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SECTION C''— DESCRIPTIUN/SPECIFICATIONS

| THE SALIENT CI—IARACTERISTICS SET FORTH BELOW REFLECTS THE
MINIMUM NEEDS OF THE GOVERNMENT. '

1. SALIENT CHARACTERISTICS

1.1 SCOPE - These salient characteristics cover portable abrasive blast equipment
for use in removing lead contaminated paint in an open dry-dock environment. This
equipment is required to control the emission of fugitive dust as required by the
Puget Sound Air Pollution Control Agency (PSAPCA), Regulation I and minimize

“the generation of hazardous waste.

2. EQUIPMENT DESCRIPTION - The equipment, new and unused, shall meet the
salient characteristics contained: herein.

2.1 SALIENT CHARACTERISTICS - The abrasive blast equipment shall be
addptable to permit the removal of surface coatings without damage to the base
material. Base material will range from steel to fibrous glass. Adaptation of the
blasting action will be accomplished by air pressure regulation and abrasive
selection. Air pressure shall be adjustable over a range of between 30 and 110 psig.
The equipiment must permit the use of multiple abrasive types, which range from 7
to 120 mesh size. ' '

Each blast unit shall include, as 2 minimum:

SKID MOUNTING,

a.
b. BLAST POT,

c. RUST INHIBITOR INJECTION,
d. CONTROL ADJUSTMENT,

e. UTILITY CONNECTIONS.

2.1.1 SKID MOUNTING WITH PADEYES - The skid shall be complete with
forklift rails for transporting with a 10,000 pound capacity forklift, and four (4)
padeyes (strong enough to support the lift of a fully loaded abrasive blast unit) for

lifting with a crane.

2.1.2 BLASTPOT - The blastpot shall be ASME certified with an allowable vessel
pressure of 175 PSI and a minimum capacity of 11.3 cubic feet. Mixing of abrasive
with water shall occur in the blastpot, so as to ensure 100% wetting of the abrasive,
and to permit reusing wet abrasive. Water use rate shall not exceed 25 gallons per

hour during blasting operations.

2.1.3 INHIBITOR INJECTION - Injection ration of liquid rust inhibitor to water
will be adjustable to accommodate various manufacturers. On/off controls will
permit selection of inhibitor injection during wet abrasive/air and water/air
evolutions.
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2.1.4 CONTROLS - Air and water controls shall provide independent adjustments
and control of abrasive/water mixture ratio, water and air. Remote controls,
located a minimum of 200 feet from the blast unit, to permit a single operator to
select wet abrasive/air, water/air, air only and on/off pressure control the blast

hose.

2.1.5 UTILITY REQUIREMENTS - Utility connections to allow connection to
120 psig air, 60 psig water and 110 volt electrical sources. Abrasive hose used with
the unit shall be 1 1/2 inches in diameter.

3. TECHNICAL DATA

3.1 TECHNICAL MANUALS - Three sets of technical manuals written in the
English language shall be furnished for each make, model, and serial numbered
piece of equipment supplied under the terms of the contract and be delivered in
accordahce with the attached DD1423. '

The contents of a complete set of technical manuals shall include, as a minimum,
the following:

a.  Setup and operating instructions.
b. Maintenance, service and repair instructions.
c. Illustrated parts list, including:

1. Part numbers.
. Part nomenclature.
3. Cross-reference number applicable to location/function in the

equipment/system procured.

Technical manuals will be bound or otherwise securely enclosed in an oil and
moisture resistant binder(s). Each binder cover shall indicate in bold type the
manufacturer's name, contract number, model number, equipment serial number

and equipment name.

3.2 SPARE/REPAIR PARTS LIST, NON-PROVISIONED - The spare/repair
parts list shall include parts that the manufacturer recommends be stocked for
support/ maintenance for one year following expiration of contract warranty
period. The spare/repair parts list shall be delivered in accordance with the

attached DD1423.
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Blastux® and Torbo® have made believers out of the
Navy. The USS Ohio was blasted with straight slag
abrasives and full conminment, with waste dispasal
costs as high as $375 per ton. When they added Blastox
to the slag, the waste was declared non-hazardous and
beneficially reused for $20 per tonr — with the added
benetit of no Kability in landfills. The USS Michigan
was then blasted at the Trident Refit facility in
Bremerton, WA using slag and Blastox with the Torbo
wet abrasive blast system. The results? Abrasive con-
sumption was cut in haif, and the need for containment
was eliminated because Torbo and Blastox reduced
airborne lead particulates doen & 4.6 micragramain3 per
8-bour TWA! The waste was non-hazardous and agam
beneficially reused through a cement kiln.

. TRF says “We were able 1o finish the project in just 14
days. This saved 10,000 man hours and neardv half a
rullion dollars.”

You can enjoy the benefits of Blastox and Torbo on
your job, toa, including:

< No harardous waste

+" Minimized (or eliminated) containment

7 Reduced abrasive nse (509 less than dry systems)

" Improved productivity

7 No water to clean up or dispose of. Torbo systems
use just ONE PINT of water per minute!

< Lead in the air generation helow the OSHA action
level

" Beneficial rewse of spent material reducing liability

- Now, there's no need to invest in costly equipment and
- J00®% containment. So for vour next lead paint project,

contact The TDJ Group at 1-8G0-BLASTOX, or
Keizer Technologies at (817} 685-7080.

Stop by and see us at SSPC Booth #245

. - WET ARFARNT MLASTEHNN TaLTER
The TDJ Group, Inc.  Keizer Technologies, Inc.

© 760 Industrial Drive, Unit K H90B 8. Pipeline Rd.. Suice 7,

Cary, 1L 60013 Luless {Fort Worth), TX 76040

(708 63%-1113 (817) 685-7090

FAX (7082 0390498 FAX (817) 685-9190

Circle 66 okt Reader Service Cavd.
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3 Emerging Technologies for LBP Removal Paint
From Nonsteel Substrates (Task 3)

CERL has evaluated environmentally acceptable chemical strippers and alternative biast media
technologies for the removal of lead-based paint from DoD buildings and structures. The technologies
evaluated include cryogenic blasting, laser paint removal, chemical stabilizers, altemative chemical
strippers, and confined hydraulic blasting. A sponge media blasting technique appeared to be
particularly promising for LBP removal from surfaces of buildings. Soft sponge media abrasive products
have been developed to address issues of worker and public safety, hazardous waste minimization, and
pollution prevention. The sponge medium consists of a matrix of water-based urethane foam within
which abrasive particles are dispersed. The medium can be wet with water or chemical solutions to
increase productivity. The aggressiveness of sponge media can be tailored for the specific application by
changing the characteristics of the abrasive particles inside the urethane foam. However, during field
testing, it was determined that sponge blasting caused unacceptable damage to historical wooden
structures.

Granulated carbon dioxide (CO, ) blasting and pelletized CO, blasting have been evaluated for

removing LBP from interior architectural wood components (Kominsky, Hock, and Daniels 1997). The
CO, blast medium is a soft abrasive that removes the LBP by mechanical impact and thermal expansion

mechanisms. The spent media evaporates directly to a gaseous state and dissipates, leaving only paint
solids as waste. However, it was found that both the granulated and pelletized CO, proved ineffective in

removal of the LBP from interior wooden components without severe damage to the underlying
substrate. Also, residual lead levels of 6 mg/cmz, as determined by an XRF spectrum analyzer, exceeded
the HUD guideline of 1 mg/cm? (U.S. Public Law 102-550, 1992).

The Torboo wet abrasive blasting system, manufactured by Keizer Technologies America, Inc., uses
conventional blast abrasives (such as coal slag or silica sand) mixed with water (80 percent abrasive to
20 percent water). The abrasive-water slurry mixture is fed through a blast nozzle system designed, in
principle, to encase every particle of the abrasive in a thin layer of water. Water pressure forces the
shurry into a compressor-generated airstream where it is accelerated to the blast nozzle. The LBP is

removed by the kinetic energy and mechanical abrasion of the blast media striking the paint. Blastoxo, a
chemical stabilizer, was added to the slurry mixture prior to biasting in order to create an “engineered
abrasive,” that would react with the lead in the paint chemically in order to stabilize the leachable tead
as lead silicate, with stabilization mechanisms similar to those of portland cement. The wet abrasive

blasting technology used with the engineered abrasive efficiently removed LBP from exterior
architectural wood components to bare substrate with no apparent damage, and yielded a substrate ready
for repainting (Kominsky, Hock, and Daniels 1997). Overall, the residual lead levels as determined by

XRF were 0.93 mg/cm?, which is below the HUD guideline.

Encapsulant paint removal technology effectively employs a two-part liquid system consisting of
potassium hydroxide and a proprietary polymer, which are sprayed with an applicator gun that uses an
external mixing technique. The dwell time is dependent on time and number of layers of paint,
temperature, and other environmenta factors. After the paint is absorbed into the remover matrix, the
resulting residue is removed as a semi-solid material using a putty knife. Encapsulant paint removal

http://www.cecer.army.mil/techreports/kumhaz/kumhaz serdp-05.htm 3/4/2002
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technology has been used to remove LBP from interior architectural wood components to bare substrate

with no apparent damage. The residual lead levels as determined by XRF were found to be 0.8 mg/cm?
(Kominsky, Hock, and Daniels 1997).

Reduced-toxicity chemical strippers are sometimes referred to as "environmentally acceptable (EA)"
strippers. These chemicals are of interest because of their low volatility and low toxicity. They are
noncorrosive and not caustic to humans. Typical EA strippers are based on ingredients that have low
environmental impact, such as citric acid and N-methyl pyrrolidone (NMP). Where they can be used
effectively, these products eliminate the need for sodium hydroxide and methylene chloride strippers.
However, these new formulations require long dwell periods; consequently, in exterior applications,
their performance is vulnerable to degradation by rain, wind, and low temperatures. Of the six EA
strippers investigated in the laboratory, only NMP-based strippers performed comparably to
conventional solvents and caustic strippers (Drozdz and Engelage 1996).

Laser paint removal systems have been designed and built for use on fragile historic wood structures.
These systems contain a CO, pulse laser and beam delivery system. Evaluation of the paint removal

system by CERL showed potential as a paint removal technology for use on historic wood structures.
Advantages include no containment costs, no requirements for worker protection, and reduction of
hazardous waste compared to chemical paint strippers. However, further engineering enhancement will
be necessary to make the process cost-effective.

Emerging technologies evaluated under this project have been documented in the following
publications:

Boy, J., and A. Kumar, “Lead-Based Paint Hazard Mitigation” in The Encyclopedia of Environmental
Analysis and Remediation, Robert A. Meyers, ed. (John Wiley and Sons, Inc., 1998) pp 2501-2516.

Drozdz, Susan A., and Jennifer D. Engelage, Evaluation of Reduced-Toxicity Chemical Paint Strippers,
UR 96/111 (CERL, September 1996).

Kominsky, J., V. Hock, and A. Daniels, Field Demonstration of Clean Technologies for the Removal of
Lead-Based Paint from Residential Housing in Buffalo, New York, draft report (U.S. Environmental
Protection Agency, March 1997).

Hock, V.F., C.M. Gustafson, D.M. Cropek, and S.A. Drozdz, Demonstration of Lead-Based Paint
Removal and Stabilization Using Blastox, FEAP TR 96/20 (CERL, October 1996).

http:/fwww.cecer.army .mil/techreports/kumhaz/kumhaz serdp-05.htm 3/4/2002
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ABSTRACT

Future surface ship and submarine dry-docking availabilities will require more stringent
environmental and occupational controls on hull depainting. The current paint removal process,
which is contained dry abrasive blasting, is costly with respect to personne] and environmental
compliance. If Puget Sound Naval Shipyard is going to take the lead in reducing both cost and
hazardous waste generation wﬁlc taking the lead in industrial environmental compliance, the

shipyard needs to change the process for paint removal.

Puget Sound Naval Shipyard is the demonstration site for a closed loap, Ultra-High
Pressure Waterjet Stripping System, UHP WIS. This system is intended to remove paint without
coniaminating the atmosphere with dust or the dry dock basin with copper or lead impregnated
paint chips or blast grit. Since the blasting water is recycled within the system, the only addition
to the hazardous waste stream is the ion filter media. The Trident Refit F acilicy performed the
first complete submarine hull preservation using the TORBO Wet Abrasive Blasting System with
Blastox..

| This paper compares these two new methods with the current method of dry abrasive
blasting inside a containment. Considering an analysis of costs, environmental and personne]
safety, waste generation, and praject duration, it is recommended that the TORBO system be

~ used to augment the UHP WIS in future depainting work.

ii
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CLEAN ALTERNATIVES TO SANDBLASTING

I. Background

The U. S. Navy requires a system capable of remeving coatings from underwater
hull areas without polluting the environment or adding to the waste stream. Top.level
design requirements for life cycle maintenance address the need to remove the paint from
the hulls of all ship types such as aircraft carriers, cruisers, frigates, and submarinss for
hull inspection and preservation. Advancements in marine coatings have introduced
complex paint systems that contain lead, copper, and cadmium as a means of reducing the
growth of marine life on hulls. When,. advanced paint systems are not used, the hulls
require more frequent cleaning to méiﬁtain the ship’s rated speed capability.

