












The abatement is fully automated along straight runs of piping, removing all insulation alld lagging.
Every time the abatement head reaches a hanger, the head seals the open cut face of insul.uion before
the hanger, steps past the hanger (while spraying encapsulant on the outside surfaces of th~: insulation)
and initiates a new cut beyond the hanger, seals the backward open face of insulation and continues
abatement. The left-over donut of insulation can be removed manually using a standard g:lovebag,
subject to all the established OSHA procedures. Obstacles, such as bends, junctions, tees, valves, etc.,
are treated differently in that the ope~rator has to use the positioner to remove the abatemenlt head from
the pipe, and reemplace on the pipe (assuming a short section has been cleared manually) just beyond
the obstacle, after which automated abatement can resume.

.BOA System Field-Trials
BOA was first filed-tested at K-25 in Oak Ridge, TN in the summer of 1997. The system was set up
on a 4-inch diameter of 100 ft.+ run ofnon-ACM CalSil insulation clad with paper, wire, paint,
aluminum lagging and steel bands. 'The unit was operated over a period of several days to train and
monitor the on-site contractor-supplied crew, and then abatement runs were performed for local and
headquarter representatives (see Figure 11-2).

FiglJre 11-2 : K-25 field-trial environment

The results of the demonstration at K-25 were very encouraging in terms of duration (about 100 feet
total in 4 hours), abatement rate (25 feet per hour on CalSil surrogate and 22 linear feet pl~r hour on
aluminum-clad CalSil) and cleanliness, yet they did not represent a usable test in terms 01' air
monitoring; CalSil fibers are not the same as asbestos fibers. Based on the results of the den1onstration,
DoE funded a follow-on phase in which the unit was modified to also accept a 3-inch nominal diameter
pipe, with more rugged motors and hardened interface. The intent was to return to the Safile K-25 site
and perform the same abatement run on the 3-inch diameter pipe hung on the same posts.

By the time the engineering modific;ations were enacted on the BOA II prototype, the K-:~5 site that
was slated for the asbestos field trials changed hands to a different contractor, and they we:re unable to
support the field-trials seeing as asbestos abatement was not on their critical D&D activities-list. CMU
and FETC (now NETL -National Engineering Technology Laboratory) actively pursued ;an alternate
demonstration venue, but were unable to locate one readily (commercial sites required unavailable
insurance coverage and DoE-sites w'ere not ready or engaged in any sizeable abatement activities). At
that point, the International Union of Operating Engineers (IUOE), through a subcontract with the
National Institute of Building Sciences (NIBS) was able to locate a large abatement activjtty in the
Pentagon in Washington, DC where BOA could be tested. The goal for NffiS and the IUOE was to
develop a clear set of training manuc:us, safety data sheets, perform air-monitoring, measurc~ abatement
rates, develop costing guidelines, etc.

The selected site was located in the ground-floor of the outside ring in the southwest comer (also called
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Wedge) of the Pentagon (see Figure 11-3) -the project was under the control of Radian International
and involved the abatement of all asbestos (walls, floors, ceilings, piping, etc.) in the entiJre pentagon
over a to-year period as part of the Pentagon Renovation program.

Figure 11-3 : Pentagon Wedge I Asbestos Abatement Environment

The field-trial site within Wedge 1 slated for renovation within the Pentagon, was a tall-ceilling indoor
area, with 2 sets of 200 feet long pipe-runs hung from the ceiling with hangers at a height of about 15
feet. The insulation was tested and shown to be aircell (15% ACM Chrysotile; ACM-Asbestos-
containing materials), with a cheese-cloth and paint-cover (actual abatement would reveal that the
sampling locations' lagging was different from the entire rest of the run, which was covered with
heavy-duty canvas-cloth which greatly hampered the deployment of BOA).

