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1. Introduction
1.1 Background

Red lead primer has been used on many steel structures to control corrosion. Commonly used
structures in the Department of Defense (DoD) that may contain lead-based paint include bridges,
catwalks, towers, water storage tanks, petroleum storage tanks, piping, steel doors, fire hydrants,
trusses, exterior railings, steel posts, poles, stairways, handrails, cranes, pontoons, and boiler plant
structural members. In addition to the DoD facilities infrastructure, ship structures and bilges

have been painted with lead-pigmented coatings. When lead-based paint shows evidence of
peeling, it must be removed because peeling paint cannot be overcoated. During the removal
process, a tight containment structure is required to keep the lead dust from contaminating the air,
soil, or water. Inside such containment structures, increased worker protection is required due to
the higher dust concentrations. These protective measures are time-consuming and cumbersome
to use, which drives up costs by reducing worker productivity.

The project documented in this report demonstrated and validated the thermal spray vitrification
(TSV) process to safely and effectively remove lead-based paint from DoD steel structures such
as a section of a steel bridge at the Rock Island Arsenal. In the TSV process (Ref. 1) specially
formulated molten glass is applied to a painted steel substrate using a conventional thermal spray
application system. The molten glass reacts with the paint, and the lead from the paint adheres to
the glass surface. Due to thermal stresses, the glass readily cracks and falls off the substrate,
removing the lead-based paint. After remelting in the field, the glass waste product encapsulates
the lead and the material is classified as nonhazardous. The principal advantage of the process is
that airborne lead dust and vapors are not produced. As a result, the TSV process reduces the
cost of environmental compliance and worker health protection associated with lead-based paint
removal from DoD structures (Ref. 1-3).

The cost of removal and disposal of lead-based paint from flat surfaces on steel structures is
estimated to be $5 to $18/sq ft using abrasive blasting in a tight containment structure. This cost
can rise as high as $100/sq ft depending on the area, surface complexity, and other requirements
such as working over water or in the presence of machinery. The disposal cost alone for the
resulting hazardous waste is about $4/sq ft. By comparison, the cost of using the TSV process to
remove lead-based paint from steel structures is estimated to be about $5/sq ft. Furthermore, the
disposal cost of the resulting waste, after it is remelted in an onsite furnace, amounts to only a
small fraction of the disposal cost for hazardous waste. The environmentally inert glass residue of
the TSV process is classified as a standard construction waste that may be disposed of for only
$45/cu yd, which converts to an area cost of about $0.31/sq ft.



1.2 DoD Requirements

1.2.1 Official DoD Requirement Statement.The work in this project addresses requirements
documented in DoD Compliance Category 8, “Decontamination of Structural Facilities”; and
Army-Wide Prioritized Requirement Statements (1998) 2.3.k, “Cost-Effective Technologies to
Remove, Characterize, and Dispose or Reuse Sources of Lead Hazards,” Ranking 1.

1.2.2 How Requirement(s) Were AddressedThe project addresses these requirements by
demonstrating and validating an innovative process to remove lead-based paint from steel
structures. The thermal spray vitrification (TSV) process of lead-based paint removal is projected
to be less expensive than current removal processes and yields a vitrified waste that does not leach
lead and is nonhazardous.

1.3 Objectives of the Demonstration

The objectives are to demonstrate and validate the environmental advantages of the TSV process
for the removal of lead-based paint from steel structures. The main environmental and technology
issues to be documented in the study are: (1) the number of passes required to remove the lead
from the steel structure, (2) the production rate under field conditions, (3) air emission levels, (4)
verification that the glass can be classified as a nonhazardous waste after being remelted, and (5)
the projected cost of implementation. This demonstration was conducted on the Viaduct Bridge
at the Rock Island Arsenal, IL.

1.4 Regulatory Issues

The principal regulatory issues involve the protection of the environment and the worker during
lead-based paint removal. The principal regulatory drivers to protect the environment are: (1)
Clean Air Act (CAA) and the 1990 CAA Amendments, including the National Emission

Standards for Hazardous Air Pollutants (NESHAPS), (2) Clean Water Act (CWA) of 1977 as
amended with the National Pollutant Discharge Elimination System Permit Requirements, and (3)
Resource Conservation and Recovery Act (RCRA).

The principal regulatory drivers to protect workers during lead-based paint abatement are: (1)
Title 29, Code of Federal Regulations (CFR) Part 1910, Occupational Safety and Health
Administration, “Occupational Safety and Health Standards,” and (2) 29 CFR Part 1926,
Occupational Safety and Health Administration, “Safety and Health Regulations for
Construction.”

The lllinois Environmental Protection Agency (IL EPA) was contacted by the U.S. Army Corps
of Engineers Rock Island District about the onsite remelting of the vitrified waste during the



demonstration. Rock Island District informed IL EPA about the scope and purpose of the TSV
demonstration project as well as about previous laboratory and field test results. The contract
called for the onsite remelting of the glass in order to make the waste nonhazardous and permit
disposal as a standard construction waste. The IL EPA Division of Air Pollution Control decided
to classify the glass remelting stage as a repair/construction activity and to regulate it as a lead-
based paint cleaning operation. IL EPA does not require air quality permits for paint cleaning
activities. IL EPA determined that, based on the type and amount of work, this demonstration
would not require a permit. Letters were sent by Rock Island District to the IL EPA Division of
Air Pollution Control and Bureau of Land stating that permits are not required.

It is noted that other states are not bound by the lllinois decision; the environmental regulators in
other states will make their own decisions on permit requirements as it becassany.