The stand%rd methods of paint rcmqval have been dry abrasive blasting with
synthetic grit or copper slag, steel shot blasting, and chipping or sanding. Recent dry
dock effluent requirements have prohibited the continuation of open air blasting methods
used in the last century. Open air sand blasting created dust clouds that covered the
nation’s industrial facilities. Those crude methods also permitted the blast grit and paint
chips to fall to the dry dock floor and remain there until resources were available for
cleanup. To responsibly remove paint systems with dry abrasives, a physical containment
is needed. Workers are required for.manpfaqturing. erecting, certifying, maintaining and
dismantling the cgntz;inmcnlts. The cost of containing dry blasting operations has become

prohibitive.



The human resources which are required to build, certify, maintain, and remove
containments are greater than those required to accomplish t-he paint removal. For
example, when the USS Ohio (SSBN 726) hull was sand biasted in 1993 it took 1500
man-days to manufacture, install and remove the blasting containment in Dry Dock Two.
It took only 287 man-days to sand blast the hull. At the curent man-day rate of 3467 per
man-day, the containment alone would cost the customer $700,500. This was not an
isolated case. The containments used in blasting the keel block settings for the USS
Nin:litz (CVN 68) consumed 360 man-days of resources, while the paint removal took
140 man-days. Once the paint is removed from the hull, it needs to be handled
responsibly,

Since open air dry grit blasting is now resmicted by environmental regulations and
dry dock cleanliness requirements, a new method of depainting ship’s hull_s is required.
Health factors affec;tjng some sand blasters have driven facility managers nationwide to
seek options other than dry abrasive blasting. New systems which could eliminate the use
of blast media are under test and evaluation. Normally blasf media is expended at 14 to
16 1b./ft*, but as much as 20 1b./f® of hazardous waste can be generated duﬁng dry
abrasive blasting'. Timely innovations in this indust;y are needed. There is no doubt that
the days of open air sandblasting are over, but the optimum rcplacemcnf has not yet been
determined. This paper compares two new methods that have been introduced
successiully in the public dry docks of the Pacific Northwest.

The Puget Sound Naval Shipyard was the initial validation site for one innovative

concept to advance depainting technology. The closed loop, Ultra-Hi gh Pressure Water-



Jet System (UHP WIS) for depainting large ships is part of the U. 8. Navy Advanced
Technology Development (ATD) Program. This closed-loop system is capable of
removing coatings from underwater hull areas using recycled vluwa-high pressure water.

- The need for the system was initially addressed for the Navy by researchers at the David
Taylor Research Center in Bethesda, Ma.fyland. They found that high-pressure cavitating
water jets offered the best altemative to abrasive blasting for underwater hull paint
removal.? Later as higher pressures were implemented, it was fouﬁd that the high
pressure alone was sufficient to erode the paint. The UHP WJ System has proven itself
successful in cutting the cost of dcpaim.ing the huils of several ships. In an example to be
addressed later, it is shown that this developmental system is capable of reducing the cost
in haif.

The TORBO Wet Abrasive Blasting System has been used successfully at the
Bangor Submarine Base’s Trident IReﬁt Facility, TRF, to depaint the hulls of submarines.
First introduced in the European market in 1984, the TORBO system was finally brought
to the United States in 1992 when it was prcscnted at a national conference of the Steel
Structures Painting Council. It is used by the Departments of Transportation in many
states m the process of preserving bridges. Because of this new system, the ’I’RP dry dock
is now capable of open blasting based on the nearly complete elimination of particulate
emissions. An additive to the abrasive grit, such as Blastox captures the lead and binds it
so that it is no longer hazardous. The TORBO system reduces dust emissions by 95%,
allowing 100% open blasting. The TORBOQ is also a simple design. This simplicity has

not only significantly reduced the acquisition cost, but has reduced the maintenance COStS.



Although the TORBO system is versatile in the types of abrasives that it can support, it is
restricted to dry docks which have a closed loop drainage system. Following a brief
explanation of the requirements, the documented success of the TORBO system on the
USS Michigan (SSBN 727) hull will be addressed. By keeping the system simple and
capturing lead in the Blastox, the cost of depainting can be reduced to one fourth of that

which was necessary to sand blast the hull of the USS Ohio.



II. REQUIREMENTS ANALYSIS

A. Mission Need

The U.S. Navy needs a system capable of removing coatings from underwater hull
areas. This portion of hull preservation occurs only while the ship is in dry dock. Witha
limited number of public dry docks there is an urgency to complete the work quickly to
allow the next docking to take place. Whatever process is employed, it must proceed in
parallel witﬁ the other work taking place during the dry docking period.

A Requirements Defini ﬁon and Needs Analysis was prepared by United
Technologies, Pratt & Whitney Waterjet Systems, Inc. for the Air Force Mareriel
Command Wright Laboratory Manufacturing Technology Directorate and the Naval -
Surface Warfare Center Carderock Division under 2 joint initiative. The requirements
definirion and needs analysis process is required under Department of Defense Directive
5000.1, “Defense Acquisition™ and Department of Defense Instruction 5000.2, “Defense
Acquisition Management Documentation and Reports.” The paint removal system would
be deployed to remove paint from submarines, frigates, cruisers, amphibious support
ships, auxiliary support ships, and aircraft carriers. Substrates on these ships are normally
limited o aluminum and steel. If the system were capable of meeting these requirements,
then it i§ assumed that it would be capable for use in other situations not involving ships.
For instance, the system could possibly be used for depainting dry- doc-k caissons and the

bulkheads of floating dry docks.



B. Spatial Characteristics

The distance from the keel of the ship to the dry dock floor could range from less
than four feet to greater than 12 feet. The dry dock wall to vessel distance or the vessel to
vessel distance in the case of a multiple ship docking could be as little as eight fest. The
equipment must be capable of accommodating a 15 foot horizontal and veﬁjcal radjus of
curvature. The system would need to accommodate 1/2 inch protuberances and i2 inch
openings. A 4.0 square feet per minute stripping rate is desired with the minimum

specification set at 2.5 square feet per minute.

C. Dry dock Requirements

The total system shall be self-sufficient and self contained with respect to
preventing spills. While some dry docks have water filtration systems, Dry dock floors
are not even plane surfaces and may have grates, curbs or tracks. No utilities or services
are available in the dry docks, but service galleries near the dry dock coaming prov-idc
potable water, feedwater, high and low pressure air, 120 volt and 440 volt electrical
power and low pressure steam. Maintenance of the equipment may have to be performed
locally in the dry dock without the benefit of sheltered facilities. It is desirable to perform
any maintenance and repair on station so that other shipyard resources do not need to be

diverted for lifting and handling.

D. Lifting and Handling

The equipment must be road worthy and transportable to the dry dock at Jeast by

towing. If more than one trailer is needed, the trailers should be able o be attached.



Trailers should be towable with a 12,000 lb. forklift from either direction and steerable
from both ends. Lifting lugs are desired on all non-palletized equipment, to reduce the
risk of losing components when spreader bars are used. The weight per lift shouid not
exceed 100,000 Ib. Dry dock depths from the coarning to the basin do not exceed 61 feet.
Because of the uneven surface of the dry dock floors, it is recommended that tire widths

be at least four inches wide.

E. Process

Paint and primer should be removed, leaving a near white metal finish. The
effectiveness of the stripping is determined by visual inspection. To minimize corrosion,
a x-ust inhibitor should be applied to the bare metal. When no waste water treatment
facility is available as a part of the dry dock drainage system, there must be another
means of removing the solid and-liquid waste. The solid should be able to be separated
into a 55 gallon drum for lifting from the dry dock by cranelifi. Considering the content
of the drum, the waste will be disposed of as hazardous waste or treated at the indusu-ié.l
waste water treatment plant. If the paint system is determined to be non-hazardous
industrial waste, largc} transportation containers may be more suitable for material

handling.
'F. Personnel and Environmental Safety

Noise levels must meet OSHA standards such that 85 dB would not be exceeded
on each component. Spark arresting mufflers are required on the exhaust systaems of
engines. Hydraulic equipment must contain its own leakage of hydraulic fluid. The

optimum system will be a closed-loop system that does not interact with the environment



I ALTERNATIVE CONCEPTS

This section explains the Ultra-High Pressure Water-Jet System and the TORBO
Wet Abrasive Blasting System. In order to clearly understand the advantages and
disadvantages of these systems, the reader must have a good understanding of the systems

under comparison.

A. Ultra-High Pressure Water-Jet Syste.m

The closed-loop, Ultra-High Pressure Water-Jet System, UHP W] S is composed
of three major subsystems: 2 nozzle mounted on a six axis manipulator, a high pressure

hydro-pump, and a mobile water recovery subsystem. Ultra-high pressure water from the

Figure I Navy Waterjet Demonstration System’

pump is sprayed onto the hull, with sufficient force to displace the paint. Paint and



primer are removed, leaving a near white metal finish. Several rust inhibitor additives are
being considered for inclusion in the blasting water to preserve the white metal finish.
The loose particles of paint and primer are vacuumed into the return line of the mobile
recovery unit and processed out as a sludge. The water in that return line is processed for
reusa. The goal is to have 100% recovery of the process water and to recirculate that
water to the maximum extent possible.

This total system was originally designed asa Large Aircraft Robotic Paint
Stripping Systemn and is now being demonstrated as the Automated Robotic Maintenance
System (ARMS™) as part of the Navy's Advanced Technology Development (ATD)
Program. The first system was completed in June 1994 and was validated during a five
day Acceptance Test at the Waterjet Systems, Inc. facility in Huntsville, Alabama in July
1994. This working prototype was shipped to the demonstration site at Puget Sound
Naval Shipyard, PSNS, in Bremerton, Washi%mn, wi:crc i't was proved from July
through September 1994. The system was._.férslt tested on éom’ons of the under water hull
and flight deck of the USS Nimitz (CVN 685 in Drf Dc;ck Six. The following tests were
performed on the USS Sturgeon (SSN 637) in Dry Dock One and various plate specimens
for PERA-CYV and Naval Surface Warfare Center. The system and the factory tr.ained
PSNS operators were then flown to Pearl Harbor Nafal Shipyard for their first full scale

project on the USS Leftwich (DD 984).

1. End Effector Subsystem
This is the focal point of the total system. It is in this robotically controlled

subsystem that the six inch waterjet nozzle is mounted and rotated for transversing a 52



inch by 78 inch area. The \;valerjcts of the nozzle are effective in fully removing, salt,
rust, grease, and various paint systems. The nominal pressure of the water at the nozzle is
36,000 psi. Industry standard presently sets 25,000 psi as the lower limit for ultra-high
pressure water jetting. Water jetting in the range of 10,000 to 25,000 psi is considered
high pressure water jetting. Any process below 10,000 psi is considered a cleaning versus
a jetting process.*

Advancemnents in computational fluid dynamics have resulted in new nozzle
designs. Nozzle simulation and design technology has just recently been coupled with a
means 1o actually manufacture durable nozzles that are capable of precision stripping of
multiple {ayers of the paint system, DTRC has shown that the paint removal is
accomplished by not only the erosive force of the waterjet, but by the energy of imploding
cavitation of bubbles.® As the water pressure is increased, less cavitation is needed to -
produce the same effect. As higher pressures are achieved, less water is needed for the
same effect. This in turn means that the recovery system will not be tasked as much.
Waterjet technology and hydro-pump technology have ovemo@c the pressure barrier
reducing the risk of implementing this new technology.

It is with this subsystem that the recovery system shroud interfaces to recover all
of the water. The waterjet nozzle is moved over a preprogrammed stripping path by a
hydrauljéally driven motor through a belt and pulley arrangement. The recovery system
contains and vacuums the residual paint chips and the effluent waste water through two
concentric annular rings that surround the nozzle. It is also imperative to remove the

effluent mixeure to prevent any interference with the nozzle spray which could reduce the
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nozzle efficiency. Robotic controls at a remote control station maintain a compliant

standoff distance for optimum paint removal and capture of effluent water.

