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ABSTRACT

During the decontamination and decommissioning (D&D) activities being conducted by the U.S.
Department of Energy (DOE), approximately 550,000 metric tons of contaminated metal will be
generated by the disposition of contaminated buildings. The majority of the structural steel is
considered to be radiologically contaminated. The D&D activities require the treatment of the
structural steel to reduce occupational and environmental radiological exposures during
dismantlement. Treatment technologies may also be required for possible recycling.

Many proven commercial treatment technologies are available. These treatment processes vary in
aggressiveness, safety requirements, semndary waste generation, necessary capital, and operation
and maintenance costs. Choosing the appropriate technology to meet the decontamination
objectives for structural steel is a difficult process. A single tiorrnation source comparing
innovative and nuckar and non-nuclear technologies in the areas of stiety, COSLand effectiveness is
not currently commercially available to pdorm a detailed analysis. This study presents comparable
data related to operation and maintenance,- cox and health and safely aspects of three readily
available technologies and one innovative technology for nuclear decontiation. The
technologies include Advance Recyclable Media System (ARMS’”), NELCO Porta Shot Blast”
(JHJ-2000), Pegasus Coating Removal System 7 (PCRS-7) and the innovative laser ablation
technology called the Yag Eraser’’”.
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Figure 1. Surface removal production rate (fi?/hr) for YAG EWN3ERm, Advance Recyclable
Media System (ARMS’”), and NELCO Porta Shot Blast”.

Figure 2. Surface removal production rate (il%r) for Pegasus Chemical Coating Removal
System (PCRS-7).

Figure 3. Application of PCRS-7 on a coated metal plate. ‘

Figure 4. PCRS-7removing coatingfrom an I-beam.

Figure 5. NELCO Porta Shot Blast” JHJ-2000 removing coating from an I-beam.

Figure 6. NELCO Porta Shot Blast” JH.T-2000removing coating from a metal plate.

Figure 7. ARMS” equipment with feed unit in foreground and sifter unit in background.

Figure 8. ARMS- operator removing coating from a metal plate . .. . . ..

Figure 9. YAG EILWER” removing coating from a metal plate.

Figure 10. YAG ERASER” removing rust from a metal plate.

Figure 11. Painted Plate.

Figure 12. Rusted Plate.
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1.0 INTRODUCTION

In 700 previously identified buildings in the U.S. Department of Ener@s (DOE’S) current-..
inventory, radioactive contamination levels and structural deterioration factors require the
complete decommissioning of the facilities. Since an estimated 550,000 metric tons of scrap
metal with varying degrees of contamination will be generated by the reconstruction process,

technologies are currently being identified to reduce the volume of highly contaminated waste by

mechanically separating the highly contaminated waste from the greater volume of low-level
waste or uncontaminated material. The satisfaction of the driver criteria-cost, health and safety,
etc.—will vary depending on the technology chosen. These driver criteria along with multi-
dependent, site-variable objectives and decisions regarding the appropriateness of an individual
technology or mix of technologies that maybe applied to a remediation effort, require continuous
review and reassessment. Defensible decisions are paramount in serving the multiple goals of the
DOE’s operating mandate.

To reduce risks to the environment and human health and to support the DOE’s decontamination
and decommissioning (D&D) objectives, this project will evaluate and test innovative as well as
nuclear and non-nuclear technologies for decontaminating the surface of radiologically
contaminated metal. The evaluation will be conducted at the Hemispheric Center for
Environmental Technology (HCET) at Florida International University (l?IU) and will identi~
the most effective techniques for decontaminating DOE sites, providing a basis on which
decisions about what technology would be most appropriate in the field can be made.

D&D activities require treating the structural steel to reduce occupational and environmental
radiological exposures during dismantlement. Treatment technologies may also be required for
possible recycling. Many proven commercial treatment technologies are available, and an extensive
report on eight different blasting technologies was conducted by HCET in 1995. These treatment

processes vary in aggressiveness, safety requirements, secondary waste generation, necessary

capital, and operating and maintenance costs. Choosing the appropriate and most effective
technology to meet the decontamination objectives for structural steel is a difficult process. A single
information source comparing technologies in the areas of stiety, COSLand effectiveness is not
currently commercially available to perform a detailed analysis.

The two primary decontamination objectives are: (1) a reduction in the stiace contiation levels
to reduce potential personnel and environmental exposure and (2) the reduction of surface
contamination levels to meet DOE Order 5400.5 for unrestricted use. Decontamination objectives
are developed on a project- and/or site-specific basis. The decontamination of steel in the majority
of the cases is surface cleaning, the removal of stiace coating, and/or rust removal. The
decontamination technology will be required to petiorm a surface cleaning, achieve a white metal
surface, or reach some point between the two conditions.

1
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2.0 CONCLUSION

This study provides a source of comparable data for metal nuclear decontamination including
innovative as well as nuclear and non-nuclear technologies. A summary of the data related to
production rate achieved by the two commercially available technologies and one innovative
technology are shown in Figure 1. The production rate shown is given for each of four metal
surrogates used in this study. The information presented in this bar chart should be used in
combination with the information provided in Appendix C to determine the technology that
should be selected based on site-specific health and safety, operations, and waste management
factors.

Production Rate

90

80

M
g 40 I
= 30.4 I

I

Painted PIate Rusted Plate Painted l-Beam Rusted l-Beam

Surrogate Type

Figure 1. Surface removal production rate (ft%r) for YAG
ERASER-, Advance Recyclable Media System (ARMS=), and
NELCO Porta Shot Blast=.

The production rate for the chemical removal technology, PCRS-7, is presented separately in
Figure 2 because this technology did not conform to the test condition of four hours of

I

consecutive operation. Instead, 10 painted plates and 10 painted I-beams were given to the
vendor. The amount of time used for the application of the chemical and for its removal after it
had set for approximately 24 hours was recorded. Figure 2 shows the production rate for PCRS-7
on two of the four metal surrogates.
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PCRS-7 Production rate
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.
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Figure 2. Surface
System(PCRS-7).

removal production rate (ft%r) for Pegasus Chemical Coating Removal

We conclude horn this investigation that the four technologies reviewed demonstrated both
positive and negative operational characteristics that must be considered before the technologies
can be implemented at a specific site. The field engineer should be aware of the benefits and
limitations posed by each technology. The proper solutions to meet decontamination objectives
are site specific. The data presented in Appendix C comprise the deliverables of this study and are
intended to represent the factors that are required to make these site-specific decisions.

Within each technology class, a group of sub-categories has been reviewed. These individual sub-
categories offer technology alternatives that may improve the technology’s overall viability in
achieving individual decontamination objectives. These technological differences, which are
beyond the scope of this study, maybe the subject of future investigation.

3
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3.0 ENGINEERING STUDY APPROACH

3.1 STUDY OBJECTIVE

The objective of this study was to perform a comparative analysis of innovative and nuclear and
non-nuclear metal decontamination technologies applicable to the D&D of DOE structures. The
basis for this comparative analysis included the following:

● Determiningg the ~es of technologies to be tested

. Selecting and preparing surrogates

. Compming the endpoint achieved to the DOE decontamination objectives

3.1.1 Determining the Types of Technologies to be Tested

Established sources and databases were used for categorizing and performing the initial screening
of technology @es. These sources and databases included:

● DOE/EM-0142P Decommissioning Handbook

● ORNLIM-2751 Oak Ridge National Laboratory Technology Logic Diagram

● EGG-WED-I1104 Idaho National En~”neering Laborato~ Decontamination and
Decommissioning Technolo~ Log-i-cDiagram

. Fernald Environmental Restoration Management Corporation (FERMCO), 1994, Operable

Unit 3 Treatability Study Work Plan, FERMCO, Cincinnati

. Remedial Action Program Irdlormation Center (RAPIC) database.