1.5 Previous Testing of TSV Technology

A proof-of-principle field test of the TSV technology was conducted in June 1996 at the
Triborough Bridge in New York City by the Thermal Spray Laboratory of the State University of
New York at Stony Brook (SUNY). During the field test, lead-based paint was successfully
removed and the required surface preparation for recoating was accomplished for a 5 ft by 10 ft
area of the Triborough Bridge. The resulting surface was recoated with a surface-tolerant coating
system (i.e., one that does not require perfect surface preparation to adhere well). The Army
Center for Health Promotion and Preventive Medicine (CHPPM) conducted an industrial hygiene
study of the workers during the field test of the technology. Researchers concluded that in this
field test, operator exposure in the worker’s breathing zone did not exceed any applicable
airborne exposure standard, including exposure to lead and other metals (Ref. 4).



2. Technology Overview

2.1 Description

The technology in this project uses molten glass to remove and vitrify lead-based paint. It was
patented in 1996 by the U.S. Army (U.S. Patent No. 5,292,3758, A. Kumar and J. Petreanu) and
is described in detail in references 1, 2, and 3. The designer iron silicate glass composition was
developed by the U.S. Army Construction Engineering Research Laboratories (CERL) in
conjunction with the Department of Energy Savannah River Technology Center (Ref. 5). This
glass composition is a durable waste form that can load and immobilize up to 25 percent of its
own weight in lead oxide without leaching more than 5 partsngien (ppm) of lead, as

determined using the Toxicity Characteristic Leaching Procedure (TCLP). Crucible tests in the
laboratory have shown that this glass composition can immobilize chromium, cadmium, and
copper as well (Ref. 2).

The principal equipment for the TSV process consists of a commercially available thermal spray
torch, powder feeder, gas manifold, flow controllers, as well as compressed air, fuel gas and
oxygen sources. These are connected with a series of gas and powder feed lines. A schematic of
the thermal spray system is shown in Figure C.1. The pressure of the oxygen and acetylene is
controlled by the manifold and flow controllers. These are connected by separate gas feed lines to
the thermal spray gun, where they are combined. The glass powder is mixed with compressed air
in the powder feeder, and the air moves the glass powder to the thermal spray gun. The oxygen
and acetylene are ignited in the torch and the powder is introduced into this flame. The flame
melts the glass powder and propels the molten droplets onto the target surface. The temperature
of the flame from the thermal spray torch is about 2000 °C (3600 °F), which is sufficient to melt

the glass powder. As the glass is propelled toward the substrate, it cools in the air and sticks to
the substrate at a temperature of about 475 °C (800 °F).

The glass strikes the substrate and solidifies within a few seconds. The glass is immediately
reheated with the thermal spray torch two or three times, and remains molten for a total of about
30 seconds. This timing allows the lead ions to diffuse into the glass network and become
trapped in the silica tetrahedra of the glass structure, achieving partial vitrification. The difference
in the thermal expansion coefficient between the sprayed glass layer and the metal substrate
causes the glass to crack and spall from the surface as it cools. The paint is vitrified at the surface
of the glass and additional layers of the paint are attached to this vitrified layer. The crumbled
glass fragments can be easily removed from the steel substrate, removing the lead-based paint.
However, 2 or 3 applications of the vitrification process are required to obtain a surface suitable
for repainting with a surface-tolerant coating system.
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The small pieces of glass (on average less than 2 to 3 in.) fall into the catch basin of a collector
unit. A vacuum-equipped needle gun with a high-efficiency particulate air (HEPA) filter is used in
the current demonstration for spot removal of glass in crevices. The catch basin is sloped such
that the glass slides into a storage container or directly into the glass remelter unit. The glass
fragments are remelted to ensure that the vitrification process is driven to completion. The
remelting of the glass immobilizes the lead inside the glass network, thereby preeamimgg.

The concentration of lead in the leachate for the remelted glass, as determined by TCLP analysis,
was below 5 ppm — the regulatory limit for classification aazatdous waste.

The TSV process has been tested on carbon steel panels coated with a red lead primer (Federal
Specification TT-P-86H) and both phenolic (Federal Specification TT-P-36) and alkyd topcoats.
These are the most common topcoat systems used on Federal highway and Army bridges. The
TSV process was successful in removing lead-based paint regardless of which topcoat system was
used.

The molten glass is very corrosive and acts like a cleaning agent, restoring the surface to a dull
finish with the profile it had before it was painted. For atmospheric exposure, the surface finish
before recoating is not as critical as for immersion coatings. Theceumish produced by the

TSV process requires a surface-tolerant coating that can provide 25-year performance for
atmospheric exposure. After application of the TSV process the steel surface has a dusting of
loosely adhered powdery residue that must be removed before repainting. The resultant surface
needs to be free of all loose mill scale, loose paint, and other loose detrimental foreign matter.
This may be accomplished as needed using vacuum-equipped power tools equipped with a HEPA
filter in accordance with the Steel Structures Painting Council (SSPC) specification SSPC 3,
“Power Tool Cleaning.” The corrosive molten glass will remove and incorporate rust (iron oxide)
into the glass structure.

A waste-collection hopper is used to collect the pieces of vitrified glass that spall off the surface.
A high-temperature furnace is used to remelt the glass. The glass melter unit is cylindrical in
form, measuring 32 in. tall and 17 in. diameter at the base of the legs. The typical weight of glass
melted per cycle is approximately 10 Ib.

The glass remelting procedure established in earlier tests was as follows:

» The vitrified glass is slowly added to the steel pot in the furnace until the pot is full.