2. High Pressure Pump Subsystem

The high pressure pump subsystem consists of dual, intensifiers mounted on a
trailer. These Hydro-Pac pumps deliver 2 non-pulsating flow of water to the supply lines.
Experimental research showed that optimum paint removal rates could be achieved by
evenly disuibuting the water energy at the highest achievable pressure. Associated water
lines, hoses, valves and fittings were designed to minimize pressure losses. The water
supply is provided by the recovery system. The minimum specifications for warer
pressure and flow rate are 36,000 psi at 10 gpm in order to achieve the desired removal
rates. These specifications drove the design requirement to a hydraulic pumping system
powered by a 325-horsepower diesel motor. Since maintenance costs coluld be
prohibitive, the acceptance criterion for choosing the variable displacement intensifier
was that the maintenance cost per hour of operating time be minimal for the replacement

of the high pressure seal.

3. Mobile Recovery Sﬁbsystem

This subsystem consists of the mobile vacuum recovery unit that recovers the
water from the blast head and processes it for reuse. The effluent containment device
surrounding the water-jet blast nozzle has a strong vacuum that is capabie of containing
~ all of the process water and paint chip residue and preveating it from falling to the dock
floor. The mobile recov.ery unit has various interconnected subsystems, such as the

diesel-powered electric generator, air compressor, vacuum unit, liquid/solid separator,

1



water recovery/recirculation system, and deionization system, all mounted within the
uulity trailer. The liquid/solid separator removes suspended particulate from the effluent
stream prior to entering the water reclamation unit. In the reclamation unit the water is
processed through a centrifugal separator and several purification filters before it is
deionized. The mobile recovery system segregates, filters, purifies, and dejonizes prior to
return to the nozzle through the high pressure pump. The requirement for the hydro-
pump w nccd'minimal water filtration drove the criterion for accepting only water with

particles greater than one micron.

4. Manipulator

The six axis manipulator is mounted on the boom of the transporter and is the
framework on which the end effector is positioned. The electrically powe.rcd manipulator
provides the end effector with two axes of motion in the 52 inch by 78 inch work
envelope. Control hardware and software signal drive mechanisms move the end effector
through preprogrammed sequences called the stripping path. The end effector ¢an be
moved at 10 to 180 inches per minute in either manual or automatic control from the
remote control panel. The control panel is the main operating station for the whole paint -

rermoval operation. It is from this station that the manipulator frame is repositioned.

5. Transporter

The remotely controlled transporter is a slightly modified, off the shelf unit that
has the high lift basket replaced with the manipulator frame. The manipulater support
frame is positioned manually from ground level by adjusting the transporter and the boom

extension through 2 40 feet reach. The manipulator is positioned in various subzones,
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zanes and statjons as required by dry dock configuration, objects of interferenca, and the
length of the service lines supporting the manipulator. When the manipulator is finished
with a subzone, it is moved to another subzone by operatar commands at the remote
control station. After all of the subzones are depaintad in a zone, the transporier is moved
to f.hc.ncxt zone. The trailers are only repositioned to another station when the zones

within the station are complete.

| _ SLBZONE :
! {MANTPULATOR MAVES) X
!
!

: ZONE
- (TRANSPORTER MOVES)

L'———.—STAT-I.UN

(TRAILZRS ~AVE)

Figure 2 Layout of Statigns, Zanes and Subzones*
B. TORBO

The TORBO Wc; Abmsivé Blasting System has been used successfully at the
Bangor Trident Refit Facility, TRF, to depaint the hulls of submarines. The TRF dry
dock is capable of open blasting because of the pearly cdmplcu: elimination of particulate
emissions. The TORBO system consists of 2 pressure vessel assernbly, a loading hopper
assembly, 2 control cabinet assembly and support components. A unique safery

innovation only available with TORBO equipment is the Conwol Magnet. The Conrtrol
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Magnet is fastened to the wrist of the operator and functions to shut down the system if
the operator looses control and the blasting hose begins whipping cut of control. This
significant improvement in the area of control. coupled with the unique design of the
equipment which reduces airbome particulate. makes open air blasting possible again,
Two other items of safery equipment, which are rcqu.ired in addition to the standard
personal protective equipment, are 2 respiraor and protective coveralls. lThcsc are

required becanse of the high volume of mist containing paint particulate and Blastox.

Figure 3 The TORBO Wet Abrasive Blasting System

This wet abrasive sysiem is much simpler than the UHP WJS. The simplicity of
the design reduces the up front cost and the maintenance requirement. Although it is

versatile in the types of abrasives that it can support. this system is restricted to dry docks
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which have a closed loop drainage sysiem. Because the TORBO system does not have its
owa water reclamation system, it is restricted to dry docks with such z system. It couid
be used in a partiai containment which has the capacity for recycling the blast water and
preventing runoff to the dry dock drain system. While copper slag is strictly prohibited
from use in the PSNS dry docks because of the dry dock effluent discﬁa.rgc requirements,
the TRF dry dock can readily accommodate the use of copper slag. There are other types
of blast media available which have nearly the same removal efficiency as the copper
slag.

Compared to dry blasting, the cleanup time is much shorter for wet blasting. The
sharter cleanup time is due to the reduced amount of abrasive required to perform the job
and due to the reduction in airbome particulate. Additionally, the workers can wear more
comfortable protective clothing, reducing fatigue tpaz occurs during dry abrasive blasting,
A.Ithou'gh the -TORBO blasting process si gni_ficantly reduces airborne particulate, full-facs |

air supplied respirators are required below the maximum beam line because of the mist.’

1. Pressure Vessel and Loading Hopper

The pressure vessel is the primary component of the TORBO system. The loading
hopper is used with the installed water pump for loading the abrasive into the pressure
vessel. Water and abrasive are washed ioget.hcr through the hopper into the pressure
vessel. As indicated, the abrasive does not bave to be dry, but can be wet when loaded in
the hopper. The vessel has a sealing disc that shuts against water pump pressure. The

pressure of the vessel and the flow rate of blast water is controlled at the control pa.nei \



2. Control Pane|

The control panel consists primarily of gages and valves to regulate the air and
water pressures and flow rates. The system is activated at the nozzle when the Control
Magnet is placed in the receptacle on the 3-Way Remote Control Switch, The switch is
turned off by removal of the Control Magnet from the switch. The three blasting options
are Blast Mode, Blowdown Mode and Washdown Mode. Although this systcm is much
simpler than the UHP W] System, the operators requirs significantly less training in the

proper control settings and blasting methods.

3. Blast Media

The TORBO unit may be used to biast with various media. Wﬁﬂe TRF uses
copper slag mixed with 20% Blastox, PSNS could easily obtain other media more _
compatible with the environmental requirements for dry dock discharge water samples.
Blastox is a cement-like material containing calcium silicates and calcium aluminates.
The TDJ Group, Inc. has patents pending on the proprietary chemistry of this mix that
was inroduced in 1991 as a chemical stabilizer. The environmental Protection Agency,

-EPA, and the Naval Sea Systems Command have both approved of Blastox for
unrestricted use without hazardous waste treatment permits. It is the standard on which
the current Best Demonstrated Available Technology, BDAT, as reported on the EPA
RCRA Houine, is based. Furthermore, a blend of abrasive media with 15% Blastox used
at 8 Ib/sq. ft. will reduce leachable lead levels from as high as 100 mg/liter to below 5
mg/liter (5 ppm), which is the EPA limit. The blast process is safe and has been proven

to consistenty stay well befow the 0.030 mg/m’ OSHA acton level. The Army Corps of
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Engineers has been using Blastox for lead abatemnent in Army housing tracts. The lead
paint 611 ihc homes was blasted off with a ﬁlasrox mixrure, ensuring a non-hazardous
waste for disposal.

. Although the ;:;st of adding Blastox to the abrasive media adds at least $60/ton to
the cost, the savings in hazardous waste disposal casts can be as much as 75%. This cost
savings is an important factor when added to the environmental benefit of lead
encapsulaticn. Because the wet TORBO - Blastox mix whea spm-y-cd against the hull
leaves a mist, the mist needs to be washed off the hull at jeast shiftly. Pressure washing
the hull adds to the facility’s water treatment costs, but ensures that the hhil’s surface is

not adversely affected by the Blastox film.
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Pressurc Water Jet Blaster.

IV.PERFORMANCE ASSESSMENT

A. Paint Removal

It was ariginally estimated based on the data of Table | that as much as three

adequate (o support the depainting process.

Assumptions
Paint Coating Thickness
arine wih Thicknes
Totzl Thickness
) Calculations
Subzone Sizz
Dry Volume per Subzone

Liquid Coment
Wet Yolume per Subzone

Stripping Raie

Setup Time per Subzone

' Time (o Strip Subzone

Time © Sewp and Strip Subzone
Rate of Wet Yolume to Drum
Yolume of 55 Gallan Drum
Time to Fill One Drum

Barreis Filled per Shift
(with no down timne)

barrels of solid waste might be geaerated in an eight hour shift with the Ultra-hi gh

* There was concern that the waste handling process be

50 mils
125 mils

175 mils

4 feat by 4 fe=t

48inx48inx 0.175 in =<03.2 in?

10%

4032 in’ 2 1.10 = 443.5 jn?

3.5 fi/minute .

2 minutes

4 feet x 4 feet/(3.5 fr'/min.}) = 4.5 minutes
4.5 minutes + 2 minutes = 6.5 minutes
443.5 in’/6.5 minutes = 68.2 in*/minute

231 in’/gallon x 55 gallons = 12705 in?

12705 in*/68.2 in*/minute = 186 minutes
{or 3.] hours)

8 hours/3.1 hours = 2.6 Barrels

Table 1 Salid Waste Calcelarion

The UHP WIS has been used on hulls with less sea growth, resulting in 2 much

lower rate of waste accurnulation, It has besn evident that the expected stripping rate and
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time requirement to set up the end effector in each subzone has not been realized. At 6.5
minutes per subzone, it was hoped that 200 subzones could be depainted in a 10 hour
shift. This would amount to 3200 sq. fi. per shift with the 48 inch by 48 inch manipulator
frame. With the 52 inch by 78 inch manipulator frame, the most productive shift for the
UHP WIS wrought only 951 sq. ft. of depainted surface. If the paint removal rate of the
above example is achieved, there sﬁould not be an overload for the worker processing the
hazardous waste.

The TORBO systemn had a high paint removal rate when depainting the USS
Michigan. The nozzles were capable of blasting 120 to 150 sq. ft. per hour. When six
blast nozzles were used in parallel, the TRF paint team could depaint in one hour the
same area that it takes one shift to depaint with the UHP WIS. This leads to the point
that the UHP WI S must increase its productivity rate in order to be a strong competitor in
this aspect of the depainting proc:ss'. Even though the TORBO is a good system for
complete depainting to bare metal, it is not cai:ablc of partial depainting or selective
stipping.

| Even though the UHP WIS is advertised to be capable of selective stripping, it has
been found that the results vary. For cxamﬁle, when selective stripping was attemnpted on
the under water body of the USS Nimitz, the nozzle pressure was varied to observe the
result. The visual rcsﬁlts documented in Figure 4 show that no specific water-jet pressure
could selectively strip individual coats. There was ajwéys at lca;t 5% of the area that was

not evenly depainted. While uneven depainting is nota major concern, it indicates that
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selective stripping can only be performed well if the original paint layers were applied

evenly.

red (anti-foul)
black (anti-foul) 12 ksi (deeply pitted red)
~ red (aati-foul) '
black {(anti-foul) 16 ksi (70% black - 30% red)
_gray (anti-corrosive) 20 ksi (95% gray - 5% red)
red (anti-corrosive) 25 ksi (50% gray - 50% red)
HULL 38 ksi (15% red left) -

Figure 4 Typical Paint System: USS Nimitz (CVN 68) Underwater Hull Coating -

B. Comparison of surface finish

Both the UHP WIS and the TORBO unit are capable of cleaning the surface of
paint, sulfates and chlorides and should be used with a rust inhibitor. Dry abrasive
blasting tends to trap contaminants in the crevices as the tlast material impinges on the
surface.” Howlett and Dupuy have also shown some other facts regarding the UHP WIS
process that would indicate that an optimum surface would be tbtained with the use of
gamet injected into the jet stream. For example, waler jetting alone will not create or
change the surface profile of the blasted area. The visual appearance is not that of the
white metal finish left by abrasive blasting, If the area has rough mill scale, the surface
may stll need to be prepared by hand prior to painting to ensure an adequate surface
finish. Since the UHP WIS process does not leave a surface profile as does the abrasive

blasting process, it should be used only on materials that have been previously blasted.'®
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C. Effect of Containments on Paint Remaoval Process Rate

Data from recent dry docking availabilities at PSNS have shown that
containments have been a necessary but costly part of doing business. Table 2 below
shows that the process rate for depainting the keel biock setting is nearly a third of that
for the entire ship. For the USS Ohio, the data is for depainting the entire huil while the
daza for the USS Nimitz job was only for the keel block sattings. Thc instaliation and
removal of the containment also includes blast protection, foreign material exclusion,
staging installation and containment certification. The depainting process includes sea
growth removal, dry abrasive blastiné, grit processing and ¢leanup. The man hour
expenditures are for all individuals involved in the process. This makes sense because of
the space restrictions under the keel. Note that this table does not take into account the

cost of abrasive grit purchase or disposal, the material cost of the containmeats, or the

utility costs.
USS Ohio (SSBN 726) | USS Nimitz (CVN 68)
Hull Exterior Keel| Block Settings

Area Depainted 65,000 sq. fi. 6,200 sq. ft.
Inswal/Rmv Containment § 12,003 man-hours - | 2874 man-hours
Depainting 2,298 man-hours 1116 man-hours

Total 15,001 man-hours 3832 man-hours
Depainting Rats 28.3 sq. fi./ man-hr 5.33 sq. ft./ man-hr
Total Process Rate 4.3 sq. ft./ man-hr 1.62 sq. fi. / mn-hr

Table 2 The Effect of Containment Installation and Removal on Performance.

