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CONVERSI ON FACTORS, NON-SI TO SI (METRI CS)
UNI TS OF MEASUREMENT

Non- Sl units of measurenent used in this report can be converted to S
(rmetric) units as foll ows:

Mul tiply By To Obtain
square feet 0. 09290304 square netres
gal | ons 3.785412 litres
f eet 0. 3048 netres
i nches 0. 0254 netres
ounces 28. 34952 gr ans
pounds per square inch 6.894757 ki | opascal s
cubic feet per mnute 0. 000471947 cubic nmetres per second






METHODS FOR REMOVAL OF LEAD PAI NT
FROM STEEL STRUCTURES

PART 1: | NTRODUCTI ON

Backgr ound

1. Concern over |ead-containing paint in the past several years has
resulted in the enactnent of several environnental, safety, and worker health
regul ati ons. These regul ations have had a significant inpact on the cost of
pai nting. The regul ations address various aspects of painting operations, and
their inmpact is far reaching at the painting project level. New methods and
strategi es have been developed to deal with | ead paint renmoval. Many field
personnel are not famliar with the issues involved with | ead paint renoval,
the different options available, and the associ ated costs.

Pur pose

2. This report was prepared to assist the engineer in understanding the
current regulations relating to the renoval of |eaded paints and the
procedures and costs associated with the various nethods of paint renpval.

The primary enphasis of this study is limted to the renoval of |eaded paint
fromsteel structures. Renoval of |eaded paint fromother substrates may or
may not use nethods described in this report, depending on the intent of the
renoval nmethod and the type of substrate. Renpval of |eaded paint in housing
is regul ated by Housing and Urban Devel opment (HUD)  and is not covered in
this report.

"A list of acronyns and abbreviations is shown in the Appendi x.
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PART 11: REGULATI ONS

3. Under st andi ng t he changes taki ng pl ace requires an appreciation of the
regul ations. The regul ations which affect | ead renmoval projects will be briefly
descri bed.

Wast e

4. Debris generated during surface preparation nust be collected and
properly disposed of. The Resource Conservation and Recovery Act (RCRA)
regul ates waste di sposal. Regulations on hazardous waste can be found in 40
CFR 260-268. The generator is responsible for determ ning whether a waste is
classified as hazardous. The structure’s owner is considered to be the
generator and is responsible for the waste in nenmorium Al though certain
aspects of waste handling may be del egated to the contractor, the U S. Arny
Corps of Engineers will always have the long-termresponsibility for the
wast e.

5. Lead and chromium are two of eight nmetals regul ated under RCRA based
on toxicity of the waste generated. Toxicity is determ ned by nmeasuring the
| eachabl e concentration of the netal in the waste using U S. Environnenta
Protecti on Agency (USEPA) Method 1311, Toxicity Characteristics Leaching
Procedure (TCLP). The current regulatory limt for both |ead and chromiumis
5 parts per million (ppm |eachable | ead concentration. At 5 ppm or above,
the waste is classified as hazardous. (Note that the USEPA published a
nodi fication [57 FR 21450] of the regulations that would | ower the |ead
concentration to 1.5 ppm and rai se the chrom um concentration to 10 ppm
however, a final ruling has yet to be published.)

6. If a waste is classified as hazardous, the waste nust be handled in
accordance with the requirenents in 40 CFR 262. |If the waste is nonhazardous,
it must be handled in accordance with | ocal regulations. A nunber of states
cl assify | ead-contai ni ng, nonhazardous waste as a special (industrial
residual) waste that nmust go to properly designated |andfills.

7. The Conprehensive Environnmental Response, Conpensation, and
Liability Act (CERCLA) and Superfund Amendments and Re- Aut horization Act
(SARA) are related regulations dealing with rel eases of hazardous substances
into the environment and cl ean-up of hazardous waste rel eases. These
regul ati ons can be found in 40 CFR 300-373. Lead and | ead conmpounds are
listed as hazardous substances. The reportable quantity for a spill of |ead
is 10 pounds (I b) or nore in a 24-hour (hr) period. Poor attention to work
practices can trigger a CERCLA violation and further enphasizes the need for
proper contai nment and col | ection of surface preparation debris.



8. The RCRA, which is the basis for the hazardous waste regul ati ons,
al so regul ates solid waste. Surface preparation debris is categorized as a
waste. As such, it is not allowed to fall on the ground and be left in place.
This debris must be collected and properly di sposed of. Therefore, any

painting project, no matter what is present in the debris, will require
containnent to collect the waste for disposal
9. It should be recognized that, after a waste has been designated as

hazardous under RCRA, various other laws may cone into prom nence. Such |aws
may include Federal, state, and |ocal storage, shipping, and disposa

regul ations. Although these laws will not be considered individually in this
report, they may be of considerable significance to specific projects adding
to both the paperwork and costs of the job

Ar Quality

10. The Clean Air Act regulates air quality. The National Anbient Air
Quality Standards (NAAQS) are found in 40 CFR 50. Two of the six materials
regul ated, particulates and | ead, can be generated during surface preparation
The current limt on particulate matter is 150 m crogram per cubic mneter
(ug/ n) of air for particles with an aerodynanic diameter equal to or |ess
than 10 microns (w). This is determ ned using a high volune air nonitor known
as a PM, nonitor. The regulatory linit for lead currently is 1.5 ug/n,
maxi mum arithmeti c mean averaged over a cal endar quarter. The EPA has
indicated a possibility that this limt will be lowered to 0.75 pg/nt of air,
maxi mum arithnmeti c mean averaged over 30 days. Lead concentration in the air
is measured using a Total Suspended Particulate (TSP) nonitor. Sone |ocales
have their own air quality regulations that differ fromthe Federa
regul ati ons.

Water Quality

11. The C ean Water Act, found in 40 CFR 100-149, enconpasses a Nationa
Pol | utant Di scharge Elim nation System (NPDES), stormwater sewers, and
rel eases of hazardous substances. Construction activities require permts if
nore than 5 acres of land will be disturbed. Wen the intent is to contain
all debris, NPDES permts are not needed. Reportable quantities of spills of
| ead- cont ai ni ng debris are categorized in the regulation by specific chem ca
compound. Al t hough none of the conmpounds listed in the regul ation corresponds
directly to the chemcal conposition of the Iead in paint, related conmpounds
have reportable quantities of 100 to 5,000 pounds. Qher regul atory agenci es,
especially state or |ocal agencies, have regulations involved with fish,
wildlife, or drinking water that are nore stringent than the C ean Water Act
restrictions. These regul ations vary considerably in analytical nethods and



| evel s and nust be investigated prior to preparing contract specifications.
Local regulations will have the greater inpact on painting projects.

Soi |

12. No specific regulation defines soil contam nation. The USEPA is
under Congressional mandate to define | ead-contam nated soil under Title X
(Housi ng and Conmunity Devel oprment Act 1992) by April 1994. Currently, some
regul atory agenci es have used the USEPA O'fice of Solid Waste and Energency
Response ( OSWER #9355. 4-02, Septenber 1989) as gui dance when eval uating a
project site. This directive limts soil lead levels to 500 to 1,000 ppm for
land i ntended for residential or recreational use. Because background | ead
levels in the soil around a structure can be higher than this, it is inpera-
tive that background soil sanples be taken before work begins. This directive
al so points out the need for adequate contai nment and housekeepi ng practices
when work is perforned.

Wrker Health and Safety

13. Cccupational Safety and Health Adm nistration (OSHA) Standards 29
CFR 1926 were anended effective June 3, 1993, by addi ng the new section

1926. 62, Lead. Its purpose is to protect workers in construction from
exposure to lead. It defines an "action level" of airborne concentration of

| ead above or bel ow which additional conpliance nmeasures are or are not
required. It is meant to be cost-effective for enployee protection. It also

adopts the same Perm ssible Exposure Limt (PEL) as in OSHA's general industry
standard 29 CFR 1910.1025 in accordance with Congress’ intention. It requires
the contractor to provide many safety and health actions. Anmong themare a
conpli ance plan, nedical surveillance, a respiratory protection plan
protective work clothing, and worker training. The rule in 1926.62 is very
detail ed and specific, and contractors shoul d thoroughly understand and
respect it in order to protect enployees and to hold down costs.
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PART 111: SURFACE PREPARATI ON METHCDS

14. Cost effective coatings naintenance requires an understanding of the
surface preparation nethods avail able, capabilities of the procedure,
cont ai nnent requirenents, and anount of waste generated. There are various
net hods of classifying surface preparation nethods. The two npbst conmon are
cl eaning (paint renoval) versus surface preparation, and high dusting nethods
versus | ow dusting nmethods. C eaning nmethods are those which only renove the
paint. The options then are to prepare the surface to a higher |evel of
cleanliness or to coat the surface with a conpatible paint system However, in
many situations, the surface achieved by coating renmoval is not acceptable.

Cont ami nants such as rust and nmill scale still remain on the surface. Mbst
structures that contain | eaded coating systens were not blast cleaned
initially, so mll scale will be found on the substrate. Surface preparation

net hods are those that renove the | eaded paint, rust, and mll scale and
inmpart a surface profile in one step. Current technol ogy dictates a cl eaned,
roughened surface for maxi numcoating life.

15. dassification by high versus | ow dusting nmethods is nore
appropriate for indicating contai nnent needs and worker exposure. High
dusting nmethods require nore conpl ex contai nment to protect the environnent
and result in higher exposure to workers. Low dusting nethods require |ess
cont ai nnent and | ower exposure to workers.

16. Commercially avail abl e surface preparation and cl eani ng nmet hods
i ncl ude:

Abr asi ve Bl asting

Wet Abrasive Bl asting

Vacuum Bl asti ng

Wat er Bl asting

Water Bl asting Wth Abrasive Injection

Power Tool O eaning To Bare Metal

Chemi cal Stripping

ot her bl asting nethods.

Every technique will require containnent to contain the debris generated and
to facilitate collection for disposal. Containment can be as sinple as ground
tarps or as conplex as highly structured units with negative pressure
ventilation systems. Steel Structures Painting Council (SSPC) Guide 61 (March
1992) presents information to assist in specifying contai nment requirenents.
SSPC Gui de 61 describes contai nment by the contai nment encl osure conponents
and ventil ation system conponents.

17. The contai nnent conponents i ncl ude:
contai nment materials (rigid or flexible)
air perneability of containnment materials (air inpermeable or air
per meabl e)
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support structure (rigid, flexible, or mninmun

joints (fully sealed or partially seal ed)

entryways (fully sealed with airlock, overlapping door tarps, or
open seam

air make-up points (controlled or open).

18. The ventilation system conmponents incl ude:

1 input air flow (forced or natural)

1 air pressure inside containnment (instrument verification, visua
verification, or not required)

1 air novenent inside containnment (mninmumair novenent specified or
not specified)

1 exit air flow dust collection (air filtration required or not
required).

19. The conponents and subconponents are conbined differently to

describe five classes of containment (Steel Structures Painting Council, March

1992); dass 1 is the nost stringent (and nost costly) and Cass 5 is the
| east stringent (and cheapest). The class of contai nment needed varies by
surface preparation nmethod and potential environnental inpact. Thus, dry
abrasi ve bl asting, which generates a |ot of dust, would require a high |eve
of containment; but a |lower |evel of containment woul d be sufficient for power
tool cl eani ng.

20. The following is a discussion of surface preparation nmethods wth
regard to various factors related to performng the work desired and
envi ronnent al issues.

Abr asi ve Bl asting

Met hod and productivity

21. Dry abrasive blasting is one of the nost efficient nmethods of
surface preparation for total coating renoval and is capable of renoving al
contam nants fromthe surface, including paint, rust, and mll scale.
Abrasive blasting is effective on al nost any configuration of steel, including
corners, angles, nuts, bolts, rivets, and nost conpl ex shapes. The main areas
for which abrasive blasting has limted effectiveness is tight spaces, such as
bet ween back-to-back angles (for which no technique is fully effective).
Abr asi ve blasting also inparts a surface profile (roughness) into the
substrate to pronote coating adhesion, and it is one of the nost productive
met hods of surface preparation. There are four industry grades of abrasive
bl asting: Brush-Of (SSPC SP7), Commercial (SSPC SP6), Near-Wiite Meta
(SSPC- SP10), and White Metal (SSPC- SP5). Depending on the initial condition
of the steel and final cleanliness grade specified, productivity ranges from
about 50 square feet (sq ft) per hour to 500 sq ft per hour. For this report,
a production rate of 100 sq ft per hour is considered to be a typical cleaning
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rate for achieving a Near-Wite (SSPC- SP10) |evel of cleanliness. This rate
applies to structures conposed of |-beans.