These sources provided a screening based on the applicability of a technology to a given material
and contaminant. Considering this review, the following innovative and nuclear and non-nuclear
technologies were tested during fiscal year 1997 (l?Y97):

● Pegasus Chemical Coating Removal System (PCRS-7)

. NELCO porta Shot Blastm (JHJ-2000)

. Advance Recyclable Media System (ARMS’”)

. Laser Ablation (YAG ERASER”)

3.1.1.1 Pegasus Chemical Coating Removal System

PCRS-7 is a chemical coating removal method that has been developed by Pegasus International,
Inc. for the removal of chemically resistant coatings (i.e., epoxies, urethanes, chlorinated
coatings, rubber, elastomeric coatings, aluminum, vinyls, mastics, and most marine coatings).
The PCRS-7 is an organic solvent mixture. It is light beige in color, slightly sweet in odor, and is
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supplied in 1-, $, or 5$gallon plastic buckets. Depending on tie substrate and o~ntig
conditions, PCRS-7 is applied by pouring it directly from the bucket or from a smaller cont,aixler,
and using long- or short-handled spreaders or trowels to distribute it evenly across the surface. It
can also be applied using a sprayer. once distribute tie chemical is covered by a single layer of
white freezer paper. Removal of the PCRS-7 and phary mste is achieved by lifting and
removing the paper followed by scraping the surface using trowels or large plastic shovels.
Figure 3 shows the application of pCRs-7 Mb a trowel. FiWe 4 shows the PCRS-7 removim
coating from an I-beam,

Figure 3. Application of PCRS-7 on a coated
metal plate.

Figure 4. PCRS-7removingcoating from an
l-beam.

3.1.1.2 NELCOPorta Shot BlastwJHJ-2000

The NELCO Porta Shot Blast= JHJ-2000 is a hand-held portable steel shot blaster. This unit has
a 1 inch x 1.7 inch blast pattern and a l%-HPelectric/pneumatic motor. The debris accumulate in
the dust collector, and the shot accumulates in the hopper after rebounding from the work
surface. Gravity then pulls the shot into the impeller where it is recycled. The blaster holds
approximately 2 pounds of shot. Horizontal, vertical, and overhead hoppers are included for
various working condhions. This unit is also equipped with a dual safe~ shut-off valve. Figures
5 and 6 show the JHJ-2000 removing coating from an I-beam and a metal plate.

.. .
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Figure 5. NELCO Porta Shot Blastw JHJ- Figure 6. NELCO Porta Shot Blast’” JHJ-2000
2000 removing coating from an l-beam. removing coating from a metal plate.

3.1.1.3 Advance Recyclable Media System

The ARMSW uses a man-made media to remove coatings and rust from stu%aces.The removal
process is achieved by using an open blast method where the media is propelled to the surface by
using compressed air. The ARMS~ equipment consists of the feed unit and the sifter unit. The
feed unit is a portable, pneumatically powered device that propels the cleaning media against the
surfaces to be decontaminated. The cleaning media is contained in the hopper mounted atop the
unit. The media is fed to an auger device that mixes the cleaning media with compressed air. The
sifter unit is a machine that mechanically removes large debris and powdery residues from the
cleaning media after use. The unit vibrates causing the media to fall downward to a series of
separation screens that separate the debris from the media. The reusable media drastically
reduces the waste generated per square foot of surface treated. Figures 7 and 8 show the ARMSw
equipment and operator removing coating from a metal plate.

Fig
uni
bat

ed
in

Figure 8. ARMS’” operator removing coating
from a metal plate.
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The YAG EIL..SERWtechnolo~- system consists of a laser light that ablates coatings from
various stiaces. The intensity and shape of the light is designed to control and minimize the
damage of the substrate being decontaminated. A specialized optical fiber helps transmit the laser
light to a hand-held work head. The work head consists of control and feedback systems. The
control system allows the operators to adjust the stripping rate and area of the path of remova.i,to
start and stop the stripping process, and to provide an emergency stop fiction. The feedback
systems provide the operator with a visual representation of the surface that is being removed
and the input to the laser control software. The work head also consists of a vacuum line that
collects any gases or particles that are preSentat the surface. The vacuum line is connected to a
waste management system consisting of HEPA filters and charcoal pellets. Figures 9 and 10
show the YAG ERASER- removing coating horn a coated metal plate and removing rust from a
rusted plate.

*“

Figure 9. YAG ERASERW removing coating
from a metal plate.

Figure 10. YAG ERASER” removing rust from a
metal plate.

3.1.2 Surrogate Selection and Preparation

The decontamination of steel, in most cases, consists of surface cleaning or removing coatings
and/or rust. The amount of steel that will require the removal of base metal is negligible at most
DOE sites. These assumptions allow the use of surrogate materials to simulate the largest
structural steel decontamination problems at any DOE site. The surrogates consisted of W6 x 9
I-beams cut to be approximately 10 feet in length, and steel plates of a minimum %-inch
thickness cut to be approximately 4 feet x 4 feet square. The I-beams were prepared and coated
using a standard industrial coating. I-beams that exhibited a rusted condition, like the ones found
at many DOE sites, were also prepared/collected. The steel plates were prepared and painted with
a coating typically used in chemically exposed environments. Steel plates that exhibited a rusted
condition, like ones found at many DOE sites, were also prepared/collected. A local vendor was
procured to prepare and paint the I-beams and plates to meet the required specifications. The



remaining I-beams and plates were procured through a scrap dealer or a structural steel
manufacturer/distributor. The option of procuring steel and allowing it to oxidize until it acquired
the desired “rusted” condition was also used.

The following paint specifications were used to develop the painted surrogates:

. I-beam Spec@ation. (1) Prepare metal according to the Michael A. Bruder & Son (M.A.B.)
technical data and application instructions. (2) Apply Rust-O-Lastic Anti-Comosive Primer 3
roils wet to obtain 1 %-roils dry film thickness. (3) Wait 24 hours, then apply a finish coat of
Rust-O-Lastic ftish coating at 3 nils wet to obtain 1 %-roils dry film thickness.

. Plate Speczjication. (1) Prepare metal according to the M.A.B. technical data and application
instructions. (2) Apply Ply-Mastic at 8 roils wet to obtain a 7-rnils dry film thickness. (3) Wait
24 hours, then apply ftish coat of Ply-Thane 890 coating at 3 rnils wet to obtain 1 %-roils dry
film thickness.

The following figures represent the four surrogates used in this study. A painted plate is shown in
Figure 11, a rusted plate is shown in Figure 12, a painted I-beam is shown in Figure 13, and a
rusted I-beam is shown in Figure 14.

Figure 11. Painted Plate.

I

Figure 12. Rusted Plate.
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Figure 14. Rusted l-beam.

3.1.3 Comparing the End Point Achieved to the Decontamination Objectives

To ensure the results of this test were applicable to the different decontamination objectives and
to other environmental restoration sites, the technologies were used in the most efficient manner
as dictated by the vendor. The end point achieved was compared to a set of established surface
ftish standruds. A surface end point definition for different surface conditions was then given
based on the review of the specifications of the Steel Structures Painting Council;USA, and the
National Association of Corrosion Engineers, USA. These specifications do not apply to the
removal of radiological contamination. These specifications are as follows:

. Solvent-CleanedSurface.The solvent cleanedsurface shall be free of all visible oil, grease, &@
d~ drawing and cutting compounds, and other detrimental contaminants from the steel
surface.The solventcleanedsurfaces may still have rusg rust scale, or mill scale.

● Brush-OfCleanedSurjace. The brush-offcleaned surface shall be free of all visible oil, grease,
dti, dus~ base mill scale, loose ~ and loose paint (i.e., tightly adhered particles that cannot
be removedby Iiflingwith a dull putty Idle).