* The iron pot is heated to at least 8@

» After full melting, the molten glass is stirred occasionally using an appropriate tool —
preferably steel with a handle made of wood, ceramic, or heat-resistant cloth. (The glass
should fill only one-third of the pot when fully melted, helping to ensure a safe distance
between the worker’s hands and the molten glass.)

11



* Any glass that sticks to the stirrer is considered untreated and is added to other glass awaiting
treatment when it cools and spalls off.

* The glass is kept in a molten state for 1 hour.

* The furnace is shut off.

» The steel pot is removed using tongs.

» The molten glass is rapidly cooled by pouring into a container of water.

* When the danger of scalding has passed, as much glass as possible is removed using a stirring
tool designated for use only in this stage of the process (to avoid contaminating the treated
waste with partially treated waste). The remelted glass waste, now cooled, is placed in an
appropriate container for proper disposal according to the results of TCLP testing.

2.2 Strengths, Advantages, and Weaknesses

Currently used lead-based paint removal technologies include chemical strippers, abrasive blasting
inside containment, closed-cycle ultra-high pressure water, and wet abrasive blasting with a
chemical stabilizer (e.g., Blastox The TSV process has certain advantages over these methods.

A major advantage of the TSV process is that there is no need to build and use a containment
structure when employing this technology. Monitoring data collected during the demonstration
verify that the potential is small to generate airborne lead concentrations in excess of regulatory
limits when the plume is uninhibited (as was found during the proof-of-principle field test at the
Triborough Bridge). However, when TSV technology is used in areas where the plume is
inhibited, such as semi-enclosed areas under a bridge, appropriate respirators should be used to
prevent excessive worker exposure to airborne contaminants such as lead dust, additive effects of
CO and NO, and N© Based on initial monitoring of the workers at one particular job site,
enhanced respiration protection — such as the use of pressure-demand or positive-pressure
supplied-air respirator — or the reduction of operating hours may be required. These measures
would eliminate the need for a tight containment structure and may actually reduce the degree of
worker protection that would be needed inside a tight containment structure of the type required
for abrasive blasting.

Containment structures are needed for abrasive blasting, but they are expensive and cumbersome
to prepare. The cost of building a small containment structure (e.g., to prepare a few square feet
of steel surface area) is about $1000 to $2500. After abrasive blasting is completed, the cost of
disposing of the waste abrasive is $4 to $5 per square foot of surface area treated, and there is an
added liability risk if this material is not disposed of properly.

Chemical strippers are slow, and the resulting liquid waste — including the rinse water — is
generally hazardous and requires appropriate disposal. By contrast, the TSV process chemically

12



binds lead and chromium, and also minimizes the liability risk of heavy medalsing into the
environment.

The TSV process is limited to the removal of lead-based paint from steel structures. It is not
applicable to removing lead-based paint from wood, concrete, or masonry structures.

2.3 Factors Influencing Cost and Performance

One factor that influences the cost and performance of the TSV process is the condition of the
existing coating systems, particularly the thickness of the coating. Thicker paint may require an
additional TSV application. The thickness of the substrate also affects costs because thicker
substrates or larger structures may require additional preheating before the application of the
molten glass. The preheating can be accomplished using either the thermal spray torch without
powder flow or a separate torch. Proof-of-principle testing of the TSV process has shown
successful removal of lead-based paint from a large steel structure such as a highway bridge. The
removal rate in the proof-of-principle demonstration — one operator using one torch to make

two applications of the TSV process — was found to be 30 sq ft/h. It is expected that with
additional experience the workers could improve their productivity, and be able to complete three
applications of the TSV process at rate of 30 sq ft/h. The complexity of the structure also
influences the productivity rate and the resulting cost of the TSV process. Structures with
excessive bends, corners, crevices, and recessed areas are more difficult to access and may require
additional time for final cleanup before repainting.

13



3. Site/Facility Description
3.1 Background

Site selection for the demonstration of the TSV process was based on the following factors: (1)
presence of a steel structure with lead-based paint, (2) structure design typical of those found on
other DoD installations, (3) paint system similar to that used at other DoD installations, and (4)
site willing to actively participate and assist in the demonstration.

Sampling and analysis found that the Viaduct Bridge at the Rock Island Arsenal is coated with a
lead-based primer and alkyd topcoats. This paint system is commonly used by DoD and the
Department of Transportation (DOT) for steel structures in atmospheric exposure. The bridge
design is typical of Federal highway and Army bridges. The Rock Island Army Engineer District,
on behalf of the Rock Island Arsenal, administered the contract for the demonstration. This
included preparing the Contract Solicitation and Specification document as well as conducting an
environmental and safety review of the contract, the bid solicitation, contractor selection, and
contract award.The Rock Island District also assisted CERL in obtaining regulatory acceptance
of the TSV process from IL EPA.

3.2 Site/Facility Characteristics

The Viaduct Bridge connects the Rock Island Arsenal and the City of Rock Island and has two
lanes for vehicle traffic. The TSV process was demonstrated on a section of a horizontal steel
beam below the traffic deck of the bridge.

The following site and facility maps and photographs are shown in Appendix C:

Figure C.1. Schematic of the thermal spray system.

Figure C.2. TSV technology in use to remove lead-based paint from the Viaduct Bridge at the
Rock Island Arsenal.

Figure C.3. Location plan of Rock Island Arsenal.

Figure C.4. Detailed location plan of the Viaduct Bridge.

Figure C.5. Upstream elevation drawing of the Viaduct Bridge.

Figure C.6. Containment structure built for the demonstration.

Figure C.7. The Viaduct Bridge after completion of TSV demonstration.