In order to perform a controlled air-monitoring field-trial, the entire abatement area was enclosed in a
negatively-pressurized enclosure, with air samples taken in different areas (filters) as well as near any
of the abatement equipment as well as the workers operating the system. The Radian crevt that was
supplied to the project took care of setting up the abatement area in terms of clean-up, em.placing
plastic sheeting and installing and running the negative-pressure air-exchange machines. Stationary air
monitoring pumps were set up by all outside contractor that then also ran the tests, includ:mg the
personal monitoring of the abateme][lt crew.

The (mostly hispanic-speaking) crew was trained over a period of 3 days in the use and handling of the
abatement head and off-board equipment. A short run of pipe with simulant of cheesecloth over
cardboard paper, replicating the insulation make-up that was determined to be in place after a sample
was taken in May 1999, was used to demonstrate and train the operators. As part of that training multi-
shift crews (a total of 8 people) were familiarized in the use of the equipment. The off -boarcl equipment
was also set up inside the enclosure" except for the computer-enclosure, which was taken and placed
outside of the enclosure for monitoring purposes. Once the training was completed, and all the
associated public-relations affairs were completed (CNN coverage, demonstrations for Pe:ntagon
officials, etc.), the system was installed on the asbestos-clad pipe-run and readied for aba1:ement.
Background air-samples were taken the night before to reflect the background fiber-count (if any). The
installed view of the BOA system is: shown in Figure 11-4 on page 9.

Once BOA was placed on the pipe, we were not aware of the hand-sown heavy canvas covl~ring on the
lagging, which the BOA system was not able to fully cut, as its cutters had not been designed for this
task. The BOA system thus only was able to progress very slowly and continually got hung up and
required continued human attendance. During the hang-ups, water entered the on-board amlplifiers and
shorted them out, as well as the enc:apsulant leaking into the unprotected motor and slide-assembly,
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thereby 'gluing' them together. The net result was that BOA became inoperable and unrepairable on-
site due to the number of required spares and the need to replace internal components for which the
operators had no expertise/training. The system was thus removed from the pipe, cleaned externally
(wipe-down) and inside as best possible and the abatement head enclosed in a bag and th(:n placed
inside the shipping trailer on site which was then later removed by the IUOE and stored at ,one of their
locals in Maryland. Even though no1: scientifically valid, the entire operation of untangling; the cutters
and removing the abatement head from the pipe, never generated any fiber-levels that violated the
OSHA clearance-levels of 0.01 fibeJrs/ccm. The reason for this low level can be seen in the effective
wetting and vacuum system inherent with the BOA system. That whole statement is encouJraging as to
the potential compliance of BOA, yet completely academic at this point, as the system never really
performed reliable and high through-put abatement operations.

.Conclusions
The overall conclusions from the various laboratory, demonstrations and field-trial of BO.A lead the
developer to multiple conclusions. II: seemed clear that mechanical, automated and remote removal of
ACM on piping-systems was technically feasible. Additional improvements to a few key ,lfeas of the
removal head could ensure future compatibility with extraneous materials used as lagging, and
improve further on the reliability and cost-effective manufacturability of the final system.
Decontamination in the presence of a rugged and maintainable unit should not prove to be: a major
hurdle, as it proved to be in the prototype unit. The system approach was also shown to be compatible
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3.0 Problem Statement
The main challenges in developing an automated asbestos abatement system lie in the areas of process,
operations and regulations ([4.],[5.],[14.]). One has to deal with insulation and lagging materials of
almost all possible forms and consistencies, which make any material handling mechanism hard to
design. Furthermore, the device must be able to work in existing facilities which were not designed for
human abatement activities in terms of reach, access, etc., and even less for the use of a machine to
perform the abatement job. And lastly, the entire operation has to meet the stringent regulations drafted
and enforced by OSHA and EPA, which are mostly concerned with keeping fiber counts below
acceptable levels, while enforcing that only allowable work practices be employed during the
abatement process. And of course the last hurdle before a system could truly be termed successful, is
that it has to be able to save the abatement contractor money, while doing the job faster, safer and better
than a human asbestos worker could.

