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Abstract: Weld closure stations for plutonium long-term storage containers 
have been designed, fabricated, and tested for the Advanced Recovery and 
Integrated Extraction System (ARIES) at the TA-55 Plutonium Facility of 
the Los Alamos National Laboratory. ARIES is a processing system used 
for the dismantlement of the plutonium “pits” from nuclear weapons. 
ARIES prepares the extractedplutonium in a form which is compatible with 
long-term storage and disposition options and meets international 
inspection requirements. The processed plutonium is delivered to the 
canning module of the ARIES line, where it is packaged in a stainless steel 
container. This container is then packaged in a secondary container for 
long-term storage. Each of the containers is hermetically sealed with a full 
penetration weld closure that meets the requirements of the ASME Section 
IX Boiler and Pressure Vessel Code. Welding is performed with a gas 
tungsten arc process in an inert atmosphere of helium. The encapsulated 
helium in the nested containers allows for leak testing the weld closure and 
container. The storage package was designed to meet packaging 
requirements of DOE Standard 3013-96 for long-term storage of 
plutonium metal and oxides. Development of the process parameters, weld 
fixture, weld qualification, and the welding chambers is discussed in this 
paper. 

INTRODUCTION 

composed of diverse controlled environments and processing modules. Processing of 
weapon components include the following: introduction to the system, pit disassembly, 
plutonium processing as either a metal ingot or an oxide, material packaging that is 
acceptable for long-term storage, and Nondestructive Assay (NDA) for plutonium 
accountability. An automated conveyor transport system (Martinez, H.E., et al, 1997) is used 
to provide material movement to each of the process modules. Airlocks between the process 
modules and the conveyor tunnel isolate the various atmospheres. A schematic of the ARIES 
line is shown in Fig. 1. 

Containers were developed to meet Department of Energy requirements (DOE-STD- 
3013-96) for long-term storage of plutonium metal or oxide. The container package consists 
of a pair of nested stainless steel cans; an inner can where the material is packaged and a 
secondary or outer can that is exposed to the environment. Both can designs are made up of 
a can body and lid. Each of the cans is sealed by welding the lid to the can body in an inert 
atmosphere of helium Each welding station maintains oxygen and moisture concentration 
less than 200 ppm. 

The ARIES processing line is a large barrier and process containment system 
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Figure 1: Schematic of ARIES processing line. 
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Three processes are used for packaging; welding, decontamination of inner can. and 
leak checking after welding and decontamination. Five separate environments are used: one 
for process development and testing, three for processing, and one for material transport 
between process modules. A developmental glovebox weld station was used to develop weld 
parameters, procedures, and test equipment in a non radioactive environment outside the 
plutonium facility. Material packaging begins with the processed plutonium delivered to the 
canning module and packaged in the inner can. The inner can is then transported through 
the conveyor tunnel to the electrolytic decontamination-leak check module where the weld 
joint is leak checked and the outer surface decontaminated by electrochemical dissolution 
methods. With the outer surface free of contamination the can is removed from the 
radioactive material handling section through a special fixture that is mounted on a partition 
within the module. The container is again leak checked, then removed from the module and 
placed in the secondary or outer can weld station. After welding the outer can the storage 
package is removed and leak checked. 

GLOVEBOX CHARACTERISTICS 

Five separate glovebox systems are used for packaging: developmental weld station, 
inner can weld station. conveyor tunnel, electrodecon-leak check module, and the outer can 
welding station. The enclosure material of all units are made of stainless steel and the weld 
stations maintain an inert atmosphere of helium. A brief discussion of each unit is given 
below. 

develop weld parameters and process for both can designs in a contamination free 
environment outside the plutonium facility. The box is also used to test weld fixtures and 
equipment prior to delivery to the plutonium facility. It is a single station unit with an inert 
atmosphere maintained by supplying a constant helium purge from a bottle reservoir. 
Exhaust gases are vented to the atmosphere. 

Inner can weld station: The inner can weld station or canning module is part of the 
ARIES glovebox line and used to package the processed material in the inner can. As part of 
the main glovebox line it is supported by facility supplied services. The inert atmosphere is 
maintained with house supplied helium and the gas is purified through a dri-train system. All 
gas leaving the box passes through a HEPA filter and exhaust gases are processed through the 
facility filtration system. Safeguards and equipment are in place for off normal pressure 
conditions such as magnetihelic gauges and oil bubblers. Material introduction is through an 
airlock that isolates the helium atmosphere in the module from the dry air atmosphere in the 
conveyor tunnel. 

