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Glovebox Decontamination Technology Comparison
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Nuclear Material Technology Division
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Abstract

Reconfiguration of the CMR Building and TA-55 Plutonium Facility for mission
requirements will require the disposal or recycle of 200-300 gloveboxes or open
front hoods. These gloveboxes and open front hoods must be decontaminated
to meet discharge limits for Low Level Waste. Gloveboxes and open front hoods
at CMR have been painted. One of the deliverables on this project is to identify
the best method for stripping the paint from large numbers of gloveboxes. Four
methods being considered are the following: conventional paint stripping, dry ice
pellets, strippable coatings, and high pressure water technology. The
advantages of each technology will be discussed. Last, cost comparisons
between the technologies will be presented.

Introduction

A large number of nuclear facilities are expected to be decontaminated and
decommissioned over the next ten to twenty years. Much of the equipment in
these facilities consists of metal such as stainless steel that are painted and
covered with surface contamination. Decontamination technologies are
expected to play an important role in the efficient and cost effective
decommission of these facilities by reducing the dose to workers and reducing
disposal cost by lowering the waste-disposal volume and/or the waste disposal
category to less expensive categories.

Waste minimization efforts require the decontamination of 200-300 gloveboxes
and open front hoods at two facilities on-site. These gloveboxes will either be
disposed of or recycled for future use. Efforts must be made to minimize all
radioactive waste as well as reducing disposal costs. This is achieved by
decontaminating the gloveboxes to DOE mandated radiation activity levels.

The first stage of this project will be selecting and demonstrating the best method
(either commercial or in-house) for paint removal from glovebox surfaces. The
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paint stripped from gloveboxes will be analyzed for metals. If the paint from these
gloveboxes does contain RCRA metals, it will be disposed of as a mixed waste.

The final stage examines decontamination techniques currently used both
commercially and within LANL to best determine the method most efficient and
cost effective to glovebox decontamination projects. Throughout LANL, there is a
need to dispose of 60 gloveboxes per year for the next five years for a total of
300 gloveboxes. Disposal of 300 gloveboxes without any waste minimization
activities would produce about 1000m3 of TRU waste. The term TRU waste
identifies waste contaminated with alpha emitting radio nuclides having an
atomic number greater than 92 with half-lives greater than 20 years and
concentrations greater than 100 nCi/g. Decontamination will produce about
300m30f TRU waste. Decontamination of the majority of these gloveboxes and
open front hoods to low level radiation limits will preserve TRU waste disposal
facilities and will save substantial dollars in disposal costs. Disposal costs for
TRU waste are approximately$121 ,000 per cubic meter, based on documented
research materials. Comparative costs for the disposal of Low Level Waste
(LLW) are approximately $3,800 per cubic meter.

Condition of Gloveboxes

Paint Chip Analysis Glovebox interiors used at LANL for chemical processes
are coated with multiple layers of paint. Some of the paint layers may contain
lead, chromium or other hazardous constituents, potentially causing a mixed
waste. The term mixed waste is used when a waste has both hazardous and
radioactive components.

The chemical content of several paints used to coat gloveboxes was analyzed
using ICP-AES methods.’ In these experiments, paint chips were dissolved in
boiling nitric acid. It was determined that one sample had high amounts of Pb
present. Traces of Cr and Cd were also found to be present. All samples tested
passed the TCLP experiments. These samples were taken from painted objects
retrieved from the salvage yard. Also, no organic analysis was done.

Waste Paint Generation If paint is stripped from a glovebox is indeed a mixed
waste; it must be properly disposed of. Until composition and volume of stripped
paint is known cost for disposal cannot easily be determined. Volumes will,
however, be less than those of a total glovebox and so the cost to dispose of
stripped paint, as a mixed waste will be less than the cost of disposing of an
entire glovebox as a mixed waste. The cost of disposal of the paint as TRU and
MLLW is shown in Table 1, based on the coats of paints. This is based on the
assumption that the average size of a glovebox is 4 ft X 4 ft X 3 ft.

.-



Table L Waste Paint Generated.

