer data gave a lower proportion &fb3TZonversely, the radiographer-based
data would suggest about twice as many radiograpieeeiving an annual dose in the range
of 5-20 mSv compared with the NDT company and ieguy body data, namely 22% versus
9% and 12% respectively. The role of individual marng in industrial radiography is
undisputed, with the need for good record keepiryragular review.

Figure 2 (next page) shows the distribution of ahneffective dose for industrial
radiographers versus their reported annual worldo&@dearly, there is no correlation. This
emphasizes that occupational radiation protectiorindustrial radiography is not being
effectively optimized.

Many factors can potentially affect occupationgb@sure in industrial radiography and there
needs to be a systematic approach to the impletr@ntaf optimization of protection. The
results of the survey are being used in this rddpdwo ways.
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Comparison of radiographer dose distributions
- Percentages of radiographers with annual dose (2009) in the dose bands
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FIG. 1. Comparison of the annual dose distributidos industrial radiographers derived from the
data from the radiographer questionnaire, the NMmpany questionnaire and the regulatory body
guestionnaire. Note: ‘mdIl’ means the minimum dé&edimit of the dosimetry system.
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FIG. 2. The annual effective dose in 2009 for imdals radiographers versus the number of
radiographic exposures for that radiographer. Thams no correlation between dose and workload.
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4.5. IMPLICATIONS FOR AN INTERNATIONAL DATABASE

Regulatory body data on individual radiographerupational doses is purely for assessing
compliance with the occupational dose limits. Hoarewa database that contained information
on individual industrial radiographers, includingetr occupational doses, radiographic
workloads, level of NDT training, radiation protiect training, sources used, percentage of
site radiography, use of collimators, survey metansl number of incidents, could be used as
a tool by NDT companies to improve their impleménota of optimization in occupational
radiation protection. The establishment of suchnéernational database is one of the long-
term goals of the ISEMIR project.

The metric for assessing optimization of radiafiwatection would be occupational dose per
radiographic exposure, and this would be able todoeelated with any of the aforementioned
attributes. Global and regional analyses would j®gtatistics on the relationships between
dose and the personnel attributes. NDT facilitiesuld be able to benchmark their own

facility and individual radiographers’ performancesainst global or regional data.

Individuals and facilities would be anonymisedhe tatabase.

Figure 3 (next page) illustrates how the ISEMIReinational database would assist. The
graph shows occupational dose per radiographic xpoas a function of whether
collimators are always used or only sometimes ushdn performing radiography with
gamma sources. For the sample from the questiarthg mean for the former was 3.3 uSv,
and the latter 4.2 uSv. The difference was noissidlly significant, but it illustrates the
analysis that could be made with the potential paf@ larger international database.

The industrial radiography section of the databaseld also have a module devoted to
incidents — accidents, near misses and deviations hormal. This module is intended to be
a tool to provide information that should lead teeduction in the occurrence of incidents in
industrial radiography. Its features would inclueeamples of incidents for training; the
ability to search for incidents related to a gifaator, such as cause, equipment, conditions;
provision of details on actual corrective actiongplemented; and promotion of lessons
learned.

Once developed, NDT facilities all around the wovlduld be encouraged to actively
participate in the database to enable it to becamiable tool for implementing optimization
of occupational radiation protection in industriadliography.

4.6. A ROAD MAP

A second output from the survey is a “road map” so&ware tool that will enable NDT
companies to assess their own performance in radiptotection against accepted practice.
It is divided into 8 sections, namely: 1. Qualificas and training of industrial radiographers
in radiation protection; 2. Learning from incidertieviations from normal, near misses and
accidents); 3. Individual monitoring; 4. Work placgonitoring and warning systems; 5.
Client interfaces; 6. Equipment; 7. Internal cohtamd inspections; and 8. Emergency
preparedness and response. In each of these seittere are a series of questions addressing
particular aspects of each of these topics.
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Estimates of mean occupational dose per exposure,
based on use of collimators in gamma radiography
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FIG. 3. Estimates of mean occupational dose perogrdphic exposure when performing industrial
radiography with gamma sources, as a function oétivbr collimators are always used or only
sometimes used. The mean for the former was 3.3ap&the latter 4.2 uSv. For the sample from the
guestionnaire, the difference was not statisticalfynificant, but it illustrates the potential ponaf a
larger international database.