. Commercially Cleaned Surface. A commercially cleaned surface, when viewed without
magnification,shall be free of all visible oil, grease, d~ d@ mill scale, n.@ paint and oxides,
corrosionproducts,and other foreign matter, except for staining. Stainingshall be limited to no
more than 33 percent of each square inch of the surface area and may consist of light shadows,
slight streaks, or minor discolorations caused by rust stains, mill scale stains, or previously
appliedpaint stains. Slightresidues of rust and paint may also be left in the bottom of pits if the
original surfaceis pitted.

. Cleaned Near-White Metal Sr..oface.A cleaned near-white surface, when viewed without
magnifications, shall be free of all visible oil, grease, d~ d~ mill scale, ~ paint and
oxides, corrosion products and other foreign matter, except for staining. Staining shall be
limited to no more than five percent of each square inch of the surface area and may consist of

9



light shadows, slight streaks or minor discolorations caused by rust stains, mill scale stains, or
previously applied paint staiDs.

. Cleaned White Metal Surjiace. A cleaned white st.uface, when viewed without rnagnificatio~

shaIl be flee of all visibIe oil, grease, @ dusg mill scale, @ paint and oxides, corrosion
products, and other foreign matter. The surface should have a slightly roughened gray white,
tionn metallic color.

3.2 EXPERIMENTALDESIGNANDPROCEDURES

Each technology was tested for a minimum of four hours of actual operating time for each
surrogate, providing sufficient time to collect the operational and sd?ety tioxmation required for
each technology. Additional data were collected on the capital costs, maintenance costs, and
equipment stagingheakdown costs. The experimental design consisted of the following factors:

. Methods of obtaining technology vendors .

. Test location and utility parameters

. Data requirements

3.2.1 Methods of Obtaining Technology Vendors

The request for qualifications of prospective bidders was advertised in the Commerce Business
Daily (CBD). The advertisement identified the type of work to be contracted and the minimum
qualifications for bidders. Qualified and interested bidders were asked to submit an expression of
interest. The purpose of the advertisement was to pre-qual~ prospective bidders to determine if
they wotdd indeed meet the qualification standards. The qualifications for the bidders included
the number of years of work experience in nuclear decontamination and references of previous
work performed using the proposed technology.

Following the bid cIosing date, the bids were reviewed to ensure that the lowest bidder was
responsive and responsible. Determination of responsiveness was based on properly completing
bid forms and acknowledging any amendments to the invitation for bid. The lowest bidder was
deemed responsible if this bidder possessed the capability and experience as required in the
solicitation to petiorm the test in a stie and timely manner.

3.2.2 Test Location and Utilities Provided

The tests were performed under the supervision of HCET personnel at the campus of FIU. The
area available for testing consisted of an enclosure 10 feet wide x 16 feet long x 10 feet high.
The enclosure was equipped with a ventilation system maintaining 0.1 inch of water negative
pressure at 10 air exchanges per hour. The enclosure was capable of collecting any generated
secondary waste.

The following utilities were avaiIable for use by the technology vendors:

● 60-psi, 6-gpm portable water supply

.4



. 11O-VO1$15-ampsinglephase power supply

3.2.3 Data Requirements

GeneralInformation

● Technologydescription

● Equipmentrequirements

Cost Information

. Capital cost for the purchaseof equipment

● Utility cost

● Maintenancecost

● Unit/operatingcost

OperationalData

●

●

●

●

●

●

●

●

●

●

Productionrates
End point achieved
Labor classification

Limitations

Utility requirements

* Power consumptioncalculations
* Utilities required to operate the technology

Environmentalconditions

Secondarywaste management -

* Physical conditionof secondarywaste
* Quantityof media used
* Volume of secondarywaste
* Characteristicsof media
* Weightof secondarywaste

Equipmentportability

Measurementof fuel used

Operationand maintenancerequirements

ImplementationData

. Level of training required

. Availabilityof equipmentand supplies

,. 11



● Health and #ety concerns (collected by the International Union of Operatig

Engineers@IJOE])

3.3 TEST EQUIPMENT ANDMATERIALS

Thefollowing equipment and materials were supplied by FIU-HCET

● Enclosure and ventilation system

Q Surrogate/material handling equipment

● Utilities as previously stated

● Surrogate materials

. Personnel to monitor instrumentation

● Project oversight

. Sample and data collectors

. A forklift (6,000 lbs)

The technology vendor was required to supply the following as part of the subcontracfi

●

●

●

●

●

o

●

●

●

All required equipment and support equipment

Trained operators

Job safely analysis for each technology

Operating procedures

Media and other materials

Project manager

tiorrnation reqtied to complete data requirements section

Transportation of all equipmen$ materials, and personneI to FIU-HCET

Per diem for ~ vendor personnel.

3.4 SAMPLINGANDANALYSIS

Information was collected ftom commercial experience, vendor information, and field testing.
Time studies were conducted to collect some of the operational data, The end point condition

was then compared to the appropriate standards to document the end point achieved. Field
measurements were taken to document secondary waste generatio~ potential personnel
exposure, and other measurable data requirements. Documentation provided by the vendors and
interviews with the vendors provided other pertinent idormation. Table 1 presents the data
requirements and the sample collection method.

The technology vendor was responsible for determining and providing i.nfiormationto FIU-HCET
on the estimated quantity of secondary waste that was generated and the characterization of that
waste. The vendors were provided with the material safety data sheets for the paint products used

L
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in the development of the surrogates to aid in the characterization determination. FIU-HCET was
responsible for managing and disposing of the generated waste.

Table t.
Data Requirements

Datakquirements I %rnpk Cokcdon Method I
GENERALINFORMATION I

Techno!og description vendor suppli~ field inspecdon

Equipmentrequirements vendorsuppli~ field verification

COSTDATA

Capkd cost for the purchaseof equipment vendor supplied

Utilitycost vendor suppli~ mcasurmnent of firel@ gallonsof
waterused (flow meter), electricmeter cakuladon

Maintenancecost vendor supplied

Unit/operatingcost vendorsupplia generatedtlom o~onal dara
‘ Calculti”ons
I

OPEWSfIONALDATA

Productionrates time studies

End point achieved comparisonto lmownstandards

Labor classification vendor suppli~ field verification

Limitations vendorsuppli~ fieId inspecdon

Utility requirements vendorsuppli~ field verification

Power consumptioncalculations field calculation

Utility requirements field inspecdon

Environmentalconditions vendorsuppli~ field inspecdon

Seconday wastemanagement vendorsuppli~ field inspccdon

Physicalconditionof secondmywaste field obscrvadon

Quantityof mediaused field CaIculm”on

Volume of secondarywaste field calculation

Chancterktics of media media materialsafety data sheet

Weightof secondarywaste field measurement

Equipmentpotability vendor suppli~ field verification

Measurementof fitel used field calculation

oPemdoIhrdIltenauCC requirements vendorsuppli~ field va-itieadon

IMPLEMENTATIONDATA

Level of tminingrequired vendor supplied

Availabilityof equipmentand supplies vendor suppli~ verititi”on

Hea!thand safetyconcerns vendor suppli~ IUOE*

* International Union of Operating Engineers

. .
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4.0 DEVIATIONS

The test plan for this project called for four hours of continuous operation for each type of
surrogate beiig tested. The PCRS-7 technology was the only technology that did not follow this
format. The four hours of continuous testing was modified for the PCRS-7 because of the nature
of this technology. Instead of subjecting this technology to the standard four hours of continuous
testing, HCET provided a predetermined number of painted I-beams and pIates. Ten painted
pIates and ten I-beams were provided, and the time necessary for application of the material to
the surrogates and its removal from the surrogates was recorded. The time the PCRS-7 remained
on the surrogates was approximately 24 hours, but this time was not counted in the determination

of the productionrate.The PCRS-7technologyoperatorsonly attemptedto removethe coating
from the painted I-beams and plates. They did not attempt to remove rust from the rusted
surrogates because they did not think the technology would remove the rust.

