EXPERIENCE IN INDUSTRIAL RADIOGRAPHY EQUIPMENT
INTO CARRY OUT INSPECTIONS IN BRAZIL

Valdir Maciel Lopes, Joéo Silva

Comisséo Nacional de Energia Nuclear — IPEN /CNEN-S
Av. Prof. Lineu Prestes’r2242

05508-000, Sao Paulo — SP — Brasil
vmlopes@ipen.hisilva@ipen.br

Abstract. The Nuclear and Energy Research Institute (IPEN}ccordance with the attributions given by the
National Commission of Nuclear Energy (CNEN), haerb supplying the market with radioactive sealead
sources of Iridium 192'{Ar), for Brazil and some South America Countries, fnore than 24 years. In this
period, the experience acquired in the accompathedof the technological improvement in the indastr
gammagraphy equipment; into Sealed Sources Produttaboratory (LPFS) will be show. Of the set of
operations carry out in the LPFS, since the asdemliksts of qualification of the sources alsgaétsion at of
the equipment for posterior applications in fidtds intended to demonstrate to the technologitgrovement
associate to the radiological and operational stycun this work, the data base of the systemhef itPFS will

be used, as well as the professional experienctheflaboratory team in the daily relationship witie
companies responsible for the equipment operation.

1. Introduction

Based on the necessity of the national market dred technological advances, the National
Commission of Nuclear Energy (CNEN), took the atitre to develop radioactivy sources for
industrial gammagraphy, due to the increasing itréistechnological demand and scientific and
normative requirements. With regard to improvememtd agility in the not-destructive assays, they
are becoming more trustworthy.

In this period, news types of gamma-ray radiogragimyyipment, also known as projectors, that have
provided a better shield and security systems, 6ripg constraints systems such as safety conditions
to avoid the source exposition, thus allowing resuadiological effect (dose rate).

The companies which work with sources'8fr (Iridium), are under standards of the CNEN —46.0
[1], Standards and the complementary Standards CNEE — 3.01 [2], 3.02 [3], 3.03 [4], 5.01 [5]
and 6.02 [6], being imperative the fulfilment okttotality of these standards, for the maintenarice
the Operation License.

To operation in closed installations or field, @lmpanies must obey in relation the equipment item
5.4 of CNEN - NE- 6.04 [1] Standards, referring ntanance. The equipment of industrial

gammagraphy must be inspected regarding: inteaba!, identification, equipment shield, extremities

covers, handles for transport, constraints systewigters of source position, systems to couplé wit

the remote control, efficiency of the shield aratesiof the set general conservation and functioning

The tests carried out into equipments by the LRE&tat IPEN/CNEN-SP, for industrial radiography
with sources of*Ar, provide certificate of inspection with validitf one year or to each exchange of
source.

The inspection comprises the state of conservafitime projector and accessories (remote contrbl an
pipe guides), requiring legibility in the serialmber, of the model, name of the owner company,
international symbol of radioisotope radiation, mmaxm capacity of the projector and
“RADIOACTIVE DANGER” label.



Of the set of operations carried out into the LP$§iB¢ce the assemblies, tests of qualification ef th
sources also inspect at of the equipment for posteglease in applications in field, it is inteiid
demonstrate to the technological evolution assed¢@the radiological and operational security.

2. Methodology

From the bibliographical survey of CNEN Standardd database of the LPFS, associated with the
professional experience of the laboratory team, prioduce sealed sources'Hfr, at IPEN, to search
for the technological advantages and disavantaties,projectors efficiency and the maximum
capacity of shield indicated by the manufacturemes outline .

This efficiency was evaluated from collected infation random of the LPFS database, in which the
exposition rate inside of the limit specified by tmanufacturer was projected; the exposition rate i
the surface of the equipment is not allowed to teatgr than20 mSv/h, according to the Transport
Standard of radioactive sources packaging.

The calculations of the values will be obtaineatiyh simple formularizations, to project the limmit
activity indicated by manufacturer. Equation (1)swesed for each resulting value from the database.

rpE, = AIM RME, "
ASSC

RPE, — Rate of Projected Exposition (uSv/h)

RME, — Rate of Measured Exposition wS{//h)

AIM — Activity Indicated by the Manufacturer (TBQ)

ASSC — Activity of the Source Supplied to the Custo (TBQ)
n — number of the sample

Followed by the average of all obtained values gqud?2).

