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Introduction 
This project involved the utilization of radioactively contaminated lead shot located at the 

Radioactive Waste Management Complex (RWMC) for radiation shielding on a radioactive liquid process 
tank located at Argonne National Laboratory-West (ANL-W). The use of previously contaminated shot 
precludes the radioactive contamination of clean shot With limited treatment and disposal options for 
contaminated lead shot, the reuse of lead for shielding is significant due to the inherent characteristic of 
becoming a mixed waste when radiologically contaminated. 

The INEL conducted a lead cleanup campaign in 1990. This was designed to ensure control of 
potential Resource Conservation and Recovery Act (RCRA) regulated waste. Contaminated lead from 
throughout the INEL, was containerized per the lead Waste Acceptance Criteria at the generator sites. 
Limited areas at the INEL are designated for mixed waste storage. As a result, some of the lead was 
stored at the RWMC in the air support weather shield (ASWS). This lead was contaminated with small 
amounts of fission product contamination. The lead was in the form of shot, brick, sheet, casks, and other 
various sized pieces. In 1993, ANL-W identified a need for lead shot to be used as shielding in a 
radioactive liquid waste storage and processing tank at the Fuel Cycle Facility (FCF). The contaminated 
lead used on this project had been in storage as mixed waste at the RWMC. This paper will focus on the 
processes and problems encountered to utilize the contaminated lead shot. 

History 
Lead was, and still is, used at the INEL for shielding of ionizing radiation. Lead is assigned the 

Toxicity Characteristic Waste Code of D008 under the RCRA. More lead was used at the INEL prior to 
this classification as a hazardous waste. Alternative shielding materials have been employed since, including 
the use of concrete, depleted uranium, and steel. When lead becomes contaminated with radioactivity, it is 
classified as a mixed waste under the RCRA. 

In 1985, the U.S. Department of Energy, Idaho Operations Office (DOE-ID), directed the operating 
contractors at the INEL to begin phasing out lead from low-level radioactive waste streams for disposal at 
the RWMC. Beginning in 1985 and completed by 1987, a total ban on lead disposal, either as waste or as 
shielding was in place. Because there were no other alternatives available at the time, INEL facilities 
stockpiled excess contaminated lead in the form of shot, bricks, shapes, sheet, and casks. The Federal 
Facilities Act/Compliance Order (FFA/CO),(signed in 1991), required the INEL to come into compliance 
with all federal regulations. Included in these regulations was the RCRA requirement to place all 
hazardous and mixed waste into permitted storage. A proactive campaign was developed and conducted to 
relocate all lead into permitted facility storage in conjunction with the Third- thirds Rule (May 8,1990). 
An INEL Excess Radioactive Contaminated Lead Acceptance Criteria was written. It contained the 
criteria and requirements for the lead to be placed into permitted storage areas. The criteria included 
radiation limits, documentation, characterization, and packaging requirements. The RWMC was evaluated 
as a storage facility for radioactively contaminated lead, as there was insufficient capacity in the other 
available permitted storage areas for all of the excess lead identified. The RWMC is the low-level 
radioactive waste disposal facility and the Transuranic (TRU) and Transuranic-mixed waste storage and 
certification facility. The Transuranic Storage Area (TSA) is a storage facility for TRU & TRU-mixed 
waste. The Part A Interim Permit application had been filed which included the code for the storage of 
lead as waste. Storage capacity was identified in the ASWS which is located in the TSA of the RWMC. At 
the end of the campaign, there were approximately 70 Department of Transportation (DOT), Type A, TX-
4 steel boxes containing lead in various forms stored at the RWMC. The boxes were 4 f t x 4 f t x 7 f t and 
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were limited to 6000 lbs. of lead in the form of shot, brick, and sheet. These lead forms were initially 
packaged in specifically designed wooden lead storage boxes for stability and contamination control. They 
were then packaged inside the metal boxes with appropriate blocking and bracing. 