---

,
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5.0 TECHNOLOGY RECOMMENDATIONS

I

The intent of this section is to review the operation, of each of the technologies tested and

recommend ways to improve the technology based on the test results. It is important to note that
some of the recommended changes may improve the system in one area of operation but
adversely impact the technology’s ability to excel in another area.

5.1 PEGASUSCOATINGREMOVALSYSTEM(PCRS-7)
This technology did not prove to be well adapted for a nuckar environment.The PCRS-7 was able
to successfully remove the coating from all ten coated I-beam surrogates, but it had difficulty
removing the coating from the-coated steelplates. This difficulty can be attributed to the different
Iypes of coating used for these two surrogate types. Section 3.1.2, “Surrogate Selection and
Preparation’ describes the ~es of coating used on these surrogates. By looking at the results, it
can be concludedthat the PCRS-7 works well for normal types of paint, such as the one on the I-
bearns, but it does not work very well on tougher types of coating, such as the epo~ coating
used on the plates. This technology could be fiut.herimproved by using a spray ~ to apply the
chemical instead of applying it directly from the 5-gallon bucket onto the surface of the
surrogates as was done for this demonstration. In addition, the removal process can be improved
since the method that was used in this demonstration proved to be messy, difficult, and
cumbersome for the worker. A better removal technique should be developed if this technology
is used in a contaminated area.

5.2 NELCO PORTA SHOT’”

This technology proved to be well adapted for a nuclear environment, but some additional
upgrades can enhance this technology’s performance. A better seal around the Nelco Ports Shot-
unit can eliminate or minimize the amount of steel shot flying out of the unit. This shot can
become a serious projectile hazard for the worker and for anyone observing the deployment of
this technology. In addition, a better, stronger vacuum system should have been used to collect
the steel shot. The vendor used a Wet-Vat unit to collect and recycle the sho~ “butthis unit was
not able to collect all the shots. The steel shot ended up on the floor of the test chamber and
constituted a slipping hazard for the worker. The design of the Nelco Porta Shotw unit can also
be improved from an ergonomic perspective; the workers complained about the trigger
mechanism, claiming that holding the trigger became increasingly diflicuh during the four hours
of consecutive operation for each surrogate. This problem could be solved by increasing the
dimensions of the trigger and distributing the pressure point to the rest of the operator’s hand.

5.3 ADVANCE RECYCLABLE MEDIA SYSTEM (ARMS”) .

This technology proved to be well adapted for a nuclear environmen~ bu~ as with the other
technologies, this one can also be improved in certain areas. The ARMS” used aluminum oxide
media to remove the coating and rust from the surrogates. The removal process was achieved by

●L
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using an open blast method where the media is propelled to the surrogates’ surface ~hg
compressed air. The media expands and contracts once it touches the surfhces, thereby trapping
tie paint.h-ust and contaminants, after which the media falls to the floor. The collection method
used by the vendor entailed gathering the media by usinga push broom and shoveling it into a
trash can. The trash can is thenemptiedinto the,sifterunit.It is highly recommendedthat a better
collection system be designed so that the media can be collected without the assistance of an
operator. A vacuum collection system can enhance the collection method and minhize workers’
exposure to the contiated media.

5.4 YAG ERASER”

This technology proved to be well adapted for a nuclear environment, although the system used
for the demonstration was a 150-watt demonstration-sized unit fabricated by LASERTRONICS
and not a production unit. The system achieved low production rates, but with a larger
production uniL we believe that this technology can achieve higher production rates. The vacuum
collection systemwill require modification and”upgradmg if a larger production unit is built. The -
system proved to be extremeIy mobile and very quick to set up. Additional developmental work
needs to be performed before this unit is deployed in a nuclear environment.

L
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6.0 LESSONS LEARNED

The study did not speci~ a required endpoint for a technology to meet. The vendors were asked
~ to optimize all the operating technologies to achieve the best end point condition. AS expected,

this optimal end point condition varied among the technologies. Optimizing the operatig
parameters was an unusual request from the vendors’ perspectives. After discussions with the
vendors, the goal of optimizing the technology was met.

The testing of these technologies was carried out under non-nuclear conditions. For FY97, the
four technology tests varied in deplo~en~ production, and waste generation. The PCRS-7,
NELCO Ports Shot Blast=, and ARMSW were fblly developed, commercially available
technologies, but the YAG ERASER= was a prototype laser ablation system, which is evident
from its low production rate. This technology was tested anyway, realizing that it was under
development. The comparison of this innovative technology with the other three commercially
available technologies may not be fair, but all technologies were compared under identical
standard non-nuclear conditions. A production.unit .of the YAG ERASER- wouId have been
better suited for this 16-hourte% but this unit was not available.



7.0 FY96 & FY97 TECHNOLOGY ASSESSMENTS

During the first year of this project, two commercially available technologies were tested. These
technologies were Pentek’s mechanical scabbling system and LTC Americas PTC-6 system.
During the second year of this projec~ four additional technologies were tested at HCET. These
four technologies were Pegasus’s PCRS-7, NELCO’S Porta Shot Blast’” JHJ-2000, Pierpoint
Environmental’s ARMS’”, and EXITECIWLASERTRONIC’S YAG EWWERm. The rest of the
technologies presented in Table 2 will be demonstrated during FY98 under the project entitled
“Decision Analysis Science Modeling for Application and Fielding Selection Applied to Metal
and Masonry.” In addition, the ifiormation collected during the technology demonstrations has
been input into HCET’S Multi-Media Morrnation System for Decontamination (MISD). A
muhicriteria decision-making technique (MODM) has been created and implemented, making
use of the MISD data. A Final Report entitled “Decision Analysis System for Selection of
Appropriate Decontamination Technolo~”es”has been developed for FY97.

Table 2.
Technologies for Metal Decontamination FY96 and FY97

Technology Name Company ExpectedDemonstrationDate

1 Mechanical Scarification Pentek Inc. Completed FY96

2 PTC-6 System LTC Americas Completed FY96

3 PCRS-7 Chemical Process Pegasus International Completed FY97

4 Centrifugal Shot Blasting Pegasus International Completed FY97

5 Advanced Recyclable Media Aeroje4 Completed FY97
System (AIWW) Pierpoint Environmental

6 Laser Ablation EXITECWLASERTRONIC Completed FY97

7 Laser Ablation F2 Associates ~D*

8 Flashlamp Polygon/Parsons TBD

9 COZwith Vacuum Non-Destructive Cleaning TBD

10 Ultra HQh Pressure A.EA, Mota Corp. TBD
HZOwith Vacuum

* To be detenn”med.
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APPENDIX A

JOB SAFEW ANALYSIS

Job SafetyAnalysis

The Job Stiety Amlysis (JSA) forms filled out by tie technology vendors are presented in this
section. The PCRS-7 JSA form is presented in Figure 15; the NELCO Ports Shot Blastm (~J-

2000) JSA form is presented in Figure 16, the ARMSWJSA form is presented in Figure 17, and
the Laser-Ablation JSA form is presented in Figure 18.
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Figure 15. PCRS-7’S JSA

JOB SAFETYANALYSIS

II ‘B Coating Removal LtstngPCRS-7 I ‘= February 10,1997

1~ I DEPw’r.4sm:pmje~ Engineedng
I

sECllOtWRCUR
~~ Pegasus International, Inc.

IISIRJERVISDRPaul Boudreaux ‘Ys’ssy: John Seinerth REVI~ BY: I WPRWSOW: TOITI Bodkin

II REwlrrscANlmFrrls~PERWP~o~~EQu~~ Chemical goggles or face shield,rigidside shoes, rubber gloves, impervious apron or pullovers, and boots.

