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Residual Stress Testing of Outer 3013 Containers (U) 
 

Summary 
 
A Gas Tungsten Arc Welded (GTAW) outer 3013 container and a laser welded outer 
3013 container have been tested for residual stresses according to the American Society 
for Testing Materials (ASTM) Standard G-36-94 [1].  This ASTM standard describes a 
procedure for conducting stress-corrosion cracking tests in boiling magnesium chloride 
(MgCl2) solution.  Container sections in both the as-fabricated condition as well as the 
closure welded condition were evaluated.  Significantly large residual stresses were 
observed in the bottom half of the as-fabricated container, a result of the base to can 
fabrication weld because through wall cracks were observed perpendicular to the weld.  
This observation indicates that regardless of the closure weld technique, sufficient 
residual stresses exist in the as-fabricated container to provide the stress necessary for 
stress corrosion cracking of the container, at the base fabrication weld.  Additionally, 
sufficiently high residual stresses were observed in both the lid and the body of the 
GTAW as well as the laser closure welded containers.  The stresses are oriented 
perpendicular to the closure weld in both the container lid and the container body.  
Although the boiling MgCl2 test is not a quantitative test, a comparison of the test results 
from the closure welds shows that there are noticeably more through wall cracks in the 
laser closure welded container than in the GTAW closure welded container. 
 

Introduction 
 
The DOE Complex is packaging plutonium (Pu) containing materials for eventual storage 
at various sites in the complex.  The Pu materials are packaged according to the DOE 
3013 standard [2] which outlines general requirements relevant to the planned DOE 
activities to stabilize Pu materials, package them in 3013 containers, and place them in 
long-term storage until future facilities are available to convert these materials to other 
forms.  To ensure these materials remain in a safe configuration throughout their storage 
life, the complex wide Integrated Surveillance Program (ISP) [3] developed a document 
that discusses the necessity of 3013 container surveillance.  Successful, long-term 
surveillance requires the comparison of the characteristics of the actual stored systems 
against the baseline or pre-storage characteristics of those same systems and the 
information obtained from a lead surveillance program.  Baseline characterization of the 
outer 3013 container can yield information to support future observations of packages in 
storage and a lead surveillance program for the outer 3013 container will ensure the 
safety of stored packages over their intended storage time. 
 
The lead surveillance program for the outer 3013 container is being established at SRS to 
support DOE Complex issues.  The outer 3013 container, fabricated of low carbon grade, 
300 series stainless steel, is the specified barrier to the environment for the stored 
plutonium material.  It is a robust container and age-related degradation is unlikely.  
However, two potential failure mechanisms of the 3013 container associated with 
moisture and impurities have been identified through the Materials Identification and 
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Surveillance (MIS) program [2,4]: 1) pressurization due to gas generation and 2) 
corrosion associated with impurities (specifically chlorides and fluorides) in the 
plutonium oxides.  Corrosion degradation over the storage time is the primary focus of 
the outer 3013 container lead surveillance program.  Surrogate plutonium packages will 
be assembled and placed in storage for future non-destructive and destructive 
examinations as part of this program.  The surrogate materials will contain various 
concentrations of halides consistent with actual product. 
 
As part of the surrogate plutonium packages, an inner container has been specially 
designed to incorporate an internal heating source to simulate the radioactive decay heat 
expected from the plutonium material.  In addition, a mechanically induced flaw will be 
incorporated into the inner container to simulate a compromised package for lead 
surveillance information.  This mechanically induced flaw will be positioned in a location 
that will be near a high stress region of the outer container, as determined from a boiling 
MgCl2 test.  The boiling MgCl2 test is designed to provide an accelerated method of 
ranking the relative degree of stress corrosion cracking susceptibility for stainless steels 
and related alloys in aqueous chloride-containing environments.  Stress-corrosion 
cracking refers to cracking caused by the simultaneous presence of a susceptible alloy, 
sustained tensile stress, and a particular environment [5].  The tensile residual stresses are 
present in the 3013 container from both the fabrication and closure weld processes.  In 
the current study the MgCl2 provides the corrosive environment to help establish the 
susceptibility to SCC.  This paper discusses the boiling MgCl2 tests conducted on the 
outer 3013 containers to determine their susceptibility to stress corrosion cracking. 
 

Description of Outer 3013 Container 
 
The DOE Standard 3013 [2] outlines general requirements relevant to the planned DOE 
activities to stabilize and package Pu materials in 3013 containers, and place them in 
long-term storage.  The outer 3013 container has been qualified as the primary barrier to 
the environment during storage of the plutonium materials.  The design and fabrication of 
the outer 3013 containers are consistent across the DOE complex, Figure 1, and they 
comply with approved engineering drawings [6, 7, 8, 9].  The outer 3013 container, 
fabricated of “enhanced strength” low carbon grade 316 (i.e., type 316L SS)  stainless 
steel has an inner diameter of 4.68”, outer diameter of 4.91” and a height of 9.84”, 
without the lid.  The placement of the lid with the can sidewall provides an interference 
fit and therefore creates a crevice due to the chamfer and weld geometry.  Two types of 
closure welds for the outer 3013 container have been approved within the DOE complex, 
namely the laser beam weld (LBW) and the gas tungsten arc weld (GTAW). 
 