Lead Shot Reuse Project 
In 1989, the FCF at the ANL-W began facility modifications to facilitate the demonstration of the 

FCF fuel recycling process. As part of the needed facility modifications, three radioactive liquid storage 
and processing tanks were in need of replacement. The new tank designs included a shielding annulus 
surrounding the exterior of each tank. Lead shot would be utilized to fill each tank annulus for shielding. 
Since the tanks were designed to hold contaminated liquids there was a potential for the lead to become 
radiologically contaminated at some point during its service as shielding on the tanks. There were three 
tanks, two smaller tanks, and one larger tank. The options for shielding the tanks were: 

1. Purchase and use new clean lead shot 
2. Use clean lead shot from INEL Clean Lead Facility (CLF) 
3. Identify and use contaminated lead stored at the INEL. 

The cost to purchase new lead at the time of the project was $.44/lb. Adequate lead shot from the CLF 
was obtained for the two small tanks which required 8.4 and 12.6 tons to fill the shielding annulus. When 
the INEL clean lead supplies were exhausted, ANL-W discovered the RWMC had the contaminated lead 
shot in storage and pursued using it in the larger tank. 

In 1993, contact was established between the RWMC and ANL-W and the process was started to 
retrieve 17.2 tons of lead shot, which was estimated would be required to fill the annulus on the large 
tank. All waste which comes into the RWMC has characterization data entered into the Radioactive 
Waste Management Information System. This system includes the entry of the storage/disposal location. 
The data base was utilized to locate the storage locations which contained the boxes at the RWMC ASWS. 
The shipment and storage records of the contaminated lead stored at the RWMC were reviewed to identify 
potential candidate containers. Nine TX-4 boxes were identified as containing 18.6 tons of lead shot, 
which could possibly be used in the large tank. The basis for choosing these boxes was the shot size 
(No.8), and low dose rate and radiological contamination levels reported in the characterization data. 
Work permits were processed to identify controls needed for retrieval of the boxes. The boxes were stored 
in grids which had four boxes per layer and were stacked three high. 

There was a minor problem with the TX-4 boxes. The bolts in the lids of the boxes had been 
identified as being "suspect bolts" (subgrade) after receipt at the RWMC and had to be replaced prior to 
shipment to ANL-W. The boxes were located, retrieved from storage, and inspected for damage. The lid 
bolts were replaced and the boxes were then manifested and shipped to ANL-W. 

At ANL-W, the boxes were opened and inspected for correct size, and condition of the shot, as well 
as the verification of the radiation, and contamination levels. If the lead shot met the design requirements 
for the ANL-W FCF tank, it was put into use. During the inspections, it was determined all of the 
contaminated shot provided was not of the specified size. Consultation with facility engineers resulted in a 
review of the design specifications. It was determined that in addition to the No. 8 lead shot, other sizes 
could be used and still satisfy the shielding requirements. After inspection, 7.8 tons of contaminated shot 
were used in conjunction with some clean lead shot to shield the tanks. The other shot was rejected for 
various reasons, including oxidation, rust, dirt, wrong size, etc. The shot was placed into the tanks utilizing 
a funnel. This allowed the shot to be poured into the annulus by workers wearing appropriate protective 
clothing. The remainder of shot needed to fill the large tank was obtained from the CLF. Therefore, no 
new lead shot had to be purchased for the three tanks' shielding requirements. 

Conclusion 
The use of the contaminated lead freed up valuable storage space at the RWMC. Because the lead is now 
being used for its intended purpose of shielding, it is no longer classified as mixed waste. This is 
significant because it removes the lead from regulatory controls until it has served its purpose. This 
project demonstrated the feasibility of reusing previously utilized materials and thereby preventing the 
pollution of new materials. It also illustrates the need to change the paradigm of always using new 
material to perform a task. 
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The success of this project required innovation, effort, and cooperation on the part of both facilities 
to meet a tight delivery schedule. It would have been simpler and involved less people and time to 
purchase new lead to shield the tanks. Since the cost to retrieve, inspect and use the contaminated lead 
equates to the cost to procure new lead, there was not any savings realized in providing lead for the 
project. Substantial savings arise from preventing further potential generation of additional mixed waste 
which would some day have to be treated, packaged, and stored. Use of contaminated lead shot in the 
tanks demonstrates the possibility of using hazardous materials as products, even when radioactively 
contaminated. 
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