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Low Impact Plutonium Glovebox D&D 
A Case Study in Decontamination & Decommissioning 
in the Immediate Vicinity of Non-Radiological Areas 

Abstract 

A dilemma often encountered in decontamination and decommissioning operations is the lack of 
choice as to the location where the work is to be performed. Facility siting, laboratory location, and 
adjacent support areas were often determined based on criteria, which while appropriate at the time, 
are not always the most conducive to a D&D project. One must learn to adapt and cope with as 
found conditions. High priority research activities, which cannot be interrupted, may be occurring 
in adjacent non-radiological facilities in the immediate vicinity where highly contaminated materials 
must be handled in the course of a D&D operation. 

The execution of a project within such an environment involves a high level of coordination, 
cooperation, professionalism and flexibility among the project, the work force and the surrounding 
occupants. Simply moving occupants from the potentially affected area is not always an option and 
much consideration must be given in the selection of the D&D methodology to be employed and the 
processes to be implemented. Determining project boundaries and the ensuring that adjacent 
occupants are included in the planning/scheduling of specific operations which impact their work 
area are important in the development of the safety envelope. 

Such was the case in the recent D&D of 61 gloveboxes contaminated with plutonium and other 
transuranic nuclides at the Argonne National Laboratory-East site. The gloveboxes, which were 
used in Department of Energy research and development program activities over the past 30 years, 
were decontaminated to below transuranic waste criteria, size reduced, packaged and removed from 
Building 212 by Argonne National Laboratory personnel in conjunction with Nuclear Fuel Services, 
Inc. with essentially no impact to adjacent occupants. 
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Facility History 

The glovebox laboratory in the D-Wing of Bldg. 212 at Argonne National Laboratory (ANL) was 
initially placed in service in 1960 to perform unirradiated reactor fuel composition analysis and 
transuranic materials research. In the 1980's, programmatic R&D work was declining and the 
cost of mamtaining the aging gloveboxes in a safe condition was becoming excessive. With little 
probability-of future work requiring these type of facilities, it was decided to decontaminate and, 
decommission the facility. 

Project Execution 

Original plans were to use in-house forces to accomplish the work. However, due to resource 
constraints imposed by increases in programmatic R&D activities involving the laboratory staff 
assigned to the project, it was decided to out-source the majority of the work to a sub-contractor 
with in-house personnel providing oversight and support functions. 

In January of 1994, Argonne National Laboratory awarded a contract for on-site decontamination 
and decommissioning of 61 gloveboxes to Nuclear Fuel Services, Inc. (NFS). 
The initial contract consisted of six distinct phases: 

(1) • . Develop site specific Health and Safety Plans and operating procedures subject to approval. 
by the Laboratory. 

(2) Size reduce and remove all equipment and materials from the gloveboxes and package the 
materials in accordance with the WEPP Waste Acceptance Criteria . 

(3) Decontaminate the gloveboxes to below TRU criteria (<100 nCi/gm). Provide 
characterization data verifying successful decontamination to below TRU levels. 

(4) Disconnect gloveboxes from support/utility systems and package for shipment to Nuclear 
Fuel Services Size Reduction Facility for size reduction. 

(5) Size Reduce and Package the gloveboxes for disposal as Low Level Waste (LLW) in 
accordance with Hanford's Waste Acceptance Criteria. 

(6) Remove the glovebox support/utility systems and decontaminate the laboratories. 
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Phase One 
Procedures were developed for the in-situ characterization and assaying, removal of excess ..-
equipment and separation of utility support lines for the plutonium contaminated gloveboxes. 
Many of these procedures and techniques were developed from experience gained during a recent 
plutonium decommissioning project at NFS, where 135 gloveboxes and associated piping were 
removed from service and volume reduced. 

Phase Two 
The .equipment and materials, were removed from the.glpyeboxes-and packaged.as •fransuranic;.;Iiicirj:;>-! 

waste in accordance with WBPP Waste Acceptance. Approximately 1,000 pouch-out operations 
produced one hundred and sixty-five 55-gallon drums of waste was packaged. 

Phase Three 
The characterization of the gloveboxes using the Pajarito Active-Passive Neutron Assay System 
as well as direct readings of the internal surfaces of the gloveboxes using field instruments was 
completed. These measurements determined the extent of decontamination that was needed on 
each glovebox and confirmed the amount of residual contamination which remained in the 
gloveboxes after decontamination. 

During the execution of Phase Three, it was discovered that eleven of the sixty one gloveboxes 
contained isotopes (Cm243 and Cs137) which Nuclear Fuel Services' Size Reduction Facility, located 
in Erwin, TN, was not licensed to process. While the total quantity of these isotopes was 
relatively small (3.6X10"1 Ci. Cm 2 4 3 and 1.1X10"3 Ci Cs 1 3 7), the delays and cost associated with 
an NRC license amendment was deemed too arduous, and the decision was made to size reduce 
and package the gloveboxes on site. 