The fact that the UHP WIS can operate without the nesd for containment in any
dry dock is one of its most important features. While the TORBO system with Blastox is

capable of lead abatement, there is only one dry dock presently suitable for this type of
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open-loop wet abrasive blasting. The remaining five dry docks are scheduled for drain

modifications that will allow waste water to be collected and processed.

D. Work Schedule and Manning

When the UHP WIS was used at 2 location other than PSNS, the system was
operated for two ten hour shifts per day for six days per week. The minimum work crew
consisted of one paint supervisor from Shop 71, two Shop 71 equipment operators, and
two Shop 06 maintenance mechanics. The crew was augmented with one additional
equipment operator per shift to assist in guiding the blast frame onto the hull and reduce
operator fatigue. If the pay rate was equal, the seven person crew would cost 40% more
than a five person crew. The augmentation issue should be seriously evaluated.

The Shop 71A painters at TRF, Banger worked two 12 hour shifts, around the
clock for 14 days. To support six blasters in operation, TRF purchased eight TORBO
units. Each shift had six painters who stripped the hull with their individual blast
nozzles. Additionally, there averaged four support personnel for delivering and filling
hoppers with blast media and cleaning up the grit as the stripping progressed. The
support personnel were 2lso used for cleaning the TORBOs as the cement-like Blastox
solidified in vessel. The team was well coordinated and factory trained in order to

support this type of accomplishment in such a short time frame.
E. Maintenance and Performance in the Industrial Environment

Because of the complexity of the UHP WIS, there are many subsystems within

systems allowing ample opportunity for equipment malfunction or shutdown for repair or
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preventive maintenance. The list below documents some of the difficulties with this

highly complex system over the past year of evaluation:

Fasteners broken/loosen during shipping Sheared bolt on intensifier

Diesel for air compressor failed to starz Dri-prime pump discharge clogged with paint chips
Conductivity meter pegged high Dead battery on intensifier support diesel

Micro separator centrifuge required cieaning Shaft seal failurs on six nozzle drive's motors
Lifting lug crack needed repair Nozzie roaaton probiem limits travel speed
Cenrrifuge filled with paint chips . Transporter cable needed repair

Paint chip barrel filied with water ' Spurious shutdown of end effector drives

Leak in swivel body shaft seal Loose bearing on frame tilt machanism
Intensifier hydraulic cylinder leak Broken suction piping

Intensifier check valve failuras Make-up water pump did not cycle on 1o {ill tank
Boom failed (0 extend Z-axis retraction repair

Proximity switch leak on intensifier ) Failed UHP water lines (13 hoses)

The UHP WJ System was documented to have some frequent problems with the
intensifier during the depainting projects on the USS Leftwich and USS Paui Foster.
During the 464 hours of operation as indicated by the hour meter, there were 135 occasions
of work stoppage due to hydro-pac problems. The operator’s logs docurmnent that the
mean time to failure ';zvas 31 hours and the mean time to diagnose and repair was 57 man-
hours. (Note that the units of hours and man-hours are different.) Table 3 givesa
performance correlation for the 94 shifts that were worked on the USS Leftwich project.
Because of other major maintenance on the project and the lack of dedicated crane
support to move the equipment around interferences, there was no paint removed on 41%

of the shifts. However, 13.3% of all the paint was removed in three shifts.’’
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# of Parches/Shift  # of Man-hours Area Removal

Occurrences Expended Blasted Rate

(shifts) (man-hours) (£ (ft¥man-hr)
0 : 39 1,547 0 0.0
1-5 10 290 583 2.0
6-10 ) 328 1,683 5.1
11-15 16 430 4,434 10.3
16-20 8 268 3,274 12.2
21-25 5 182 2,463 i3.5
26-30 4 136 2,486 18.3
30+ 3 84 2,291 27.3
Overall 94 3,265 17214 5.3

Table 3 USS Leftwich Performance by Shift (1 NOV 94 o 13 JAN 95)1

Since the TORBO system was not specifically designed for shipyard industrial
use, there are some aspects of the system that are stil] not fully adequate. The TORBQ
system is shutdown every 45 to 60 minutes for replenishment of the blast media. The
workers would prefer a system that let them blast for at least 150 to 200 minutes before
having to refill the vessel. The nozzles used for blasting the USS Michigan experienced

some erosion which has occured after a longer period when blasting with river sand.

F. USS Leftwich Depainting Project

Lessons that were learned from maintenance items and technical difficuities while
stripping r;hc USS Leftwich have been incorporated into system modifications. The cost
of repair parts was $28,230. The intensifier was also rebuilt by the manufacturer. While
the prototype did have some significant downtime, it has validated the concept of high
production paint stripping with water. In one very good 10 hour shift 921 ft of paint was
removed. If that rate couid have been sustained, the project could bave completed in 20
shifts instead of 94 shifts. From the depainting of 17,214 f* of the hull eight 55 gallon

drums of paint chips were generated.




G. USS Michigan (SSBN 727) Depainting Project

The first sand blasting ever accomplished in the TRF dry dock was the initial use
of the TORBO Wet Abrasive Blasting System to depaint a submarine hull. Although
documents vary slightly on the details, Table 4 shows some of the documented results

from using six TORBO units to depaint the entire hull of the USS Michigan (SSBN 727).

Area Depainted 635,000 sq. fi.
Time Frame / Schedule 14 days / 2 twelve hour shifts
Deployment 6 of 8 TORBOs stripping
Depainting Rate 120 to 150 sq. fi. / br
Blast Media Rate 2to4 b,/ sq. fi.
Blast Media Copper slag with 20% Blastox
Water Rate 5 gallons / hr / machine

- Inhibitor 1:250 Rust-Lick-B
Depainting 3464 man hours
Media Disposal 96 tons @ 354/ton = $5184

Table 4 TORBQ Wet Abrasive Blasting System usage on at TRF, Bangor

Normally during dry blasting the blast media isused up ata mﬁc of 14 to 16 Ib./
f*. The 2to 4 1b./ f° rncdia rate is a significant factor in cost reduction and w#m sueam
reduction. The paint on the hull was sampled and determined to contain greater than 1%
lead". The used blast grit'was analyzed and disposed of as “non-hazardous waste.” The
waste was sampled for arsenic, barium, cadmium, chromium, lead, mercury, selenium,
silver, aluminum, copper, iron, nickel, zinc and pH using the Toxicity Characteristic
Lcachjng Procedure, TCLP. In Irnost cases the levels were below the detcctablc_lcvcl and
in all cases were below the limits. The combination of more gfﬁcicnt blasting with the
TORBO and the chemical stabilization of the lead in the paint chips with the elimination

of the requirement for full containment is claimed to have saved TRF 10,000 man hours

and nearly $500,000 dollars."




V. ENVIRONMENTAL COMPARISON

When depainting hulls there are numercus regulations that must be adhered to
beyond those to produce a technically suitable surface finish. The worker safety is
covered by OSHA regulations that set Permissible Exposure Limits and Action Limits.
These limits are determined by test samples ai the work site which are used to determine
the Time Weighted Average concentrations of lead, copper and chromium. The
environment is protected by regulations covering the air, water and waste management
system. The Federal Code of Regulations associated with hazardous materia.[s
management sets forth rules governing the handling, storage, transportation and disposal
of the Iead and chromium based paint.

The Toxicity Characteristic Leaching Procedure, TCLP, test is used to
measure the stability of waste laden with heavy metals to determine whether it is safe for
disposal in an ordinary pﬁblic landfill. To simu‘latc 500 years in a sanitary landfill, the
Blastox mix has shown stability when tested five times consecutively. In the test for long
term stability, Blastox has ¢Xceeded the expectations by still meeting the short term limit.
Strategic planners expe.ct that disposing of the blast grit as non-hazardous waste, based on
the TCLP data, will not have future implications or liabilities. The en gineers planning the
paint removal process must still be reminded that the og ginator of hazardous remains

responsible forever under the Comprehensive Emergency Response, Compensation and

Liability Act, CERCLA.
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VI.COST COMPARISON

The cost comparison performed in this chapter could have been accomplished for
just about any type of project, but the Trident submarine was chosen sinice there were
recent projects which have accomplished the task of con.nplete depainting and hull
preservation as part of the Engineered Overhaul. The appraximate hull area to be
depainted does affect some of the other factors in the cost comparison. It was for this
reason that the cost comparison was performed for this ship type. Figures for the dry
abrasive blasting of the USS Ohio were obtained from Job Order - Key Op charges and a
broader cost comparison being performed in the Industrial Engineering and Planning
Division (Cf248)15. The data for the TORBO Wet Abrasive Blasting of the USS
Michigan is provided by the Trident Refit Facility. In the case of the labor charges, the
4040 man hours to TORBO blast the USS Michigan were separated into the various
categories based on good‘.tcchnica.l judgment. The total labor charge of 4040 man-hours,
however, remains the same. Data from the first two UHP WIS projects, the USS
Lefiwich and the USS Paul F. Fosier, were used to extrapolate and calculate rate .ahd cost
data. While the performance data was obtained in fiscal years 1993 through 1995, the
cost data for labor rate, utilities, abrasive media, and waste disposal are in fiscal year

1996 rates.
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COST COMPARISON DETAIL
Dry Abrasive Blasting Vs. UHP WJS and TORBO

CONTAINMENT
Containment Manuf/Install/Remove
Labor
Fabric Cost
Containment Total

PAINT REMOVAL
Labor in Open Areas

Removal Rate per Nozzle

Number of Nozzles

Percent Time Swipping

Number of Blasters

Number of Support People

Dry Abrasive Blast Labor Standard

Labor Near Protrusions

Removal Rate per Nozzle

Number of Nozzles

Percent Time Stripping

Number of Blasters

Number of Support People

Touwz| Man-Days for Paint Removal
Depaint Labor Total

Blast Material
Abrasive Usage Rate
Abrasive Usage
New Abrasive Cost
Total Abrasive Cost
Number of Manlifis Required
Manlift Renai Cost
Total Manlift Rental Cost

Blast Material Total

Utlites .

Compressed Air Required/Nozzle
Total Hours of Nozzle Time
Totai Compressed Air Cost
# of Dust Collectors
Dust Collestor Motor Size
Dust Collector “On” Timne
Total Electricity Cost
Diesel Fuel Consumption/Blast Hour
Toual Diesel Fuel Cost :

Utilides Total

Dry Abrasive

1500 man-day
$700,500
$17.500
3717500

261 sq. fishr

§

14.5%

]

3

25 sq. fi/man-hr

N/A
N/A
N/A
N/A
N/A
324
$151,300

12.5 tbJsq. fu
406 tons
$70/ton
$28.500

N/A

N/A

N/A

528.500.