14



4. Demonstration Approach
4.1 Performance Objectives

As stated in the demonstration plan, the main performance objectives were to demonstrate and
validate that the TSV process can (1) remove lead-based paint in the field from a steel structure,
(2) meet all applicable environmental standards, (3) meet all applicable worker health and
occupational safety standards, (4) leave the bare steel substrate in suitable shape for recoating
with a surface-tolerant coating system, and (5) provide data for calculating a valid general
estimate of production costs.

4.2 Physical Setup and Operation

The demonstration required the construction of a temporary scaffold to permit worker access to
the underside of the bridge. The contract specification also called for a containment structure in
compliance with the requirements of SSPC 6, Class 3C (see Table 1). Instead of the containment
required by the specification, the contractor provided full containment in accordance with the

more stringent requirements of SSPC 6, Class 1C (see Table 1 and Figure C.6).

Electrical power was supplied by a portable gasoline-powered generator. Electrical power was

used for the task lighting and for the PM 10 air monitors. Compressed air was provided for the
powder feeder, the HEPA-equipped power tools, and for the paint spray gun.

Table 1. Containment and ventilation system components (Source: SSPC 6).

Class 1C Containment System Class 3C Containment System
Containment Materials Rigid or Flexible Rigid or Flexible
Penetrability Air Impermeable or Chemical Chemical Resistant
Resistant
Support Structure Rigid or Flexible Minimal
Joints Full Seams Partial Seal
Entryway Overlap Open Seam
Air Makeup Open Open
Forced or Natural Forced or Natural Natural
Air Pressure Not Required Not Required
Air Movement Not Specified Not Specified
Exhaust Dust Filtration Filtration Not Required
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The location of the demonstration site is shown in Figures C.3 and C.4. The demonstration was
conducted on the first three panels of the easternmost bridge girder on the north (river) side of
Pier 8 (see Figure C.5). Scaffolding was constructed to provide access to the girder. A ramp
provided access to the scaffolding from the levy that abuts Pier 8. Bottles of oxygen and
acetylene used in the thermal spray process were stored in a secure fenced area on the opposite
side of Pier 8. The air compressor, electrical generator, and air filtration unit were deployed on
top of the levy near the bridge, approximately 20 to 30 ft from the scaffolding. The powder
feeder was placed on the scaffolding during the thermal spray process. Storage sheds were also
placed on the levy near the work site. The principal equipment used by the contractor is listed in
Table 2.

Table 2. Equipment used by the contractor.

Model and Capacity Performance

Gilair 5

Personal pumps Used to monitor worker exposure

Pump calibration units Gilian Used to calibrate personal pumps

Geo tarp Sized to fit containment Used in the containment structure

Thermal blankets Tillman 1000 °F blankets Used in the containment structure

Geo booms 4 in. diameter Can be deployed on land or water in compliance with

emergency contingency plan

PM10 monitors Gaseby Anderson GMH Used to monitor particulate matter smaller than 10
model microns

TSP monitors Gaseby Anderson GMH Used to monitor total suspended particles
model

HEPA VAC HEPA filters Used to clean up containment and is used in

conjunction with needle guns for power tool cleaning.

Air compressor 185 CFM Ingersol Rand

Air powered

Used to power needle guns and job air

Needle guns Used to dislodge trapped glass in crevices

2 Stage filtration 15 gal per minute Used to filter wash water

ARS rated at 40,000 CFM

Dust collector Used for filtration of containment air

Steel tower scaffold

5ft X6 ft, 6in.

Flame spray gun

Metco Model 6P

Used to apply the molten glass powder

Powder feeder

Miller Thermal Model

Supply the glass powder to the gun

Glass waste collection
hopper

Supplied by USACERL

Used to collect spalled glass

Remelt pot furnaces

Supplied by USACERL

Used to remelt the glass
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4.3 Sampling Procedures

As stated in the demonstration plan, paint evaluation and testing were conducted by personnel
from the CERL Paint Technology Center. Worker health monitoring was conducted by personnel
from the U.S. Army Center for Health Promotion and Preventive Medicine (CHPPM), Aberdeen,
MD.

Evaluations of the existing paint system, the surface after the application of the TSV process, and
the newly painted surface were conducted. Evaluation of the existing paint system included dry
film thickness measurement using American Society for Testing and Materials (ASTIE)
“Standard Test Method for Nondestructive Measurement of Dry Film Thickness of Nonmagnetic
Coatings Applied to a Ferrous Base.” The Positector Model 5002-F thickness gauge was used to
measure the film thickness. The adhesion of the existing paint system was determined using
ASTM D 3359, “Standard Test Method for Measuring Adhesion by Tape Method.” The 150 sq

ft of surface was subdivided into a grid containing 15 sections each with a surface area of
approximately 10 sq ft. Thickness and adhesion measurements were conducted within each grid
area. The sampling requirements for each of the ASTM standard test methods — ASTM D 1186
and ASTM D 3359 — were ilized. Personnel from CHPPM sampled the existing paint system

and performed total metal and TCLP analysis.

Following the TSV application but before repainting, the surface profile was compared to visual
standards from SSPC-VIS-1-89, “Visual Standards for Abrasive Blast Cleaned Steel (Standard
Reference Photographs).” The profile was also evaluated using ASTM D 4417, “Standard Test
Method for Field Measurement of Surface Profile of Blast Cleaned Steel. Following repainting,

the paint was inspected in accordance with the requirements for Paint System No. 16 in the Corps
of Engineers Guide Specification CEGS 09940, “Painting: Hydraulic Structures.”