A size reduction facility was constructed at the project site and connected to the existing building 
HEPA-filtered exhaust system, and additional procedures were developed to ensure the operation 
could be conducted safely. An addendum to the project's Safety Analysis Report was initiated and 
dose assessments and ALARA(as low as reasonably achievable) reviews were completed. 
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Due to uncertainties regarding the precise level of protection, oversight necessary to perform the 
. activities, and potential changes in methodologies (which might be necessary as experience was 

gained in performing the work), the original fixed-price contract was changed to a cost plus fixed-
fee arrangement. This contract modification was deemed necessary to allow more expedient 
implementation of process improvements, and would allow more rapid response to as-found 
conditions should they deviate from the as-planned conditions. 

Phase Four 
; vi-/:-.'r Phase:fourwas canceled due to the change inplantosizereduce the gloveboxes on-site. . :•-. - / . a s : " 

Phase Five 
The size reduction and packaging of the gloveboxes commenced on March 6, 1995, and was 
completed on June 1, 1995. This phase was divided into four sets based on the levels of 
contamination in each glovebox. The least contaminated boxes were processed first, and a review 
of lessons learned was performed prior to beginning the next set of higher contaminated boxes. • 
This allowed implementation of new practices and methodologies on the next set of boxes to 
minimize the hazards and exposure to the workers. 

Phase Six 
The removal of the glovebox support/utility systems and the decontamination of the laboratory 
rooms was completed. A majority (-r 90%) of the support system piping and ventilation ducting . 
was found to be uncontaminated, and only a few localized areas of the floor were found to be 
contaminated to greater than 20 dpm/100 cm2 a after removal of the floor tiles. 

Worker Protection 

Protection of the work force from the hazards associated with handling transuranic materials was 
the primary concern of the project throughout the duration of operations. 
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During Phase Two, the primary method of worker protection was the utilization of existing 
barriers while removing the materials from the gloveboxes. This consisted of the size reduction 
of all equipment and materials to the degree that existing pouch-out ports could be used to remove 
the material. Of the 1,000 pouch-out operations conducted over the course of six months, there 
was one reportable occurrence resulting from these operations which was due to the failure of a 

• • glovebox glove during size reduction operations. (ORPS CH-AA-ANLE-ANLEER-1994-0001). 

•'!.:-;. -The most significant risk to the. workers was the^loveboxsize.ireduction operations. Extensive --^^s^i 
ALARA and safety reviews were conducted to ensure all potential risks were mitigated to the 
maximum extent feasible, and that radiological exposure to the workers could be maintained well 
within allowable levels and ALARA. It was determined that the amount of internal exposure any 
single individual could receive throughout the entire operation would be less than 100 mRem. 

In order to achieve these goals, thorough estimates were made on the amount of airborne 
contamination which could be generated by disassembling and cutting the boxes. These estimates 
were based on the known contamination levels within each glovebox, assumed specific release 
fractions, and processing times dependent on the type and size of the box. 

Utilizing this methodology, a "budgeted dose" for each glovebox was established. This was 
compared against the data obtained from lapel and stationary air samplers collected as each box 
was completed and the bio-assay data (dose of record) which was determined on a monthly basis. 
This proved to be extremely effective in maintaining real-time internal dose estimates and ensuring 
both the individual and cumulative internal exposures were maintained ALARA. 

Initial estimates utilizing the methodology discussed above indicated that the 100 mRem internal 
exposure limit could be exceeded if maximum postulated releases occurred during disassembly. 
This required that the size reduction containment structure be back fitted with an additional 
HEPA-filtered capture exhaust system. 
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As previously stated, the operation was divided into four sets, which allowed comprehensive . -:... 
reviews prior to proceeding with gloveboxes with higher contamination levels. This phased 
process was extremely effective in minimizing internal doses through periodic review, upgrading 
of techniques and methodologies, and application of lessons learned as the work progressed. 

Another effectivemanagement tool utilizedto maintain doses ALARA was the implementation;of ?*•^WK -
•notification-points :and-hold points-associated witkthe level- of akbomecontamination measuredssr^iSte. 
.withhx;the containment structure ;while-work::was in progress ..-/Notification to .me-ALARA^sss&s.-
Coordinator and Committee were established with successively higher trigger points depending 
on the phase (level of contamination in the glovebox). A level of 40DAC was established as a . 
hold point where operations would be suspended until the cause of the airborne contamination was 
determined and understood and appropriate corrective actions taken. This 40DAC hold point was 
exceeded eight times throughout the course of the operation and many valuable lessons were 
learned through the course of the reviews. A possible improvement to this internal dose 
management technique would be to use DAC-Hrs vs. DAC (accumulated dose vs. concentration),~ 
since this is the real unit of measure for which the primary concern should be focussed. 