SEQUENCEOF BASIC POTENTIALACCIDENTS ~ RECOMMENDEDSAFEJOB PROCEDURE
JOB STEPS OR HAZARDS

Arrarsgcpolyethylenetarpaulinsanddisposrd PossibleIiRingInjuries. Ensuredrumsammovedwithhandtmckor Iitlcdwithsafelypractices.
containersrwoundtic workarea. .

RemoveanyIooscdebriswitha Iargcvacuum Possibleelectricshock. 13rsurcvacuumcleanerclcctricd cordsandextensionsuc in properworkin~
cleaner. condition. Neveropcnrtcdeviceif statusof deviceis qucstionuble(i.e. Ikaycdwires,

inconsistentmotorvibrations).

OpenthedrumcontainingthePCRSchemical. Physicalinjuryfromimproperlyappliedprying force. Careshouldbc tskcn whenopeningdrumsof PCRS, Pryingforceshould bs away
frombodyandclearof anyobstructions,

Applythe PCRSchcmicrd. Exposure10PCRSchcmicat. WearproperPPE. Obeyimplcmcntcdcnginccringcontrols. Reviewand
fhrniliarizcselfwith MSDSsheetsto gainproperundcrstrmdingofchcmIcaL

ApplyfibrousIanrinatcdcloth. Physicalinjuryfromknife bhrdcs. CUCshouldbc takenwhencuttingsheetstosize. Cuton rigidsurfkcc. Close bhrdc
whentinishcd,

Removetheappliedchemicaliurdsubstmtcfrom Exposuretochcmicat. Maintainproperusc of PPE, Immediatelywashanychemicalfromexposed skin
surfacewithscrapcrsl withsoap andwater.

Vacuumanyrcmainhrgdcbrlswithvacuumclcancr. Possibleclcctrlcshock. Wateris used inconjunctivestep, Cureshouldbc takento scpura!cthe electrical
wiresandvacuumclcancrfromdampsporrgcsand buckets,

Clcrmscrapers,bnrshcs,andothertoolswilhwater. t?xposurctoPCRSchemicals. Washhandsthoroughlywithsoapand water, Avoidsplashingwutcr-chcmicat
mixtrrrcto ensureno carclcssexposuretoskinor eyes.

Depositmaterial(PCRSandrtmovcdsurrogate) Physicalinjuryducto impropertitling. DOnotovcrlondshovelsensuringload ismanageable.Liftwithknees to ensure no
intodrumsfordisposal, strainon back,

LeavedrumsandemptyPCRSconta,incrsto dry Exposureto PCRSchemicals. If Ictlunattended,postplacardsproperlyaroundjob silt to ensureno exposure to
untilcontentsarcsolid. otherpersonnel.Properlyropeoffarca,

DIsposcof dnsmsandcontsdncrsper Iocul Exposureto PCRSchemicals, Physicalinjury due to EnsureproperPPEis worn. Pmcticcsafe Iitlhrgpmccdurcs, Ifdnsms arc too hctivy
regulations improperIiRing. or cumbcrsomc,get rrssistancc,forkliflor handtruck,
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Figure 16. NELCO Porta Shot Blast’s JSA

JOB SAFETYANALYSIS

II* coatingRemoval Using Shot Blaster I ‘m March 3,1997 II

IIJoaTnlE I OSPARWNT:project Engineering I SEcm%vallaw$ II

II ‘w”=’ Pa.lBoudmaux ‘yslsay:John Sekserth REVIEVrEOBW I WPROVEOW: Tom Bodkin II

waulmommcwREcommwoPER8ct4AlPRaTECTr@ ErWWENT: Safety glasseqearplugs,WOWgloves, steel toe shoes, snug fitlongsleeves, and durable pants,

SEQUENCE OF BASIC POTENTIALACCIDENTS RECOMMENDEDSAFEJOB PROCEDURE
JOB STEPS OR HAZARDS

L Remove any loose debris with a vacuum ~. possib,c~,cc~c ~~oc~
cleaner.

1. Ensurevacuumcleanerelectricalcordsandextensionsarc inproperworking
condition.Neveroperatedeviceif statusofdcviccis questionable(i.e. frayed
wires,inconsistentmotorvibrations)

2, Connect vacuumcleanerto shotblaster. 2. Possiblephysicalinjury, 2. EnsurebothvacuumcleanerandshotblasterMCnot pluggedin. Watchpinch
pointswhenconnectinglines.

L Close the shotvalveon theshotblaster. 3. Possiblephysicalinjurydueto failhazards. 3, EnsuringUs&tUSCshotvsdvcis closedwillnotatlowany unwantedshot to
disperseon the walkingsurfam.

$, Set the blast scrdsso theyarc firmagainstthe 4. Possiblephysicalinjury. 4. It is cnscid to properlyset the blastsealssonopropelledshotwillbe striking
blsst sutiacc andfillhopperwithshot. awayftomUSCwatl

S, Power-up the shotblasterandadjustthe 5. Possiblephysicalinjuryfromelectricalshockor 5. Ensureelcctricatcablesarc in pmpcrworkingcondition, WearproperPPE at
amount of shotthrown, pmpcllcdshot. ail times,

6. Runshot blastcracmsssurfaceinanorderly 6. Possiblephysicalinjurydueto bladefalhrrsor 6, Mrdntrdnpmpcruscof PPE,Personnelshouldnotbe positionedIn tint of or
pmgrcssion. propelledshot, to thesideof the blasthousingin caseof bladefallurc, Neveroperateblaster

in elevatedposition. Keephandsawayfrommovhsgparts, Never operate
machkrcson wetsurfhces.Operatemachineinpmpcrergonomicposition.

7. Empty the dustcollector. 7, Possibledustexposure, 7. Opencanistcrslowlyina wellventilatedarea. WearpropcrPPE.

K Packequipment. 8, Physicalinjtuydueto impmpertittingtechniques, 8, Littwithkneesto ensurenostrahrof back,

i. ,
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Figure 17. ARMS’s JSA

JOB SAFETYANALYSIS

..

..

1~- Media Blasting for Surface Removal on Metal mm
II-1

IIJmNn.e I DEPm-. I ssrmct#oRolR II ..

II‘~ “ Dell V. Reuss ANALYSISSv: REMEvED BW I APPROWOBY: II
II REwRsoAlamRRs COMKNEOPERSONUPROTECTIVS EOUIPKW Safety glasses with rigid side shields, steel toed shoes, and hard hat. II

Operation of Sifter

SEQUENCEOF BASIC POTENTIAL ACCIDENTS RECOMMENDEDSAFE JOB PROCEDURE
JOB STEPS OR HAZARDS

1. Reclaimmediabeingusedforclcarringof 1A. Electricalshock LA,l. Checkallcords,no breaksor fraysin wiring.
surface.

lB. BackStrain LA.2. Do not opcratsinwaler.
A. Vacuum/scuop witha shovel.

LB.I. No litlin~over 50 pounds,
B. Movecollectedmaterialto sifter

oncm andmll byhand,

II, Pmccssmcdlathroughsifter. IL Pinchpointsand back strains lLA.1. No titlingover 50 pounds

A, Scoopwith5 gatlonbucketout of
5Sgallondrum,

1LA,2. Do not operateanyequipmentwithoutsafetycovers,

13. Takeup3 stepstool- pour
ILA.3, Unplugunitpriorto anymaintenance.

slowlyoverscreenrubbingback ‘
andforth to assistpassing

mol. No Iitling over 50 pounds.

Uuorrghscreen,
ILLI,2 Do notoperateanyequipmentwithoutsticty covers,
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Operation of Feed Unit

<

SEQUENCE OF BASIC
JOB STEPS

1.

2,

3.

4.

5.

* Attachallairlines,

■ servicelines

R blastline

Fillunitwithmedia(referto OP#2operation
ofsitlcr),

Scrvlwfdr,

■ turnon wmpressor

■ openscmdcevalveair

Adjust cartrols as operator blasts, assure
mediaflow.