Developmental weld station: A developmental glovebox weld station is used to 



Figure 2: Material packaging gloveboxes; a) developmental glovebox, b) inner can weld 
station, c) electrodecontamination-leak check module, d) outer can weld station. 

Electrodecon-leak check NXodule: This glovebox is unique in that i t  provides three 
isolated environments. A welded partition is used to separate two radioactive material 
handling sections from a non radioactive material section. In the radioactive material 
handling section the inner can is introduced from the automated conveyor tunnel to the 
module. It is leak checked then introduced to the electrolytic decontamination fixture. This 
section is also used to separate potentially contaminated metal precipitates from the 



electrolyte solution. The atmosphere is dry air and exhaust gases are processed through the 
facility system. In a separate radioactive material handling section equipment and process 
solutions supporting electrolytic decontamination are housed. 

The electrolytic decontamination fixture is mounted on a partition between the 
radioactive and non radioactive material handling sections. Contamination from the outer 
surface of the can is removed in the fixture. The can is accessed through a door on the 
fixture from the contamination free section. After checking the can for surface 
contamination it is again leak checked in a vacuum chamber on the cold section. 

Outer can weld station: The outer can weld station is a stand-alone unit that is not 
physically connected to the rest of the glovebox line and is commercially available (Vacuum 
Atmospheres Company, 1997). The glovebox is equipped with a gas purification system to 
circulate and recycle the chamber gas. Make up gas is supplied from a bottle or from the 
facility supply line. A computer CPU is used to control several automated sequences such as 
maintaining a constant chamber pressure, timed purge cycles, evacuation and backfill 
sequence for the antechamber, and automatic regeneration of the gas purification system. A 
gas tungsten arc welder power supply and controller was added to the system. 

The inner can is delivered to the outer can weld station and packaged in the outer can. The 
storage package is removed from the glovebox and leak checked in a vacuum chamber. 

A summary of characteristics for each of the controlled environments is given in Table 1 and 
photographs of the gloveboxes is shown in  Fig. 2. 

TAB1 

Enclosure 

Atmosphere 

Atmosphere 
Control 

Oxygen 
Monitor 

Moisture 
Monitor 

No. of Work 
Stations 

Internal 
Pressure 

Contami- 
nation 

Alate rial 
Introduc- 
tion 

E 1: Suniniar 

DEVELOP- 
MENTAL 

(Weld 
Station) 

Stainless 
Steel 

Helium 

Continuous 
Purge 

Yes-Teledyne 
317 

None 

One 

Slightly 
Positive 

Ante-chamber 

of ARIES material packaging gla 

LEAK CHECK 
(Weld 

Stainless Stainless Stainless 
Steel Steel Steel 

Helium I Dry Air I Dry Air 

Facility 
Supplied Cas. 
Dri-train 

Yes-Teledy ne 
317 

Yes-Engress 
and Hauser 

Two 

Facility Hood 
Supplied 
Gas. Dri- 
train 

None None 

None None 

Three One 

I Yes I No 

Yes 

Airlock Tunnel Special 
Fixture I 
Partition 

ebox characteristics. 

OUTER CONVEYOR 

TUNNEL 
CAN 

(Weld 
Station) 

Stainless Stainless Steel 
Steel 

Helium Dry Air 

Faci 1 it  y Faci 1 i ty 
Supplied Supplied Gas, 
Gas, Dri- Dri-train 
train 

Yes-Teledyne None 
317 

Yes-Engress None 
and Hauser 

One Two 

Adjustable Negative 
Positive or 
Negative 

No Yes 

Ante- Drop Box 
chamber 



STORAGE CONTAINER DEVELOPMENT 

Storage containers were developed to meet DOE requirements for packaging 
plutonium metals and oxides for long-term storage. Consulting with potential container 
manufacturers resulted in assurance that the containers could be easily and cost-effectively 
manufactured. Containers are manufactured of corrosion resistant stainless steel by standard 
deep drawing methods. Both inner and outer cans consist of two-pieces; the can body and lid 
with a radius at the edge. Sealing the cans requires a single weldment which is performed 
with the cans in the vertical position. Container mass was reduced by designing to a 
geometry that is favorable to stress distribution. The outer can lid is equipped with a gripping 
fixture allowing for robotic movement of the package. 

Because of programmatic requirements two storage package sizes were designed; first, 
the container for the demonstration phase is 6.5-inches high (LANL Drawing #90Y-2 19870 
and 9OY-219884, 7/97), and second, the phase I1 container is 10-inches high (LANL Drawing 
#90Y-219875 and 9OY-219877. 7/97). Diameter and wall thickness for both designs are the 
same. Three of the four can types have a l-inch high lid and the weld joint 1-inch from the 
top. The 10-inch high outer can body and lid are of equal height with the weld joint near the 
center of the container. 