22. A nunber of different abrasives are used for abrasive blasting. The
nost typical are expendabl e abrasives, i.e., sands and slags. Recyclable
abrasi ves such as steel, alum num oxi de, and garnet al so can be used.
Recycl abl e abrasives m nimze the amount of waste generated because the usable
abrasive is reclained for reuse. Recyclable abrasives do not pulverize as
much as expendabl e abrasives. Less dust is generated because the contribution
to the dust fromthe breakdown of the abrasive particles is |less than
expendabl e abrasives. The recycl abl e abrasive nbst comonly used in the open
abrasive blasting node is steel grit. Contractors who have used this equip-
nent report a 10 to 20 percent increase in productivity in using steel com
pared to sands or slags. Wether this increase in productivity is inherent in
the process or results frominproved worker visibility due to | ess dust is not
known.

23. Technically, steel can be recycled nore than 200 tines.

Practically, there are |osses of abrasive due to inconplete recovery from
contai nnent or |oss of good abrasive in the recycling step. Experience has
shown that once these |osses are included, the true consunption rate of the
abrasive is 0.5 to 1 Ib/sq ft. Steel abrasive costs about $350 to $500 per
ton, conpared to a cost of $25 to $80 per ton for expendabl e abrasives. Wth
consunption rates of 1 and 10 | b/sq ft, respectively, the cost of the abrasive
al one is conparable on a square foot basis.

Cont ai nnent

24. Containment requirements for dry abrasive blasting are high. A
full, tight containnent is needed. The m ni mum contai nnent requirements are
SSPC G ass 3, which is the | owest class requiring negative pressure and a
m ni mum specified air flow in containment. The perneability of the contain-
ment materials will have to be limted to only inperneable materials to neet
environnental regulations on air quality, depending on location. ddass 1 or
C ass 2 contai nment may be necessary in highly sensitive areas.

Waste generated

25. Abrasive blasting generates the highest amobunt of debris because
there is a significant contribution fromthe abrasive. Depending on the |eve
of surface preparation specified, the condition of the coating system and the
condition of the steel, abrasive consunption is about 3 to 10 Ib/sq ft. The
anmount of paint on a square foot of surface is only a few ounces. The waste
generated fromrenoving a coating systemwith a | eaded prinmer probably will be
classified as a hazardous waste. There is no correlation between total |ead
in a paint filmand | eachable lead in a debris sanple.

26. Methods are available to assure that the waste generated will be
cl assified as nonhazardous. These nethods consist of the use of abrasive
bl ast additives. |If the material is added prior to generating the waste, the
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use of treatnent additives is allowed by the EPA and can be perfornmed w thout
any notifications. Wen the treatnent additive is added to a waste after the
waste is generated, then it is considered to be a treatnent of a hazardous
waste. Al though such treatnment may be allowed in some cases under Federa
regul ations, it nay be prohi bited under state statutes. Treatnent usually
requires notifications and approval s.

27. Abrasive blast additives consist of the use of steel grit or
Bl astox®.” The addition of G 80 steel grit in the range of 3 to 6 percent
results in the waste being classified as nonhazardous when tested by the TCLP
met hod. Rather than performlaboratory tests to determ ne the proper anpunt
of steel grit to add, the current trend in the industry is to require the
addition of 10 percent steel grit to the blasting abrasive. The mechani sm by
which steel grit reduces the |eachable | ead concentration is by an oxidation-
reduction (plating) reaction which takes place during the TCLP test. However,
if the steel rusts before the TCLP test is perforned, no elenental iron is
present for the plating reaction and a hazardous waste results.

28. The addition of steel is effective for alimted tinme. Wen the
waste is placed in a landfill, the steel will slowy rust and the lead w |
not be stabilized. The potential exists for a CERCLA violation, with the U S
Arny Corps of Engineers responsible for the cleanup of the waste site.

Abr asi ve bl asting debris obtained fromjobs when steel grit was added to the
abrasi ve have been tested for long-termstability by the EPA Miltiple
Extraction Procedure Test (EPA Method 1320). Results have confirned that

| eachabl e | ead increases with successive extractions.

29. Long-termstability can be obtained by treatnent of the waste with
portland cement. A typical mxture design is 300 Ib of waste, 94 | b (one
sack) of cenent, and 7.5 gallons (gal) of water. Debris stabilized in this
manner has had very | ow | eachabl e | ead concentrations (about 0.1 ppnm). No
increase in |eachable | ead concentrati on occurs when the waste is tested
t hrough the 10 cycles of the EPA Multiple Extraction Procedure Test.

30. Blastox®is a patented silicate-based abrasive blast additive that
is added to the abrasive at 15 to 18 percent by weight. Wastes stabilized
wi th Bl astox® have a | ow | eachabl e | ead content, generally about 0.1 ppm
These wastes al so have been tested for long-termstability by the EPA Met hod
1320 and show no increase in | eachable | ead concentration through 10 cycles.
The manuf acturers of Bl ast ox® have devel oped a plan to buy the debris, which
is then used as a feedstock for another process. The advantage to this
programis that, after the material is converted to the alternate use, the
debris is destroyed and loses its identity as a waste. Therefore, there is no

"The TDJ Group, Dubuque, IA At the tinme of this report, Blastox® was the
only product available for this use.
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long-termliability for the waste. This option is being offered on a linmted
basis in certain areas of the country.

31. The use of recycl abl e abrasives greatly reduces the amount of waste
col l ected for disposal. For steel abrasive, the nost commonly used in open
abrasive blasting, there is about a 90+ percent reduction in the volunme of
wast e generated conpared to the use of expendabl e abrasives. The waste stream
fromthe recycling unit is usually classified as a nonhazardous waste because
the residual iron from breakdown of the abrasive is in the waste stream The
long-termstability of this waste is questionable for the sane reason as
presented in the discussion of steel grit addition to expendabl e abrasives
(see paragraph 27). Portland cenent stabilization of this waste is effective.
However, at least twice as nmuch water is needed as is required without the
added st eel

32. Oher recycl abl e abrasives such as al um num oxi de and garnet can be
recycled 5 to 10 tines. Although use of these abrasives significantly reduces
t he anount of waste conpared to expendabl e abrasives, the waste usually is
classified as hazardous because there is no reaction between the abrasive and
the | ead conpounds to stabilize the waste.

Equi prent requirenents

33. Dry abrasive blasting is a common surface preparation method with
readi | y avail abl e equi pnent either currently owned by contractors or from
construction equi prent rental firns. The major equi pment requirenents are a
conpressor, pressurized blast pot, air hoses, blast hoses, blast nozzles,
noi sture and oil separators, abrasive supply, air-fed blast hood, and
breathing air supply. The equipment cones in various sizes, depending on the
needs of the project. Blast pots vary in size fromone bag units (100 I b of
abrasive) to 6 or 8 ton units. The size of the conpressor needed depends upon
t he nunber and size of nozzles being used. For exanple, each 1/2 in. bl ast
nozzle requires a mnimum of 350 cubic feet per mnute (cfm of air to be
productive. The larger blast pots contain nmultiple outlets, so nore than one
bl aster can be working off the sane equi pnent.

34. Containment will require the use of a dust collector to maintain the
negative pressure and ventilate the work area. Commercially avail abl e,
portabl e dust collectors range in size from5,000 to 30,000 cfm The size of
t he dust coll ector needed depends on the size of the containment. Ventilation
principles reconrend maintaining an air velocity inside containment at a
m ni mum of 35 to 100 feet (ft) per minute, depending on the size of the
contai nnent. The dust collector capacity (in cubic feet per mnute) can be
calcul ated by nmultiplying the design air velocity (in feet per mnute) by the
cross-sectional area of the containnment (in square feet). Large, portable dust
col l ectors necessary for painting projects are a relatively newitem Dust
collector availability can be in short supply, especially during the busy
pai nting season.
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35. Use of recyclable steel abrasive requires specialized equi pnent.
Two types of units are comercially available. One type of unit is self-
contained, with the recycling unit (and dust collector), blast pot, and
abrasive storage pots all included. The other type of unit consists of a
centralized recycling unit, with the recovered abrasive put into storage bins
or blast pots. The blasting units are separate units. Blasting with stee
requires controlling noisture so the steel does not rust. Air dryers and/or
| arge noisture separators are mandatory to dry the conpressed air to keep the
steel abrasive fromrusting. Miltiple nozzles can work of f the sane equi pnent
if sufficient air capacity is used. Even with the large capital investnent
for steel recycling equipnent, the cost of surface preparation is conparable
or cheaper than the use of expendabl e abrasives when the cost of waste
di sposal is considered. Cost is discussed later in this report.

Wet Abrasive Bl asting

Met hod and productivity

36. Abrasive blasting with water injection consists of adding water to
the abrasive stream The water can be added externally or internally to the
bl ast nozzle. External addition of water is acconplished using a water ring
attached to the end of the blast nozzle. Internal addition is acconplished
wi th equi pnent that either adds the water just prior to the blast nozzle
(radially or coaxially), or by other specialized equipnent that creates a
wat er/ abrasive slurry. Radial water injectors typically use 3 to 5 gal per
m nute (gal/mn), coaxial water injectors use 0.5 to 1 gal/mn, and slurry
bl asters use 0.5 to 4 gal/mn.

37. As with dry abrasive blasting, wet abrasive blasting renoves paint,
rust, and mll scale and is capabl e of achieving high |evels of stee
cleanliness. Wt abrasive blasting also inparts a surface profile into the
steel and can be used to clean conmpl ex shapes as well as flat surfaces. Wet
abrasive bl asting al so has the advantage of renoving soluble salts that
accel erate corrosion reactions. Another advantage of wet abrasive blasting is
it mnimzes the dust generated. Productivity of wet abrasive blasting
met hods is equal to or just slightly |l ess than dry abrasive blasting.

However, cleanup time is increased because wet abrasive and debris stick to
the steel surface and nust be washed off, and they are nore difficult to pick

up.

