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Abstract

MANUFACTURE AND INSPECTION OF METAL CONTAINERS FOR THE STORAGE OF
WASTE CONTAMINATED WITH CAESIUM-137.

Several stages are described of the design and manufacture of a prototype unit and 15 metal
cylindrical containers for the storage of contaminated waste generated by the radiological accident of
Goiania in 1987. The tasks involved technicians from the Nuclear Technology Development Centre
(CDTN) of Belo Horizonte and the co-authors, who conducted inspections in the period between 10
March 1993 and 18 May 1993 at the foundry in Goiania.

1. INTRODUCTION

Following the accident with 137Cs in Goiania, part of the radioactive waste generated
by the accident had been placed in 200-litre drums stored in the open in Abadia de Goias.
Three years after the accident, it was verified that these drums had undergone an accelerated
corrosion process. It therefore became necessary to build 16 safer and more suitable metal
containers to hold the drums, as they held waste with decay times greater than 150 years
classified as group IV and V.

The various steps leading up to the manufacture of these 16 metal cylindrical
containers (one prototype and 15 units) were undertaken beginning in March 1991 by
technicians from the Nuclear Technology Development Centre-CDTN in Belo Horizonte, as
follows:

• Drawing up guidelines for the painting of the containers in Goiania.
• Construction by CDTN, in Belo Horizonte, of a FT-01 prototype container similar to

the product to be manufactured in Goiania, for the purpose of working out the welding
procedures.

• Travel by the chemistry technician and co-author, Marcilio S. Moreira, to Fabrica de
Tintas Sumare (the paint factory) located in Sumare, Sao Paulo, from 8 February,
1993 to 10 February, 1993 to observe tests on the paints supplied by the paint factory
to Eletrometalurgica Tocantins Ltda. (the foundry) in Goiania, and to verify that each
product was in compliance with the standards.

• Inspection at the foundry of the manufacture and welding of the 16 metal containers
from 10 March, 1993 to 18 March, 1993.

• Inspection at the foundry of the painting of the 16 metal containers from 10 March,
1993 to 18 May, 1993.
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2. THE PRODUCTION STAGES

2.1. Manufacture, welding and tests on the FT-01 prototype

Work on the FT-01 prototype container (Fig. 1) manufactured at CDTN gave rise to
three Welding Procedure Specifications (EPSs) qualified through the tests presented on the
three corresponding Procedure Qualifications Records (RQPs), in accordance with ASME
Code Section IX: QW-482 (suggested format for EPSs) and QW-483 (suggested Format for
RQPs), as follows:

• EPS LS-OOlA-Diametral and circumferential welding of the lid

- Base metal: ASTM A 36.
- Filler metal: wire E70S2, diameter: 1.2 mm.
- Welding process: MAG1, semi-automatic, shielding gas: C-25 (75% Argonium with

25% of CO2).
- Diametral weld bead: welding on the flat position, 60° single-V groove.
- Circumferential weld bead: welding on the horizontal position, fillet weld.

This EPS LS-001A was qualified through guided-bend tests up to 180° for face and
root in two welded test specimens T1F/T2F (face) and T1R/T2R (root) included in the RQP
LS-001A in compliance with the acceptance criteria specified in ASME Code Section IX;
QW-163 and tensile tests were carried out on two welded test specimens Tl and T2, in
compliance with the acceptance criteria provided in QW-153-1 of said ASME Code Section.

• EPS LS-OOlB-Longitudinal welding of the cylinder

- Base metal: ASTM A 36.
- Filler metal: wire E70S2, diameter: 1.2 mm.
- Welding process: MAG, semi-automatic, shielding gas: C-25 (75% of Argonium with

25% of CO2). Welding on the flat and horizontal positions. 60° single-V groove.

This EPS LS-001B was qualified through guided-bend tests up to 180° for face and
root in two welded test specimens C1-F/C2-F (face) and C1-R/C2-R (root) included in the
RQP LS-001B in compliance with the acceptance criteria specified under ASME Code
Section IX; QW-163 and tensile tests were conducted on two welded test specimens Cl and
C2, also in compliance with the specifications of QW-153-1 of this ASME Code Section.