A representative from an NDT company would answerduestions in the road map, based
on current practice in their company. The respateseeach question is then scored by
comparing it with a measure of good practice. Theasare for good practice, for each
guestion, is based either on the relevant thirdtdeaalue from the distribution of responses
from the survey or on a value given in an inteoral standard. Different weightings are
applied to questions, depending on their relatwpdrtance, as established by an international
group of experts. The scores for each sectionwarered and the results are presented to the
user, including a graphical schematic that giveguigk visual overview of how the NDT
company compares with current good practice. Atleaishave been identified as being below
par could then be addressed by the NDT companymiorave occupational radiation
protection in their facility. The road map tool ilecome available on the ISEMIR pages of
the IAEA’'s ORPNET website at:
http://www-ns.iaea.org/tech-areas/communicatiomnets/norp/isemir-web.htm

5. RECOMMENDATIONS

Based on the results of the survey, the WGIR censithe following recommendations to be
appropriate:

 NDT companies should provide or facilitate initiedining on radiation protection in
industrial radiography, of at least one week doratind include at least two days of
practical. Such radiation protection training isaiddition to any that may have been
received in the course of the NDT training.
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* NDT companies should provide or facilitate refresinaining on radiation protection
in industrial radiography at least once every y@érat least one day duration and
should include a practical exercise for creatirsgf@ situation after a typical accident.

» Every NDT company should have an approved RPP astggpand regularly reviewed
by top management.

* Every NDT company must either employ or contractRIO, full or part-time as
appropriate, who reports to the managing director.

 NDT companies should encourage the reporting of-messes to allow analysis and
lessons to be learned.

* NDT companies should ensure that feedback is gigeradiographers on incidents
that have been reported, for example at safetyingset

* NDT companies should share information and expeegron incidents with other
companies, e.g. through NDT societies or radigbiatection societies.

* NDT companies should ensure that all radiographsees collimators or diaphragms
for the sources and X-ray units as the default. Aeviation from such practice must
have been justified.

* NDT companies should provide all its radiographesigh active dosimeters (in
addition to the passive dosimeters), equipped vetldible alarms and, where
applicable, also with visual and/or vibrating alarm

 NDT companies should ensure that all their radiplgeas are informed about their
occupational doses every monitoring period.

* NDT companies should establish investigation levalsplied for each monitoring
period.

 NDT company protocols for establishing the boundzfra controlled area should be
based on a balance between the dose rate outsidernkrolled area, and the ability to
maintain oversight of the area and to prevent entry

* NDT companies should review the reasons why peraonsiot obeying the warning
systems for preventing entry to the work area.

* NDT companies should ensure that their clients, reshapplicable, inform other
workers at the site about the radiation risks dased with the performance of
industrial radiography, the purpose and method h&f warning systems and, in
particular, the meaning of alarm signals.

* NDT companies should ensure that preventive maames of industrial radiography
equipment is carried out according to the manufactiguidelines, and the frequency
should be at least once per year, and more frelywwhen devices are used in harsh
conditions.

* NDT companies should perform compliance inspectiam a mix of announced and
unannounced inspections. Every radiographer shioglthspected at least two times
per year. The inspection team should consist déadt the RPO, who provides the
radiation protection expertise, and a member ofmla@agement team, who would be
promoting the importance of safety culture as veallreviewing corrective actions
from previous inspections.

* Al NDT companies must have an emergency plan argrteeds to include the role
required in that plan for the radiographers an@piplicable, for the clients. All NDT
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companies should include detailed knowledge of geray procedures and steps
required for creating a safe situation in the irajrgiven to their radiographers.

* Al NDT companies should have an emergency exemige a year, and review (with
the participation of all) the results of that exeec

* Regulatory bodies need to ensure that as a refstliem authorization processes that
only NDT companies that meet accepted radiatiortepton standards (both for
normal operations and emergency situations, sucim éise IAEA’s publication on
Radiation Safety in Industrial Radiography, Speciafety Guide (IAEA Safety
Standards Series SSG-11) are permitted to prantisstrial radiography.