250 cfm
249 hrs
$4,100
2

75 hp
289 hrs
$1,370
N/A
N/A
55470
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UHP WJS

N/A
50 .
30
30

204 sq. ftfhr
2

20.0%

4

2.
N/A

40 sq. ft/hr
&

10.0%

6

2

916
427,800

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

NIA

WA

N/A

N/A

N/A

N/A

N/A

25.56 galtr
$6,.210
36.210

TORBO

N/A
30
50
30

140 sq. ft/hr
]

27%

&

6

N/A

N/A
N/A
N/A
N/A
N/A
360
168,120

2.6 ib.Jsq. fr.
84 wons
$205/ton
517,220

6 for 2 weeks
21200/ week
$14,400
£31,620

190 cfm

454 hrs

5700

N/A

N/A

N/A

N/A

1.5 gal/hr/manlift
5470

36,170



Maintenance

L

Maintenance Ratio 030 0.20 0.07
Total Maintenance Man-hours 74.7 hrs 70.4 hrs 32 hrs
Maintenance Materials 50.05/sq. ft. 30.50/sq. fr. 50.05/sg. fu.
Total Maintenance Materiais 33,250 £32.500 $3,250
Maintenance Touwal $7.610 336,610 $5,120
‘Waste Disposal
Abrasive Clean-up
Bulk Abrasive Removal Man-hours 700 brs 0 264 ars
Clean-up Total 340,860 30 515,411
Blast Debris )
Abrasive Dispasal Cost $390/ton N/A $54/tan
Paint Chip Disposal Cost N/A $2.08/b. N/A
Paint Chip Weight 0375 1bisq. fr 0.375 IbJsq. fr. 0375 IbJsq. fu
Amount of Waste Generated 418.4 wons 12.2 tons 96 wons
Blast Debris Waste Total $163,200 350,700 . 55184
Waste Water
Water Usage Rate N/A N/A 5 gal/hr
Actval Washing Time N/A N/A 288 ir
Hull Rinse Watar N/A N/A 2800 gal
Total Water Used N/A N/A 5120 zal
Dry Dock Rinse Waste Total 50 30 R
TOTAL PROJECT COST $1,114.450 $521.320 $232.400
PERSPECTIVES
Approximate Duration 17 days 39 days 14 days
Containment Cost 511.04/sq. f. 50 S0
Blast Rate 226 sq. ft/man-day 71 sq. ft/man-day 191 sq. ft./man-day
Blast Magerial Cost/ sq. ft. $0.44/ sq. ft. 50 $0.49/ sq. f1.
Disposal Cost/ sq. ft. $3.14/sq. 1. $0.78/ sg. ft. $0.21/ sq. ft.
Project Cost/ sq. fL. 317157/ sq. f. 53.02/ sq. ft. $3.35/5q. f1.
Area Blasted = 65,000 sq. ft.
Labor Rate = $467/man-day
‘Water Processing Cost = $0.15/gal
Percent “Open” Area=  35%
Cost of Compressed Air=  30.001 }/cf.
Cost of Electricity =  $0.0423/kw-hr
Cost of Diesel Fuel = $0.69/gal
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A. Containment

The containment labor was the actual charged labor and the fabric cost was
calculated based on current fabric prices. It was assumed that the staging that supports
the containment is part of the ready inventory nomally available at 2 naval repair facility,
50 the cost of the staging was not included. If staging had to be purchased, this would be
an additional cost. No containments are necessary for the UHP WJ System because of its
design for complete water recovery. Because of the ability of the Blastox to encapsujate
the lead when TORBOQ blasting, no containment is necessary in this case either. If the
project could not give up the two weeks of blast time and needed to do concurrent work
in the dry dock, that containment would be an additional cost. If an inert abrasive were
Dot readily available, some dry docks could require partial containment to prevent the
abrasive from entering the dry dock drains. This cost was not taken into account since the
TRF has a water treatment facility and the PSNS dry docks are being retrofitted with
special drain piping that will also allow water recovery. Also included but not
specifically separated in this Iabor fi gure was the installation of temporary facilities such
as lighting and breathing air associated with dry abrasive blasting in containments. It was
also assumed that these temporary facilities were available at the shipyard and were not

purchased for this project.

B. Paint Removal

On this project it was assumed that for the use of the UHP WIS that 85% of the
areas were assessable with the manipulator frame. The inaccessible areas are depainted

with three smaller hand held nozzles that can be connected to the water reclamation
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system. The data for the hand-held artachments is éstimatcd, since there has been limnited
use of these accessories to date. The open area removal rate is based on 2 1.5 inch per
second automated travel speed. The percent stripping time for the UHP WIS is
unfortunately much lower than was anticipated by the designers and the operators, but
reflects what has been achievable to date. To date the highest percent stripping time
achieved was 56% on one particular shift. The 20% stripping time is derived from the
shifts on the USS Leftwich project in which some amount of depainting was
accomplished. The mean stripping rate, however, was 17%. For the three best shifts, the
stripping rate was 47%, while for the 12 best shifts, the stripping rate was 37%. If the
47% swripping rate ¢ould be maintained, then it would be possible with two units to strip
the open area of the hull in a 12 day window as was done with the TORBO system on the
USS Michigan with the keel block settings depainréd in four additional days. This is
merely speculation since tlﬁs level of pcrfoﬁnancc has not Eccn achieved.

At the ariginal level of performance with the 17% stripping time for the
manipuiator based nozzle and hand held nozzles, it would take approximately 43 days to
&ei:aint the entire ship. Considering system improvements, it is realistic that the current
20% stripping rate could be improved upon and at least a sustained 32% stripping time
achieved. The 32% is determined from the 20 best operating shifis out of the 55 shifts
that the UHP WJ System was operable on the USS Leftwich. If 32% stripping time were
realized, then the whole hull might be depainted in 23 days of around the clock shift
work. Because other work can continue while the UHP WJ Systems are in the dry dock,

the depainting duration is not as critical as with the TORBO units. As with any project, 2
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goad depainting plan which includes project support with crane services is essential (o a
timely execution of the work.

For the dry abrasive blasting and the TORBO blasting, the percent stripping time
reflects that which has been achieved. In these cases the lower rate has more to do with
personnel endurance than material condition. The TORBO system currently needs to
have the vcs.scl hopper refilled every 45 to 60 minutes. At this rate the operator gets a 15
minute break while the hopper is refilled. The type of protective clothing womn by wet
blasters is less oppressive than that worn by the dry blasters, awributing to a lower percent
stripping time for the dry blasters.

The dry blast grit was copper siag. The abrasive used by the TORBO system in
this study was copper slag with 20% Blastox. Other abrasives may have a greater or
lesser removal efficiency, but would Provide similar resuits for comparison. Note that the
manlifts used to reach the hull are considerad a material cost in this section. These were
needed only by the TORBO blasters, since the dry abrasive process had staging inherent
to the containment design and the UHP WIS has the ransporter as one of the subsystems.
Although 60 foot manlifts are usually readily available with advanced notice in most
shipyards, the cost was included here since the UHP WIS is purchased with the
transporter.

The utility figures were based on Public Works Center information provided in
the C/248 cost analysis for the Puget Sound Na*:al Shipyard'®, The UHP WIS is self

powered by iis own generator and compressor, hence diesel fuel is the only utiliry.

32



While the maintenance ratio is estimated for the dry blast and wet blast cases, the
actual data for the UHP WIS is used. The notional maintenance ratio was used to
extrapolate the costs from small depainting projects to the larger Trident depainting
project. As improvements are made to the UHP WIS, it is expected that the maintenance
down time and costs will decrease. The unproductive man-hours that accumulate during
maintenance periods is included in the labor figures since it effects the percent Stripping
time. Since a maintenance man already supports the UHP WIS, the maintenance ratio is
lower than it would be if compared equally to the other methods. |

Waste handling and disposal vary significantly among the three processes. If the
project was removing only lead free paint, the disposal costs would be drasticaily
different. The dry grit disposal cost would be reduced to $22,600 from $163,200. If the
paint chip residue in the 55 gallon drums of the UHP WIS were considersd indusirial
waste, the disposal cast would be much less. Instead of costing $2.08/1b., the disposal
. cost would be approximately $1.49/Ib. The nationwide disposal costs vary greatly based
on Jocation and availability of landfills. The significant factors in this section are the
volume of the waste and the classification of the waste. Waste that can be minimized as
with the UHP WIS is optimum. Cost reductions can also be achieved with the TORBO
system by downgrading the waste to a lower waste classification level, as with the lead
encapsulation by the Blastox.

The actual durau’ou. of the projects varied somewhat based on the resource support
that the depainting team received from the rest of the project. The team reguired to erect

the containment for dry blasting needs more people when the time in the dock is shorter.
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The 17 day duration is shorter than that accomplished on the USS Ohio because there
were other factors involved. For this comparison, it was assumed that 30 men per shift
from various trades were available for building the containment. The containment
installation team would begin three days prior to the depainting and continue through the
depainting process until two days after the depainting was complete. The sand blasting
process wquid last 12 days, if continued for three shifts per day with the nine man team.
For the UHP WIS, the 39 day duration was based on the stripping rates using two systems
with either two or six nozzles depending on proximity to protrusions. This duration
could be reduced by the future improvements to the system which might reduce down-
time for maintenance. The 14 day duration was actuajly accomplished at the Trident
Refit Facility by the USS Michigan depainting team using the TORBO system.

In the final analysis of the systerns and processes, there are several factors other
than cost that must be considered. Project duration, personnel safety, and environmental
protection are all factors which do not have a tangible cost. Although sand blasting has
the highest blast rate, the process is significantly diminished by the high cost to contain
the dust and grit. The slight increase in the purchase price for blast media blended with
Blastoz, is greatly offset by the reduced disposal cost. The longer duration of the project
which uses the UHP WIS for depainting may or may not be constrained by dry dock
availability. The fact that some dry docks can not accommodate the TORBQ process

without providing a partial containment must also be considered.



VII.CONCLUSION

The advantages and disadvantages need to be weighed before major decisions can

be made. While the cost savings of the TORBO system are highly visible, the fact that it

is not 2 closed-loop system is a drawback. Table 5 and Table 6 show the advantages and

disadvantages of both of the systems.

ADVANTAGES

URP WJS
Standard Personal Protective Gear
No Elements Added 1o Waste Stream
Closed-loop System
Surface Finish is Contaminant Free
No Dust Emissions or Toxic Vapors
Minimal Waste for Disposal
Greater Personnel Comfont
Selective Stripping Option
Other Dry Dock Work in Parallel
Neo Containment Required '

TORBO

35% Reduction in Depainting Costs
$37,000 Unit Cost -

Lead Abatement to Non-hazardous Waste
High Productivity

Low Maintenance Costs

Versatile Application

Surface Finish Has Profile

Table 5 Advnnﬁge: of the Ultra-High Pressure Water-Jet System and TORBO Wet Abrasive

Biasting System |
DISADVANTAGES
UHP WIS _ TORBO
$1,333,000 Unit Cost Noisa Hazard :
No Lead Abatement Abrasive Added to Waste Stream

Low Productivity

High Maintenance Costs
High Depreciaton Costs
High Operation Costs

Open-loop System

Operators Become Fatigued

Pressure Wash Needed 1o Remove Blast Film
Respiratory Protection Reguired

Other Dry Dock Work Must Proceed in Series
Partial Containment Needed In Some Dry Dock

Tabdle 6 Disadvantages of the b’lzm-High Pressure Water-Jet System and TORBO Wet Abrasive

Blasting System

Five million dollars is currently budgeted by NSWC for the purchase of thres

more UHP W] Sjsccrns for the Navy. It is expecied that two systems would be used for

depainting projects in the Atlantic Fleet and one more system would be delivered to

35



PSNS for use on ships in the Pacific Fleet. Once the systems were delivered, they would
have to be depreciated. Accounting for depreciation would ncgétc some of the cost
savings realized by not having to build the containment for dry abrasive blasting,
Considering only the cost savings, the only ri ght answer is tol use only the TORBO
system. Other factors are involved in comparing the depainting systems based on the
performance anributes and cost analysis. Table 7 shows how these factors could be rated
to assist in making the decision. Weighting factors 1, 3, 5, and 7 are used to rate the
general concepts. A very positive advantage is; rated with a seven and 2 very negative
disadvantage is rated with a one. In between are three and five used for the small relative

advantage or disadvantage.