38. The safety of those working in an area with wet abrasive is an
i nportant consideration. Wt abrasive and debris provide poor footing, and
workers can easily slip. A safe, sturdy platformis needed. Wt stee
corrodes; therefore, a rust inhibitor nust be used. The rust inhibitor either
can be added to the water or sprayed on the surface as a separate step. The
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rust inhibitor nust be conpatible with the coating systemapplied. The
coati ng manufacturer nust be contacted to obtain this information
Cont ai nnent

39. Containnment requirements for wet abrasive blasting nmethods are | ess
stringent than dry abrasive blasting nethods. The water suppresses the dust
generated, and the probability of exceedi ng NAAQS in the surroundi ng
environnent is dimnished. An SSPC O ass 4 contai nment systemw th water
i nperneabl e tarps nost likely is sufficient. A COass 3 containment woul d be
t he maxi mum r equi r ed

40. The water used in wet abrasive blasting conplicates the contai nment
system because the water needs to be captured. For units that use a | ow
vol umre of water (i.e., 0.5to 1 gal/mn), nost of the water evaporates or is
taken up into the debris to forma sludge. However, renoving the wet abrasive
fromsteel requires washing, which will generate additional water. This water
nmust be contained and collected and requires a water-tight containment,
especially for work in the air. Little field experience has been obtained on
the design of this type of containnment.
Waste generated

41. Wet abrasive blasting generates |arge anounts of debris because
there is no significant reduction in the amount of debris conpared to dry
abrasive blasting. The waste fromrenoving | eaded coating systens probably
will be classified as a hazardous waste. Any water that does not evaporate
al so must be di sposed of. Tests perfornmed to date on wet mnethods of coating
renmoval have shown that the water contains |ead. However, if the water is
filtered through a 5 y filter, the lead level is reduced significantly to a
point at which the lead level in the water is below stormsewer limts. The
| ead can be renoved by filtering, which shows that the lead is present in the
water as insoluble, particulate matter

42. Mxing steel grit in with the abrasive is not an effective nethod of
generating a nonhazardous waste because the steel will rust. At best, only
short-termstabilization will occur. A prelimnary investigation of the
addi tion of Blastox® to abrasive used for wet abrasive blasting resulted in a
nonhazardous solid waste. However, the water contained |ead that could not be
renoved by filtering, and the water was classified as a hazardous waste.
Equi pnent requirenents

43. The equi pnment needed for wet abrasive blasting is simlar to dry
abrasive bl asting, including a conpressor, blast pot, blast hoses, nozzle,
air-fed blast hood, and breathing air supply. A water ring is an inexpensive
device. The only other equi pnment needed is a container for the water, punp,
and water hose. Al the other wet abrasive blast units require specia
equi prent that generally is self-contained. The feed nechani sns and controls
are included in the unit. Some units will accomnmodate nore than one bl aster;
other units will not.
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Vacuum Bl asti ng

44. Vacuum bl asting is identical to dry abrasive blasting with |ocalized
collection of the debris through a shroud around the nozzle. The shroud has a
brush head that is held up against the surface. The abrasive inpinges on the
surface, and the debris generated is carried through a hose connected to the
shroud to a container or recycling unit. Because vacuumblasting is a form of
abrasive blasting, rust, mll scale, and paint can be renoved and a surface
profile inparted into the surface.

45. Configuration of the structure is an inportant consideration when
eval uati ng whet her or not vacuum blasting is a viable alternative. Proper use
of vacuum bl asting requires intimte contact between the blast head and the
surface. It works best on flat surfaces. Special brush attachnents are
needed to do inside corners, outside corners, and edges. Surface preparation
on irregul ar surfaces such as nuts and bolts can be performed, but this
process requires twi sting the head and breaking the seal of the shroud, thus
defeating the purpose of vacuum bl asting. Because the head must be held
per pendi cul ar to the surface, 3 or 4 feet of clearance is needed to obtain a
proper seal due to the size of the shroud and bendability of the blast hose.

46. Productivity of vacuum blasting is relatively slow Job
productivity is about 10 to 15 sq ft/hr on structural steel, with faster rates
(about 20 to 30 sq ft/hr) possible on flat surfaces. Part of the reason for
the I ow productivity is that the distance between the end of the blast nozzle
and the surface is fixed, which results in a relatively small blast pattern
Going to a larger nozzle size to increase productivity results in a head
assenbly that is heavy and difficult to handle. Productivity is also a
function of operator fatigue fromthe resistance of the brush head/vacuum
system and the need to rework areas because the bl aster cannot see the results
of his efforts until the head is renoved fromthe work area. Wth tinme, the
operator gai ns experience and knows how far to nove the head between passes.
Cont ai nnent

47. Contai nnent requirenments for vacuum bl asting are |low. Technically,
containnment is localized at the head of the tool so no additional containment
shoul d be necessary. Practically, a small anmount of abrasive or debris
escapes when blasting is halted, and a small slug of debris falls to the
ground. Al so, dust and debris will escape when the seal between the shroud
and substrate is broken. This occurs when attenpting to clean conpl ex shapes
or when the operator twists the head or pulls it away fromthe surface. A
smal | slug of abrasive or debris escapes each tine the blasting is started and
stopped. Gound tarps under the work area usually are sufficient to catch the
| arge particulates. Sone side tarps also may be needed on structures with
conpl ex shapes.
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Wast e generat ed

48. The ampunt of waste generated depends on the abrasive used.
Expendabl e abrasives will generate large quantities of waste simlar to open
abrasive blasting. Vacuumblasting units contain separators and dust
collectors; therefore, the use of recycl able abrasives is appropriate. Steel
al um num oxi de, and garnet commonly are used. The waste generated from
renovi ng | eaded paints using steel abrasive has a high probability of
generating a nonhazardous waste. The long-termstability of this waste was
di scussed in the section on dry abrasive blasting (see paragraph 27). Debris
fromrenoving | eaded paints with alum num oxi de and garnet probably will be
classified as a hazardous waste. No information could be found on the use of
abrasive blast additives in conjunction with vacuum bl asting to generate a
nonhazar dous wast e.
Equi pnent requirenents

49. Vacuum bl asti ng equi prent cones as a conplete, closed recycling
systemor for use with a standard blast pot. The conplete system consists of
a bl ast pot, abrasive recycling system dust collector, blast and vacuum
hoses, and specially designed head. Oher systens that can be used with a
standard bl ast pot include the blast and vacuum hoses, special head, vacuum
system collection vessel, and dust collection vessel/filter. A supply of
head brushes designed for different configurations is needed. Air drying
equi prent al so i s needed, especially for self-contained units, so the abrasive
can be kept dry. Air requirenents are greater with vacuum bl asti ng because
additional air is needed for the vacuum system For exanple, dry abrasive
blasting with a 3/8-in. nozzle (#6) requires 175 cfm and vacuum bl asting with
the sane size nozzle requires about 600 cfm Wrkers do not require a Type CE
bl ast helmet, but sone |evel of respiratory protection for |ead exposure is
needed because practical operation of the equi pnent can result in |ead
exposures above the OSHA PEL.

Wat er Bl asting

Met hod and productivity

50. Water blasting is a method of surface preparation in which
pressurized water is used to performthe cleaning. A nunber of different
systens are available, each with its own capabilities. The Nationa
Associ ation of Corrosion Engi neers (NACE) has devel oped a classification
system for water-cleaning methods based on the pressures used. These are:
| ow pressure water washing (up to 5,000 pounds per square inch [psi]), high
pressure water cleaning (5,000 to 10,000 psi), high pressure water jetting
(10,000 to 25,000 psi), and ultra-high pressure water jetting (above 25, 000
psi). Low pressure water washing is intended for renoving dirt, grime, soil
and foreign matter. Hi gh pressure water cleaning also renmoves | oose rust,
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| oose coating, and |oose m |l scale. H gh pressure water jetting and ultra-

hi gh pressure water jetting can renove all paint, but they will not renove
mll scale or inpart a surface profile into the steel. Either type of unit
can achieve a final surface simlar in definition to a Comercial G ade
Cl eaning (SSPC SP6), except that mll scale will remain on the surface.

U tra-high pressure units are recommended to achi eve an appearance simlar to
a Near-Wite (SSPC SP10) or Wiite Metal (SSPC-SP5) grade. Pressures greater
t han 35,000 psi are needed to renove tightly adherent mll scale, but the rate
of renmoval is extrenely slow and not practical

51. The productivity of water blasting units depends on a nunber of
factors, including type and condition of the existing paint, and the
configuration of the structure. A proper distance fromthe surface nmust be
mai ntai ned. Hi gh pressure water cleaning usually is performed with the nozzle
held about 2 to 10 in. fromthe surface. Witer jetting units usually are nost
ef fective when held 0.25 to 0.5 in. fromthe surface. The energy of the
wat er, hence productivity, drops dramatically with distance fromthe surface.
Mai nt ai ni ng the proper stand-off distance is critical. Wter jetting units
are nost productive when the head is perpendicular to the surface. The |ance
is usually a fewfeet long, so it is difficult or inpossible to use the
equi pment in tight spaces. Water units require about 1 to 15 gal/mn of
water; the ultra-high pressure units require the | east anmount of water. The
nore water used, the greater the thrust and hence the greater the operator
fatigue. Wen properly used, the production rate of ultra-high water jetting
units is approxinmately one-third to one-half the production rate of dry
abrasive blasting to achi eve the equival ent of a Near-Wite (SSPC SP10) |eve
of cleanliness, although the mll scale is not renoved and the steel is not

profil ed.
52. Water cleaning nethods are nost useful when chemi cal contaninants
such as salt are present in the steel. Renobving these contani nants extends

the life of a coating system Because water jetting nethods cannot
effectively renove mll scale or inpart a surface profile in the steel, they
are nore appropriate for situations in which the steel surface is known to
have been bl ast cl eaned previously. Rust inhibitors nmust be used when
cleaning to bare nmetal no matter which nethod is used. The coating
manuf acturer must be consulted to deternmine if the coating material is
conpati ble with the rust inhibitor
Cont ai nnent

53. Containnment requirenments for water blasting nethods are mainly for
controlling and catching the water and paint chi ps generated during cl eaning.
Little dust is generated by these processes, so extensive containnent for air
quality is not warranted. The water suppresses any dust generated, worker
exposure is mnimzed, and a ventilation systemis not needed for the
contai nnent. Adequate contai nnent can be obtained with water inperneable
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containnent materials with partial seans and an open seam entryway (SSPC
Class 5). In environmentally sensitive areas or areas in which the public is
in close proximty, fully sealed joints and an overlap entryway are preferred
(SSPC U ass 4). The difficulty with construction of containnent is catching
and retaining the water generated. A water-tight floor is needed for
contai nnents constructed in the air. A nmethod for containing and handling the
water i s needed for containments that extend to the ground.
Wast e generat ed

54. The waste generated will consist of water and paint chips. No
additional materials such as abrasives are used, so the anount of solid waste
will be mnimal. The amount of solid waste will be only 1 or 2 oz from each
square foot of surface cleaned. The solid waste probably will be classified
as a hazardous waste when | eaded coating systens are renoved. Loca
regul ations may require retaining and testing the water prior to disposal
Because the lead is present as solid particulates and is not soluble in
neutral pH waters, filtering of the water should be sufficient. The filtered
wat er could be reused for the water blasting and not disposed of until the
project is conpleted.

55. If the water nust be retained and tested before either reuse or
di sposal, provisions nmust be nmade for retaining the water. Because the units
use 1 to 15 gal of water per mnute, depending on the nmanufacturer, the anpunt
of water needed (and waste water generated) would be between 300 and 5, 400 ga
per day per unit. Depending on how quickly |aboratory analysis results can be
obt ai ned, several days of accunul ation may need to be retained. Containers
wi |l be needed to hold the thousands of gallons of water. |If the filtered
wat er must be held until the laboratory results are avail able, the container
requi renent doubl es.
Equi pnent requirenents

56. Water blasting requires specialized punps or intensifiers to obtain
t he high pressures needed for cleaning. H gh pressure lines are needed to
transfer this pressurized water to the tool. The tool itself consists of a
| ance and nozzle assenbly. The water exits through nozzles with smal
orifices. On the ultra-high pressure units, the nozzles are on a rotary
assenbly to give a reasonably sized "blast" pattern. A |large supply of water
and a systemto add inhibitor to the water are needed. A punp (intensifier)
i s needed for each worker. The worker does not require a Type CE bl ast hood,
but facial protection is needed to protect the worker fromreboundi ng water.

Water Blasting with Abrasive |Injection

Equi pnrent _and productivity
57. Water blasting with abrasive injection consists of a water blasting
unit with the abrasive injected into the water stream near the nozzle. The
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pur pose of the abrasive is to increase productivity, renove tightly adherent
contam nants such as mll scale, and inpart a surface profile. Production
rates are internedi ary between the water blasting nethod used and dry abrasive
bl asting, or about 75 percent of the rate of dry abrasive blasting. The
nethod is fairly effective on conpl ex shapes and hard to reach areas because
the abrasive contributes significanctly to the cleaning. The operator mnust
have sound, safe footing because wet abrasive and debris are quite slippery.
Swi ngi ng stages and bosun chairs are not acceptable scaffolding. Therefore,
water blasting with abrasive injection, as abrasive blasting with water
injection, is not applicable to all structures. Expendable rather than
recycl abl e abrasives are used. A corrosion inhibitor is required because this
is a wet nethod.
Cont ai nnent

58. Containnment requirenments are based on collecting the water and
debris generated. The water limts the dust fromthe abrasive so a
ventilation systemis not needed for either environmental or worker protection
reasons. The difficulty will be in collecting the water if it needs to be
retained for testing prior to disposal. Containnments neeting SSPC C ass 4
shoul d be sufficient, with full seals on joints in environnentally sensitive
ar eas.
Waste generated

59. Water blasting with abrasive injection uses about one-quarter the
anmount of abrasive conpared to dry abrasive blasting. Therefore, the anount
of waste generated is significantly reduced conpared to dry abrasive bl asting.
The waste fromrenoving | eaded paints probably will be classified as a
hazardous waste. The water also may be a hazardous waste due to very fine
particulates. Filtering the water through a 5 i filter should renove those
particulates and result in total lead levels in the water bel ow any storm
wat er sewer standards.
Equi pnent requirenents

60. The basis of the process is water blasting and consists of the
equi prent described in paragraph 49. In addition, an abrasive hopper/netering
systemis needed to feed the abrasive to the |ance of the tool. The abrasive
feed mechani smgenerally is included in the basic equipnent for the process.
Each worker will require a conplete unit.