Representative ACLIM materials we are concerned with, include the lagging materials, such as
aluminum, straps, screws and wires, and the insulation material, typically friable 1, or as hard as CalSil.
A pictorial view of these materials is shown in Figure V -1.

Figure V-1 : Samples of lagging & insulation material

4.0 Preliminary Results
It was determined [12.] that such a self-propelled, negative-pressure mini-containment system could
meet EPA and OSHA mandated fiber-count levels during abatement operations, and that automated
removal operations on piping could achieve a high removal rate. Using a mechanical cutting method
(circular diamond-grit coated blade), we were able to achieve a net abatement rate of4 ft./hr., which
we knew we had to improve on to make the system more cost-effective. Compressing the material off
the pipe once cut, was not sufficient to guarantee removal 100% of the time without some form of
human assistance. This result lead us to the realization that a truly reliable and omni-directional cutting
system was needed. The use of fiberglass as a surrogate was changed to Calcium Silicate (Calsil), since
it was termed more akin to asbestos-containing material (ACM) in the field. This change made in-situ
compression of the ACLIM unrealistic and the need for water-assisted/misted cutting and size
reduction necessary, further aiding to reduce loose fiber emanation.

Based on these main and other secondary results, the DoE review panel decided to continue the project
into Phase II. A revised statement of work for Phase II called for improvements and refinement to the
design of the robotic removal head and locomotor system, further guided by a regulatory analysis and
a market study and cost/benefit analysis to determine regulatory and performance requirements,
market size and commercial potential of such systems for the DoE and within the abatement contractor
industry.

I. defined as turning to powder upon being touched
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is shown in Figure V-2.

Figure V-2 : Reusable Glovebag System

.Vacuum-Bagging System

The second unit is a VEC-Loader, built by VEC, Inc., and is used to vacuum asbestos frofrl the inside
of full-containment areas and bag it remotely. It is only really meant for cleanup, but could be a piece
of technology that has an impact on the BOA system. It retails for about $90,000 and as many as 250
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units have been sold over the last 5 years. A picture of the device is shown in Figure V -3.

Figure V-3 : Commercial asbestos abatement support equipment: VEC-Loader

.Conclusion

If one looks closely at these two seemingly separate systems, one can see that the BOA s~'stem is
actually an integration and automation of these two concepts into a single hands-off devic:e. Namely,
that BOA has an abatement head that seif-iocomotes along the pipe and can be consideredl a self-
travelling, fully contained mini-enclosure wherein abatement occurs, while the waste is vacuumed
away from the pipe and is bagged separately off-board. Hence we believe that in the field of. automated
pipe insulation removal systems, BOA defines the state-of-the-art to date. Patent protection will be
sought, since no other patents dealing with the removal of pipe insulation (> 1/4" thick) have been
found. A patent generally describing an automated mechanism that removes thermal insu:lation from
pipes without human intervention is thus novel and of potential benefit to the commercial market
sector.
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IX. Field Trial Overview

1.0 System Functionality Testing
A 15- foot section of straight pipe-run at a height of 5 feet was set up in our highbay, and insulated
with 3-foot sections of CalSil insulation, wrapped with steel-wire and clad with double-layer
painted plaster-tape and paper. A hanger was placed midway on the pipe and a 3-foot section of
aluminum cladding was placed towards the end of the run, fastened with aluminum strap-bands and
sheet-metal screws. The entire run was abated two times to get performance data and work out
details for the acceptance demonstration. During these trial runs, final performance data was
gathered and included in the performance summary presented at the acceptance demonstration and
review.

Figure IX-1 : Insulated and abated pipe-runs at acceptance trial site -CMU's Robotics Institute

The individual data sets are summarized below to summarize the established performance
guidelines:

-A total of 94 feet was abated over a total of about 7.5 hours of intermittent
operations, which closely matches our set criteria of 100 feet over 8 hours.
The insulation abated was displayed in bags and clearly indicated a volume
compression of about 4: 1.