When packaging the processed plutonium the cast metal ingots are placed directly 
into the inner container where-as the plutonium oxide is pre-packaged in a convenience can 
and the convenience can placed into the inner container. A standard food pack can free of 
organic material is used for the oxide convenience can. 

packages meet DOE requirements they were subjected to a series of tests including drop, 
crush, internal pressure, and burst pressure tests. Test results indicate that the containers meet 
DOE requirements for long-term storage of plutonium metal and oxide. A more 
comprehensive discussion on the tests is given in Rofer, C.K. et al, 1998. A series of cans and 
storage package assemblies prepared for testing and a storage package with a cut-out section 
is shown in Fig. 3. 

To characterize container integrity and to demonstrate that the cans and container 

WELD FIXTURE 

package designs; ARIES Demonstration and ARIES Phase 11. The fixture uses a three point 
roller system to align the can lid with the can body while welding. Two rollers are fixed and 
the third is adjustable and spring loaded. The rollers and torch are mounted on a base plate 
which can be adjusted vertically. The torch is mounted on a fixed extended roller post. This 
allows for a constant electrode-to-can surface spacing. An x-y micrometer table supports the 
torch and provides fine electrode adjustment. Table travel in both coordinates is 0.500- 
inches in increments of 0.001-inches. 

A fixture was developed to weld inner and outer containers for two long-term storage 

Figure 3: Long-term storage containers; a) nested-can storage package cut-out, b) 6-112 
and 10-inch high test containers. 

( a )  ( b )  



Figure 4: Inner and outer container weld l fixture. 
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A commercially available rotary 
fixture (JETLINE, '97) is equipped with a 
three-jaw chuck and is used to secure and 
rotate the can. Directional and variable speed 
controls are located outside the box. A relay 
in the programmable welder controller 
activates the rotary fixture. The rotary and 
positioning fixtures are mounted on the same 
aluminum base plate. A teflon sheet is placed 
under the base plate to provide electrical 
isolation between the weld fixture and the 
glovebox floor. A photograph of the weld 
fixture setup is shown in Fig. 4. 

The weld fixture was tested by 
welding a large number of containers. The 
same fixture was used to weld the four can 
types. The baseplate on the positioning 
fixture is configured with an opening to 
accommodate the weld joint near the top of 
the can or at the center of the I0-inch high 
can. Test containers were welded that had 
eccentricities of up to 0.140-inches, with 
eccentricity defined as the difference between 
the maximum and minimum rim diameter. 

Containers used of material storage have an eccentricity less than 0.01 O-inches. 

PROCESS PARAMETERS 

capability, cost effectiveness, and adaptability. The equipment is manufactured by MILLER 
Electric Company and includes a programmable controller Model INTELLTIG 4 and power 
supply Model MAXSTAR 175. The weld input parameters were established for each of the 
four container types described earlier. Pulsed current is used to minimize undercutting and 
molten puddle sagging while welding with the cans in the vertical position. The pulse peak 
current used for the inner container was 150 amps and 175 amps for the outer container. 
The average current was 34 amps for the inner container and 74 amps for the outer 
container. To facilitate decontamination of inner can a non radioactive tungsten electrode is 
used. A summary of the weld parameters is listed on Table 2. 

the total energy deposited into an incremental volume per unit length of material where total 
heat energy is defined as 

Gas Tungsten Arc Welding (GTAW) process was selected because of its proven 

The acceptable range for the weld input parameters was determined by considering 

E = P l w = f  I x V l w  (1) 

where V is the voltage, I is the average current, w is the weld speed, E is the heat energy given 
in J/in, and f is the heat transfer efficiency. For GTAW the value o f f  is approximately 0.7 
(Metals Handbook, 1983). A plot of average current vs welding speed for the inner and outer 
containers is shown i n  Fig. 5. The plots show the envelope of extreme energy values; the 
lower curve represents the energy required to produce nielt-through, the condition for full 
material penetration, and the upper curve represents the energy input to cause burn-through, 
a failure condition. Each of the curves represent constant energy, this is based on the 
assumption of constant voltage. Note that for a process with variable voltage the curves are 
not linear. Some statistical methods define the acceptable operating range to be at a specified 
percentage away from either limit usually ranging from 10 to 33-113% for horizontal 
welding. However, we are welding in the vertical position where undercutting and molten 
puddle sagging become significant as we approach the upper limit. Based on our experience 
undercutting and sagging become significant as we approach 33% of the bum-through limit. 
Also, acceptable welds were observed very near the lower-limit curve. The weld speed used in 