O her Bl asting Met hods

61. Ot her blasting nethods are commercially avail abl e but have had
l[imted use in | ead paint renoval. These nethods are sodi um bi carbonate
bl asti ng, sponge bl asting, and carbon dioxide bl asting.
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Sodi um bi carbonate bl asting

62. Sodi um bi carbonate, or baking soda, is fornmed into pellets of
abrasive size and is used as a cleaning nmedia with wet abrasive blasting
equi prent. After inpinging on the surface, the sodi um bi carbonate pul veri zes
and dissolves in the water. Sodium bicarbonate is relatively soft.
Therefore, it is capable of renmoving only the paint. Expendable abrasives
such as mneral sands or slags can be mxed with the sodi um bi carbonat e when
it is necessary to remobve nmill scale and rust. A typical mx consists of
15 I'b sand and slag and 100 | b of sodi um bi carbonate. Containnent for sodi um
bi carbonate blasting is simlar to that required for water blasting. |If
anot her abrasive is added to the sodi um bi carbonate, the discussion on wet
abrasive blasting would apply (see paragraph 35). Oher concerns, such as
collection of the water for testing prior to disposal, apply to this nethod.

63. The anount of waste generated is snmall when sodi um bi carbonate al one
i s used because the sodi um bi carbonate dissolves in the water, and there is no
contribution fromthe abrasive. The waste nost likely will be classified as
nonhazar dous due to residues of sodi um bi carbonate mxed in or on the paint
chips. Wastes of |eaded paint treated with sodi um bi carbonate generate a
nonhazar dous waste due to pH control during the TCLP extraction. However,
there woul d be no long-termstability to the waste in a landfill because water
percol ati ng through the mass eventually woul d wash away any residual sodi um
bi carbonate coating the particles. The waste should be considered simlar to
pai nt chi ps obtained fromwater blasting. The anount of debris is increased
i f an expendabl e abrasive is added to the sodi um bi carbonat e.
Sponge bl asting

64. Sponge bl asting uses a special sponge nmedia to performthe cl eaning.
Different sponge blast nedia are avail able. Straight sponge is effective only
for renoving paint. Oher blasting nmedia have the sponge forned around
different types of abrasive particles such as mneral sand, garnet, or stee
grit. These media are capable of renobving rust and m ||l scale and achieve a
final surface that neets the SSPC definitions, i.e., Commrercial (SSPC- SP6),
Near - Whit e (SSPC- SP10), and VWite Metal (SSPC-SP5). Sponge bl asting requires
speci al i zed equi prent. The abrasive is fed with a screw feed mechani smrat her
than with a blast pot. The abrasive is recyclable.

65. Less dust is generated when sponge or sponge-coated abrasives are
used. The fine dust particles are believed to be adsorbed or absorbed by the
sponge. On one job on which personal air nonitoring was perforned, the
bl asters were exposed to less | ead than workers involved in cl eanup and
recycling of the abrasive. Limted information is avail abl e about production
rates. The production rate for sponge-covered steel grit nedi a has been
reported to be about the sane as dry abrasive blasting with coal slag and
about 50 percent for the sponge-covered garnet.
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66. Contai nnent requirenents for sponge blasting is SSPC Cass 4. The
area must be surrounded to contain and collect the spent abrasive and debris.
The use of partially or fully sealed joints depends on the environnenta
sensitivity of the surroundi ng environnent and public access to the work site.

The waste generated fromrenoving | eaded paints probably will be classified as
a hazardous waste. Assum ng the abrasive can be recycled five tinmes, the
amount of waste will be approximately 20 percent of the waste generated by dry

abrasive blasting with an expendabl e abrasi ve.
Carbon di oxi de bl asting

67. Carbon dioxide, or dry ice, is forned into pellets and used as the
blasting media. Dry ice sublimes at roomtenperature, which means it goes
froma solid to a gas w thout becoming a liquid. Thus, the spent abrasive
pul veri zes then vaporizes on blasting. Carbon dioxide is a soft materi al
The cold tenperatures of the dry ice are believed to contribute to the
cl eani ng process by cooling the surface. Either the coating becones nore
brittle or thermal shock contributes to the renoval process. Carbon dioxide
bl asting renmoves only the paint and will not renove rust and mll scale, nor
will it inmpart a surface profile into the steel. Conplete renmoval of the
paint is difficult and/or tine consumi ng. Going over the surface in a
producti ve manner |eaves thin areas or traces of the old priner. Attenpting
to renove all traces of old paint is slow or cools the surface to bel ow the
dew poi nt so condensation and icing occur. Production rates are about 20 to
30 sq ft per hour to renpbve the paint to the condition described.

68. Carbon dioxide blasting requires specialized equi prent. Carbon
dioxide is delivered in liquid form and a nearby source of liquid carbon
di oxide is needed to keep the unit supplied. The liquid carbon dioxide is
frozen, extruded, and crushed into abrasive-sized particles. Blasting is
performed with a special nozzle at high blast pressures. This requires air
conpressors larger in size than nornmally used in abrasive blasting.

69. The paint particles renoved by the process are | arger than achieved
with dry abrasive blasting, and the anmpunt of dust is reduced. A ventilation
system on contai nment is not needed. An SSPC Class 4 containnent is
sufficient, and fully sealed joints are required in environmentally sensitive
areas or if the public is in close proximty.

70. The waste generated by the process is mninmal because it consists
only of paint chips, |oose rust, and loose m |l scale. The probability of
generating a hazardous waste is high when | eaded coating systens are renoved.

Power Tool Cleaning to Bare Metal

Met hod and productivity
71. Power tool cleaning to bare netal is described by SSPC-SP11. The
techni que uses cl eaning nedia attached to power tools to renove paint, rust,
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and m |l scale. The final surface has an appearance sinilar to Comercia
(SSPC- SP6) or Near-White (SSPC-SP10) netal blast. The nethod requires using a
variety of cleaning nedia to achieve the end condition. The nedia include
surface cleaning materials and surface profile producing materials. Surface
cleaning materials include nonwoven abrasive wheel s and di scs, sanding pads,
coat ed abrasive flap wheels, coated abrasive bands, and other coated abrasive
devices. Surface profiling tools include rotary inpact flap assenblies and
needl e guns equipped with 2 mllinmeter (nm dianeter needles. SSPC SP11
requires a mininuml m| surface profile. The choice of nedia depends on the
existing condition of the substrate. Surface cleaning nedia may be sufficient
if the steel was blast cleaned previously and the profile was not destroyed
during the cleaning process. Both surface cleaning and profiling media wll
be required if the original surface still contains mll scale, and multiple
passes over the surface with different types of tools will be necessary.

72. Power tool cleaning to bare nmetal can be perforned on conpl ex shapes
and in hard-to-reach areas if the proper tool is used. A conplete array of
tools of different shape, size, and design are available to clean al nost any
surface. Unfortunately, the normusually is to have a certain nunber and type
of tools on the job and to try using these tools for all surfaces, rather than
obtaining the appropriate tool for the situation. Ceaning rates are
general ly about 10 to 15 sq ft per hour for air-powered tools. Ceaning rates
using electrically powered tools are | ower because the equi pnent is heavier
and tends to overheat under continuous use.

73. Power tools also can be purchased with vacuum shrouds around the
head of the tool. The shroud assenbly is attached to a vacuumline that
transfers the debris generated back to a collection vessel. Depending on the
manuf acturer of the equi pment, this vessel can be as large as a 55 gal drum or
as small as a unit carried on a back pack (6 gal). The air exiting the
col l ection vessel passes through a high efficiency particulate filter (HEPA)
as required by OSHA

74. The method of obtaining the seal between the tool and the surface

varies by tool type. |In sonme instances it is a hard shroud and in others it
is a brush head assenbly. As with vacuum bl asting, the seal of the shroud
wor ks best on flat surfaces or with shrouds configured to the work, i.e.

corners and edges. The ability to clean conplex shapes is |imted because of
the restrictions of the vacuum shroud. Productivity of vacuum shrouded power
tools is simlar to use of the tools without the shrouds.
Cont ai nnent

75. Power tools mechanically inpact the coating and thus generate a fair
amount of dust. However, the ampunt of dust is much |ess conmpared to dry
abrasive blasting. The concentration of dust has a | ow probability of
exceedi ng the NAAQS a reasonabl e distance fromthe work. SSPC O ass 5
contai nnent consisting of air perneable tarps with partially sealed joints
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will be sufficient in nobst instances. |n environnentally sensitive areas or
work that is in close proximty to the public, inperneable tarps, fully seal ed
joints, and an overlap entryway to contai nment may be necessary. However, the
envi ronnent inside the contai nnent has a high probability of exceeding the
OSHA PEL for the workers. Lead concentrations can be high enough in sone
i nstances that a hal f-mask respirator will not provide adequate respiratory
protection.

76. Vacuum shrouded power tools do not have sufficient suction to pul
in all paint chips, so ground covers are needed. |nproper use of the tools or
attenpting to clean conpl ex shapes results in some dust escaping, and side
shields will be needed in sensitive areas.
WAst e generat ed

77. Power tool cleaning generates a mnimal anmount of waste because the
waste will consist of only paint, rust, and mll scale; there is no
contribution fromthe cleaning media. Therefore, the total anpbunt of waste
generated will be only a few ounces per square foot. The waste from renoving
| eaded paint systens probably will be classified as a hazardous waste.
Equi pnent requirenents

78. Power tool cleaning requires specially designed inpact tools, such
as needl e guns and flap wheel assenblies, and rotary cleaning tools with
abrasi ve nedia disks. A supply of cleaning nedia of different sizes and
shapes is required; these itens are expendable so a source for replacenment is
needed. The preferred tools are air powered, and an air conpressor is needed.

Each tool requires 10 cfmat about 90 psi. Several workers can be
acconmodated by a small conpressor. Vacuum shrouded power tools are
speci al i zed equi pnment and come with the vacuum shroud attached to the tool. A

col l ection/disposal container is needed and is part of the system Air

requi renents are higher with vacuum systens, at about 150 to 200 cfm per tool
Sonme equi pment manufacturers supply systens in which multiple tools can
operate of f the same vacuum cont ai ner

Cheni cal Stripping

Met hod and productivity

79. Chemcal stripping is a nethod of renoving paint using chem ca
agents. The stripper is applied to the surface, left in place for an allotted
time, then renoved by scraping or with pressurized water. Chemcal strippers
renove only the paint. The process will not rempve rust or mll scale nor
inmpart a surface profile. |If a clean, roughened surface is desired, further
preparati on of the surface nust be perforned. This usually is acconplished
wi t h abrasive bl asting.