Gloveboxes = 200 Coats of Paints

Parameters Conversion 1 5 50
Factor

Glovebox Area (Ave. sq. ft.) 35.6 7120 35600 35600(
Sq. ft. of Paint/gallon (gal.) 400 18 89 89(
Gallons/cubic Ft. of paint (cu. ft.) 7.48
Cost of Disposal, MLLW ($/cu. ft.) $22.50 $53.5: $267.; $2,67;.] ;
Cost of Disposal, TRU ($/cu. ft.) $14.06 $33.46 $167.30 $1 ,672.9C

Comparison Study

The four decontamination methods that will be evaluated are the following:
. Conventional Paint Stripping
. Dry Ice Pellets
. High Pressure Water Technology
● Passive Aerosol Generator

Conventional paint stripping was demonstrated using a commercially available
product that was found to be acceptable to use in the CMR. Since the last three
methods have been previously demonstrated, experiments with these
technologies were not repeated. Nevertheless the advantages of each of these
methods were assessed to best determine the method most efficient and cost
effective to decontaminate painted gloveboxes.

Conventional Paint Stripping Testing of the conventional method of paint
stripping was made on two radioactively contaminated gloveboxes. These test
gloveboxes had been in constant use for over 20 years for handling Pu-239
oxides and the dissolution of these oxides with a large variety of acids. A
Radiation Work Permit (RWP), which is a formal document describing the
radioactive operation, was finalized and a glovebox used for radioactive work
with Pu-239 was prepared for the radioactive decontamination testing. The
technique used on both of these boxes was to clean the glovebox surfaces with
a 50-50 solution of water and “Once Over”, a commercially available cleanser.
The surfaces were smeared for radiological data before the process began and
then again after the surfaces were wiped to compare radiation levels. The
radiation level in the first box dropped from 1M counts per minute/sq.in. to 80K
counts per minute/sq.in. The radiation level in the second box rose from 80K
counts per minute/sq.in. to 100K counts per minute/sq.in.



Advantages of the paint stripping process include the following:
. Does not generate a mixed waste.
● Does not aappend additional hazards to current glovebox activities.

To decontaminate an average size glovebox (4’X4’X3’) using conventional paint
stripping took about 4 hours.

High Pressure Water Process High pressure water technology has been
previous used at other nuclear facilities to decontaminate gloveboxes and other
equipment in a plutonium laboratory.2 A scaled down version of this technology
has been successfully demonstrated for dislodging paint from plutonium
contaminated stainless steel coupons in the CMR.3 The system consists of a
high-pressure water pump and a specially made gun-type water-jet cleaning tool.
All moving parts are enclosed within removable protective covers for operator
safety. An eleven horse power electric motor along with a triplex pump is used
to achieve and maintain normal working water pressures from 5000 to 40,000
psi. Incoming water is dual filtered to remove particles larger than 0.5 microns.

Advantages of the high pressure water process include the following:
. Removed more than one coating of paint at a time.
. IS not as labor intensive as conventional decontamination techniques.
. Contributed to ALARA dose reduction by minimizing the time exposed to

radioactive substances.
. Isa reliable technology with no shutdowns due to mechanical failures.
. Documented evidence of commercial successes.

To decontaminate an average size glovebox (4’X4’X3’) using high pressure
water is estimated to take 4 hours.

CO, Pellet Process’ The process/facility uses small, solid carbon dioxide
particles propelled by dry compressed air. The C02 particles shatter upon
impact with the surface of the material to be cleaned and flash into dry C02 gas.
The cleaning is accomplished by the rapidly expanding C02 gas lifting and
flushing the foreign materials out. Microscopic sized particles are captured on
high efficiency particulate air (HEPA) filters and larger materials are retrieved
using HEPA-filtered vacuum cleaners. C02 levels have been demonstrated to
remain below OSHA limits and a C02 monitor verifies the levels during operation.

The CO, pellets will clean metal objects, as well as softer objects like wood,
plastics, and rubbery materials without causing damage.

Advantages of the Dry Ice Pellet process include the following:
. Does not generate secondaty waste streams.
. Is not as labor intensive as conventional decontamination techniques.
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. Contributed to ALARA dose reduction by minimizing the time exposed to
radioactive substances.

. Is a reliable technology with no shutdowns due to mechanical failures.

. Documented evidence of commercial successes.

To decontaminate an average size glovebox (4’X4’X3’) using dry ice pellets is
estimated to take 4 hours.

Passive Aerosol Generator Process Passive Aerosol Generator (PAG) is a
commercially available fogging process for temporary encapsulation of loose
surface contamination for use in glovebox decontamination. This technology
slowly fills voids such as airlocks, gloveboxes, or ventilation ducts with a dense
aerosol containing capture polymers. As the aerosol “condenses” it covers
100% of exposed surfaces with a viscous, tacky coating. This allows the capture
of various contaminants in situ without human exposure. Low flow velocities
prevent re-suspension of contaminants. Sufficient process volume exists to treat
airlocks, large process hoods, and ventilation ducts up to several hundred feet in
length. In the area of environmental compliance, the capture coating is
characterized as a non-hazardous waste in accordance with RCRA.