-Air monitoring data taken by an independent contractor established that the
levels of fiber-count were far below those established by the law (0.1 fibers/
ccm for an 8-hl: TWA and 0.01 fibers/ccm clearance air sample for 1,500
liters over an 8-hour period) by up to a factor of 6. More data still remains
to be gathered for hanger-passing, bag-out, etc., which will occur during
the field trials.

-Pipe hanger passing was successfully demonstrated, leaving a clean section
of 8-inch length on either side of the hanget; fully wetted and sealed on the
edges. The total time it took to pass the hanger was on the order of three to
4 minutes, which is less than the expected 5 minutes.

-CalSil was used as the asbestos simulant, while lagging materials ranged
from steel-wrap wires to painted plaster tape and aluminum sheathing with
aluminum clamps and sheet-metal screws. All these forms of insulation and
lagging were successfully abated and demonstrated during the acceptance
demonstration.

-The water-separation was proven to be quite effective, albeit that we were
only able to achieve a level of 35% free water by volume within the waste
bags -our target was 15%. We explain this difference by the fact that CalSil
is highly absorptive and readily absorbs up to 80% of its volume in watel:
True asbestos is known to be much more hydrophobic, and hence we expect
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to have lower levels offree water inside the waste-bags. On the other hand, IH
inspections typically like to see substantial wetting inside bags to ensure as
much fiber entrapment as possible. More data should be gathered during the
field trials to further refine this number with on-site EPA and IH
representatives.

-A two-operator scenario was proven to be realistic and implemented during the
demonstration. A few workers would be needed to assist in the setup and the
removal of full bags of insulation, howevel:

-Setup and breakdown times were not logged, and is better left to the field-trial.
Current targets are 1 hour each (setup and breakdown), even though we expect
the former to be longel; while the latter will differ depending on whether the
system is simply safed between shifts or whether the system is completely
removed and decontaminated, stored nd transported to an alternate site.

-Using the modified positionel; we were able to demonstrate that pipes as low as
5 feet could be abated, while higher-reach pipes would require a JLG-.like
platform for the positioner to reach it. We are aware that the positioner is till in
need of further improvement, which we intend to implement by the field trial
date.

2.0 System Demonstration Trials
In the summer of 1997, the BOA system was taken to a long section of outdoor insulated piping
running on the K-25 complex at Oak Ridge Tennessee. The original setup was found to be unusable,
as the pipe-diameter of the selected pipe-run was smaller than what BOA was designed for (namely 4
inch-diameter pipe). A separate pipe-run was then hung from the outdoor pipe-supports, and a 100- foot
section of pipe on hangers was installed. Insulation included CalSil, wire, bands, paper, cheese-cloth
and paint, as well as sections of aluminum lagging with additional bands. The final test-run as installed
is shown in Figure 1X-2:

Figure IX-2 : K-25 Demonstration Setup

Notice the operations trailer with all the frontally-placed off-board equipment. The net distance
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between the operational trailer and the on-pipe abatement head was between 50 and 150 feet. Shade-
tents were used as the month of August is very hot in Tennessee.

The CMU team spent a total of 1 week demonstrating the unit to K-25 personnel and training
designated asbestos abatement crew from within K-25 to operate the unit. Training was specifically
held for 4 days, training a crew of 4 operators. Two operators were used to handle the robot and
monitor and control it by way of the control pendant, while another group of 2 operators were used to
monitor and tend to the off-board equipment (bagging, vacuum/water gauges, filter exchanges, etc.).
Pictures of these activities are shown in Figure IX-3 below:

Figure IX-3 : Imagery of BOA training at K-25

The results of the demonstration at K-25 were very encouraging in terms of duration (about 100 feet
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total in 4 hours), abatement rate (25 feet per hour on CalSil surrogate and 22 linear feet per hour on
aluminum-clad CalSil) and cleanliness, yet they did not represent a usable test in terms of air
monitoring; CalSil fibers are not the same as asbestos fibers.