Personnel from the CHPPM Industrial Hygiene Field Services Program (IHFSP) conducted the
sampling for worker health monitoring. Air samples were analyzed for metals, dust, crystalline
silica, and combustion products. A combination of direct reading and indirect reading methods
(i.e., requiring laboratory analysis) was used. The upwind air samples were used to assess the
background chemical concentrations. The personal air samples were used to assess actual
exposures, and this information was compared to occupational airborne exposure limits. The
downwind air samples were used to assess diluted chemical concentrations downwind from the
plume, and this information was used to determine potential exposures to others in close
proximity. The source air samples were used to capture the rising plume, where emission
concentrations would be at the highest, and this information was used to assess potential worst-
case exposures and to ascertain the amount of dilution occurring at other sampling sites.

17



Occupational chemical exposures were compared to the Occupational Safety and Health
Administration (OSHA) permissible exposure limits (PELs) and American Conference of
Governmental Industrial Hygienists (ACGIH) threshold limit values (TLVs). Megalate from
the solid vitrified paint remelt samples were compared to Environmental Protection Agency
(EPA) TCLP regulatory levels, i.e., Title 40, Part 261.24, Toxicity Characteristic, Table 1 -
Maximum Concentration of Contaminants for the Toxicity Characteristics.

4.4 Analytical Procedures

Analysis was performed by a qualified laboratory selected by CHPPM personnel in accordance
with analytical methods referenced in the demonstration plan.
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5. Performance Assessment
5.1 Performance Data

5.1.1. Paint Inspection, Removal, and RepaintingEvaluation of the existing paint system

was conducted by personnel from the CERL Paint Technology Center. This included dry film
thickness and adhesion measurement. The results are contained in Figures D.1 and D.2. The
measured thickness of the existing paint on the flat vertical web of the bridge girder ranged from
3.3to 5.9 mils. The existing paint was thicker on the vertical ribs and the lower horizontal flange,
ranging up to 17.8 mils. The existing paint was well adhered to the substrate. Personnel from
CHPPM sampled the existing paint system and found lead content to range from 155,000 to
495,000 mg/kg. The lead content vitrified glass waste (first removal stage, before remelt) ranged
from 48,200 to 106,000 mg/kg.

During the initial TSV application it was noted by the operator that the vertical web of the beam
was warping. The TSV process was immediately stopped; the degree of warping was measured
and found to range up to 3/8 in. A structural engineer from the Corps of Engineers Rock Island
District inspected the beam and concluded that the warping did not adversely affect the structural
integrity of the beam or the bridge. The warping was due to excess heat applied to the vertical
web during preheating of the substrate. The steel temperature on the back of a vertical web of the
bridge was measured with a thermocouple during TSV application to the front side of the vertical
web, and is shown in Figures D.3 and D.4. The maximum temperature recorded wW&s 273
(523°F) and 322C (611°F). Temperature control is only an issue with thin cross-section
substrates that are less than 0.200 in. thick. The vertical webs are relatively thin — less than 0.5 in.
thick — and are fastened into place by rivets at the vertical supports between panels. When the
web was heated with the preheat torch, the resulting thermal expansion of the web — which is
constrained by the fasteners — could not be relieved except by warping.

The TSV procedure was modified to eliminate the use of a separate torch to preheat the substrate.
The thermal spray torch was used in a more controlled manner to preheat the substrate, and the
amount of warping was minimized. The temperature for these substrates can also be controlled

by the use of forced air or wet forced air from the onsite compressors. There is a minor cost
associated with this temperature control method. For each 100 sq ft, the time to set up a forced
air cooling system is less than 15 minutes. At $24/hr for labor, the cost is $6.00 per 100 sq ft or
$0.06/sq ft. This is included in the revised labor cost for application of the TSV process (Section
6.1).

During the previous proof-of-principle field test of TSV at the Triborough Bridge in New York

City, there was no warping of the beams. The beams on the Triborough Bridge differed from the
Rock Island Bridge in that they were a one-piece design and, therefore, did not have separate
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constrained vertical web panels. The steel on the Triborough Bridge was also thicker, more than
0.75in., and required a separate preheat torch to supply enough heat to the substrate so the glass
would stick to the substrate and react with the lead-based paint. The use of a water misting spray
is being considered to further reduce the maximum steel temperature in future applications of

TSV on thin-section material.

The TSV process met the principal performance criterion of providing surface preparation for
repainting. Following application of the TSV process, the surface was inspected by CERL
personnel and was found to meet the requirements of SSPC SP1 and SP3 required in the contract
specification, and it also was suitable for repainting with a surface-tolerant coating system. The
surface profile was measured using ASTM D 4417 and found to range from 2.0mits3.0

(Figure D.5 and D.6).

The first paint coat was a Sherwin-Williams industrial coat8fgPC 25 red primer. The topcoat

was a Sherwin-Wiliams VOtcompliant industrial enamel, No. 2.16. This is a medium oll,

alkyd, all-purpose enamel designed for new construction and maintenance work and provides
performance comparable to products formulated to Federal Specification TT-E-489.

Temperature and relative humidity were measured before painting. The temperature of the
substrate was more thari higher than the dew point, and the relative humidity was less than

80 percent before painting commenced. The contract specification required a spread rate of 500
sq ft per gal. One gal of primer and 1.5 gal of paint were used to apply one coat of the primer and
two topcoats over the 180 sq ft area of the demonstration. The measured thickness of the dried
primer ranged from 1.7 to 3.4 mils, and was on average 3.0 mils (Figures D.7 and D.8). The
measured thickness of the completed coating system (primer plus topcoats ranged from 5.4 to 8.4
mils, and was on average 6.9 mils (Figures D.9 and D.10).