80. Chem cal strippers cone in two basic categories, alkaline strippers
and sol vent -based strippers. A kaline strippers are used mainly on oil -based
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pai nts, although they generally do not work on coatings that contain al um num
fl ake pignents. Solvent-based strippers are used on other coating types such
as epoxies. A new generation of so-called "environnentally safe" strippers is
entering the marketplace. These products contain different chem cals than the
traditional strippers but act on the same principles. They frequently are
slightly nore expensive than traditional strippers but also may be slightly
nore effective. No matter which type of stripper is used, test patches nust
be placed to determ ne the anobunt of tine for the stripper to renove the
coating. The anpbunt of tine depends on the existing coating and anbi ent
tenperature and can range from1 to 12 hr. Application rates usually range
frpm10 to 50 sq ft per gallon. It may be necessary to apply a thin "tack
coat" prior to application of the full thickness. Mst strippers can be
applied by airless spray as well as brushing or troweling. Hand application
can be perfornmed at a rate of approximately 100 sq ft per man-hour. Spray
application can be performed at about 2,000 to 4,000 sq ft per day. The
stripper nust be protected fromrain and vibration while it is on the surface,
and it should not be allowed to dry out. Miltiple applications may be
necessary, depending on the nunber and type of coatings on the structure. The
stripper is renpved after the predeterm ned amount of tinme by washing or
scrubbing. The surface may need to be neutralized after the stripper and
paint are renoved, especially for alkaline strippers. The surface wll
require final washing with clean water, no matter what type of stripper is
used.
Cont ai nnent

81. Containnment during application and renoval of the stripper is mainly
for collection of the debris. This usually consists of ground cover or covers
over staging to contain the stripper/paint mxture. To protect the soil from
contam nation, a ground cover of heavy material is needed because picking up
t he sludge-like waste may cause sinple, thin ground covers to rip. A means
for collecting the water during the flushing/scrubber stages also is needed.
This may be nore invol ved than antici pated because catching the waste water is
not a sinple task. |If side containment is needed, 6 ml| polyethyl ene sheeting
usual ly is sufficient.
Waste generated

82. The waste generated fromchemcal stripping may or may not be a
hazardous waste. The waste fromusing al kaline strippers may be classified as
a hazardous waste based on its corrosivity, if its pHis equal to or greater
than 12.5. The waste fromrenoving | eaded paints probably will be classified
as a hazardous waste because of its lead toxicity. Lead conpounds have
i ncreased solubility in alkaline solutions. The |ead goes into solution and
cannot be renoved by filtering. The anpunt of solid waste generated is about
one barrel per 1000 sq ft.
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Equi prent requirenents

83. The equi prent needs are minimal for chem cal stripping. Application
equi prent consists of an airless spray unit and/or brushes and trowels.
Stripper renmoval is either by scrapers or a high pressure, |ow volune water
washing unit. A supply of water and a water washing unit is needed for fina
rinsing. A neutralization step, which can be applied with the water washing
unit, is needed for some strippers.

Summary

84. The choice of a surface preparation nethod for a particul ar
structure depends on a nunmber of factors, including the | evel of surface
preparation desired, configuration and |ocation of the structure, anount of
lead in the coating, local regulations, and cost. [If a high |level of
cleanliness is required, i.e., Conmercial (SSPC- SP6), Near-Wite (SSPC SP10),
or Wiite Metal (SSPC-SP5), a nethod that achieves this requirenent in one step
is preferred. Methods that renove paint but not mll scale or rust require
two steps to achieve the end result, paint renoval followed by abrasive
bl asting. Even after the paint (and |lead) is renoved, containnent wll be
required to collect the debris generated by abrasive blasting to neet RCRA
wast e di sposal requirements and NAAQS requirenents for particulates in the
air.

85. The configuration of the structure will have an inpact on the
surface preparation nmethod. For exanple, vacuumblasting is the best method
when there is a large percentage of flat surface. Conplicated geonetry and a
significant percentage of small pieces of steel will nake it technically
difficult to achieve the proper seal to the surface. Safety nmust be eval uated
when wet abrasive nethods are contenpl ated because the wet abrasive can cause
poor footing; structures that cannot be easily scaffol ded so the worker has
firmfooting are not candi dates for wet abrasive methods. The |ocation of the
structure is an inportant consideration. Structures |located in or near
environnental |y sensitive areas or where the public is in close proximty
(within 200 ft) require either |ow dusting surface preparation methods or
stricter containnents.

86. The anount of lead in the paint filmis an indicator of the
probability of exceeding regulatory limts. Table 1 was derived in part from
mat eri al devel oped by SSPC for a Wirkshop on Engi neeri ng Managenment of Lead
Coated Structures, and it presents guidance for determning the probability of
exceedi ng the pertinent |ead-related regulations. The regulations pertain to
any coating that contains |ead, whether it is in relatively high
concentrations such as | eaded priners, noderate concentrations such as certain
coloring pignents, or |low concentrations such as driers in al kyd paints.
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87. Local
t he amount of waste is a primary concern,
no abrasive is appropriate.
nmet hod i s consi dered.
the site restrictions have been determ ned,
alternatives can be linmted and the cost of the alternatives eval uated.
surface preparation nethods that

abr asi ve or

investigated if a wet
choi ce of nethod.

88. For
generate smal |
cl eani ng ( SSPC SP7),
cost effective because of the high | evel

spot mai nt enance situations,

anmounts of dust and debris are preferred.
has been popul ar
of contai nment needed.

After

a techni que that

regul ati ons and concerns mnust

Di sposal

G her

TABLE 1
Correl ati on Between Ri sk and Lead Concentrati on*

be addressed. |If
a nmethod that uses recyclable
of water

regul ati ons can inpact the

shoul d be

Brush- O f

in the past,

Exceed
Lead in Hazar ous Exceed Exceed NAAQS
Pai nt Met hod st e OSHA PEL at 200 ft
>5% Bl ast Hi gh Very high Hi gh
Wt Hi gh Hi gh Low
Mechani cal Very high Hi gh Moder at e
Vacuum Hi gh Low Very | ow
1-5% Bl ast Moder at e Hi gh Hi gh
Wt Moder at e Hi gh Low
Mechani cal Very high Moder at e Low
Vacuum Moder at e Low Very | ow
0.2-1.0% Bl ast Low Moder at e Low
Wt Low noder at e Moder at e Very | ow
Mechani cal Moder at e Low Very | ow
Vacuum Low Very | ow Very | ow
0.06-0.2% Bl ast Very | ow Low Very | ow
Wt Very | ow Very | ow Very | ow
Mechani cal Low Low Very | ow
Vacuum Very | ow Very | ow Very | ow

m ni m zi ng

* This table should be used only as a guide. True determ nation of the
hazard associated with a specific job can only be determ ned on a case-by-case
basi s using the prescribed testing procedures.
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Part 1V. COST

89. There are two nethods of determining cost, engineering estinmte and
job estinmate. Engineering estimates are cal cul ated using average rates and
costs on a square foot basis to determ ne the cost per square foot.
Mul tiplying this nunber by the nunber of square feet of surface area gives an
estimate of the cost of the job. A job estimate is cal cul ated by determ ning
how long it will take to conplete the job. The labor cost is determi ned by
cal cul ating the amount of tinme needed and the nunber of workers in the various
wage categories. Costs are added in for paint abrasive, fuel, and other
expendabl e itens. Equi pnment costs usually are determ ned on a rental basis.
O her miscell aneous costs, overhead, and profit are added.

90. Costs can vary considerably fromjob to job. The condition of the

existing coating and substrate will inmpact on production rates. Heavily
rusted and pitted steel requires nore effort per square foot than uncorroded
steel. Configuration of the structure is another inportant factor.

Production rates are higher on large, flat surfaces conpared to beans and

ot her shapes with changes in angles and positions, or nore tinme is required to
cl ean conplicated shapes and tight areas. Labor rates vary throughout the
country. Disposal costs for both hazardous and nonhazardous waste al so vary

t hroughout the country, and transportati on costs depend on the proximty of an
acceptable landfill to the job site.

91. The cost information presented in the follow ng sections is based on
engi neering estimates, with actual costs included when appropriate. The
information is based on cleaning structural steel or conplex steel, and it is
meant for conparative purposes.

Abr asi ve Bl asting

92. Historically, the engineering estimate for coating projects is
determ ned from surface preparation costs, paint application costs, and
materials costs. Using this method with 1992 cost data for field painting
(Brevoost and Roebuck, April 1993), the estinmate for blast cleaning to a Near-
VWite Metal (SSPC-SP10 [SP = surface preparation) and applying a three coat
pai nting system woul d be:

surface preparation $1.00/sq ft
pai nt application 0.90
mat eri al s (paint) _0.35

t ot al $2.25/sq ft

The cost per square foot is multiplied by a difficulty factor dependi ng on
hei ght and intricacy. This factor is between 90 percent (sinple, easily
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reached structures such as ground tanks) and 175 percent (intricate structures
or structures over 50 ft high). Therefore, the installed cost for a painting
systemis between $2 and $4/sq ft.

93. The foregoing cost estinate assumes that contai nment was not used,
the debris was not collected, environnmental nonitoring was not perfornmed, and
no speci al worker protection requirenents were followed. Wen costs for these
factors are included, the estinate becones:

Range Aver age
cl eani ng and painting $2- %4 $2.50
cont ai nnent 2-6 2.50
di sposal 0-3 0.50
envi ronnental nonitoring 0-2 0.50
wor ker heal th 1-2 1.50
over head/ m scel | aneous _0-2 0. 50
t ot al $5-$19/sq ft $8.00/sq ft

94. Containment costs are approxi mately $2 to $6/sq ft. The cost of
cont ai nnent depends on the size of contai nment used, the size of the project,
and the conmplexity and height of the structure. Sone contractors use mnini
encl osures; other contractors prefer to use large enclosures. |n nost
i nstances the containment is constructed of tarps. High structures require a
flooring systemor chutes to channel the debris to the ground. Conmercially
avai |l abl e flooring systens cost between $150,000 and $250,000. More than one
flooring systemmay be required on a |large structure. Moving the contai nment
system may take a few hours for a small enclosure to a few days for a | arge
enclosure. Initial construction and noving a containment system costs $0.50
to $2.00/sq ft, depending on the height and conplexity of the structure.

95. Negative pressures and ventilation are acconplished with | arge dust
col l ectors, which cost between $25,000 and $100, 000, depending on size. A
20, 000 cfm dust collector costs about $70,000. The nmonthly rental for
equi prent in the painting industry is about 10 percent of the purchase price.
Thus, the rental of a 20,000 cfmdust collector is $7,000 a nonth. |If, for
exanpl e, the dust collector is operated for 160 hr a nonth, the hourly renta
charge is $44. (Qperating expenses (fuel and maintenance) are $4 to $5 per
hour, resulting in an hourly rate of nearly $50 per hour. Assuming that the
bl asting production rate is 100 sq ft per hour, the cost of the ventilation
systemalone is $0.50/sq ft. A normal job will have two or three blasters,
which translates to a cost for ventilation of $0.17 to $0.25/sq ft. Lower
production rates will increase the cost per square foot of ventilation. The
cost of ventilation is conparable to the cost of the coating materials
(estinmated at $0.35/sq ft).
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96. Muiltiple dust collectors may be needed on a | arge contai nment system
to maintain adequate air velocity and negative pressure. Smaller structures
or sinpler structures require snmaller containments, |ess ventilation, and/or
are sinpler to nove. The Chio Departnent of Transportation reported that, in
1990, the average cost of containment on eight projects that consisted of
pai nting 31 bridges was $1.50/sq ft. Ohio required the use of air permeable
tarps and did not require a ventilation system Because ventilation systens
no | onger are an option but a requirement to meet the OSHA lead in
construction standard while abrasive blasting, an average cost for contai nnent
is estimated to be about $2.50/sq ft. This cost will be lower for sinple
structures and can be significantly higher for |arge, high, conplex
structures.

97. Waste disposal costs depend on the type of abrasive used and the
waste classification. D sposal of hazardous waste varies from about $250 to
$450 per ton, depending on the ambunt of waste and how it is packaged.
Transportation costs are extra. The cost of disposal of nonhazardous waste
varies fromabout $25 to $80 per ton, depending on local |andfill charges.
Sone states classify a nonhazardous, |ead-containing waste as a special waste
(also referred to as residual or industrial waste). D sposal fees are simlar
t o nonhazardous waste, but landfills permtted to accept this waste may not be
near the project so transportation costs will be greater.