Operatorblasthrg.

POTENTIALACCIDENTS
OR HAZARDS

1.Airline blowoffor rupture.

3. Airline blowoffor rupture,

4. Finger pinchpoint,

5. Blast extremities,

RECOMMENDEDSAFEJOB PROCEDURE

1.Inspectairlines plussecurewithsafelypinspriorto operation,

30Inspectairlines plussecurewithsafetypinspriorto operation.

4. Donotput tingcrorhand insideof blastpot,

5.1 Keephandsand feetout ilom in frontof blastnozzle,

.

5.2 Donotset nozzledownuntilsystemis completelyOK

t

1.

~,
,,

l,;

.’

.,

.,
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Operation of Vapor Generator

..

I

SEQUENCEOF BASIC
JOB STEPS

1.Hookupclcurical.

3, Hookvaporhosoto fwdusslt

4. Turnsystemon accordingto 0P#3 operationof
vaporgenerator.

POTENTIALACCIDENTS
OR HAZARDS

10Electricalshock”

RECOMMENDEDSAFEJOB PROCEDURE

1.1 Inspectall cards for fiaycdendsor cuts,

1.2 Do notpl&’cordsinwatcro
,.

3, Inspcotvaporlinetoswumnocutsorcmck

4. Awe pop-offis not bypassedand if systemweretooverprcssurizothevapor will
rdease in a safemanner,

Ruptureof vsporhosc,

over pressuresystem,

.
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Figure 18. Laser Ablntion’s (YAG ERASERT~ JSA

,’

JOB SAFETYANALYSIS
I

m FIU/HCETDemonstration “e July 2, 1997

JoB1’mlsE~SER Operator ‘EcnO~R* 2790/ ERASER

61JPEi7V160R!J.R,F ANU.Y61SBX R, cfBO REVIEWO W J. T, AFPROVEOBY: ,,

REwlREoANmR RswwsNoEo
i

PERSONUPROTECWE EQulpM~ Laser light eyeglasses.
1.

i“

SEQUENCE OF BASIC JOB STEPS POTENTIALACCIDENT RECOMMENDEDSAFEJOB PROCEDURE
OR HAZARDS

EfuP 1.Electricalshockwhenhookinguppower. 1. Insurepoweiis turnedofftojunctionboxmountedontheERASERtrailer.

2. Eyedamagefromexposedlaserlight. 2, Followjob-sitesafetyprocedures,

3, Userlaserlighteyeglasseswheneverthe lasercaseis removed,work is being
petiormedon theworkhead,or anytimethe workheadisnot on theworksurface
whenthe laserison,

4. Followjob-sitepersonnelprotectionrequirements.

5, Useplasticbagsandtubingto preventadditionalcontanrhratlonof equipment,

PERATION 1, Personnelhazard from mis-operationor 1.Followjob-sitesafetyprocedures,
failureof interlockdevices.

2, FollowlasersatkIyprocedures.

ESTAGING 1.Electricalshockwhenremovingpower, 1.Insurepoweris turnedoff tojunclionbox, . .

2, Rcquiredjob-site,personnelprotection, 2, Followjob-sitesafetyprocedures,

.,
‘,
.:
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TECHNOLOGYDATA REQUIREMENTS: DEFINITIONS

B.1 TECHNOLOGY OVERVIEW “

This section presents a summary of each technology tested. The technologies are described by
operating principles and equipment used and by the benefits and limitations of each technolo~.
Capital, equipmen~ and costs are described.

Applicable Surface

The first item in this line identifies the surface type and configuration (e.g., structural steel). The,
second item indicates the end point achieved for this group of technologies. It is impo~t to
note that the end point achieved during the review of the technologies is presented to ensure that
the technologies are reviewed on an equal basis.

Technology Class ~-

Established databases were used for categorizing and performing the initial screening of
technology types. These databases provided a screening based on the applicability of a
technology to a given material and contaminant. These databases included:

. DOEIEM-0142P Decommissioning Handbook

. ORNLIM-2751Oak Ridge NationaILaborato~ Technolo~Lo~”c Diagram

● EGG-WTD-I1104 Idaho National Engineering Laboratory Decontamination and
Decommissioning Technology ti~”c Diagram

. FemaId Environmental Restoration Management Corporation @ZRMCO), 1994, Operable
Unit 3 Treatability Study Work Plan, FERMCO, Cincinnati

● Remedial Action Program Ihi70rmationCenter (RAPIC) database.

Estimated Capital Cost

The estimated capital cost represents a range of approximate capital costs from a technology
classification perspective. The technology classification perspective uses Mormation provided
by multiple technology vendors. The equipment requirements report provides costs for the

‘ technologies tested.

..
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Technology Class Description

The technology class descriptiori provides an introduction to the broad technology category.
Details such as a description of the media ysed, how the media is propellet a description of
vacuum system (if used), and the process by which the painticontaminant is removed are
provided. “

Benefits ‘

Benefits were obtained by performing a literature search of the individu.d technologies and by
conducting field demonstrations. If a conflict existed between published tiormation and the
field demonstrations, the data collected in field testing were used. This section provides an
overview of the potential benefits.

Limitations

Limitations were obtained by performing a literature search of the individual technologies and by
conducting field demonstrations. If a conflict existed between published information and the field
demonstrations, the data collected iu field testing were used. This section provides an overview of
the potential limitations.

B.2 OPERATIONAL PARAMETERS

Thissectiondescribesthe operationalparameterscollectedduringthe testingof eachtechnology.
The data described were observed and measured for all technologies. Vendor information was
also used and verified by field measurements.

Technology Name

The specific name of the technology as obtained from the technology vendor is provided.

Technology Class

Established databases were used for categorizing and performing the initial screening of
technology types. These databases provided a screening based on the applicability of a
technology to a given material and contaminant. These databases included

DOIYEM-0142P Decommissioning Htiook

ORNLIM-2751 Oak Ridge Na”onal Laboratory Technology Lo~”cDiagram

EGG-TVTD-I1104 Idirho Natiorud Engineering Laboratory Decontamination and
Decommissioning Technology Logic Diagram

Fernald Environment@ Restoration Management Corporation (FERMCO), 1994, Operable
Unit 3 Treatability Study Work Plan, FERMCO, Cincinnati

Remedial Action Program Information Center (IU4PIC) database.

D-.4



Labor Classification

Standard labor classifications are used to determine the persomel required. These classificatio~
are equipment operators, technicians, and field engineers. This represents the rninim~ nu~r
of personnel required to operate the equipment. The number of personnel needed to operate

,
equipment in a contaminated environment is not calculated.

Environmental Conditions

A description of the work environment created by the operation of the technology is provided.
These descriptions include: presence or absence of visibIe emissions, water fog created in
enclosure, visible air turbulence, etc.

Production Rate
. The production rate was calculated by measuring and calculating the number of square feet treated

and dividing this result by the number of operating hours required to do it. The operating hours
encompassed all factors associated with the vendor operation of the technology, like operating
time, minor maintenance activities (e.g., cleaning a nozzle or changing a vacuum head), and
equipment adjustment. If multiple technologies were used on the are% individual production rates
were calculated.

Volume of Secondary Waste

The volume of secondary waste generated was determined by counting the number of waste
drums, determining the average volume of the waste drums, and by dividing by the operating

time. The operating hours consisted of all factors associated with the vendor’s operation of the
technology, like operating time, minor maintenance activities (e.g., cleaning a nozzle or changing
a vacuum head), and equipment adjustment. The value of secondary waste includes the removed
paint and the spent media. The input flow rate was used for the secondary waste volume. No
effort was made to separate the primary waste (i.e., removed paint or rust) from the secondary
waste (i.e., medi~ filters, etc.).