Figure 5: Plots displaying the envelope of acceptable operating parameters for a) inner 
container and, b) outer container. 
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his study, 6 inches-per-minute, is considered moderate for GTAW on stainless steel. Based 
on observation of the weld pool, the weld speed was bound at 4.5 in/min for the lower limit 
and 9.0 in/min at the upper limit, a value which is considered a moderate speed. High speed 
welding is discouraged because of the formation of an extended weld pool which leads to 
large temperature gradients and poor grain growth resulting in poor resistance to centerline 
hot-cracking. Therefore, we have defined our acceptable operating range for average current 
as 10% above melt-through limit and 33% below bum-through limit with the travel speed 
ranging from 4.5 to 9.0-in/min. 



TABLE 2: Summary of weld parameters for inner and outer containers. 

PARAMETER INNER CONTAINER OUTER CONTAINER 

Number Weld of Passes Single Single 

Atmosphere Helium Helium 

Electrode Type 1/16” diameter Tungsten 1/16” diameter Tungsten 

Electrode-to-Surface Gap 0.055” 0.060” 

Piece Diameter 4.50” 4.9 2 0” 

Number of Tack Welds 14 (minimum) 14 (minimum) 

Current Type Pulsed Pulsed 

Pulse Frequency 3 .O 4.0 

(pulses per second) 

Pulse Peak Time (9%) 20.0 40.0 

Pulse Peak Current (amps) 150.0 175.0 

Background Current (amps) 5 .O 7.0 

Average Current  (amps) 34.0 74.2 * 6.0- 6.0 

(non radioactive) (non radioactive) 

WELD QUALIFICATION 

Boiler and Pressure Vessel Code. As part of the Code requirements weld samples from 
various locations on the container were subjected to tensile tests and face-and-root bending 
moment tests. The tensile test requires that the specimen have a tensile strength that is not less 
than the minimum specified tensile strength of the base metal. For the face bend test, the 
specimen is bent so that the face surface becomes the convex surface of the bend. Similarly, 
for the root bend test, the root surface becomes the convex surface of the bent specimen. In 
both bends the test specimens shall conform to the dimensions defined in the Code. 
Photographs of weld samples before and after testing. are shown in Fig. 6. In addition. 
photomicrographs of the welds were taken as shown in Fig. 7. Results from the tests indicate 
that the weldment meets the requirements of the Code. 

The weldment was qualified by satisfying requirements of the ASME Section IX: 

Figure 6: Container weld samples; a) weld samples from container prior to testing, b) 
tensile test sample, c) bend test sample. 

( a )  ( b )  ( c )  



Figure 7: Photomicrograph of 
weld joint of outer can. 

SUMMARY AND CONCLUSION 

LEAK CHECK 

Because the containers are welded in a helium 
atmosphere, helium gas is encapsulated in the 
containers. This allows for leak checking the weld 
joint and container by placing in a vacuum chamber 
shortly after welding and detecting the presence of 
helium. In preparation of the storage package three 
leak check stations are used; first to verify weld joint of 
inner can, second, after electrodecontamination 
processing, and third, verify the outer can weld joint. 
A photograph of the vacuum chamber used at the 
three stations is shown in Figure 8. A VARIAN 
PORTATEST I1 Model #956 leak detector is used. 
American National Standard for Radioactive Materials 
(ANSI N14.5). Leakage Tests on Packages for 
Shipment, s ecifies that the acceptable maximum leak 
rate is 1x10- std. cclsec at one atmosphere. 
Approximately 100 test containers were welded and 
had a leak rate of less than lxlO-’ std. cc/sec at one 
atmosphere which is the instruments’ lowest detectable 
measurement range. About half of the containers were 
punctured and a “sniffer” probe was used to verify 
the presence of helium. 

? 

A diverse barrier and isolation 
system is used to provide controlled 
environments for packaging processed 
plutonium that is acceptable for long-term 
storage. Two weld stations and an 
electrolytic decontamination-leak check 
module, that is joined by an automated 
conveyor tunnel, support the process. Weld 
fistures, equipment, and process parameters 
u’ere developed and tested. The weldment 
for the storage containers meet 
requirements for ASME Section 1X Boiler 
and Pressure Vessel Code and satisfy 
acceptable maximum leak rates suecified by 

Figure 8: Vacuum chamber to leak check 
inner and outer storage containers. 

ANSI N14.5. Container and storage 
package durability was determined from a series of specified tests which indicate that they 
meet requirements for the DOE Standard 3013-96 for long-term storage of plutonium metal 
and oxide. 
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