Internal Exposure Received During Glovehox Size Reduction Operations (Phase 4) 

Phase 4 Sets Budgeted Dose (mRem) 
(Estimated DAC-Hrs) 

Estimated Dose (mRem) 
(Measured DAC-Hrs) 

Actual Dose 
(Bio-Assay Dose) 

1 8.0 0.4 * 

2 78.4 4.8 * 

3 57.0 8.5 * 

4 171.6 52.8 * 

Total 315.0 66.5 33.0 
* Individual bio-as say samples were taken monthly on a rotating basis and cannot be tied d irectly to a specific phase 
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The budgeted dose estimates were extremely conservative and very effective in establishing a 
reasonable envelope in which operations could be safely and efficiently accomplished. 
Approximately 75% of the total DAC-Hrs measured during the entire glovebox size reduction 
operation were received during the processing of one glovebox. A significant release occurred 
during the size reduction of glovebox #160. The Eberline Alpha-6 continuous air monitor alarmed 
during the removal of a piece of inverted uni-strut and all personnel evacuated the disassembly 
area. After the alarm cleared and grab air samples indicated the airborne contamination had 

^-returned :to,background.;levels,: an entry, was madexinto .the area.-.'Smeaf surveys indicated .a 
.contaminationievelsrangedfrom.40,000to >JL,000,000dpm/100cm2;-:Recoveryfrom:the.event 

• * and decontamination-of the containment tent took approximately 3 days and additional fixative 
coating was applied to the remaining gloveboxes prior to disassembly. 

Total Project Exposure (mRenrt 
Phase Internal Exposure External Exposure Total 

Pouch-out Operations 292 380 672 

Size Reduction Operations 33 0 33 

Total 325 380 705 
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Conclusions/Lessons Learned 

•s/jv •}'-?: 

Work in highly contaminated environments with considerable levels of airborne 
contamination can be performed safely and efficiently through the effective utilization of 
both management and engineering controls. 

... . Develop better methodology/techniques for in-situ characterization.... While the data 
»; ̂ providedrby^ the Pajarito Active-Passive:rNeutronrAssay^System'cwas:±ivaluable:ins-.: 

t^^'^^^Kvestablishing.me safety envelope and waste characteE^tion^asignificant.amountof;effort'^ 
- h a d to be expended in order-to transport- the - gloveboxes to- the- assay chamber. 

Development of a modular unit which could be setup around the gloveboxes without 
having to move them would significantly improve the process. 

• Maintain a flexible contracting strategy. When unforseen circumstances arise, and they 
will, a strict, fixed-price contract can be a hindrance to efficient implementation of changes 
in methodologies. 

• Minimize specific operational details in safety documentation and plans. Focus on 
administrative control and approval processes vs. specific methodology and techniques 

• Track exposure closely and report frequently. 
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Building 212 D-Wing 

Ĉv Areas Undergoing D&D 
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Size Reduction Structure 
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Argonne National Laboratory/Nuclear Fuel Services, Inc. 

• Conceptual Design Report Prepared in 1989 
(Originally Submitted as One Component of 
Several Facilities Requiring D&D) 

• Initial Funding Received in FY92 
• Preparation of Project Documents Began 

• NEPA 
• Safety Documentation 
• Project & QA Plans 
• Baseline 

Aigonne National LaboratoiyyNudear Rjcl Senfcca, Inc. 
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• Began Operations Circa 1960 
• Unirradiated Reactor Fuel 

Composition Research 
• Basic Studies on Transuranic Metals 

• Programmatic Funding Began to 
Decline in Early to Mid 1980's 

• Declared Surplus in 1989 

AIEOBIM National LaboratoryAfticlear Bid Seme**, Inc. 

• Some Interim Actions Taken in May 93 
(Characterization & RCRA Waste Removal) 

• Options Assessment Completed Jun 93 
• Request For Proposal Issued Jul 93 
• Technical Evaluation Completed in Aug 93 
• Project Plan and QA Plan Issued in Nov 93 
• Contract Issued to Nuclear Fuel Services, 

Inc. (NFS) in Jan 94 
• NFS Mobilized On-Site in Mar 94 
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• Estimated Airborne Concentrations of 
0.2 to 121 Times DAC 

• Protective Clothing and Respirator 
Based on Airborne Calculations 
• Double Anti-Contamination Clothing 
• Positive-Air Purifying Respirators 
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• Glovebox Assay Data Used as Basis for 
Radionuclide Inventory 

• Use the Ratio of the Inventory Times 
Release Fraction to the DAC Value For 
Each Isotope 

• Estimate Processing Time for Each 
Glovebox 

• Calculate Average DAC over the 
Processing Time for Each Glovebox 
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Aigonne National Laboratory/Nuclear Fuel Services, b e . 

• Minimize Specific Operational Details 
in Safety Documentation and Plans 
• Focus on Administrative Approval 

Processes vs. Specific Methodology 
and Techniques 

• Track Exposure Closely and Report 
Frequently 
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• Develop Better Methodology for Transuranic 
In-Situ Characterization 

• Establish Flexible Contracting Strategy 
• Consider Multiple Contracts for Various 

Activities (Fixed Price, Cost Plus Fee, 
Service) 

• Streamline Processes for Revising 
Methodology/Plans 

• Provide Detailed ALARA Planning/Dose 
Estimates in Initial Plans 
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