X-ray fluorescence analysis found that the lead concentration in areas adjacent to the
demonstration with original coating intact ranged from 4.7 to 5.8 mg/sq in. (Figure D.11). In

areas on which TSV was demonstrated, the measured lead concentration was found to range from
1.0 to 2.1 mg/sq in. (Figures D.12 and D.13). As with most other paint removal processes, such
as chemical removal, some residual lead was present on the surface. The retention of lead on the
steel surface is a function of the experience of the TSV applicator, the original amount of lead
present, and the number of TSV applications used. In this demonstration, two applications were
used. Additional applications of the process would be expected to further reduce the residual lead
concentration. Also, it is reasonable to expect that lead removal will be more complete as
operators gain experience with the technology. The workers in the current test had less than 2

OVOC: volatile organic compound.
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days of experience by the end of the test. With a week of on-the-job experience, the amount of
residual lead should be reduced as the applicators become more proficient. Surface lead retention
does not appear, with the data in hand, to be a function of the lead paint type or age. During any
future paint removal from the treated area, proper protection and testing of the workers would be
required to verify that worker exposure to any residual lead on the surface was below the
regulatory levels applicable at that time.

Previous laboratory testing found that the TSV process was successful in removing the Navy
paint system, Mil P 24441 epoxy-polyamide paint, from the ship structure plates (Ref. 6). The
resulting surface was suitable for repainting using a surface-tolerant coating system that would be
suitable for non-immersion applications.

There was concern that the presence of residual lead on the surface may contaminate the abrasive
blast media used to prepare the surface for a coating suitable for immersion applications. The
initial concentration of lead on the painted steel, measured using an X-ray fluorescence analyzer,
was 12.54 mg/cfn After three passes of the TSV process in which the lead-based paint was
removed to a level at which there was no visual evidence of paint remaining on substrate, the
measured lead concentrations remaining on the steel were lower than T (agé&wyppendix D,

Tables D.7 and D.8). Laboratory testing found that 5 Ib of mineral abrasives were required to
treat each square foot of TSV-treated surface. After abrasive blasting of the TSV-treated steel
specimen, TCLP analysis of the used blast media found it to leach less lead than the regulatory
limit of 5 mg/L. Therefore, the TSV process followed by abrasive blasting can be used to prepare
steel surfaces with a profile suitable for painting with a full range of paint systems, including those
for underwater exposures. Any residual lead picked up by the blast mediecwitulate only in

trace concentrations low enough to satisfy environmental requirements for standard construction
waste.

5.1.2 Worker Monitoring. Analysis of the air in the worker breathing zone was conducted by
CHPPM during the demonstration. Monitoring for metals, dust, and silica included the following:
aluminum, antimony, arsenic, barium, chromium, cadmium, calcium, cobalt, copper, respirable
dust, iron, lead, magnesium, mercury, molybdenum, nickel, crystalline silica, tin, titanium,
vanadium, zinc, and zirconium. The results of 493 samples of metals, duslicandese

reported by CHPPM. Monitoring for combustion products included the following compounds:
benzene, carbon monoxide, nitric oxide, nitrogen dioxide, oxides of nitrogen, oxygen, ozone, and
sulfur dioxide. The results of 55 air samples for combustion products were reported. The results
are presented in a separate report prepared by CHPPM entitled “Phase 2, Industrial Hygiene
Study, No. 55-ML-5090-98 Lead Paint Vitrification Research Demonstration Project, Rock

Island Arsenal, Rock Island, Illinois, 2-4 Septemb@97” (Ref. 7).
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CHPPM concluded that the potential to exceed current airborne occupational health standards for
some chemicals (Pb, respirable and total dust, additive effects of CO + NO, g@nd hgh

when vitrification is used in areas where the plume is inhibited. Such areas would include
enclosed spaces and containment structures (such as at the Rock Island bridge demonstration) and
areas such as under a bridge or where there is a low ceiling above the plumazardican be
reduced when TSV is used in areas where the plume is uninhibited or a heat shield is used. The
hazard vill be lowest where the plume is uninhibited and a heat shield is not used (e.g., on the
outside of a bridge, as in the field test at the Triborough Bridge). The Pb concentrations were
much higher in the demonstration on the Rock Island Arsenal bridge as compared to the proof-of-
principle field test at the Triborough Bridge, primarily because TSV was applied in an enclosed
area (although ventilated at a high exchange rate), the plume was inhibited, and the Pb
concentration in the paint was about three times greater. At the Rock Island demonstration, the
contractor provided full containment in accordance with SSPC 6, Class 1C (see Figure C.6). The
total containment was found to inhibit the plume and create dead air space that allowed airborne
materials to concentrate. Even though there was positive pressure air flow through the
containment structure, there were spaces that collected airborne contaminants because the flow
did not sweep these areas out.

CHPPM also concluded that there is the potential to exceed current airborne occupational health
standards for Pb and possibly CO when working around the glass remelter. Installing local
exhaust ventilation such as a chimney at the glass remelter would help capture metal fumes and
combustion gases and reduce worker exposure — perhaps reducing the level of respiratory
protection required or eliminating the need altogether.

Based on these conclusions, CHPPM recommended respirator protection for workers during the
application of the TSV process in each of the following conditions:

(a) Enclosed containment structures or where the plume is inhibited by an overhead ceiling or
roof. As a minimum, workers should wear National Institute for Occupational Safety and Health
(NIOSH) certified pressure-demand or positive-pressure supplied-air respirator equipment with
either a half-face or full-face piece when the process is either enclosed in a containment structure
or where the plume is inhibited. Note that these recommendations apply to all cases where the
plume is inhibited, even when the process itself is not enclosed. When the plume is not able to
escape freely it will return into thade of the worker in concentrations that require a higher level
of worker protection than paragraphs (b) and (c) below.