The fogging process (a water and glycerin mixture) provides excellent temporary
encapsulation lasting up to a few weeks on loose surfaces contamination or fixed
contamination without a loss of air-born radioactivity. The coating can be
stripped in just a few hours or a few years. The stripped waste is easily
packaged for disposal and is TCLP approved for burial. The lnstaCote dries to
touch in seconds.

The work involved with decontaminating a glovebox include the following tasks:
. Setup of the fogging equipment.
. Fog the glovebox.
. Remove the fogging equipment.
. Setup of the lnstaCote equipment.
. lnstaCote the glovebox.
. Remove the lnstaCote equipment.
● Strip the lnstaCote material.
. Package waste for disposal.

To decontaminate an average size glovebox (4’X4’X3’) by removing the
lnstaCote and placing it in an approved disposal container is estimated to take 8
hours.

Advantages of the PAG process include the following:
● Eliminates human exposure to airborne contaminants during application and

after treatment.
. Generates no mixed waste.
. Is not as labor intensive.
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. Contributes to ALARA dose reduction by minimizing the time exposed to
radioactive substances.

. Will not change geometry nor concentrate contaminants being captured.

Technology Comparison

The major criteria being assessed in this study are listed in Table Il. The
decontamination (DECON) factor is defined as the original contamination level in
counts /min/in2 divided by the final contamination level in counts/min/in2. DECON
factors for dry ice pellets and passive aerosol generator processes were
obtained from companies that provide the services. Overall, the high pressure
water technology is the most effective at the expense of being the most
dangerous. Conventional paint stripping is the most convenience and least
effective, The other two technologies fall in between these two extremes.

Table Il. Glovebox Decontamination Technology Comparison.

METHOD

HIGH PRESSURE
WATER
TECHNOLOGY
DRY ICE PELLETS
PASSIVE AEROSOL
GENERATOR
CONVENTIONAL
PAINT STRIPPING

7
TIME DECON

FACTOR
4h 4000

4h 1000
8h 10

4h 12

OTHER FACTORS

Extremely hazardous,
Previously tested

Previously tested
Previously tested

Least hazardous,
Labor intensive

Cost Comparison

Before annual costs of disposal for 60 gloveboxes (300 gloveboxes over a five-year
period at 60 gloveboxes per year) includes TRU waste &sposal costs of $3,000,000 for
60 m’ of TRU waste and minimal personnel costs of $5,000 per box. These costs
include only direct costs of disposal; they do not include out-years costs for
administration of TRU waste disposal facilities. They do not include costs if glovebox is
painted with lead or chromium-based paints - leading to disposal of entire box as a
mixed waste. After annual costs for disposal of 60 gloveboxes includes personnel
costs of $1 OK per box.

Bids to decontaminate 200 and 300 painted gloveboxes were sent out to
companies involved with the above-discussed processes. The average size
glovebox was assumed to have the following dimensions 4’X4’X3’. The prices
are compiled in Table Ill.
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Table Ill. Glovebox Decontamination Technology Cost Comparison.

METHOD 200 300GLOVEBOXES
GLOVEBOXES

HIGH PRESSURE $1820K $2730 K
WATER TECHNOLOGY
DRY ICE PELLETS $1920K $2880 K
PASSIVE AEROSOL $2573 K $3850 K
GENERATOR

Conclusions

While conventional paint stripping and passive aerosol generator methods may
significantly reduce the level of radiation on the surface of gloveboxes, their limit
of effectiveness is in the range of 10OK – 120K counts per minute/sq.in. In order
to convert gloveboxes that are categorized as TRU waste to LLW, the more
mechanically abrasive technologies of high pressure water or dry ice pellets are
needed. The commercial sector bids for decontaminating an average size
glovebox was in the range of $ 9K- $ 13K. Even with the addition of personnel
and overhead costs, the total cost savings for decontamination of these glove
boxes will have wide-ranging applications for future decontamination and
decommissioning projects across DOE facilities. Overall, the cost of disposing of
painted gloveboxes in the CMR will be lowered by a factor of five. Finally,
decontamination techniques currently used both within and outside of the
Weapons Complex will continue to be examined for applicability to glovebox
decontamination problems at Los Alamos. This is not a research and
development examination of the available technologies, but a scrutiny of
processes being carried out by outside companies performing large
decontamination projects. Plans and methodologies for linking demonstration
from Los Alamos with a large decontamination project will be ascertained if
appropriate.
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