Experimental Test Setup 
 
Three outer 3013 containers, two closure welded and one not closure welded, were 
sectioned axially in half with an electrical discharge machine (EDM) at the center height 
for the boiling MgCl2 test, Figure 2.  The EDM technique was selected because this 
method minimizes the amount of residual stress introduced to the can as a result of the 
sectioning process.  The two closure welded containers consisted of one LBW and one 
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GTAW container.  The containers were sectioned at the center height so that the residual 
stress state in the welded regions, both the fabrication weld and the closure weld, would 
remain as undisturbed as possible.  Figure 3 shows the test setup of the MgCl2 corrosion 
tests.  During the test, each half of the 3013 container, which served as the sample as well 
as the vessel containing the MgCl2 solution, was placed in a larger containment vessel to 
collect any MgCl2 solution that may leak through the 3013 container specimen.  The 
nested containers were then placed on a hot plate.  A water-cooled condenser and lid, 
made to fit snugly into the 3013 container specimen, were designed with a liquid trap and 
an insert for a thermometer.  A solution of 25 weight percent solution of magnesium 
chloride was placed in the liquid trap per the ASTM standard.  The approximately 45% 
MgCl2 test solution that boils at 155.0±1°C, prepared according to the ASTM Standard, 
consisted of 600 g of MgCl2

.6H2O mixed with 15 mL water.  Sufficient solution was 
prepared to ensure the tip of the thermometer was immersed into the solution during the 
test.  Once the boiling temperature of the test solution was established at 155.0±1°C, it 
was then maintained during the test by either adding additional MgCl2 crystals to the 
condenser, to raise the boiling temperature, or by adding water to the condenser, to lower 
the boiling temperature.   
 
The container samples were tested for 48 hours, during which no MgCl2 solution leaked 
through the sample container to the outer containment vessel.  After the 48 hour 
exposure, each sample container was emptied of the MgCl2 contents, allowed to cool to 
room temperature, rinsed with tap water, and then filled with tap water for observation.  
Within a minute of being filled with tap water, leaking on the outside of the container 
was observed, indicating through wall cracks.  The water was removed and the containers 
were examined. 
 

Analysis 
 
Examination of the As-Fabricated Containers 
 
Through wall cracks were observed in the bottom half of the as-fabricated container after 
48 hours of testing, Figure 4.  Other cracks were observed on the interior of the container 
section that did not appear to propagate through the wall.  Approximately five through 
wall cracks were visible and they ranged in length from 0.15” to 0.81” in.  All of the 
cracks observed visually were perpendicular to the base-to-can fabrication weld.  
Metallographic examination of one crack showed that they appear to begin in the heat 
affected zone and grow into the base of the can, Figure 5.  The cracks were typical of 
stress corrosion cracks with regions of branching along their length and some areas of 
cracking 90° from the main crack.  The location and orientation of the cracks are 
consistent with the residual stresses expected as a result of the base-to-container weld and 
indicate that the residual stress state is significant in the as-fabricated weld region.   
 
Examination of the GTAW Closure Weld 
 
Through wall cracks perpendicular to the GTAW closure weld and along the length of the 
container body were observed after 48 hours of testing, Figure 6 (a).  Through thickness 
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radial cracks were also observed on the lid after 48 hours of testing, Figure 6 (b).  Cracks 
on the inside of the container, as tested, are shown in Figure 6 (c) and (d).  All of these 
cracks are consistent with the residual stresses expected as a result of the GTAW closure 
weld.  A crack, perpendicular through the weld and then running parallel to the closure 
weld, was observed as shown in Figure 7 (a) and is imaged with dye penetrant testing as 
shown in Figure 7 (b).  The external cracks in the lid and along the length of the container 
through the weld (Figure 6 (a) & (b)) however were not able to be imaged with dye 
penetrant testing.  This observation seems to indicate that, although the cracks penetrated 
through wall, the resulting crack width was insufficient to allow the dye penetrant to 
resolve the crack.   
 
Examination of Laser Beam Welds 
 
Through wall cracks perpendicular to the laser closure weld and along the length of the 
container body were observed after 48 hours of testing, Figure 8 (a).  Through wall radial 
cracks were also observed on the lid after 48 hours of testing, Figure 8 (b).  All of these 
cracks are consistent with the residual stresses expected as a result of the laser closure 
weld.  Pits were also observed inside the container, Figure 8 (c).  The pits may be 
chloride induced pits that are exacerbated by the high residual stresses developed during 
the closure weld.  Dye penetrant testing of the exterior of the tested container showed that 
the cracks observed in both the lid and the body were indeed through wall cracks and ran 
continuously from the lid into the body, Figure 9. 
 