Factor Dry Blast UHP WJS | TORBO

Unit Cost & Depreciation Cost 3 1 7
Operation and Maintenancs Cost 1 3 7
Personnel Safery and Comfont 1 7 5
Environmental Safety & Protection 3 7 3
Waste Generation 1 7 '3
Closed-loop Vs. Open-loop System 1 7 1
Productivity & Project Duration 3 1 7
Allow Other Dry Dock Work 3 7 3

Total ' 20 40 36

Table 7 Depainting System Decision Mutrix

It is recommended that the TORBO system be used for depainting on short
duration projects. When the docking schedule is tight, it is imperative that the repainting
of the hnll be accomplished expeditiously, The TORBO system pmvides' potential
savings of 80% of the cost to depaint a Trident submarine using the dry abrasive method
in 2 containment and 55% of the cost using the UHP W1 System. Although the TORBO

systems have been used at TRF, the shipyard does not currently own any. Since the
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TORBO units at TRF do have periods of idle time, it would be good use of Navy
Iﬁnancial resources to use those units owned by TRF This could be accomplished by
contracting with TRF to provide the depainting service. Since the TORBO units are
.casily transportable, this concept bodes vfell with the Regional Maintcnanéé concept.
Even though there are research and dcvcloprﬁcnt’ funds budgeted for three new
UHP WJ Systcms, the tech.nqlog_y has not been optimized to reduce the risk associated
with system failure. By havip g a few TORBO unj-ﬁsl in the dock for bl;t.sting the areas not
accessible by the UHP WIS, the risk of proljcct failure could also be minimized. For
example, if one of the intensifiers of the UHP WIS failed and a few TORBO units were
alreacy in the dock, then these units could be used to continue the depainting. This
author recommends conﬁnuiné witﬁ the rcﬁﬁez’n'ent of the UHP WIS until the mean time
to failure is raised fro;n 31 hours to 300 bours and the r%n:a.n time to diagnose ;nd r_cpah‘ is
lowered to 12 man-hours. The 300 hours will allow two weeks of _coﬁtinuous stripping
without a delay. The 12 mén-hours will minimize the loss of productivity for. the three
man team and limit the down time to a half shift. With one UHP WIS in operation, the
open area of the hull could be stripped while the keel area is blasted with a team of men
using the TORBO units. Siﬁéc a partial containment might be required based on the dry
dack's dewatcring system, liﬁliting the containment to the kezl area wou!d-prcvent an
escalation in the cast of performing the work. A TORBO and UHP WIS mix could

significantly reduce the cost of contained dry abrasive blasting.
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DEPARTMERNT OF THE NAVY
COMMANDER
SUBMARINE GROUP ©
2150 THRESHER AVENUE
SHVERDALE, WA P8313-2180

1741

Ser 00J/ 1429
7 Sep 94
Jim Egan, Regional Manager Keizer Technoloe:, :,
Torbo Wet Sandblasting System e orb. g,‘;f:u‘f’i si’::"‘-‘ds, Inc
P.0. Box 2030 —_— :E 10905 5. Pipctime Rl Sic. #7 + Euless, Texae 6040
Belfair, Wa. 98528 0 BLI/685-7000 « B74685.9190 Fax
Dear Sir: :

This responds to your Freedom of Information Act (FOIA) request
of 24 June 1994, in which you seek copies of documents relating -
to testing and evaluation of TORBO Wet Abrasive Blasting Systems
by the Trident Refit Facility Bangor (TRF). _ .

Enclcsﬁfes {1) through (3) are released pursuant to your request:

Enclosure (1) is a memorandum prepared in response to your
request. The FOIA does not require the Navy to create documents
in response to a FOIA request, however, since TRF prepared the
memorandum it ls being released.

Enclosure (2) contains tables that reveal names of personnel .
who were exposed to lead and copper respectively. Upon review of .
thesa documents I determined that the names are exempt from
disclosure under 5 U.S.C. 552(b) (6). Disclosure of personal
exposure amounts would constitute: a-clearly unwarranted invasion
of personal privacy. Therefore, names have been redacted from

these tables, ' /£
Enclosure (3} is released in its entirety.

Because your request has been partially denied, you are advised -
of your right to appeal this determination in writing to the
Judge Advocate General, Navy Department, 200 Stovall Street,
Alexandria, VA 22332-2400. : :

The appeal must be received in that office within 60 calendar
days from the date of this letter to be considered, and the
enclosed copy of this letter should be attached along with a
statement regarding why your appeal should be granted. It is
recommended that the letter of appeal and the envelcope both bear
the notation, "Freedom of Information Act Appeal."

%
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The releasable portions of the requested documents are énclosed. -

The fees associated with the processing of your request have:been .

waived. :

Sincerely yours,

d. ﬂf\. QWW

L. M. CHRISTENSEN-

Lieutenant Commander, U.S. Navy
staff Judge Advocate _
By direction of the Commander

Encl:

(1) Parsous memo 0f 16 Aug 94

(2) Induszrial Hygienist memo 5100 Ser 08-058-94 of 9 May 24
(3) Indus=rial Hyvienist memo 5100-Ser 08~023-94 of 24 Feb 94
Copy to: RF (Legal Office)
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MEMORANDUM

From: Phillip K. Parson
ToO: Jim Egan . . y
subj: TORBO WET ABRASIVE BLAST SYSTEM

Ref: (a) Your 1tr of reguest of 24 Jun 24

1. Tharnk you for your request.

2. The Torbo Wet Abrasive Blasting Systenm has significantly
~nhanced our capability in the area of coatings.re@oval. The
rs:irly complete elimination of fugitive dust emissions has
1°_=4ed TRIDENT Refit Facility, Bangor 100 percent capabilities
for open blasting in our ary dock.

) i ' d blasting of 2
3. Receatly we completed 2 ufirst ever' san
TRIDENT submarine hull in oux dry dock. We sand blasted ands a
painted approximately 70,000 square'fe.et surface area 1in a.l > tay
+ime frame-—a significant event achieved by using the Torbo We
abrasive Blasting Systen.
*K

: ied 0 square feet)

1. our removal rate has variea between (120 to 15 =

‘¥ hour, a fair trade for the environmel:rt‘:al cenpliance realn_.it:’a-d.
_*h nmore experience and use we are confident cur blasters Wlt.
increase the removal rate. Using the Tc_u:bo Wet Abrasive Blasting
system, we used approximately four pounds of blast media per

‘egquare foot, a significant yeduction from 10 to 12 pounds per

souare foot under normal blasting conditions. A major reduction
in the waste strean has been realized.

**This was prior to air pipe and air hose upgrades. Current footage acheived is 200-210
square feet per hour on 55-58 mil average coating thickness.

Blast specified is SSPC-SPS (White metal)



PERSONAL PROTECTIVE EQUIPMENT REQUIREMENTS
AND CONTROL MEASURES FOR
TORBO-BLAST OPERATIONS

1. Outer protective clothing, such as disposéble coveralls and shoe
covers, shall be removed in a vclean area" next to the work area and
placed in plastic bags for disposal. The “clean area' shall be
clearly marked, for example with rope or barxrier tape. All wagste must
be labeled in accordance with the regquirements of Code 240.

3
2. Eating, drinking, chewing, smoking, and application of cosmetics
in abrasive blasting areas in the dry dock is strictly prohibited.

3. All personnel woxking in the vieinity of abrasive blasting
operations shall thoroughly wash their hands and face prior to
drinking, eating, chewing, smoking, or applying cosmetics.

4. Establish a physical boundary for the Torbo-Blast process. The
poundary shall be located either where the abrasive blast material
falls to the ground or at the perimeter of the operations area.

5. Requirements for areas ABOVE the Max Beam line:

a. PPE: Workers shall wear disposable Tyvek coveralls over
painters coveralls, cotton gloves, and & pair of disposable shoe
covers. The minimum respirator reguired is the half mask with HEPA
cartridges. :

b. Do not take used coveralls and shoe covers out of the
abragive blast work area. pDispose of Tyvek coveralls, gloves and shoe
covers when leaving the work area in plastic bags in accordance with
the requirements of Code 240.

6. Requirements for areas BELOW the Max Beam line:

a. PPE: Workers shall wear full rain gear over painters
coveralls, cotton gloves and a pair of disposable booties. The
required respiratoxry protection is a full-face air supplied
respirator. .

1
b. Do not take uged rain gear and shoe covers out of the
abrasive blagt work area. Rain gear can be rinsed with water in the
dry dock for re-use. Dispose of gloves and shoe covers when leaving
rhe work area in plastic bags in accordance with the requirements of

Code 2490.

Enclosure (1)}



7. Requirements for Housekeeping and Clean-~up:

, a. PPE: Workers shall wear disposable Tyvek coveralls over
cotton coveralls, cotton gloves, and a palir of disposable shoe covers.
The minimum respirator required is the half mask with HEPA cartridges.

b. Do not take used coveralls and shoe' covers out of the
abrasive blast work area. Dispose of Tyvek coveralls, gloves and shoe
covers when leaving the work area in plastic ‘bags in accordance with

the requirements of Code 240.

8. If the operation will include both work éﬁqve and below the Max
Beam line, wear the PPE described in paragraph-6.

9. Tools and Equipment used in the Torbo-Blast work area shall be
cleaned before leaving the area. Remove loose paint chips and dust by
wiping with absorbent wetted with a cleaner, such as 409. DO NOT blov

down tools and equipment with compressed air.
10, The following personal hygiene practices shall be adhered to:

a. Torbo-Blast workers shall be provided clean Tyvek coveralls,
cotton gloves, and shoe covers daily; and painters coveralls weekly.

"b. Employees who come in direct contact with the abrasive blast
material containing Blastox shall be reqguired to wash their hands and
exposed skin with soap and water before eating, drinking, smoking or
using toilet facilities during the work shift.

¢. Food; drinking or smoking materials shall not be permitted i
areas where Torbo-Blast operations are being perfogmed. :

11. Specific recommendations for changes to these requirements shoulc
be forwarded in writing to Code 08. If you have any questions
relating to PPE requirements, contact Phillip Marceau at extension
1414. .

Rev: 2/24/94



5100
Ser (08-023-94

24 Feb 94
MEMORANDUM
From: Phillip Marceau, Industrial Hygienist
To: Wayne Noll, Code 348 Shop 71A .
Via: Jexxy Conn, Safety Manager :

Subj: WORK CONTROLS FOR TORBO-BLAST REMOVAL OF LEAD PAINT

) Ref: (a) Scientific Serxvices Léboratory Report 93-2428
(b) 29 CFR 1910.1025, Lead Standard 3
{c) OPNAVINST 5100.23C, Chapter 21 e
Encl: (1) Personal Protective Equipment and Contxol Measures
for Torbo-Blast Operations, Rev: 02/24/94

1. Lead in excess of one percent (1%) has been identified in
paint on the exterior hulls of SSBN 726 Class submarines.
Sampling of exterior paint indicates that not all areas contain
iead. However, until all exterior hull paint has been removed
from each unit, it will be presumed that there are unsampled
axeas that contain leaded paint. References (b} and (c) will be
used as guidance for determining control measures to be used.
during Torbo-Blast operations. The Torbo-Blast method of
abrasive blasting prevents the spread of airborme lead
particulate material. The addition of Blastox to the abrasive
blagst material reduces the amount of free lead by mixing it with
an inert silicate. |

5. Enclosure (1) describes the personal protective equipment
(PPE) needed and the work practices required when uging the
Torbo-Blast system. The purpose of the control measures is to
prevent personnel exposures Lo lead. Therefore, it is very
important that all personal protective equipment (PPE) and
control measures are carefully observed.

3. 2all workers shall receive annual Lead Awareness training
provided under the supervision of Code 08. If their assigned
work involves disposal, added training will be provided by Code
240 and their respective Shops. All workers required to wear
respiratory protecFion shall be trained and fit-tested by Code
08.

4, 1If there any questions or comments concerning these
requirements or control measures, please contact me at extension
1414.

L/ Haticoae
PHILLIY MARCEAU
Copy to:
Copy 340
Code 345 Shop 72C ENCLOSURE (3}

IAM; Lance Risch
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+nvirity Characteristic Lenﬂhlnn Procedure (TCLP)
ICP SPECTRQARATHIC ANAMYSIQ

page 1 of 2

Swus cubg ﬁbz,-240, REPORT NO.

SHOP 71A 94=-1122
SAMPLE DESCRIPTION i1o. OF qhHFTPS DATE RECIEVED
SANDBLAST GRIT (BLASTOX) 7 7~18~94
REFERENCE DOCUMENT: TITLE 40 JCH  AR4A36-XMOU-A041
CFR Ch. 1 Part 268 App. 1 ?1017-WF01—Q323

| f———— - — X b 7 = W T s == g T

ELEMENTS SAMPLE SAMPIL.E SAHPI-E "SAMPLE

{PPM) w059 STRI} 50 FORT S0 J8TYRD 120

ARSENIC < 1 < 1 -1 «?_1 |

i DaniuM ' < 1 1 < 1 < 1 H‘IO0.0 MAX.
CADMIUM <1 < 1 < 1 < 1 Il 1.0 MAX.
CHROMIUM <1 < 1 P « 1 H 5.0 MAX.
LEAD <1 <1 <1 <1 H 5.0 MAX.
MERCURY < 0.2 < 0.2 < 0.2 < 0.2 ﬂ 0.2 MAX.

" SELENIUM < 1 < 1 < 1 < 1 u 1.0 MAX.
SILVER <1 < 1 < 1 <1 n 5.0 MAX.