RPE, = > RPE,..,,

2
n 2)
RPE — Final Rate of Projected ExpositiquSiv/h)
RPE, — Rate of Projected Exposition (uSv/h)
ns — number of samples
The efficiency for each projector was obtained gyation (3):
RPE,
= 3
REAS )

E — Efficiency ( %)
RPE — Final Rate of Projected ExpositiquSv/h)
REAS- Rate of Exposition Allowed by the Standard (2@@&¥/h)

3. Technological Efficiency Of The Gamma-Ray Radiagphy Equipment

The Table 1 shows the advantages and disadvanvdgesh equipment. As well as in Table 2 and
Figure 1, it be observed the efficiency of the estpon rate in relation to the allowed maximum



activity for each projector, where the expositiaterfor sources transport in projectors, accortiing
the CNEN Standard is 20 mSv/h in the surface. Eegbhipment has positive and negative
characteristics; the Tech/Ops 660 (T/O 660) andsalsubsequent line shows excellent shield aad th
channel is in “S” form, not presenting risk of soeirexposition. Its security system shows two parts:
the lock and the remote control connection. In rw@mote control there are three positions: 1) the
“Lock” position, where the source is constrainteddther with the lock, 2) The “connect” position,
where the remote control is connected and, 3) dperate” position, where the source is displayed.
This projector has capacity for 3.7 TBq, in its nevsions T/O 660B — 5.18 TBq, AM 660 — 3.7 TBq,
880 SIGMA — 4.81 TBqg and 880 DELTA — 5.55 TBq; thag very resistant and with low wear, at the
moment of the equipments inspection.

The 880 Sigma and Delta models, series Tech Opsceht manufacture had increased their capacity
for 4.81 TBqg and 5.55 TBq, respectively, aimingeaistant equipment and low maintenance. The
latest innovations is a third of the security systis a lateral constraint that hinders the source
exposition, even in the position “operate”, andarth security system in the back equipment, which
without the connection of the pipe guide hindeesgburce exposition.

Table 1: Projectors with technological advantagesra disadvantages.

Projectors Capacity|In Advantages) /
(TBQ) Use |Disadvantages)
AM 660 3.7| Yes |+ Excellent shield, low maintenance, excellent ségur
T/O 660 37 Systemsl
T/O 660B 5.18
880 Sigma 4.81| Yes |+ Excellent shield, low maintenance, excellent siéclr
880 Delta 5.55 Systems_
T/O 616 7.4 Yes |+ Excellent shield, low maintenance, excellent sigcur
systems.
- Easy removal of the source.
Iriditron 520 4.44 No |+ Easy operation, low maintenance.
- Easy removal of the source, only security systieeifficient
shield
Gl 100SA 3.7\ No |- Easy removal of the source, only security systemannel in
GI 35 1.295 “S” much accented.
Gammamat TI-f 3.7| Yes | + Excellent shield, excellent security systems.
Gammamat TI-ff 7.4 - Straight tube, fast wear of the security systems.
Gammamat TSI 3/1 81| Yes |+ Excellent shield, excellent security systems.
Gammamat TSI 5/1 4,995
Gammamat — Crawler 2.96Yes |+ Excellent shield, excellent security systems.
Nuclear Ibérica — 202 3{7 No |+ Excellent shield, excellent security systems.
- Wear of the security systems, channel in fornhefyJ”.
SPEEC-2T 7.4 No |+ Easy operation, low maintenance.
- Easy removal of the source, only system of seguyrit
inefficient shield
Teletron SU 100 5.92| Yes |+ Excellent shield, low maintenance, excellent ségur
Teletron SU 100(B) 3.7 Systemsl
Teletron SU 100N 4.81 - Straight channel, with oxidation of Uraniun (tls$ of tail of
$§:2::gz 23 égOV'N 5595 stopage of the systems of s_ecurity of the projg¢ctayuipmen
' shows general wear due so its age.
SPEC-150 5.5b Yes |+ Excellent shield, good security system.
- Lock absent.