Characteristics of Secondary Waste

This section describes the physical condition of the secondary waste as determined by visual
observation. These observations include: 1) fine powder with no observable difference from the
media and the paint rust and 2) small pieces of media mixed with paint or rust.

B.3 UTILITWMEDIAREQUIREMENTS

This section describes the utility required by each technology, the type of medi~ the cost of the
medi~ and the quantity of media required on a per-unit basis. The data described were observed
and measured for all technologies. Vendor inilormation was also used and verified by field
measurements.

B-3



Technology Name

The specific name of the technology as obtained’ from the vendor is provided.

., .,

Type of Media

This section presents the general classification of the media used. Specific grades of media are
not recorded. The type of media varied with the required endpoint to be achieved.

Media Cost

Vendor information was used to determine “thecost of the media per pound. In the case of the
technologies that use bits, the cost for a complete bit replacement was divided by the number of
operating hours required before bit replacement. The bit replacement cost and the number of
operating hours required before bit replacement were obtained from the vendor.

Media Quantity

The quantity of media required per hour of operation was obtained from the vendor.

Utility Requirements

The types of utilities required to operate the technology are presented in this section. The utilities

used duringthefieldtestingareshown.IrImanycases,optionalpowersourcesareavailablefor
each type of equipment. Not shown in the tables are utilities needed to operate the containment,
and ventilation system or any support equipment.

B.4 EQUIPMENT REQUIREMENTS REPORT

This table provides specific information related to the technologies tested. This includes a
specific description of the technology name, .utility requirements, capital cost,
operating/maintenance requirements, equipment portability, and availability of the equipment.

Technology Name

The specificname of the technology as obtained horn the vendor is provided.

Technology Class

Established databases were used for categorizing and pe~orming the initial screening of technology
types. These databases provided a screening based on the applicabtity of a technology to a given
material and contaminant. These databases included

. DOEJEM-0142P DecommissioningH&ook

. ORNLIM-2751 Oak Ridge National Laboratory Technolo~ Logi”cDiagram

● EGG-WTD-I 1104 I&ho National Engineering Laboratory Decontamination and
Decommissioning Technology Logic Diagram
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. I?ema.ld Environmental Restoration Management Corporation (FERMCO), 1994, Operable
Unit 3 Treatability Studj Work Plan, FEKMCO, Cincinnati

. Remedial Action Program Information Center (R4PIC) database.

Description

This section provides a general description
description of the specific technology tested.

of the technology chssification as well as a

Utility Requirements

The types of utilities required to operate the technology are presented. The utilities used during
the field testing are shown. In many cases, optional power sowces are available for each type of
equipment. Utilities needed to operate the contaimnent
equipment are not reflected here.

and ventilation system and support

Capital Cost

Capital cost represents the purchase cost of the technologies tested. These figures were obtained
from the technology vendors.

Operating/Maintenance Requirements

The operational/maintenance requirements give an account of the types of operational and
maintenance activities petiormed during the hours of operation.

Equipment Portability

Equipment portability is broken down into four categories.
that can be moved by one persorq equipment that requires
requires a forklift to move; or trailer-mounted equipment.

These categories include: equipment
two people to move; equipment that

Availability of Equipment

The availability of equipment and supplies was obtained from the individual technology vendors.
We differentiate long-lead procurement items from equipment and supplies that are off-the-shelf
items.

B.5 HEALTHANDSAFETY

This section presents information indicating some of the potential health and stiety hazards
related to each technology. These health and safe~ considerations were observed during the
duration of each test. This information was developed by the International Union of Operating
Engineers (IUOE). A detailed report is available born the IUOE for each of the technologies
tested.
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Technology

lame:
‘egasusChemical
;oatingRemoval
,ystem

ossification:
loating Removal

lodel:
‘CRS-7

hue:
tiLCO ports Shot
Blast”’ “

Classificatiorx
Steel Abrasive
Blasting

Model:
JHJ-2000

Technology Description

CRS-7 is a chemical coating removal method
]at has been deve!oped by Pegasus
atemational, Inc. for the removal of
hemicrdly resistant coatings (i.e., epoxies,
rethanes, chlorinat~ rubber, elastomeric,
luminum, vinyls, mastics, and most marine
oatings). The PCRS-7 is art organic solvent
&ture, light tilge in color, with a slight
weet odor, and is suppli&l in 1-, 5-, or 55-gal
IIastic buckets. Depending on the substrate and
}perating conditions, PCRS-7 is applied by
mu-ing directly from the bucket or from a
mailer container, and long- ancVorshort-
utdled spreaders or trowels are used to
distribute it evenly across the surface. It can

Jso be applied by usinga sprayer to spray the
:oating on the surface. Once distribute~ the
:hemical is covered by a single layer of white
ieezer paper. Removal of the PCRS-7 and
mirnary waste is achieved by lifting up and
‘emoving the paper, followed by scraping the
w-face using trowels. and/or large plastic
;hovels.

Fkmd-heldportabIe steel shot blaster. Blast
pattern: 1 in. x 1.7 in. The debris accumulates
in the dust collector, and the shot accumulates
in the hopper after rebounding from the work
surface. Gravity then pulls the shot’into the
impeller where it is recycled. Blaster holds
approx.2 lb of shot.

Estimated
Capital Cost

?0 capital cost.

NELCO ports Shot
Blast’”:
$3,000

Benefits

km remove coatings
iom complex
m-facegeometries
hat blasting
:quipmentcannot
each.

Xequires no capid
mrchase.

Nomaintenance
:osts are incurred.

No special service is
required following

mccessfulcoating
removaL Addkional
coatings may be
applied tier a 24
hour drying period.

Shot is continuously
recycled while the
shot feed spout is
open.

Machine can be
operated either
forward or backward
while blasting.

Can be used on both
concrete and metal
stiaces.

Blast media is

relatively
inexpensive.

This unitcan be used
in almost any plane
of operation by
using different
attachments.

i

Tabl

Technolo~

Limitations I
.imited to applied
eating characteristic

:1
;dace must be clea
md dry.

{emoval efficiency
educed below a
emperature of 40°F

lemoval efficiency,
“educed under condi
!avorable for accele
waporation. To ~
:ompensate for this;

Iminatedfibrousc1
x freezer paper can
used to cover the su~
~fthe applied PCIU
decrease the evapo;
rate.

~

Not effective for h!
coating removal. i

Not recommended
large surface area.w

i
A severe loss of sh{
results when the bli
seals lose contactv
the surface. I

I

Doesnot work on
surfaces.

This technology ha

removalgapof1.5

Should not be used
the vicinity of t
flammable liquids.
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Production Rate labor Environmental Primary/Secondary Support

(f#/h) Classification Conditions Waste Characteristics Equipment

hrbon steel plates: 1 general Dust: No visibIe dus~ The primary and secondary None
laborer waste products cannot be

ide 1: 0-15.0 ppm organic separated. Waste that is
.ed oxide prime~ 41.64 vapor. removed from the surface
[o red oxide primec 15.23 includes the freezer paper and

Noise No noise level a pasty matrix of the PCRS-7
ide 2 registered. and paint fragments.

Ledoxide prime~ 101.67
[ored oxide primex 32.39 A respirator was needed Waste volume (fd/fP):

during the applicationof Painted plates: 0.2099
tbe PCRS-7, but it was , Painted I-beams: 0.0607
not needed during the

;arbon Steel I-Bearmx removal process. ‘

!7.12

.