1 ALUMINUM < 1 < 1 - 1 - 1 “ ____________
COPPER <1 < 1 3 1 I
NICKEL < 1 < 1 < 1 b N |

ZINC < 1 < 1 < 1 -1 H_.'. __________

L PH : * * * * H 2.0-12.5

REMARKS:
* Y059 Ph:: " * POPT 50 Ph:
after stirring 10.8 after stirring 11.5
‘after HC1 3.2 after HC1 3.6
after leaching 9.1 after leaching 11.3
* STBD 50 Ph * STBRD 120 Ph:
after stirring 11.4 after stirring 11.5
after.HC) 4.0 after Hrl 1.9
after leaching 9.7 after lenching 10.6
ANALYST (SIGNATURE) CODFE DATE

L=== : !1 k. \\

————

7-20-94




SCIENTIFIC SERVICES LABOQRATORY
.Toxicity Characteristic Leaching Praocedu

I

ICP SFECTROGRAPIIIC AlALYSIS

'_"#_——-——.a:hm
REPORT
re (TCLP)

Page 2 of 2

SHOP 71A

: CODE 852,

24

G,

REPORT NO.

94-1122

R s_‘:"g‘ -
il H
0

o ﬂ TO

SAMPLE DESCRIPTION
SANDBLAST GRIT (BLASTOX)

—

NO. OF SANPLES

'
.

7

DATE RECIEVED

7=-18-94

Ao

REFERENCE DOCUMENT: TITLE 40 JCN  68436-NMNCII-A041
CFR Ch. 1 Part 268 . App. 1 21037-101~-0323 .
- ELEMENTS SAMPLE SAMPLE SAMPLT | SAMPLE LIMITS
(PPM) PORT 120 [STRD 85 FORT RE . (PPM)
ARSENIC <1 21 < 3 ' 5.0 MAX.
* BARIUM <1 <1 <3 | 100.0 max.
I CADMIUM <1 < 1 < 3 || 1.0 MAX.
H CHROMIUM <1 < 1 <) ﬂ 5.0 MAX.
LEAD < 1 <1 < 3 " 5.0 MAX.
MERCURY < 0.2 < 0,2 < Q.0 H 0.2 MAX.
SELENIUN <1 <1 < 1 ﬂ 1.0 MAX.
SILVER <1 < 1 < 1 ﬂ 5.0 MAX.
ALUMINUM <1 < 1 < ) u-—-. ----------
COPPER < 1 < 1 < 1 ﬁ ------------
h IRON <1 <3 < 1 .
" NICKEL <1 < 1 <1 ﬂ--—--—------—-—
ﬂ ZINC < 1 < 1 < 1 “ -
pH * * # H__2.0—12.5
—— e e e e —
REMARKS:
* PORT 120 Ph: * POPT 85 Ih:
after stirring 11.3 after stirring 10.9
. after HCl 2.5 after HOY 3.2
after leaching 10.8 after leaching 9.0
* STBD B5 Ph: |
after stirring 10.5 1’
after HCL 2.7
after leaching 8.2 ’
— ST [ ooy T i il s T ————
ANALYST {SIGHATURE) cah: | PATF,
- 412 7-20-94



5100
Ser 08-058-94
09 May 94

MEMORANDUM

From: Phillip Marceau, Industxial Hygienist
To: Wayne Noll/Kevin Jones, code 348 Shop 71A Supervisors
via: Jerry Conn, Safety Manager 9C

Subij: INDUSTRIAL HYGIENE SAMPLING FOR LEAD, ' CHROMIUM AND COPPER
DURING TORBOBLAST OPERATIONS ON A SUBMARINE RHULL

Ref: (a) OPNAVINST 5100.23C .
(b} Naval Hospital letter 5104.6, Ser 061.2C/02264"
of 02 May 94
(c}y 29 CFR 1910.1025
(d) 29 CFR 1910.1000, Table Z-1
(e) ACGIH, Threshold Dimit values, 1993-1994

Encl: (1} Sampling Regults and OSHA Permissible Exposure Limits

1. Reference (a) requires that all operations be evaluated in
order- to accurately identify and quantify all potential health

hazards. The workplace monitoring was performed by the Naval
Hospital Bremerton industrial Hygiene pivigion.

2. Industrial Hygiene gampling was performed during Torboblast’
abrasive blasting operations on the SSBN 729 in the dry dock
.aring the period of 31 Jan through 7 Feb 1994. personal samples
were collected for all personnel directly involved with the
blasting operation. Area samples represent an exposure potential

boundary for personnel if they were on the drydock floor in the
direct vicinity of the operation. )

3. Reference ib) reports the findings and enclosure (1}
summarizes the gampling results for lead and coppeXr and reports
~hem as calculated g-hour tiwme weighted average

~oncentrations. All the lead results are well below the Action
level of references (a) and (c) and copper results are below the
Permissible Exposure Limit of reference (d). The sample results
for chromium (VI) are below the limit of detection for the
analytical method used. This value is well below the 0.05 mg/M3
TWA established in reference (e).

4. The Naval Hospital jetter also includes observations of
{narnropriate respirator usage which it describes as dYmultiple
def:ciencies in the:program" per Chapter 15 of reference (a).
The 'letter also states nihe incidents include selection of

organic vapor cartridges for & particulate hazard and use of a

ENCLOSURE (2)




full face negative pressure regpirabtoX Wighout ﬁtilizing ;
cartridges. No new/modified SOP was provided to the shop and the
existing SOP required personnel to U&e supplled-air_respiratora.

eEnforcement of existing policy is needed to ensure respirator use
i : rements of reference (a)." As a

consequence of these observations, this office will provide the
entirec Shop with a one hour Respirator Refresher Training course.
It is reguested that this training be scheduled during the week

of 23 through 27 May.

' 5. Reference (b) is available for review in the Safety office.
1f you have any guestions or comments on this suxrvey, please

contact me at extension 1414. 3
_ AL LA
PHILILAP MARCEAU
Copy LoO:
Code 240
Code 340

File Chapter 12

a
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: TORRBO GRIT BULASTING
PERSONAL MONITORING RESULTS® FOR LEAD
Name Sample i puration |Results ]
{min} (mn/m3) (mg/m3)
31347 167 L. Q079 )
<1348 <. 00t £.005
TLEG] 28 AL ] Z.003
TiEEA 150 ¢, ONR4
o d Jris 197 SRR ALY ) ., 005
154 140 £.0090
‘ ] 31357 194 2 O06T a.005
v P S I ' - Lm0
s 2y 27EN g Rt 150 L o0as ooa)*
' _ 21566 {60 _ .0099 R
- | 31347 is Lot
- v Ii364 £460 <. 0ﬁ7a ( 00
I IIT73 111 <. o1l
I ZIT74 &0 AL !

——————— ———— T

' TORRO GRIT RLASTING -
- AREA MONITORING RESULTS FOR lFAD

" T
Tocation to | sample & Duration '§Qﬁ£§§ﬂ--
Blast zone {min) Al (mg7m3) 5
e St - wapregay
‘Nerth ~1349 . |18 o SEEE V00T,
-}‘:Béﬁlnd <1350 - 139 ¥ i &566”
if??4”¥:éﬁﬁ£h co b 3as2 139
B | south’ | T zsez A2 LOOTAT
|2A1/?4 “'Rehind TGS AZE <029
lgynggﬁgghsjmafth}a;j; 31357 A3B <.0028
S Az T
/ Fc.-'a ‘Gouth s 3132867 415
:éghihd?3ﬁ$: 31369 415
-2 Eren: s | 31568 ALS
Worth | F1378 235 -
‘gouth: . - . | 31381 130 <.
South 7 | F1¥77 233 <.
Gouth . | 31380 130 <.
North c1z78 2SS <. U
BD‘_‘*‘h 31 .‘Bl 1'\_‘0 (- -l:lqé P .' - Y
’ N TN, ne-tion Level n{-o.usu me

l')’i'flSUR(" LINITS -~ Q, 050 mu/m-.. i or
’L11ru1ared valne fQ “Limit of Delect ion N




TOREQ GRIT BLASTIHG

CERSOHAL MOHLTORTMNG RESULTE FLiE COFFER

R LS R
Name Sample # [Duwation Rezul ts { THAX**
{min) | {mag/m3) {mg/m3)
1731794 31347 147 L0t2
313518 162 L0660 .03
1/31/94 31301 78 Ab , 09 '
2/1/94 S1356 150 L0229
- 1358 192 - 60 L3
1354 L4¢ 023, :
I1357 174 8 bk i
136D 150 LQ57
ILFLG 160 13
J1363 1350 . 14
153641 160 Q50
51373 111 <.011
21374 &0 <0218

TOREBO GRIT BLASTING

ARES MONTTORING REBULIS FOR COFMPER

Djte Gample # |[Duration [Resulls TWAXE
(min) {mg/m3) {mg/m3)
1731/94 Horth 31349 139 £, 0092 <. 003 u
1/31/94 Eehind ILTS0 139 <.0093 <. Q0T |
1/31/794 South 31352 139 025 . Q07 ‘
271754 South 13462 439 L 046 L0422
271794 Behind 31355 435 LOLe .ol4
271794 North RITET 438 L 020 .018
2/2/74 South T1T67 A5 LO37 032
272794 Rehind " | T1567 a1s TR L005
MNz2rz/s94 Morth 21760 AL LO53 L0458
/7779 Nor th 31378 233 <. 0054
South %1381 130 €. 0098 2,005
2/77%4 Sauth 31377 233 2
) South 31 3R0 130 LQR3 .0b
217794 North IT13T79 233 £, 0054
South 317682 1730 {.0076 <, 003
—-—————'______._———"""'"—-;L-__,-————.__._'—_'-'—-‘—_-____ e

x¥x EXFOSURE LIMIT - 1.0 mg/sm=  (THN}
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,&f‘“"‘ S.G. PINNEY & ASSQOCIATES, INC.
i, 4

TORBO TECHNGC. |

TORBO WET ABRASIVE BLASTING

EVALUATION

hY

SGPAIJ.N. 56219
P.OJTORBO FAX
MARCH 12, 1995

INTRODUCTION

i

Keizer Technologies America’s, Inc., represented by Mr. Jim .Egan, Torbo Tech, Inc.
retained the services of S.G. Pinney & Associates, Inc. to review the inspection records
of Calnev Pipe Line Company, tanks 110 and 111 to evaluate the use of the Torbo Wet
Abrasive Blasting equipment for removing the exterior lead paint the shell of the tanks.

Since both tanks were similar in design, cleaning rates and abrasive consumption were
relative equal.

It is understoog that this information is the sole opinion of Mr. Jack Boyle, SGPAI
inspector, and is not intended as an endorsement of the equipment or process.

QBJECTIVE

To remove the lead paint to bare steel with g wet abrasive blasting system that would
- reduce the lead hazards to the environment, workers, and other personnel in the vicinity

of the project.

REGULATION COMPLIANCE

Regardless of the stated objective, the contractor was required to comply with OSHA
29 CFR 1926.62, Lead. For worker safety, an initial exposure assessment was conducted,
before safety requirements could be modified or reduced within the limits of the regulation.

The Contractor was also required to comply with all Federal Code of Regulations for
hazardous materials management, including environmenta! air monitoring, handling,
storing, transportation, -and disposal of lead waste.

PROJECT LOCATION

Calnev Pipe Line Company
Colton, California

Page 1 of 5 pages



S.G. PINNEY & ASSOCIATES, ING.

TORBO TECH, INC. SGPAILJ.N. 5219

TORBO WET ABRASIVE BLASTING . P.O./TORBO FAX

EVALUATION T MARCH 12, 1995
.

CONTRACTOR

AA-1 Painting Service, Inc.
Paramount, Califomia

WEATHER

Climatic conditions were continually changing. Unpredictable, gusty 25 to 35 mile winds,
rain and fog hampered this the jobs continuity considerably.

TANK DIMENSIONS

Height:. 40". .Add §' for wind girder. Circumference: 310" = 13,950 S.F.

TANKS' PRECONDITION AND EXISTING COATING THICKNESS

The surface preparation was reported to be “pickled" by the tank fabricator, which left no
substrate profile. The existing coatings averaged 10 to 12 mils dry film thickness. Some
of the coating had been previously blown off to the primer by the areas prevailing (normal)
strong winds. Mainly, in small areas, on the tank's north side of the shell.

METHOD OF REMOVAL

Torbo Wet Abrasive Blasting System with and addition of Oakite NRP rust inhibitor (300
- parts water, 1 part NAP) included in the Torbo's rinse cycle. This inhibitor was

recommended by Ameron Corporation, paint supplier for the project.

ABRASIVE USED

An 80% blend of Gordon iSr:mdi::lasting, Inc., Sharp Shot F-80 (36 mesh copper slag), and
20% of The TDJ Group, Inc., Blastox.

GROUND PROTECTION

The ground from the tank exterior foundation was covered and protected for a distance

Page 2 of 5 pages
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S.G. PINNEY & ASSOCIATES, INC.