• EPS LS-001 C-Welding of the cylinder to container bottom (fillet weld)

- Base metal: ASTM A 36.
- Filler metal: wire E70S2, diameter: 1.2 mm.
- Welding process: MAG, semi-automatic, shielding gas: C-25 (75% of Argonium with

25% of CO2). Fillet welding on flat position of both sides (external and internal) with
the ability to penetrate up to the root.

This EPS LS-001C was qualified through macro-examinations of five welded test
specimens included on the RQP LS-001C. These macro-examinations complied, in part, with

1 MAG = Metal Active Gas
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the acceptance criteria specified in ASME Code Section IX: QW-462-4 (a and b) because
they showed pores and lack of penetration at the root. Due to time constraints, it was not
possible to manufacture new samples for macro-examinations. Nevertheless, on the real
cylinder welding, each bead was cleaned with a steel brush and after completion of the last
bead, back grinding followed by liquid penetrant testing was performed, thus decreasing the
possibility of the formation of defects as observed in the test specimens. Additionally, liquid
penetrant inspections on the grooves and weld beads were made in order to detect open
discontinuities on the surface such as cracks, porosity, laminations or a lack of bond. After
repairing discontinuities, the parts were reinspected. The liquid penetrant examinations were
performed in accordance with the requirements of ASME Code Section V, Articles 6 and 24.

FIG. 1. Prototype FT-01.
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2.2. Protective and anticorrosive paint formulas

Bearing in mind the materials to be packaged and the need for safety protection over a
determined period of time, protective and anticorrosive paint formulas were determined
which would be able to endure environments considered as severe characterized by high
humidity rates, high temperatures and prolonged exposure to the sun. These formulas, shown
Table 1, can be outlined as follows:

• Formula for the protection of the container's internal surface: in addition to
anticorrosive protection, the coating was to provide further resistance against impact,
pressure and contact with concrete. For this purpose, a very thick lining of epoxy-
coal-tar resin was utilized, offering added resistance against impact, abrasion,
chemicals and water.

• Formula for the container's external coat based on epoxy resins, using an application
of three different epoxy-based paints with the following characteristics:

- A shop primer providing initial protection to the previously cleaned metallic plates
and which allows handling, conformation and welding without the need for
subsequent blasting.

- An epoxy-coal-tar paint applied to the container base and externally at an approximate
height of 20 cm in order to assure additional protection against humidity and
mechanical impacts.

- A very thick intermediary paint resistant to the highly aggressive environment.
- A shiny finish coating of low thickness which offered a high resistance against

intemperate weather while retaining its original brilliance and colour for a long time.
This finish was suggested since epoxy-based paints which are exposed to the weather
for extended periods of time lose brilliance and undergo colour changes (owing to the
'calcination' effect).

In order that the painting formula be used successfully, quality control of the paint
was essential, correct application of the paint necessary, and the surface to be painted had to
be prepared accordingly. Preparation consisted in a complete cleaning of the steel plate using
solvent agents, followed by blasting with abrasives to allow a better anchorage of the paint.
The paints, supplied by the Sumare paints industry and tested in accordance with the
Petrobras2 standards, were the following:

• epoxy-isocyanate-iron oxide background paint (ref. Sumare: Sumadur SP350 red)
Petrobras standard N-2198;

• coal-tar-epoxy-polyamide paint (ref. Sumare: Sumastic 1265 brown) Petrobras
standard N-1265c;

• coal-tar-epoxy-polyamide paint (ref. Sumare: Sumastic 1265 black) Petrobras
standard N-1265c;

• thick epoxy paint (ref. Sumare: Sumadur 191 finishing white 0095) Petrobras standard
N-l 195b and

• two component polyurethane smalt paint (ref. Sumare: Sumathane 132 brilliant
yellow 300) Petrobras standard N-l342.