98. Assuming that 10 | b of disposable abrasive are required to achieve a
Near - Whit e (SSPC-SP10) and a 90 percent recovery rate, the cost of disposal of
hazardous waste will be $1.00 to $2.50/sq ft. The cost for disposal of a

nonhazar dous waste will be $0.10 to $0.35/sq ft. The use of Blastox® with
expendabl e abrasive will generate a nonhazardous waste. The additional cost
of Blastox® mixed in with the abrasive is $100 per ton. This will increase
the cost of disposal to $0.60 to $0.85/sqg ft.

99. If steel abrasive is used, the cost for waste disposal will be Iess
conpared to an expendabl e abrasive. About 0.5 Ib of debris per square foot of
surface will be collected for disposal. This calculates to $0.06 to $0.12/sq

ft for hazardous waste and $0.01 to $0.02/sq ft for nonhazardous waste. Keep
in mnd that waste generated with steel abrasive may test to be nonhazardous.
However, this waste does not have long-termstability, and disposal as a
hazardous waste i s recomended.

100. Putting the waste di sposal nunbers in perspective, the average cost
of waste disposal for surface preparation on a 100,000 sq ft structure will be
$175, 000 for an expendabl e abrasive classified as a hazardous waste, $45, 000
if the waste is classified as nonhazardous (highly unlikely), $72,500 for an
expendabl e abrasive that incorporated Bl astox® and $9,000 for the waste if
steel grit is the abrasive. These are average costs. Prices do not include
the cost of containers and transportation. Actual costs also are influenced
by the ambunt of waste to be di sposed of.
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101. Environnmental nonitoring is part of the cost cal cul ation and
includes air nonitoring and soil sanpling. Different strategi es can be used
for air monitoring, including nonitoring during the duration of the job
nonitoring for the first week on a regular basis (i.e., every few nonths),
nonitoring only for conplaints, or no air nonitoring. Air nonitoring to neet
NAAQS requirenments nust be performed with a mninmmof two sets of high
volume air nonitors. One of the nonitors, a PM, is used for neasuring
particulate matter, and a TSP nonitor is used to neasure |lead. A technician
is needed to calibrate the nonitors, change the filters, and maintain the
monitors. A source of power, usually portable generators, also is needed.
The availability of high volume air nmonitors is limted, and few firnms own
these nonitors. Therefore, nobilization/denobilization expenses and |iving
expenses for the technician are involved with air nonitoring. Wen all these
charges and costs for |aboratory anal yses are included, the price for
environnental nonitoring is $5,000 to $10,000 per week. Because sone air
nmoni tori ng should be performed on each project, an average cost of air
nonitoring per project is estimated to be $0.50/sq ft.

102. Worker health costs are difficult to estimte because the OSHA
Construction Industry Lead Standard just became |aw. Under this regul ation
contractors nust provide workers with protective clothing, nandated
respiratory protection, and shower/decontam nation facilities. They al so nust
supply each worker wi th nedical exam nations, respirator fit tests, and
regul ar bl ood analysis for |ead and zi nc protoporphyrin. Wrker training and
written conpliance prograns are other costs that nmust be recouped. According
to OSHA, the cost of conpliance is estimated to be $775 per worker. This
estimate may be |l ow, especially for contractors who have not conforned to al
OSHA regul ations in the past. On large jobs a worker may be assigned to such
OSHA activities as cleaning respirators, clothes, equipnment, and change/
decontanmi nation facilities and nonitoring worker conpliance. 1In other
situations when | eaded paint renoval projects were closely evaluated, the
contractor may have hired a certified industrial hygienist (CIH or a firm
specializing in |lead safety to evaluate their practices and make
reconmendations. The cost of worker health is estimated to be $1 to $2/sq ft,
dependi ng on the size of the project.

103. Overhead and m scel | aneous costs al so have been included in the
calculation. The npst notable added itemis pollution insurance, if such
coverage can be obtained. There also is increased overhead due to
recor dkeepi ng functions, especially for OSHA conpliance, when enpl oyee nedi cal
records, air nonitoring results, and other information nmust be maintai ned.
Lead projects al so sonetimes require added attention fromcentral office
staff. Field staff may not be sufficiently know edgeabl e on sone health and
environnent al issues, and technical assistance or involvenment of the conmpany
safety director and technical staff will be required. An added cost of $0 to
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$2/sq ft is estimated. The average woul d be expected to be on the | ow end,
hence $0.50/sq ft was estinated.

104. The foregoi ng discussions indicate that the cost of neeting envi-
ronnental and worker health regulations has significantly increased the cost
of coating projects. In fact, the cost of neeting these regulations is nore
than the cost of the work itself. Specifying a Conmercial G ade (SSPC- SP6) of
surface preparation has mnimal cost inpact. The average cost of SSPC-SP6 is
$0.85/sq ft. Less waste will be generated and result in a savings of $0.01 to
$0.10/sqg ft. This gives a nmaxi numoverall savings of $0.15 to $0.25/sq ft.
Conversely, blasting to a Wiite Metal Grade (SSPC-SP5) is about $1.20/sq ft.
Wien the cost for additional disposal is included, the cost the is $0.20 to
$0.30/sq ft.

Wet Abrasive Bl asting

105. Using the nmethod presented in abrasive blasting, the cost of wet
abrasive blasting is estimated as foll ows:

Range Aver age
cl eani ng and painting $3- $7 $4. 00
cont ai nnent 1-6 3.00
di sposal 0-3 2.00
envi ronnental nonitoring 0-2 0.50
wor ker heal th 1-2 1.50
over head/ m scel | aneous _0-2 0. 50

t ot al $5-$22/sq ft $11.50/sq ft

106. Although the production rate of wet abrasive blasting is simlar to
or only slightly less than dry abrasive blasting, the cost to do the work is
nore. The basic equi pnment costs are the sanme, but some increase will result
froma water addition systemand corrosion inhibitor. For exanple, the flash
rust inhibitor is estimated to cost $0.05 to $0.10/sqg ft. The published esti-
mat e (Brevoost and Roebuck, April 1993) for slurry blasting is $1.25/sq ft,
conpared to dry abrasive blasting at $1.00/sq ft. Using the average cost for
dry abrasive blasting for conparative purposes, the average cost for cleaning
and painting using wet abrasive blasting is estimated to be about $2.75/sq ft.
This cost would apply to ground structures or structures that are easily
scaf fol ded. However, if work is performed in the air with margi nal scaffol d-
i ng, production rates will drop significantly because workers will be nore
concer ned about footing. A 50 percent drop in productivity on a high struc-
ture will result in an estimted cost for surface preparation of $2.50/sq ft.
Addi ng the cost of coating application and coating materials, and multiplying
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by the height difficulty factor, results in an estinmated cost for cleaning and
pai nting of over $6.50/sq ft for high structures.

107. The cost of containment depends on the type of structure and | oca
regul ations. Basic containnment will consist of a tarp arrangenent with
partially or fully sealed joints. A ventilation systemw ||l not be needed.
For a ground | evel structure in which the water does not have to be coll ected,
this containnent will cost about $0.25 to $0.50/sq ft. A fully seal ed
contai nnent of this sort will cost about $0.50 to $0.75/sq ft. A basic
contai nnent constructed in the air will cost about $1.00 to $1.50/sq ft.

108. Mbore conplex containment is needed if the water has to be collected
for testing prior to disposal. Wt abrasive blasting units generally use
little water. The blasting process aids in breaking the water into fine par-
ticles and heating it, which pronotes evaporation; npost of the water
evaporates | eaving a sludge. However, washing the debris fromthe surface
uses considerably nmore water, which is not broken into fine particles and
collects in puddles. Little field experience has been obtai ned on containing
water fromwet abrasive blasting. For structures where the water can fall to
the ground, layers of tarps and plastic sheeting will be sufficient. However,
for work performed in the air, a |eak-proof containnment bottom nust be con-
structed. The best cost estimate for this situation is $4.00 to $6.00/sq ft.

109. Only expendabl e abrasives can be used with wet abrasive bl asting.
Using the exanple of 10 Ib of abrasive per square foot, the cost of disposa
of nonhazardous and hazardous waste is $0.10 to $0.35/sq ft, and $1.00 to
$2.50/sq ft, respectively. Blastox® can be used with the abrasive, with a
di sposal cost of $0.65 to $0.85/sq ft. The cost of collecting the debris mnust
be added to the disposal costs. Wt debris is nore difficult to collect and
nmove than dry debris. On a sinple ground structure, such as a ground storage
tank, washdown of the surface will result in all the debris being deposited on
t he ground cover so the material can be scooped up and placed in containers.
The cost of collection of the debris in this situationis only a few cents per
square foot. However, for a conplicated structure, such as structural stee
or structures with many horizontal surfaces, the manpower necessary for clean-
up could be significant. Labor charges could be equal to, or nore than, the
cost of the paint application, especially if multiple washing steps are
i nvol ved or debris nust be renmpved nmanually. The cost estimate is $0.10 to
$0.50/sq ft.

110. If the water needs to be collected and di sposed of, the cost of
di sposal of the water nust be included. The sinplest nethod is to filter the
water through a 5 u filter and dispose of it directly. A filtering apparatus
costs $1,000 to $2,000. Even with replacenent filters, the cost to the
project is only a few cents per square foot. |If the water nust be disposed of
as a hazardous waste, the cost per drumw |l be $250 to $500 per drum
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Assuming a gallon of water is used to clean 10 sq ft, the disposal cost of the
water is $0.45 to $1.00/sq ft.

111. The range of costs for environmental nonitoring, worker health, and
over head/ m scel | aneous is the same as estimated for dry abrasive bl asting.

Envi ronnental nonitoring, on the average, costs |less than dry abrasive
blasting. Little visible material will be seen escapi ng contai nnent.
Therefore, EPA air nmonitoring will not be used in nmany instances. Only soi
nonitoring nust be perfornmed, and it costs only a few cents per square foot
for nost structures. Wrker exposure to lead is reduced by wet abrasive

bl asting, but it still is above the PEL. Therefore, the cost of worker health
is the same as for dry abrasive blasting. Overhead/ m scellaneous costs are
not inpacted by use of wet abrasive blasting.

112. In conclusion, the cost of wet abrasive blasting is conparable to
dry abrasive blasting for sinple | ow structures such as ground storage tanks.
The advantages of using this nethod are | ower containnent requirenents, |ess
visible dust, and | ower |ead exposures to workers. Costs increase
significantly for elevated structures or situati ons when the water nust be
col l ected, retained, and tested prior to disposal

Vacuum Bl asti ng

113. The cost of vacuumblasting is estinmated as foll ows:

Range Aver age
cl eani ng and painting $3-$12 $7. 00
cont ai nnent 0-1 0. 00
di sposal 0-1 0.25
envi ronnental nonitoring 0-2 1.50
wor ker heal th 1-2 1.50
over head/ m scel | aneous _0-2 _0.50

t ot al $4-$20/ sq ft $9. 75/ sq ft

114. According to information supplied by one of the vacuum bl asti ng
equi prent manufacturers (MFee, Cctober 1992), the cost of operating their
large units is between $74 and $85 per hour when using steel grit abrasive,
and $92 to $134 per hour when using al um num oxi de abrasive. These estinates
i ncl ude equi pnment costs (including maintenance), abrasives, consunmabl es,
conpressor (including fuel), and |abor (at $25 per hour). Experience has
shown that production rates with this size unit vary from15 sq ft per hour on
structural steel to 60 sq ft per hour on flat steel. Using an average
operating cost of $80 per hour, the cost of surface preparation will vary from
$1.30 to $5.30/sqg ft. Wen naterials and painting costs are added and a
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difficulty factor applied, the cost estinmate of cleaning and painting is $2.55
to $11.50/sq ft.