TORBO TECH, INC. SGPAUJ.N. 5219
TORBO WET ABRASIVE BLASTING _ P.O./TORBO FAX
EVALUATION : MARCH 12, 1995

L

of 20-feet with roofing felt, followed with a clear polyethylene .006 sheeting over the top
of the felt. The polyethylene's seams and edge around the tank were sealed with Sasho
Leve! Company’s, clear sealer. Sandbags were laid end-to -end at the outer edge of the
polyethylene, covered with the sheeting and sealed. Plywood panels, 4' X 8, were then
{aid over the polysthylene and a couple of sandbags placed on top to hold them in place.
The plywood was used so the blasting debris could be swept, shoveled and placed in
hazardous waste storage bins. A 40-foot OHT Plastic {safety) fence was erected around
the tank and canvas tarps draped over them covering the ground 20-feet to the (and over)
. polyethylene. A few sandbags were also placed on the tarp's edges. The amount of water
that was expended to Torbo blast, rinse cycle and power water cleaning was easily
contained in the first 20-feet of ground cover, sufficiently evaporated and not hampering
blasting debris removal. Power water rinsing ‘with 3000 PSI using a " tip was
implemented after the Torbo wet abrasive blasting was completed to ensure that all of the
abrasive and Blastox debris was removed from the tank's surfaces prior to painting.

STAGING EQUIPMENT

Two 50-foot Grove aerial lifts were used, but only one blasting operator was assigned to
each lift.for performing the Torbo blasting operation. The lifts 8-foo} safety guard rails
~ were shrouded with canvas to deflect the abrasive to the ground. A Scissor-lift was also

used, but mainly on the middle 32-foot section (Tank #111 only) of the shell." it seemed
somewhat cumbersome, but did afford a 10-foot wide drop versus 7-foot with the aerial
lifts. The aerial lifts were more flexible and easier to use when blasting the wind girder,

- stairs and platform.

TORBO BLASTING UNITS

Two units were used for the job, a model 200U, abrasive capacity, 600 ibs, and a model
320U, abrasive capacity, 1000 Ibs. Each one was fitted with an automatic rust inhibitor
" dispenser that operated in conjunction with the rinse cycle. A new 1300 abrasive capacity
* unit was used a couplé.of days on tank No. 111. One 825 CFM, diesel fuel, Ingersoll-
‘Rand- air compressor was used to supply air to both Torbo units. Air pressure was
maintained at 135 to 140 PS!. At the blasting nozzle the air pressure was-estimated to be
90 PSL. Since Blastox was blended into the abrasive, it was necessary at the end of each
working day to clean and remove all remaining abrasive, Blastox, and water from the Torbo

Page 3 of 5 pages



S.G. PINNEY & ASSOCIATES, INC.

SGPAI/J.N. 5218

TORBO TECH, INC.
TORBO WET ABRASIVE BLASTING . P.OJTORBO FAX
EVALUATION ' | MARCH 12, 1985

]

Tanks. Approximately one 100 |b. sack of abrasive was lost per tank. 174" blasting hose
and No. 8 nozzle were used. A 1" hose with a No. 7 nozzle didr't-perform properly. This
was changed to a 1-inch hose and a No. 8 nozzle which gave improved results. Setting
Torbo control valve dials for the abrasive use rates and additional water at 5 & 2
respectively, seem to be the right setting for this abrasive -blend and overall climatic
conditions. While blasting the wind girders and at times the tanks platform and stairs, a -
water setting of 3 was used to cut down and control dust. A, so called normal setting of
-006 or 1 didn't work because of unpredictable winds.

TANK NO. 110

This was the ﬁrs't/tank Torbo blasted. Total abrasive used: 15 pallets, 30 100 Ib. sacks
per pallet. Simply, as a rule of thumb, on the shell surface only, each blaster used a
average of 15 sacks each day,«getting approximately 45 S.F.. ft. per sack which amount
to. 675 S.F.. ft. per man, per 5-hour blasting shift. Climatic conditions were a large
negative confributing factor of waste while blasting the wing girder, platform and stairs.
Add to this, first time use of Torbo blasting equipment, AA-1 switching around blasting
operators and Torbo unit operators. Another factor, Torbo biasting followed by torrents
of rain, sometimes for two to four days, not allowing the rust inhibitor to set up properly and
in some areas washed it off, causing heavy surface powder rust which fiad to be removed
before priming. This operation required approximately 30 gallons of water: After the
surface dried, Ameron 400 was applied to the clean and dry surface.

TJANK NO. 111

Total abrasive used: 13 pallets. Each blaster averaged 20 sacks each day, approximately
50 S.F.. ft. per sack which amounts to 1000 S.F.. ft. per man, per 5-hour blasting shift.
Special Note: The platform and stairs took one blaster, two days and used 36 sacks. No
switching around blasters or Torbo operator. Wind and rain was still @ waste factor but not
like Tank No. 110.

TORBO BLASTING DEBRIS

Sa{nples abrasive debrisi'were Collected 11-21-94 by Bryan Renfro, AA-1 Painting and
delivered 11-24-94 to Schneider Laboratories, Inc. Analyzed 12-01-94 - EPA Regulatory

Page 4 of 5 pages



S.G. PINNEY & ASSOCIATES, INC.

SGPAlJ.N. 5219

TORBO TECH, INC.
TORBO WET ABRASIVE BLASTING p.0/TORBO FAX
MARCH 12, 1995

EVALUATION

. Y .
Limit: 5 MG/1. Test Results: <0.5. Reviewed by: Michael A. Mueller. Fax No. on file
909-877-4608. Dated: 12-08-94. Time: 14:10. Copy of coinplete fax on file with AA-1

Painting.

CALIFORNIA PORTLAND CEMENT CO., COLTON CALIFORNIA

Their Blasting Debris letter dated December 12, 1994 - CPC Control #CW0239. Debris
is accepted into their alternate raw material recycling program. Health and Safety Code
. 251432 and California Code of Regulations, Title 22, 66261.6(a) (3) as non-hazardous

in accordance with 40-CFR - Parts 261, Sub-parts C. & D.

S Y .
Signed: Dale Poole, Quality Control Superintendent. Copy of complete jetter on file with
AA-1 Painting. Special Note: Each tank’s blasting debris filled two waste bins furnished

by Art's Disposal Service.

AIR MONITORING

Four air monitors were strétegica!ly placed, perioaically checked, and logged by
AA-1 Painting, Bryan Renfro. . .

Schneider Laboratories, Inc., tested the air filter samples that were collected and delivered
on December 14,15,& 16, 1994 by Bryan Renfro. The filters tested way below the OSHA
PEL of 50 ug/m® for an B-hour TWA exposure. This data was reviewed by Michael R.
Muller - EAX 213/633-5718 dated: 12-2-1-94 on file with AA-1 Painting.

 CONCLUSION

The Torbo Wet Abrasive Blasting System using a 80% blend of Gordon's Sharp Shot F-80
(3§) and.20_% of Biastox, utilized a very minimal amount of water to remove the 10 to 12
mils of coating and accomplished an average (substrate) surface profile of 4.5 Mils over

a previously "pickled" steel surface.

file: misc95\orbo. 323

Page 5 of 5 pages
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- INTEROFFICE MEMO:

ar
"
'

b
o5

Tor M. Burpgett

From: D.Lange

Date:  June 12, 1995

Subject: Electrostatic Charge Test

On Wednesday, April 26, 1995, [ conducted 2 test to determine the electrastatic
charge generated by different abrasive blasting methods. The test results are attached,
Plates one and two were "dry blasted” and each developed 2 measurable electrostatic
charge. The third and fourth plates (wet blasted) generated no measurable electrostatic

charge.
There arc at least three blasting methods for removing coating from a tank:

1 The "dry blast” method uses high pressure air and an abrasive.

2 The "hydro-blast” method uses high pressure water.

3 The "wet biast" methed uses a mixture of water and abrasive with high
pressure air.

According to GATX Terminal’s Procedures, abrasive blasting is considered hot
work and requires that "... Transfer operations are not in progress within the hot work
area and the flow of product is locked out.”" Discussions with David Berg indicate that
"hydroblasting” is not considered abrasive blasting. “Wet blasting” is a new technology

- that is closer 1o hydroblasting than dry abrasive blasting.

[ feel, based on the results of the electrostatic charge test, that the” wer blast”
method would not generate an electrostatic charge sufficient to produce a source of
ignition. | believe that "wet abrasive” blasting could be done on a tank exterior during
product withdrawal as long as all other safety precautions were followed.



MAR—BS—-98 1P:47 aAM TORED TECH INC 6@ ITZ 2874 P.15

There are other options that we could pursue.

»

Abrasive blast and coat that do not affect terminal operatio
This is a short term salution to meet our objective of painting six tanks by
the end of 1995. There are six different tank in different terminals that
could be taken out of service for the time needed. These Lanks are the
smaller Lanks at these terminals and, in most cases Jook better than other
tanks in the terminal. The same scheduling problems will still exist for
19596,

Design and install a "Programmable Manifold”. A “programmable
mani{old” between the tanks and the loading racks would be the best of the
alternatives as it would let maintenance personnet quickly change the source
tank of any loading spot. This may be the solution for 1996 cleaning and
painting if completed early enough in the year.

It appears like we have two choices. Paint three tanks in 1995 that are not
critical such as 121, 122, 100, 310, 211 or 50} and hope that the "programable
manifold” is done early enough in 1996 to do 6 tanks or pursue defining GATX's
position on "wet blasting” and the required safety precautions.

CC: J. France
E. Braithwaite
B, McGuire
Fwoon THE Desk Dy ..
Davm Lange
MAINTENANCE COORDINATOR
ey Pk LiNT
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Titie.

Purpose;

Equipment:

Prerequisites.

AaM TORBO TECH INC

Test Proc

6@ T2 2874 F-13

edure

Eiectrostatic Charge Build up during Abrasive Blasting

To determine the efectorstatic charge that byilds up between the blasting nozzle and
the material being blasted with an abrasive material Vary the blasting conditions
1o ensure older and newer forms of abrasive blasting arc tested.

1, {4} Steel Plates approximately 4' X 4' X 25" with painted surfaces. The
plates are to be mounted on wood 2 X 4% 19 keep them electnical isclated

from earth ground

b

components

_L.J

components

(1) Standard abrasive blast unit including bonding cables 10 connect all

(1) Turbo-Blast abrasive biagt unit including bonding cables to connect all

4 (1) Calibrated Digital Muitimeter St to a read low ohmage range

M

(1) Calibrated Electrostatic Charge measuring device

6. (1) Calibrated Thermometer and Hygrometer

The Independent Inspection Firm Representative (Taspector) is af the rest

site and has verified the calibration of al Measvring deviges.

(A

The set up of both the standard and turbo blast machines is compiete and

bath systems are operating satisfactorily.

Test Procedure.

!

Las

—

The Ingpecior will measyre the ambient temperature and relative humidity of the
testarca. He will record these values on Attachment 1,

On the first steel platc 1o be abrasive

blasted. the mspector will ven R that there is

no bonding between the steel plate and the abrasive b asting set up

Determine the stare of Electrostatic charge on the siee! plate and the nozzle. The

inspector will verify these reading an

d record them on attachmeni | as Time G-00.

Stan Blasting the stee] plate using the standard abrasive blast anit. Every thirty

seconds stop blasting and measure th
nozzie The Inspector will verify the
Continue this siep until the plate has

e electrostatic charge on the steef plate and the
se readings and record them on attachrnent 3
becn blasted clean
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5. On the second steel plare book up the bonding cable between the stee) plate and the
blesting nozzle of the abrastve blasting unit. Measure the resistancs betwern the
steel piats and the nozzle. Acceprable ohmages will be less thag § ohms, The
Inspector will verify the readings and record 1t an aftachinent 1.

6. Repent Steps 3 and 4 op the second stee! plate.

7. On the third stzel plate ta be abrasive blasted, the Inspector will verify that there i
no bunding betwean the stect plate and the turboblast wet blasting uait.

8. Repeat Steps 3 and 4 on the third stee] plate using the turboblast wet blasting unit,

9. On the fourth steed plate hook up the bonding cable between the steel plate and the
wrboblast wet blasting umt nozzle. Measure the resistance berween the ste2] plate
and the nozzle. Accepuable chmages will be less then § ohms  The Inspector will
verify the readings and record it oo arachment 1.

10.  Repear Sweps 3 and 4 on the Fourth stec plate using the turboblast wet blasting unit.

— ﬂa;,

Maimenance Coordinater

N 77
Approved: (zj'ﬁnm-t— 7 pepiL & 3
{Manager of Maimegance
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D004

TEST CONDUCTED AT: AA=l Printing Shep. 15117 Illineds Avee Taratrount, Cua

PHONE 30, {zn‘a ty-067) 8O723-13 87
™ ! |é Eﬁxﬁ | 1
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