The equipment T/O 616, different from T/O 660, whidis source capacity up to 7.4 TBq is extremely
safe, not needing remote control and pipe guidassds instead a pneumatic system, in the superior



part of the projector, that when activated, distesdahe source from the guard position of the dhi|

the central position of the projector, where thera window for exposition of the radiation beam. |
this equipment there are two systems of securamely: 1) the lock that hinders the source use and,
2) an internal system, that in the eventual faaftpneumatic system, dislocates the source fordguar
position in the shield. Its disadvantage is theysasirce removal.

The Iriditron 520 (out of work) projector shows amly security system “the lock”, that constraing th
source. This projector, according to the manufactaupports sources up to 4.44 TBq, however in the
replacement of the source in the LPFS, never stgpahis activity. The equipment with channel in
“S” form presents easy operation, exception for s@ases wich wear of channel. There are cases of
projectors which had undercurrent some type ofdmedi what limited its capacity for sources with
activities under 1.11 TBq. The wear of the chardwds not have influence in this limitation. They
have the disadvantage of easy removal of the source

The Gamma Industries GI-100 SA (3.7 TBq) and GItB295 TBq) projectors present only one
security system (the lock), although their shiagcefficient. They are a restricted in relation he t
displacement of the source in their interior, foe fact of the channel in “S” form very accentuated
Therefore with minimum variations of the originadgition of the source, the exposition rate in its
surface is significantly modified. The set (remotatrol, projector and pipe it guides) with minimum
of wear of these components, presents great diffiafi source exposition. Other disadvantage is the
easy source removal.

The Gammamat TI-F (3.7 TBq) and TI-FF (7.4 TBq)jectors, exception for some projectors that
undergone accident or wear. They are excellemiahaind your holder is reusable. These equipment
possess two security systems: the lock and the abthle remote control for source exposition. These
projectors present fast wear of the security systelneing necessary in the source exchange, a
previous maintenance; so that, when the equipmemtecwith spends sources for the LPFS, in
previous inspection were observed to present ceraide mechanical wear. Having straight channel,
IS equipment requires attention, not only for tbegible direct beam exposition of radiation emitiéd
the source, as well as for operation error or fa#ilhe security systems, the source can easiieldee
projector.

Table 2 - Efficiency of the projectors in relationof exposition rate.

Projectors Capacity (TB«I!QmSv/h Efficiency

T/O 660 3.7 1.23 1630
880 Sigma 4.81 0.88 226%
880 Delta 5.55 0.88 227%
Iriditron 520 4.44 2.25 89%
Gl 100SA 3.7 1.87 1070
Gammamat TI-f 3{7 1.04 193%
Gammamat TSI 3/1 2.997 0{53 374%
Gammamat TSI 5/1 4,905 0{77 259%
Gammamat — Crawle 2.96 1.80 111%
Nuclear Ibérice— 202 3.7 0.94 213Mo
SPEEC-2T 7.4 3.03 66%
Teletron SU 100 5.92 1.86 107%
SPEC-150 * 4.05 0.91 459%

* New Equipment in operation in the Brazil, withwf@ata by evaluation.
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Figure 1 - Efficiency of the projectors in relationto exposition rate.

Equipment manufactured recently, Gammamat TSI 2/997 TBq) and TSI 5/1 (4.81 TBq) in
relation to Gammamat TI-F and TI-FF, present imprognts such as: channel in “S” form, front and
back security systems. The front system need ottmmection the pipe guides. The back security
systems consists of lock, remote control connediwh a constraint in the superior part, whichsdeav
the source, when all the systems are connectedatiyrr

The Gammamat Crawler projector has a similar systethe T/O 616 with capacity of the 2.96 TBq,
where the source is positioned in the inferior péiguard position inside of the shield. In thiseait
does not need remote control and pipe guides ihstisa an electronic device, which display the
source in the superior part of the projector. Theretwo security systems: 1) the lock, which hisde
the drive of the electronic system and the consatgerposition of the source and, 2) an internal
device, in case of a possible fail of the electa®yistem, the source returns for the position afrgu
inside of the shield.