115. Contai nment costs are mninmal for vacuum bl asti ng because
collection of debris is localized at the head of the tool. The nain
envi ronnental concerns with vacuum bl asting are | oss of large particul ate
matter frominproper use of the tool and a small slug of abrasive or debris
during start-up/shutdown of the tool. Technically, no containnent is needed.
Practically, a ground or catch tarp under the work area is necessary. Wen
the tool is operated inproperly, i.e., the head is not kept in contact with
the surface, side tarps also will be needed. But assune that the tool wll be
operated properly for cost estinmate purposes. Either no containnment or a
ground or catch tarp will be used. The cost associated with either of these
arrangenents is mnimal. (Tarps under the work area are not a nmjor investnent
in either materials or tine.)

116. Disposal costs depend on the type of abrasive used. The two nost
comon abrasives are steel and al umi num oxide. Steel abrasive will generate
about 0.5 | b of debris per square foot. Properly used vacuum blasting w |
collect all this material for disposal. A though the waste will be
cl assified as nonhazardous, the debris does not have long-termstability.
Therefore, it should be treated with portland cement or disposed of as a

hazardous waste, and the cost will be $0.10 to $0.25/sq ft. [If al um num oxi de
is used as the abrasive, about 2 Ib of debris per square foot will be
generated and it probably will be classified as a hazardous waste. The cost

of disposal will be $0.25 to $0.50/sq ft.

117. On a practical basis, environnental nonitoring costs are zero.

When properly used, vacuumblasting is efficient at collecting the dust and
debris generated. Visible em ssions are mninmal so anbient air nonitoring
will not be required. Soil nonitoring is reconmended because a snmall anount
of debris usually escapes when the blasting ends and can end up on the ground.
Soil monitoring will cost only a few cents per square foot. Technically,
there should be no costs for worker health because workers will not be exposed
to lead. Practically, sone dust does escape because of worker procedures and
from handling the debris generated. The possibility exists in a practica
situation of workers exceeding the PEL for |ead. Therefore, an estinated
average cost of $1.50/sq ft is recommended. Overhead/niscell aneous costs are
not affected by this process, and an average cost of $0.50/sq ft is

r ecomrended.

118. In conclusion, vacuum blasting is cost conpetitive on structures
with a high percentage of large, flat surfaces where the | arger machi nes can
can be used. This process saves contai nment and cl ean-up costs because these
functions are built into the equipnent. The use of recycl abl e abrasives,
especially steel grit, also helps to mnimze cost. Limtations on proper
operation of the equi pnent, especially on maintaining a proper seal of the
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bl ast head to the surface, result in | ow production rates on small, structura
steel nenbers, and vacuum bl asting then becones nore expensive or technically
unf easi bl e.

Wat er Bl asting

119. The cost of water blasting is estimated as foll ows:

Range Aver age To SP-10
cl eani ng and painting $3- $6 $4. 00 $5. 50
cont ai nnent 0-1 3.00 4.50
di sposal 0-1 0. 00 0.25
envi ronnental nonitoring 0-2 0. 00 0. 00
wor ker heal th 1-2 1.50 1.50
over head/ m scel | aneous _0-2 0.50 0.50
t ot al $4-$20/sqg ft  $9.00/sqg ft $12. 25/ sq ft

120. The estimate for cleaning and painting was devel oped based on a
production rate that was 50 percent of dry abrasive blasting. The equipnent
and bl asting nmedia costs for dry abrasive blasting and water blasting were
judged to be of equal magnitude. 1In one instance, a special water-blasting
punp, lance, and water are needed. Dry abrasive blasting requires a
conpressor, blast pot, and abrasive. At half the production rate, the cost of
surface preparation is $2.00/sq ft. Adding in paint naterials and
application, and multiplying by the difficulty factor, gives a range of $2.90
to $5.70/sq ft.

121. The cost of contai nnent depends on the type of structure and | oca
regul ati ons. Basic contai nment consists of a tarp arrangenment with partially
sealed or fully sealed joints. For a ground |evel structure, this containnent
will cost $0.25 to $0.50/sq ft. A fully sealed containment will cost about
$0.50 to $0.75/sqg ft. A basic containnent constructed in the air will cost
about $1.00 to $1.50/sq ft. A basic problemis containnent of the water and
paint chips. There is little experience to give guidance on this cost. For
ground | evel containnent, a bermor a depression is needed so water does not
run off. Containments in the air have to be | eakproof and require a device to
channel the water and chips to a container below. Depending on the structure
and design of containment, this cost is estimated to be $0.50 to $6.00/sq ft.

122. The anount of solid debris collected will be mnimal. A typical
structure has about 1 to 3 oz of coating per square foot. The paint chips
probably will be classified as a hazardous waste. Using an average of 2 oz of
coating per square foot, the cost of disposal of the debris will be $0.01 to
$0.03/sq ft. Collecting the paint chips for disposal also nmust be considered;
this will require a filtering step. The cost of a 5 x filtering assenbly and
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its operation will increase the disposal cost by a few cents. The cost of

di sposal becones extrenely high if the water nust be disposed of. Units
capabl e of renoving all paint operate in the 10,000 to 50,000 psi range and
use between 1 and 14 gal of water per minute. At a production rate of 50 sq
ft per hour, the water usage is 1.2 to 16.8 gal per square foot. Using a

di sposal cost of $400 per 55 gal drum the disposal cost is $8.75 to $122/sq
ft. On a practical basis, the lead is present in the water as particul ate
matter and shoul d be capabl e of being renpbved by filtering. Therefore,

di sposal costs will be about $0.05 to $0.10/sq ft. Disposal of the water is
extrenely expensive; therefore, filtering of the water nust be addressed prior
to any work with the | ocal environnental agencies.

123. On a practical basis, environnental nonitoring costs will be zero.
Water is effective at mnimzing dust and visible em ssions, so air nonitoring
is not required. Soil sanpling is highly recommended because there is concern
about ground contamination from| eakage. However, the cost of soil sanpling
results in a mninmal increase in cost per square foot for nobst structures.
Insufficient information is available frompersonal air nonitoring to
determine if any worker category will be exposed above the PEL. Because the
PEL is so low, it may be possible to exceed this limt even with water
bl asting. Overhead/ m scel |l aneous will not be inpacted by the use of water
bl asti ng.

124. Water alone will not renmove mll scale and will not inpart a
surface profile into the steel. Many existing structures that contain | eaded
coatings were not initially blast cleaned, so a conparison of the cost of
water blasting to dry abrasive blasting nust include achieving the sane
surface cleanliness. The cost of surface preparation is $1.00/sq ft. Wuen a
difficulty factor is included, the cost is $1.00 to $2.00/sq ft. Contai nnent
will be needed to collect the debris. Al so, NAAQS for particul ates can be
exceeded when dry abrasive blasting. A containnent with 85 percent screen
shoul d be sufficient, and no dust collector/ventilation systemw || be needed.
The cost for containment for neeting these requirenents is estimted at
$1.50/sq ft. The waste generated wi |l be nonhazardous. An expendable
abrasive probably will be used. There would not be a significant difference
in the anobunt of abrasive used conpared to conplete renoval by dry abrasive
bl asti ng because nobst of the energy in dry abrasive blasting is expended on

removing the mll scale. Therefore, disposal costs will be about $0.25/sq ft.
Envi ronnental nonitoring costs will be for particulates only. Practically,
this nonitoring nost likely will not be performed, except in the nost
sensitive areas. No additional costs for environmental nonitoring have been
included. There will not be an additional cost for worker health or

over head/ m scel | aneous because the coating will have been renpbved and | ead
wi Il not be an issue.
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Water Blasting with Abrasive Injection

125. The cost of water blasting with abrasive injection is estimted as
fol | ows:

Range Aver age
cl eani ng and painting $2- $5 $4. 00
cont ai nnent 1-7 5. 00
di sposal 0-1 1.00
environnental nonitoring 0-2 1.50
wor ker heal th 1-2 1.50
over head/ m scel | aneous 0-2 0.50
t ot al $4-$19/sq ft $13.50/sq ft

126. Using a production rate of 75 percent of dry abrasive blasting, the
cost of surface preparation is about $1.35/sq ft. Hence, the cost of cleaning
and painting is $2.50 to $5.00/sq ft. Because production rates are based on
good footing for worker safety, the average cost is estinmated to be on the
hi gher end of the range.

127. The cost of contai nnent depends on the type of structure and | oca
regul ations. Basic containment will consist of a tarp arrangenent with
partially or fully sealed joints. For a ground |level structure when water
does not have to be collected, this containnent will cost $0.25 to $0.50/sq
ft. A fully sealed containment constructed in the air will cost $1.00 to

$1.50/sq ft.
128. More conplex containment will be needed if the water needs to be
tested prior to disposal. Water blasting with abrasive injection typically is

performed with units which use 5 to 10 gal/mn of water. One hour of
operation by one unit will generate 300 to 600 gal of water. The contai nment
must be water tight. Gound |evel containnents nmust be built up or depressed
in sufficient size to hold the | arge anounts of water generated in a day.
Contai nnments in the air rmust be sturdy enough to support the weight of the
water. The option is to renove the water either by channeling or punping it
to a hol ding area or tanks.

129. The contai nnent al so nmust hold the bl asting debris generated. Wet
bl asting with abrasive injection uses about one-quarter the anmount of abrasive
as dry abrasive blasting, which results in 2.5 | b per square foot, or about
200 | b per hour per unit. Little field experience has been obtained on the
design and construction of contai nment when all the debris (liquid and solid)
nust be collected. The best estinmate is $5.00 to $7.00/sq ft.

130. Only expendabl e abrasives are used for water blasting with abrasive
injection. Using the exanple of 2.5 I b of abrasive per square foot, the cost
of di sposal of nonhazardous and hazardous waste is $0.03 to $0.10/sq ft and
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$0.30 to $0.55/sqg ft, respectively. The cost of collecting the debris must be
included in the disposal cost because it is difficult to gather and nove danp
debris. The cost estinmate derived for collection of debris for wet abrasive
bl asting was $0.10 to $0.50/sq ft. Therefore, the total disposal cost is
$0.13 to $0.60/sqg ft for nonhazardous waste and $0.40 to $1.05/sq ft for

hazardous waste. Because it is highly probable a hazardous waste will be
generated froma structure coated with | eaded paint, the average esti mated
cost is $1.00/sq ft. |If the water needs to be collected and di sposed of, the

cost of disposal of the water nust be included. The sinplest nethod is to
filter the water through a 5 w filter and dispose of it directly. A filtering
apparatus and its operation costs only a few cents per square foot. |If the
wat er nmust be di sposed of as a hazardous waste, the cost is $250 to $500 per
drum At 5to 10 gal/mn and a cleaning rate of 75 sq ft per hour, the

di sposal cost for the water will be an additional $18 to $70/sq ft!

131. The range of costs for environnental nonitoring, worker health, and
over head/ m scel | aneous is the same as estimated for dry abrasive blasting. On
t he average, environmental nonitoring will cost |ess than dry abrasive
blasting. Little visible material will be seen escapi ng contai nment.
Therefore, EPA air nonitoring will not be used in many situations. Only soi
nmoni toring nmust be performed, and this will cost only a few cents per square
foot for nost structures. Wbrker exposure to lead will be reduced conpared to
ot her bl asting nethods, but insufficient data exi sts about whether the
exposure will be above or below the PEL. Therefore, the cost of worker health
is assuned to be the sane as for dry abrasive blasting. Overhead/

m scel | aneous costs will not be inpacted by used of wet abrasive blasting.