* Regulatory bodies should consider the benefitsaofriyg a recognized qualification in
radiation protection for industrial radiographeasid should set minimum standards
for RPOs.

* Regulatory bodies should consider developing sigegifidelines for safe practice of
industrial radiography in their jurisdiction.

* Regulatory bodies should maintain specialized diqeerin the area of industrial
radiography to ensure effective regulatory acegtin this area.

* Regulatory bodies should consider organizing anrgemey task group to handle
difficult situations that might arise.

* Regulatory bodies need to ensure that they prowidar guidance with respect to
setting appropriate dose rates at the boundatyeofadiography work area.

* Regulatory bodies should promote a safety cultuneory NDT companies,
encouraging the reporting of incidents within compa and the sharing of lessons
learned across companies.

* Client companies, when industrial radiography im¢pgoerformed on their site, must
assume overall responsibility for the coordinatadrell activities taking place on the
site.

» Client companies, who regularly have industrialiogtaphy performed on their site,
should perform regular surveys of radiation pratecpractice at their sites.

» Client companies, who regularly have industrialiogcaphy performed on their site,
should consider having a radiation protection amtvig other similar expert to provide
specific advice on radiation protection matters.

* Client companies must ensure that they have angamey plan and that this is
discussed with the on-site industrial radiographers

* Industrial radiographers need to ensure that teegive regular refresher training in
radiation protection.

* Industrial radiographers must know and follow thé&DT company radiation
protection and emergency procedures, and parteipatadiation protection training
programmes.

» Industrial radiographers must know and have regidatact with their RPO.

* Industrial radiographers must always wear activih(alarms) and passive individual
dosimeters, appropriately positioned on the body.

* Industrial radiographers must always use hand-tiegtdey meters.
» Industrial radiographers need to ensure they ki@ bccupational doses.
» Industrial radiographers must report all incidents.
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* Industrial radiographers need to ensure that thegwktheir role in emergency
situations.

6. CONCLUSIONS

A world-wide survey of occupational radiation pmiten in industrial radiography was
performed over a period of about one year, from-8tidl0 to mid-2011. Responses were
received from 432 industrial radiographers, 95 Nfdimpanies, and 59 regulatory bodies.

The results from the survey need to be interprefiéid caution as the methods for distribution
of the questionnaires to radiographers and NDT eongs probably means that those that
responded represent the better end of the prasgieetrum.

Nonetheless, it could be concluded that:

» Initial radiation protection training for radioghagrs appears to be reasonably well
established, but there is room for improvement @sflg with respect to refresher
training. The corresponding regulatory basis need® more widely implemented.

» The occurrence of frequency of incidents (accidemémr missed and deviations) is
not trivial, and methods such as better incidempioréng, analysis, feedback and
sharing lessons learned need to be better utilized.

» Collimators and diaphragms are not being usedtas af they should be.
» Survey meters are not as widely available or usatiey should be.

* Individual monitoring, as reported, is well estabkd, with passive and, usually,
active dosimeters. The regulatory basis for adiesimeters could be improved. The
establishment and use of investigation levels nezte improved.

* Warning systems to prevent entry to the work ang@ng site radiography were not
always as effective as desired. Better communicdigtween all parties at the site is
required.

* Preventive maintenance for the gamma sources, aspodevices and X-ray
equipment seem to be well established.

* An industrial radiographer has, on average, thecetgtion of being inspected by
his/her NDT company at least twice a year, andheyregulatory body about once a
year.

* Emergency plans were widely prevalent, but theesnsel to be some issues regarding
specific training for radiographers with respecetoergencies.

» Occupational doses received by radiographers vaoadiderably, with no correlation
with radiographic workload.

In summary, the survey results indicate that ther@ need for improved implementation of
the radiation protection principle of optimizatiohprotection and safety.

To this end, the results from the survey are beised to: design the ISEMIR database that
will be used by end-users to improve their impletagan of optimization in occupational
radiation protection in industrial radiography; aeddevelop a “roadmap” tool that enables
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NDT companies to assess their own performance dratian protection against accepted
practice.
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