The Iberica Nuclear 202 projector (out of work)paeity of 3.7 TBq presents an excellent shield.

There are two security systems: 1) the lock andh@)emote control connection, without which the

exposition of the source is not possible. This eysiof constraint always present problems of

operation, when inspected. Generally, the maintemar the equipment is necessary. Its channel in
“U” form, is problematic, by the fact that the clmahis very accentuated; any mechanical wear of the
equipment causes difficulties of operation.

The SPEEC-2T projector (out of work) presents dg security system, “the lock”, that constraint the
source. This projector, according to the manufaetaupports sources up to 7.4 TBq, however, show
higher exposition rate, due to deficient shieldisltan equipment with channel in “S” form low
accentuated, presents easy operation and it haksdédvantage of the easy source removal.

The projectors Teletron SU-100 (5.92TBq) and SU&E TBq) present excellents shields. There are
three security systems: 1) lock, 2) remote cortosinection and, 3) pipe guide connection. Without
these combinations, it is not possible to display source. The holder of this equipment is reusable
This shield is natural Uranium and after certainqubof use some become oxidate, not being possible
its disassembly and reuse. These projectors havaitral Uranium straight channel in direct contac

with your holder, together with the system of intrclosing. When the equipment is storage in humid



conditions for sometime, it tends to oxidate damggihe mechanical set. These are equipments
currently operating, although the mechanical weawisible, it is necessary rigorous attention to
inspects them. The Gammamat series projectors Hsasi¢he Teletron projectors possess straight
channel, when the system is opened, the sourcermisea beam of direct exposition in its front and,
fail of operation or of the security systems, incallow the source to leave the projector, being
possible to cause an incident or accident withettposition to the workers.

The efficiency results, according to Table 2 anduFé 1, show that projectors with values below
100%, do not support the maximum activity of thdioactive source specified by the manufacturer.
Equal or superior values to 100% show that thegotoys have reached the efficiency indicated by the
manufacturer. The projectors with recent technolagpsent a very superior efficiency, with values up
to 374%.

4. Conclusion

The information from Table 1 confirmed that theremt equipment presents better security systems,
guaranteeing that even with handling of not auttestipeople, the access to the radioactive source is
difficult, besides presenting a low rate radiol@giexposition during the transport and the use.ditie
equipment, out of work, presented limited secusitgtems, according to the inspections by the LPFS
at the IPEN.

Regarding efficiency of the gamma ray radiograpiyigment it is observed that the Iriditron 520 and
SPEEC-2T are below the foreseen, by the manufactditee remaining equipment reached the
efficiency foreseen by the manufacturer, havingonte the current equipment, with efficiency above
other projectors.

On the technological evaluation of the gamma raljography equipment, has showing considerable
improvements, attendance of the CNEN Standardselss in the transport and operational security.

References

[1] “Comissdo Nacional de Energia Nuclear — CNEMN K.04 - Funcionamento de Servicos de
Radiografia Industrial,” _http://www.cnen.gov.br/segnca/normas/mostra-resumo.asp?op=604
(2007)

[2] “Comissdo Nacional de Energia Nuclear — CNENN R.01 - Diretrizes Basicas de Protecao
Radioldgica,” http://www.cnen.gov.br/seguranca/nasimostra-norma.asp?o0p=3@0D07)

[3] “Comissdo Nacional de Energia Nuclear — CNENN 18.02- Servicos de Radioprotegao,”
http://www.cnen.gov.br/seguranca/normas/mostramesasp?op=302007)

[4] “Comissdo Nacional de Energia Nuclear — CNENN R.03 - Certificagdo da Qualificagéo de
Supervisores de Radioprotecéo,” http://www.cnenlydseguranca/normas/mostra-
resumo.asp?op=302007)

[5] “Comissdo Nacional de Energia Nuclear — CNENN MN6.01 - Transporte de Materiais
Radioativos,” http://www.cnen.gov.br/seguranca/masfmostra-norma.asp?op=%20207)

[6] “Comissdo Nacional de Energia Nuclear — CNEN .02 - Licenciamento de Instalacbes
Radiativas,” ,” http://www.cnen.gov.br/segurancarmas/mostra-norma.asp?op=62»07)