?ainted Plate: 4.29 1 equipment Consists of surface coating Vacuum cleane~

lusted Plate: 13.00 operator Dusti No visible dust. ador surface media as well $500

%nted I-Beam: 19.81 Dust sample of , as spent shot. Is reduced to a
Rusted I-Beanx 6.4 38.58 m~m3. very fine powder. Floor magneti

$500

Noise:Maximumnoise Wastevolume(fF/ft?):
level registered at 140.0 Painted Plate: 25.00 x 104
dB Rusted Plate: 2.96 x 104

Painted I-Beam: 15.15 x 10+
Rusted I-Beanx 5.55x 104

. I
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Technology

Jane:
{d: YAG ERASER”

Mssificatiotx
.aser

Name:
ARMS’ (Advanced
Recyclable
Mechanical System)

Classification:
Sponge blasting

,$

Technolo~ Desc#ption

le Nd YAG ERASER= ,technology system
onsists of a laser li-dt that ablates coatings
iom various surfaces. The intensity and shape
If the light is desi-gted to control and minimize
he damage to the substrate beiig
Decontaminated.A specialized optical fiber
Ielps transmit the laser Ii-@t to a hand-held
vork head. The work head consists of corttroI
nd feedback systems. The control system
Mows the operator to adjust the stripping rate
md area of the path of removal, to start and
,top the stripping process, and to provide mt
:mergency stop fitnction. The feedback systems
)rovide the operator with a visual
epresentation of the surface being removed
md the input to the iaser corttrol software. The
vork head also consists of a vacuum line that
:ollects any gasses or particles present at the

ntrface. The vacuum line is connected to a
wste management system, consisting of HEPA
Ikers and charcoal pellets. ‘

Ile ARMS= equipment is comprised of a feed
mit and a sifter unit. The feed unit is a portable
pneumatically powered device that propels the
media against the contaminated surface.
Sponge media is manually loaded into a hopper
mounted on top of the feed uniL and is fed to
an auger devise that mixes the cleaning media
with compressed air. The sifter unit is used to
mechanically remove large debris and powdery
residues from the sponge media afier use. The
sifter vibrates causing the media to fall
downward through a series of separation
screens to remove the debris from the
recyclable media

Estimated
Capital Cost

;249,000

4RiivlS”Feed Uni~
310,800

ARMS” ”Siftec
$7,~oo

ARMS” Vapor
Generato~ $5,400

Vacuum CleaneK
$500

Benefits

lte Nd: YAG
XIASER” head
veighs only about 9
b. Workers are not
atigued easily.

lle reusable media
significantly reduces
the waste generated
per square foot of
surface treated.

Techn[

Limitat

le strip rate if
o about 3 % in
ler pass.

fie demonstra
s limited to 25
he trailer to th
lead. The prod
nit is limited
Approximately

(ot designed f
mderwater US(

hmot remov{
:dges due to si
“requirement. ,

i

I

System requir
media reloadi

A ventilated c
structure is re
to the dust pa
produced duri
operation ‘

,1

I
1
I

I
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Ible C.2 .
ogy Overview

1s

mited
1 X inz

n unit
fmm

vork
tion

oft.

lin

constant

tainmenl
ired due
:ulate

Production Rate
(ft?lh)

ibsoltrte
‘ainted Plate: 0.498
Lusted P1at& 1.28
‘ainted I-Beam:
L398
Lusted I-Beam: 0.445

!bsolute
?ainted Platex 30.4
lusted Plate 75.29
?ainted I-Beam:
75.47
Rusted I-Beam: 81.94

labor
classification

equipment
lerators

!,

! Equipment
~perators

Environmental Primary/Secondary Waste

Conditions Characteristics

)uw No visible dust. D~t Waste Volume (fP/fP~

ample of 0.0 mg/m3 .

[oise: Xlaximum noise ~
wel recorded at 105.5 dB.

Dust: V-isible during
blasting. % in. to % in.”of
visible dust on sampling
filter.

Noise: Maximum nois~
level recorded at 132.5’dB.

Pieces of sponge were&
]om all around blast
:hamber.

Not measurable

Painted Plate Black and gray
sand like mixture. Resembles
gravel.

Rusted Plate: Black and browr
sand-like mixture. Resembles
fine coffee powder.

Painted I-Beam: Fine, gray
sand-like mitie with yellow
chips. Resembles gravel.

Rusted I-Beam: Fine black an
brown mixture with white

chips.

Waste Volume (ftVft%
Painted Plate: 0.021
Rusted Platti 0.005
Painted I-Bearn 0.005
Rusted I-Beam: 0.005

Support
Equipment

Chiller

Waste Nfanagement
ystem

ontrol System

5kW generator

\ir compressor
:250cfm)

15kW generator

Ventilated
containment structure
equipped with a
HEPA filter

I

.
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Technology ~lass

Coating Removal
#

Steel Abrasive Blasting

~
Technology Name

‘egasus Chemical
;oating Removal System

NELCO Porta Shot Blast”

End Point Achieved

Coating removal
SSPC - SP 2 (hand tool
cleaning)

Coating removal

SSPC- SP2 (hand tool
cleaning)

Media Type

;hemical coating
‘CRS-7

Steel shot (3390)

T
Utility/Me(

MediaCost

S17/5 gal

$0.40/lb

,

I

\
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Ible C.3
ia Requirements

Media Quantity Utility Requirements Operation and Maintenance Availabdity of Equipment
Requirements Equipment Portability

WA None None 2-3 weeks 1 person C

I

1

NIA 110 Volts AC” Adjustment and cleaning of ,2-3 weeks 1 person
shrouds and blast shields. (11 Ibs. - empty)

Chan=tig of hoppers for
different orientations.

Changing wet plates.

Lubricating bearings.

Clean or replace vacuum
filter as required.

,

i
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Technology Class

Laser

Sponge Blasting

Technolo~ Name

Qd:YAG ERASER”’

UtivfS” (Advanced
{ecyclable Mechanical
;ystem)

End Point Achieved

~oating removal
3SPC-SP 2 (hand tool
:leaning)

Coating removal
3SPC - SP 10
Near white metal finish

Media Type

.aser beam

Uuminum Oxide Fiber

Utility/M[

Nledia Cost

~one

$70-S90150-lb ba~

c-4
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ble C.4
a Requirements
—

—

Media Quantity Utility Requirements Operation and Availability of Equipment

Maintenance Equipment Portability

Requirements

{one 208 Volts AC, 3 phase, Laser lamp needs to be The basic laser The basic system is
50 amps warmed up. ” equipment, computer truck trailer mounted

and control and is ready to go as
Laser iamp needs equipmenL most of soon as the workers
replacement every 2000 . the sensors are all off are ready to begin.

hours of operation. the shelf. The waste

management supplies
Replacement of HEPA are commercially
filter. available but the

design of the waste

management system

is dependent on the
coating being
removed.

l-lb to 50-lb. bags 110 VAC,20 amp Refuel 15 kW generator ARMS- equipment: l%e ARMS” system
8 weeks was designed for one

220 V, single phase, 30 man mobilization.
amp IMedia : l%e feed unit is

~ weeks portable enoughto
Water supply(city) roll througha 36-in.

door.
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APPENDIX D

VENDOR1NFORMATION

Appendix D
.



Table D.1
Vendor Information

T
Technology Name

Vendor Name

r
F

Phone Number

Fax Number

Services

I
,

NELCO PORTA SHOT j PCRS-7
BLAST’” (JHJ-2000)

Pegasus International, Inc. Pegasus International, Inc.

106 Railroad Street 106RailroadStreet
Schenley, PA 15682 Schenley,PA 15682

(412) 845-2838 (412) 845-2838

(4 12) 845-1794 (412) 845-1794

Equipment and service Equipment and service

provider provider

+iDVANCED I YAG ERASER”
RECYCLABLE
MECHANICAL

SYSTEMS

Surface Technology
Systems

75 East Market St,
Akron, OH 44308

t (330) 849-6695

(330) 374-0101

Equipment and service
provider

EXITECH Corporation

102 East Broadway
Maryville, Tennessee

37865

(423) 983-9101

(423) 983-9336

Equipment and service
provider

f D-1