(b) Well ventilated outdoor areas where plume dissipation is uninhibited and heat shield is not
used. As a minimum, workers should wear a NIOSH-certified full-face air-purifying respirator
equipped with HEPA filters in well ventilated outdoor areas where plume dissipation is
uninhibited and a heat shieldnst used. Nitric oxide, N& and CO should be monitored closely,
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and the level of respiratory protection increased to that described in paragraph 5.1.2.a if
exposures exceed the TLV or PEL.

(c) Well ventilated outdoor areas where plume dissipation is uninhibited and a heat shield is
used. As a minimum, workers should wear a NIOSH-certified half-face air-purifying respirator
equipped with HEPA filters when in well ventilated outdoor areas where plume dissipation is
uninhibited and a heat shield is used.

(d) During remelting of the glassAs a minimum, workers should wear a NIOSH-certified
half-face air-purifying respirator equipped with HEPA filters when conducting remelt operations
in well ventilated outdoor areas where plume dissipation is uninhibited. If the glass remelter is
equipped with adequate local exhaust ventilation, the level of respiratory protection required may
possibly be reduced depending on air monitoring results.

5.1.3 Waste Characterization. The remelted waste met EPA regulatory guidelines for leachate
(using TCLP), but it required a total remelt time of 5 hours. The initial remelt was performed for
1 hour (according to the routine procedure) and resulted in a heterogeneous mixture. Some of
the samples from the initial 1-hour remelt met EPA regulatory guidelines whereas other samples
did not (Table 3).

To fully commercialize the process, scale-up of the glass remelting process would be required.
This would include the use of a larger glass melter so the vitrified glass from a day’s paint removal
could be remelted in one operation. The larger melter would also permit measurement and
control of the melt temperature, and could provide for stirring of the molten glass. Such a melter
may require mounting on a truck or a trailer to be deployable in the field.

An alternative to waste disposal may to recycle the vitrified glass for use in new glass or ceramic
products. According to the RCRA recycling exemption, the vitrified product would not be
classified as solid waste if it were used or reused as an ingredient in an industrial process to make
a product (Ref. 8). Potential uses currently under investigation by Seiler Pollution Controls, Inc.,
Dublin, OH, include abrasive grit blasting media for blasting, buffing, and polishing applications as
well as roofing tile granules and architectural materials (Ref. 9). Seiler is also investigating reuse
of the vitrified TSV waste product in new feedstock for the TSV process. Seiler has received
approval from the California Department of Toxic Substance Control (DTSC) for production of
recyclable materials from three different waste feedstocks, including abrasive blast media (Ref.
10).

Table 3. Characterization of the remelted waste.
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Sample Total TCLP Result TCLP Limit Comment
Collected By Remelt for Pb (ppm) for Pb (ppm)

Time
CHPPM 1hr 2.9 5.0 Pass
CHPPM 1hr 12.0 5.0 Fail
USACERL 1hr 2.3 5.0 Pass
Contractor 1hr 320 5.0 Fail
Contractor 1hr 360 5.0 Fail
USACERL 2 hr 58 5.0 Fail
USACERL 2 hr 57 5.0 Fail
USACERL 5 hr 2.0 5.0 Pass
USACERL 5 hr 2.4 5.0 Pass

5.2 Data Assessment

The data collected allow a realistic assessment of the demonstration’s objectives. No significant
data gaps or missing values exist. The data quality permits an accurate evaluation of the
technology.

5.3 Technology Comparison

The major advantage of the TSV process is that it does not generate hazardous lead dust. This
eliminates the need for a containment structure such as that required for abrasive blasting. It also
decreases the level for worker protection that would be needed if the paint-removal process were
executed inside a containment structure. Power tools such as sanders cannot remove coatings in
crevices and tight corners. Chemical strippers are slow and the resulting liquid waste, including
the rinse water, is generally hazardous and requires special disposal. Containment structures are
needed for abrasive blasting, but they are expensive and cumbersome to prepare. The cost of
building a small containment structure (e.g., to prepare a few square feet of steel surface area) is
about $1000 to $2500. Remelting the glass shed from the substrate in the TSV process produces
a nonhazardous waste which reduces waste disposal costs compared to standard LBP-removal
techniques.

The molten glass applied during TSV acts like a cleaning agent, restoring the substrate surface to
a dull finish with the profile that it had before it was painted. The surface finish produced by the
TSV process can be painted with a standard surface-tolerant coating that can provide 25-year
performance in atmospheric exposure. For more demanding applications, however, TSV
followed by abrasive blasting can provide a white metal finish that accepts a full range of coating
systems suitable for use both in atmospheric and immersion applications.
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6. Cost Assessment
6.1 Cost Performance

Based on the demonstration, the expected operational costs of the TSV process for a 1000 sq ft
area of a bridge are shown in Table 4.

Table 4. Estimated operation cost for the TSV process (1000 sq ft).