Power Tool Cleaning to Bare Metal

132. The cost of power tool cleaning to bare netal is estinmated as
fol | ows:

Range Aver age
cl eani ng and painting $4- $7. 50 $6. 00
cont ai nnent 0-1 1.00
di sposal 0-0 0. 00
envi ronnental nonitoring 0-2 1.50
wor ker heal th 1-2 1.50
over head/ m scel | aneous 0-2 0.50

t ot al $5-$14.50 sq ft $9.00/sq ft

133. Power tool cleaning to bare nmetal is |abor intensive as opposed to
equi prent intensive. Basic equipnent cost is only a few thousand doll ars,
expendabl es are | ess than $1 per hour, and conpressor requirenments are | ow
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Wth a | abor charge of $25 per hour and a typical crew of four workers and one
relief man, the project |abor charge is $31.25 per tool hour. After equiprent
charges, conpressor, fuel, and so forth are added in, a project |abor rate of

$35 per tool hour is reasonable. But the average hourly cost will be higher
if local |abor rates are higher. Available information indicates that
production rates vary fromabout 10 to 15 sq ft per hour on flat steel, i.e.

a ground storage tank. This results in a cost for surface preparation in the
range of $1.40 to $3.50/sq ft. Recent cost data in the literature (Lefkowitz
and Taylor, March 1990; Bl oenke, March 1990) indicates surface preparation
costs of $2.95 (with disposal) and $3.04/sq ft for easily accessible jobs.
Therefore, a basic surface preparation of $3.00/sqg ft was used. Adding in
paint material costs and multiplying by the difficulty factor gives an
estimate of cleaning and painting costs in the range of $4.00 to $7.50/sq ft.

134. Contai nnent costs are based on the use of an SSPC C ass 4
containnent. This was previously estimated to cost $0.25 to $0.50/sq ft and
the cost increases to $0.50 to $0.75/sq ft if full seals are required and
$1.00 to $1.50/sqg ft if constructed in the air. |f vacuum power tools are
used, ground or catch tarps are recommended because material can escape if
tools are not used properly or the work is done in tight areas. The cost of
ground or catch tarps is mninal

135. Waste disposal costs are | ow because the waste consists only of
paint chips, rust, and mll scale. The waste fromrenoving | eaded coating
systens probably will be classified as a hazardous waste. Wth 1 to 4 oz of
coating per square foot, and disposal costs of $250 to $450 per ton, the
esti mated cost of disposal is $0.01 to $0.06/sq ft.

136. The dust generated during power tool cleaning to bare netal is
relatively |ow and usually does not attract attention. The probability of
exceedi ng NAAQS outside the work area is extrenely low, and even |lower if
vacuum power tools are used. Practically, air nmonitoring is rarely perforned.
Wirkers will be exposed above the PEL when renoving | ead pai nts using
unshrouded power tools; therefore, an average cost of $1.50/sq ft should be
used in cost calculations. Proper use of vacuum shrouded power tools,
especially on flat surfaces, should result in mniml worker exposure,

certainly bel ow the PEL and even below the Action Level. Not enough field
experience has been reported, especially on structural steel, to state
authoritatively that exposure above the PEL will not occur. Because OSHA

regul ations require initial worker nonitoring and nmedi cal surveillance (bl ood
| ead anal ysis) for enpl oyees exposed above the Action Level, an average cost
of $0.50/sq ft should be used for vacuum shrouded power tools.

137. In conclusion, unshrouded power tool cleaning to bare metal costs
an average of $9.00/sq ft ($6.00 for cleaning and painting, $1.00 for
cont ai nnent and di sposal, $1.50 for worker health, and $0.50 for
over head/ m scel | aneous). The average cost of vacuum shrouded power tools
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actually will be |l ess because the savings in contai nment and worker health
will nore than of fset the additional cost of the vacuum system

Chemi cal Stripping

138. The cost of chemical stripping is estimated as foll ows:

Range Aver age To SP-10
cl eani ng and painting $2- %4 $2. 50 $4. 00
cont ai nnent 0-2 1.00 2.50
di sposal 0-1 0.50 0.75
envi ronnental nonitoring 0-2 0. 00 0. 00
wor ker heal th 0-2 0.50 0.50
over head/ m scel | aneous 0-2 0. 50 0.50
t ot al $2-$13/sq ft $5.00/sq ft $8. 25/sq ft

139. Surface preparation costs are based on being able to renove all the
coating with one application of the stripper. Application of the stripper and
renoval by hand met hods can be perfornmed at a rate of 50 to 100 sq ft per
hour. Coverage rates vary; typical rates are 15 to 30 sq ft per gallon. The
cost of the stripper is $10 to $15 per gallon (some of the "environmentally
safe" strippers cost nore than $20 per gallon but provide increased coverage).
Using a | abor rate of $25 per hour, the cost for coating removal is $0.50 to
$1.50/sq ft. Spray application is possible and will increase the area that
can be stripped in a day, but nore labor is required for renoval. Equipnent
costs for spray application, disposables, etc. nmust be included. For
estimati ng purposes, an average cost for surface preparation is $1.00/sq ft.
This is the sane estimted cost as abrasive blasting and results in an
estimated cost for cleaning and painting in the range of $2.00 to $4.00/sq ft.

140. Contai nment costs depend on the type of structure. The stripper
and debris have a sludge-like consistency, and any water used for cleaning
al so must be controlled by the containnent. The sludge is picked up manual |y
wi th shovels. For ground | evel structures, a layer of plastic or a tarp on
the ground will not be sufficient; a nore substantial ground cover is needed.
For exanple, the literature (Carroll, Novenber 1992) describes one job in
whi ch cont ai nnent around a ground storage tank consisted of 30-m| thick
sheets of rubber glued and taped together and extendi ng approxi mately 20 ft
out fromthe tank; cinder blocks placed under the outer edge forned a berm
around the tank. Containnments in the air will have to be constructed with
solid floors such as plywod and sealed in a manner so liquid will not drip
through. Side tarps also may be needed to protect the material fromdrying
out in the sun. Containnment costs are $0.50 to $2.00/sq ft.
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141. Disposal costs depend on usage rates of the stripper. Strippers
have hi gh solids content, and |loss of solvent is partially counterbal anced by
the paint renoved; therefore, each gallon of stripper generates nearly 1 ga
of waste. Practically, the recovery rate ranges fromO0.5 to 1 gal of waste
per gallon of stripper. The waste fromrenoving | eaded paints probably wl|
be classified as a hazardous waste. Using 25 sq ft per gallon as the usage
rate and a di sposal cost of $400 per drum the disposal cost ranges from $0. 15
to $0.30/sq ft. Note that the stripper can be renoved, or the surface washed,
with high pressure/low volunme spray. These units generate only a few tenths
of a gallon of water per mnute, which can be incorporated with the stri pper
debris. Therefore, no extra costs for separation and di sposal of water is
included in the cost estinate.

142. Environmental nonitoring costs are minimal. No dust is generated
during the stripping process, and air nmonitoring is not needed. Soi
noni toring should be perforned and will cost only a few cents per square foot.

143. Wirkers are exposed to sone |ead during the stripper renova
process, but field data is insufficient to indicate whether or not the PEL
woul d be exceeded. An average cost of $0.50/sq ft shoul d be used for
esti mating purposes.

144. Chemical stripping renpves only the paint. Removing mll scale and
rust to achieve a Near-Wiite Metal (SSPC- SP10) finish requires a second
bl asting step. The cost for the second bl asting step was previously
determ ned in the discussion of the cost of water blasting (see paragraph
124).
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PART V: RECOMVENDATI ONS
145 Recommendations for total coating renpval and mai ntenance (spot)
pai nti ng depend on the situation. Each nethod has its strengths and

weaknesses; however, the follow ng generalizations can be nade.

Tot al Coati ng Renoval

146. The nost effective nethod for total coating renmpval is dry abrasive
bl asting, which is based on both technical capabilities and cost. Using
recycl abl e abrasives is preferred because the waste generated is m nim zed.
However, the nunber of contractors who own this type of equipnment currently is
limted and influences bid prices. Vacuumblasting is recomended on
structures with a large percentage of flat steel, if proper attention is
pl aced on proper operation of the equi pnent. Wt abrasive blasting with units
that use a | ow anount of water is a viable alternative for structures close to
the ground if the debris can be left in place and protected until all standing
wat er has evapor at ed.

147. Wet nethods such as water jetting and water blasting with abrasive
injection is not recomended except on a limted basis on sinple, |ow
structures when chem cal contamination is present, such as fromsalt. The
main problemw th nethods that use a ot of water is construction of |eak-
proof containnment to catch the water. However, water jetting or sodium
bi carbonate bl asting should be considered in areas around operating machi nery
when grit, which can get into bearings or electrical equipnent, cannot be
tol erat ed.

148. Economically, power tool cleaning to bare nmetal for total coating
renoval is a viable alternative. However, SSPC-SP11 is a relatively new
specification. The appearance of the end condition is not well understood,
and there have been problens with enforcenent. The need to have a variety of
tools and not just "make do" with the tools available on the job has caused
difficulties in the field.

149. Chemical stripping foll owed by abrasive blasting appears to be an
econom cally viable alternative, but with practical difficulties. One
application of the stripper may not be sufficient to renove the paint,

especially if an alum numfl ake top coat is present. |If all the coating
cannot be renoved in one application of the stripper, the process becones nore
expensive. |If only isolated spots, small areas, or a thin |ayer of materia

remai ns on the surface, pressure may be exerted to all ow these remmants to be
renoved by abrasive blasting. Because the lead in the coating is concentrated
inthe priner, the blasting step is considered a | ead paint renoval job. Al
the regul ati ons and precautions for dry abrasive blasting apply and woul d

i ncrease the cost significantly.
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Mai nt enance Pai nting

150. Mai ntenance painting involves spot surface preparation of corroded
areas or areas with | oose paint, foll owed by spot application of primer, spot,
or full intermediate coat, and spot or full top coat. The cost of the surface
preparation is a significant cost of performng the work. The use of Brush-
Of Blast Ceaning (SSPC-SP7) will not be rmuch different fromtotal coating
renoval .

151. The preferred alternative to SSPC SP7 is cleaning the rusted areas
to bare netal with power tools (SSPC-SP11), and cleaning the visually intact
coating by hand or power tools (SSPC SP2 and SP3). Contai nnent requirenments
for SSPC-SP2 and SP3 will be an SSPC dass 5 or O ass 4 containment, which
also will suffice for power tool cleaning to bare nmetal in nost situations.
Therefore, this procedure will mnimze containment and di sposal costs.

152. Another alternative to consider is vacuum bl asting, which is
appropriate for structures with corrosion mainly on flat surfaces such as
wel ds. When the anobunt of area needing cleaning is relatively small and is
anenabl e to proper seal of the vacuum head, the increased costs of vacuum
blasting is nore than conpensated for by the cost of constructing containnent.

153. Water blasting is another technique worth considering for renova
of loose paint, rust, and mll scale. 1In these situations, a surface-tol erant
coating is used so rust inhibitors do not have to be used. The main
i npediment to water blasting is the potential need to collect the water. The
| oose material renmoved conmes off in discreet chips, and few fines; and a
filtering material that can renmpbve these particul ates should be sufficient.

If the filtering material can be incorporated in the work area and the water
allowed to run off, water blasting to renove | oose paint, rust, and mll scale
is technically and economcally feasible. However, the cost becones
prohibitive if the water nust be collected and tested prior to di sposal

154. Chemical stripping is not an alternative for naintenance painting
because it does not |ocate areas with | oose coating. However, chemni ca
stripping shoul d be considered when total renoval of the paint is warranted,
especially on relatively small areas such as on machi nery, because the
stripper can be applied to all surfaces with little difficulty.

155. In conclusion, the general recommendati ons nade are for "standard"
situations. A broad variety of surface preparation methods, including
relatively new ones, are avail able and may be useful in a particular
situation. Production rates in this report were obtained fromcontractors and
owners and represent costs obtained on projects. These production rates
i ncl ude breaks, unproductive tine because of the configuration of the
structure, and certain assurances that the end surface conditions were net.
Producti on data from equi pnent suppliers when tests were perfornmed on fl at
plate or limted surface area (less than 100 sq ft) were not used.
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APPENDI X A: ACRONYMS AND ABBREVI ATl ONS

TERVB
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hour
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Cccupational Safety and Health Adm nistration

Ofice of Solid Waste and Enmergency Response

ounce
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perm ssi bl e exposure Iimt

pound

pounds per square inch

Resource Conservation and Recovery Act

squar e foot

Steel Structures Painting Counci

Super fund Amrendnments and Re- Aut hori zation Act

surface preparation

Total Suspended Particul ate
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U S. Environnmental Protection Agency
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ClH
CERCLA

cfm
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ft
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hr
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