Based on the results of the demonstration, DoE funded a follow-on phase in which the unit was
modified to also accept a 3-inch nominal diameter pipe, with more rugged motors and hardened
interface. The intent was to return to the same K-25 site and perform the same abatement run on the 3-
inch diameter pipe hung on the same posts. The delay was expected to be about 6 to 9 months
depending on the duration of the retrofit and the weather in Tennessee.

3.0 System Field-Trials
The K-25 site that was slated for the asbestos field trials changed hands to a different contractor, and
they were unable to support the field-trials seeing as asbestos abatement was not on their critical D&D
activities-list. CMU and FETC (now NETL) actively pursued an alternate demonstration venue, but
were unable to locate one readily (commercial sites required unavailable insurance coverage and DoE-
sites were not ready or engaged in any sizeable abatement activities). At that point, the International
Union of Operating Engineers (IUOE), through a subcontract with the National Institute of Building
Sciences (NffiS) was able to locate a large abatement activity in the Pentagon in Washington, DC
where BOA could be tested. The goal for NffiS and the IUOE was to develop a clear set of training
manuals, safety data sheets, perform air-monitoring, measure abatement rates, develop costing
guidelines, etc.

The selected site was located in the ground-floor of the outside ring in the southwest comer (also called
Wedge) of the Pentagon -the project was under the control of Radian International and involved the
abatement of all asbestos (walls, floors, ceilings, piping, etc.) in the entire pentagon over a to-year
period as part of the Pentagon Renovation program.

Figure IX-4 : Pentagon and the Renovation Program targeting Wedge 1

3.1 Site Description

The field-trial site was a tall-ceiling indoor area, with 2 sets of 200 feet long pipe-runs hung from the
ceiling with hangers at a height of about 15 feet. The insulation was tested and shown to be aircell (15%
ACM Chrysotile), with a cheese-cloth and paint-cover (actual abatement would reveal that the
sampling locations' lagging was different from the entire rest of the run, which was covered with
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heavy-duty canvas-cloth which greatly hampered the deployment of BOA). The test-run (prior to it
being enclosed for air-monitoring purposes) and ancillary images taken as part of the scouting and
setup, are shown in Figure IX-5:

.'. --~ "-

Figure IX-5 : Wedge 1 Abatement Area
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3.2 Training and Abatement

In order to perform a controlled air-monitoring field-trial, the entire abatement area was enclosed in a
negatively-pressurized enclosure, with air samples taken in different areas (filters) as well as near any
of the abatement equipment as well as the workers operating the system. The Radian crew that was
supplied to the project took care of setting up the abatement area in terms of clean-up, emplacing
plastic sheeting and installing and running the negative-pressure air-exchange machines. Stationary air
monitoring pumps were set up by an outside contractor that then also ran the tests, including the
personal monitoring of the abatement crew.

The (mostly hispanic-speaking) crew was trained over a period of 3 days in the use and handling of the
abatement head and off-board equipment. A short run of pipe with simulant of cheesecloth over
cardboard paper, replicating the insulation make-up that was determined to be in place after a sample
was taken in May 1999, was used to demonstrate and train the operators. As part of that training mu1ti-
shift crews (a total of 8 people) were familiarized in the use of the equipment (see Figure IX-6 below).

The off-board equipment was also set up inside the enclosure (Figure IX- 7), except for the computer-
enclosure, which was taken and placed outside of the enclosure for monitoring purposes.

Figure IX-7 : Off-board equipment inside the Pentagon Enclosure
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Once the training was completed, and all the associated public-relations affairs were completed (CNN
coverage, demonstrations for Pentagon officials, etc.), the system was installed on the asbestos-clad
pipe-run and readied for abatement. Background air-samples were taken the night before to reflect the
background fiber-count (if any). The installed view of the BOA system is shown in Figure 1X-8:

Figure IX-8 : BOA removal-head installed on pipe-run in Pentagon's Wedge 1
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