Startup Operation and Maintenance Demobilization

(Surface Preparation and

Repainting)
Activity $[h] Activity $[h] Activity $[h]
Rate (Carpenter) 27.43 Rate (Painter) 24.62 Rate (Laborer) 22.73
Hours (Carpenter) [8] Hours (Painter) [33] Hours [8]
Rate (Foreman) 24.62 Rate (Laborer for remelt) 22.73 Rate (Foreman) 27.43
Hours (Foreman) [8] Hours (Laborer for remelt) [8] Hours (Foreman) [8]

Rate (Foreman) 24.62

Hours (Foreman) [40]
Labor Subtotal 415 Labor Subtotal 1979 labor Subtotal 401
Materials for 100 Glass powder 500

scaffolding and
containment

Utilities (including, compressed gases, | 200
fuel for remelt, air compressor and
power generators)

Misc. Materials 100
Materials Subtotal 100 Materials Subtotal 8§00

Equipment 350

Worker protection and health 250

monitoring

Environmental monitoring 150

Waste transportation 100

Waste disposal 25

(nonhazardous)

Waste disposal (hazardous) 100
Overhead/Profit 60 Overhead/Profit 200 Overhead/Profit 40
Category Total 576 3954 441
TOTAL 4971
Cost per sq ft $4.96

The labor rates used in Table 4 were the prevailing wage rates determined by the U.S.
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Department of Labor for Rock Island County, IL, that were included in the Construction
Solicitation and Specification. The prevailing hourly wage rates, including salary and fringe
benefits, were: carpenter $27.43, painter $24.62, and laborer $22.73. For the Rock Island
demonstration, the site foreman and thermal spray applicators were painters, paid at a wage rate
of $24.62. Production rates observed during the demonstration were 30 sq ft per hour for two
applications by workers with no previous TSV experience. It is expected that with additional
experience, the workers should be able to apply three cycles of the TSV process at the same rate
of 30 sq ft per hour, which would further reduce concentrations of residual lead on the steel
surface. For a 1000 sq ft area, the labor required for the TSV process was estimated at 24 hours
by an applicator and 40 hours by a foreman, including the labor associated with any use of a water
mist needed to reduce the temperature of the steel during the TSV process. The labor required to
remelt the glass is estimated to be 8 hours using a larger-capacity glass furnace of the type that is
available off-the-shelf from the current furnace supplier.

During the demonstration on a 180 sq ft area, approximately 90 Ib of glass powder was used, or
0.5 Ib per sq ft. With additional applications of the TSV process required to reduce residual lead,
it is conservatively estimated that 1 Ib of glass powder would be required per sq ft. Seiler
Pollution Controls, Inc., has estimated that new glass powder could be produced by recycling the
glass from the TSV process with other waste glass at a cost of $0.50/Ib (as compared to the
current price of $3.00/Ib for virgin feedstock). Therefore, the total cost of the (recycled) glass
powder would be $500 per 1000 sq ft.ilitytcosts such as compressed gases, fuel for the

remelter, air compressor and power generators are estimated at $200 per 1000 sq ft. Including
miscellaneous materials, the total material costs are estimated at $800 per 1000 sq ft. The cost of
the worker health monitoring is estimated at $250, including the cost associated with initial
monitoring of the workers at a new job site. The cost of environmental monitoring is estimated at
$150 per 1000 sq ft. Waste transportation costs are estimated at $100. Disposal costs are
estimated at $25 for nonhazardous glass generated in the remelter, and $100 for a very small
guantity of hazardous waste (i.e., oily rags and a very small amount of paint waste from the power
tool cleaning).

The final operational costs for the TSV process were projected to be $4.93/sq ft, based on an area
of 1000 sq ft to be deleaded. When the TSV process is used in conjunction with other
maintenance and repair activities, the costs associated with construction of a temporary

scaffolding and demobilization would be shared as a part of other onsite activities. Additional

cost saving would also be expected to result from sharing of utilities and bulk purchases of gases
and fuels. Therefore, the projected costs for the deleading could be reduced to as low as $3.50/sq
ft. Depending on the complexity of the structure (truss bridges are more expensive that girder
bridges, for example) and the location of the job site (over water), the cost may be higher than
average. The average cost of the TSV process is estimated at $5.00/sq ft, with a range from
$3.50 to $10.00/sq ft.
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Seiler Pollution Controls, Inc. (Dublin, OH) is commercializing a high-temperature vitrification
system that converts hazardous waste into a nonhazardous glass-ceramic material, metal oxides,
and salts. The system uses the waste feedstock to produce commercial glass-ceramic products
such as abrasives, construction materials (concrete mix aggregate), or refractory insulating
materials. Seiler has expressed an interest in recycling the glass slag from the TSV process to
produce new powder suitable for the TSV process or other value-added glass-ceramic products,
reducing or eliminating waste disposal costs. This would make the TSV process more
competitive by reducing powder feed cost, reducing paperwork related to waste disposal, and
generating income from the sale of value-added products made from the recycled waste.

If it is assumed that 10 percent of the painted steel structures at Army facilities have lead-based
paint that needs to be removed, and if the TSV process can be used on half of them, the process
would be applicable to 5.9 million sq ft of steel. Based on an average cost saving of $3.00/sq ft,
the estimated savings to the Army would be $4iillfon. DoD-wide, the potential cost benefit

would be estimated at $3fillion over the next 10 years for tB@0million sq ft of steel

structures coated with lead-based paint. The section that follows includes an application-specific
estimate of cost performance as compared to current methods of deleading.

6.2 Cost Comparisons With Other Available Technologies

The Federal Highway Administration conducted a study on the cost of removing lead-based paint
from highway structures (Ref. 11). The costs of various paint-removal technologies are shown in
Table 5. The projected cost for the TSV process ranges from $3.50 to $12.00/sq ft, with an
average cost projected at less than $5.00/sq ft. This is lower than the costs of other technologies,
which ranged from $7.00 to 