Discussion 
 
The boiling MgCl2 test is designed to indicate the susceptibility of stainless steels and 
related alloys to stress corrosion cracking.  It was used in this study to identify locations 
of high residual stresses associated with fabrication of the stainless steel container.  The 
MgCl2 test is designed to provide a relative SCC susceptibility of the material properties 
and is not meant to be a quantitative test.  In the current study the boiling MgCl2 test was 
conducted on each of the sample containers under similar test conditions.  In addition, the 
container and lid material met the same specification throughout the tests while the weld 
technique varied.  Therefore, the relative damage to each of the samples can be 
compared.  Through wall cracks were evident in the as-fabricated container sample after 
48 hours at 155°C as well as the closure welded regions of the outer 3013 container 
which indicates that residual stresses over 10 ksi are present in every 3013 container 
regardless of the closure weld technique.  The cracks observed in the as-fabricated 
container, however, were not as numerous as those observed in the closure welded 
sections.  Cracks observed in the laser closure welded container were numerous and 
appeared to be more severe when compared to those observed in the GTAW closure 
welded container.  
 

Conclusion 
 
The 3013 container, a robust low carbon grade 300 series stainless steel can, is used for 
packaging Pu containing materials for eventual storage at various sites in the DOE 
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complex.  Two viable degradation mechanisms for these packages have been identified: 
1) pressurization due to gas generation and 2) corrosion associated with impurities 
(specifically chlorides and fluorides) in the plutonium oxides.  However, procedures have 
been developed to reduce the potential for container degradation, such as removing 
moisture prior to packaging, and consequently age-related degradation is unlikely in the 
storage configuration.  In the current study, ASTM standard G-36-94, an aggressive 
testing procedure using boiling MgCl2 solution, was used to reveal the relative stress 
corrosion cracking susceptibility of the 3013 containers.  The test revealed the presence 
of significantly large residual stresses in the bottom half of the as-fabricated container, a 
result from the base to can fabrication weld.  This observation indicates that regardless of 
the closure weld technique, sufficient residual stresses exist to provide the stress 
component necessary for stress corrosion cracking.  Additionally, cracks were observed 
in both the lid and the body of the GTAW and the laser closure welded containers as a 
result of this test technique.  The presence of cracks in both of the closure welded 
container samples tested indicates that significant residual stresses are inherent in the 
closure welding process regardless of the closure weld method.   
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Figure 1.  Outer 3013 Container. 
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Figure 2.  Sectioned Outer 3013 Containers For Testing (a) GTAW (b) GTAW (c) 
GTAW (d) LBW. 
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Figure 3.  Test Setup For Boiling MgCl2 Test. 
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Figure 4.  Bottom Half Of as-fabricated 3013 Container After Boiling MgCl2 Test.  
(a) Exterior of container through wall crack (b) Exterior of container through wall 
cracks (c) Interior of container cracks observed, arrows indicate cracks 
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Figure 5.  Metallographic cross section of through wall crack showing pos
crack in relation to the can to base fabrication weld. (a) Overall macrogra
showing base of can through fabrication weld and can body.  (b) Stress co
crack associated with boiling MgCl2 test from sample shown in (a).  Note 
position of the crack, beginning in the weld region and propagating into t
the can.  Note also the crack branching. 
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Figure 6.  Top Half Of GTAW Closure Welded 3013 Container After Boiling MgCl2 
Test.  (a) Exterior of container with appearance of through wall cracks 
perpendicular to GTAW weld into body (b) Exterior of lid showing appearance of 
through wall cracks perpendicular to GTAW weld in lid (c) Interior of container 
cracks observed in body of container (d) Interior of container cracks observed in lid. 
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Figure 7.  Top Half Of GTAW Closure Welded 3013 Container After Boiling MgCl2 
Test.  (a) Crack extending vertically through weld and running parallel to weld (b) 
Dye penetrant test showing crack parallel to closure weld.  Note that none of the 
cracks, as shown in Figure 6 (a) and (b) are visible with dye penetrant testing.   
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Figure 8.  Top Half Of Laser Beam Closure Welded 3013 Container After Boiling 
MgCl2 Test.  (a) Exterior of container through wall cracks perpendicular to laser 
weld into body (b) Exterior of lid through wall cracks perpendicular to laser weld in 
lid (c) Interior of container pitting and crack indications observed on lid of 
container (d) Interior of container pits and cracks observed in lid. 
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Figure 8.  Dye Penetrant Test Of Top Half Of Laser Beam Closure Welded 3013 
Container After Boiling MgCl2 Test. 
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