The results of tests on these paints were considered satisfactory.

2 Petrobras is the Brazilian national petroleum company.
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2.3. Manufacture, welding, testing and painting the 16 containers

Between 10 March, 1993 and 18 May, 1993 the co-authors were at the foundry and
performed tests on the welds, paints, and verified the dimensions of the containers built.
Welds were performed according to the EPSs (Welding Procedures Specifications) previously
worked out by the technicians of CDTN on prototype FT-01 (Fig. 2).

FIG. 2. Welding of the sidewall.

Liquid penetrant examinations on the grooves and root following the back grinding
and on the finished welds were conducted to detect discontinuities which were open to the
surface (Fig. 3).

All discontinuities such as cracks, porosity, laminations or lack of bond were
eliminated by the grinder and these parts were reinspected. These liquid penetrant
examinations followed the requirements of ASME Code Section V, Articles 6 and 24.

The internal diameter, external diameter, available height, sidewall thickness,
thickness of the reinforcement plate and the lid plate thickness were verified for each
container and found to comply with the dimensions and tolerances as stipulated in Invitation
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to Tender Nr. 03/91 issued by the Secretaria do Desenvolvimento Urbano e Meio Ambiente-
SDUMA3, of the state of Goias.

The following cleaning and painting steps were performed on each of the containers
(1 prototype + 15 units):

FIG. 3. Liquidpenetrant examination.

• Cleaning and degreasing of the plates in conformity with Petrobras standard N-5a
(steel surface cleaning with solvents).

• Blasting the metal to achieve an almost white shine, finishing grade As 2Vi, in
conformity with Petrobras standard N-9b (steel surface cleaning with abrasive
blasting).

SDUMA is the acronym for the Secretariat for Urban and Environmental Development of the state
of Goias.
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• Application of the epoxy-isocyanate-iron oxide primer of a dry film thickness of 15
microns over the body and lid, inside and outside of the container (Fig. 4).

• Application of the epoxy-coal-tar paint (brown and black), one colour for each
coating, of a dry film thickness per coating of 125 microns, on the inside part of the
cylinder and on the lower exterior part area of the cylinder up to a height of some 20
cm (Fig. 5).

• Application of the white, high-thickness, epoxy-based paint in two layers of 150
microns of dry film thickness each, over the external sidewall and lid (inside and
externally) (Fig. 6).

• Application of the gold/yellow polyurethane smalt paint, of a dry film thickness of 50
microns, over all external surfaces, including the lid, but excepting the bottom.

3. CONCLUSION

Following the application of yellow paint, the containers were identified with black
spray paint numbers CM-01 (for the prototype) to CM-16 and then transported to the Abadia
de Goias waste disposal site. Each container was filled with 14 drums of 200 litres containing
waste contaminated with 137Cs, of decay times longer than several years and classified as
group IV and V (Fig. 7).

FIG. 4. Blasted containers with shop primer coating.
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F/G. 5. Container with shop primer and coal-tar paint.

TABLE I. PROTECTIVE AND ANTICORROSIVE PAINT FORMULAS

Formula

1

2

Where applied

Internally

Externally

Paint

Primer epoxy-
isocyanate-iron

oxide red

Coal-tar-epoxy-
polyamide black

Coal-tar-epoxy-
polyamide brown

Primer epoxy-
isocyanate-iron

oxide red

Coal-tar-epoxy-
polyamide black

Coal-tar-epoxy-
polyamide brown

High thickness
epoxy white

Aliphatic
polyurethane

smalt

Thickness of
the film

(microns)

Wet

80

183

183

80

183

183

230

95

Dry

15

125

125

15

125

125

150

50

Number of
coats

01

01

01

01

01

01

02

01

Petrobras
standard No.

N-2198

N-1265c

N-1265c

N-2198

N-1265c

N-1265c

N-1195b

N-1342
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FlU. 6. Container with high-thickness epoxy paint.

FIG. 7. Containers with their drum contents.
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