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Introduction

hree decades ago, when Volume 1, No. 1, of JPCL

was published, change happened much mare slowly

than it happens today. Many people still used type-

writers; desktop computers were just coming into the
mass market; landlines were the norm for telephone service; road maps
came on paper from mapmakers; and the Internet was still largely in the
domain of government and university researchers.

Change, whether for better or worse, happens much faster now. Thirty
volumes of JPCL later, we have gone from desktop computers to laptops
to smart tablets and even smarter phones. You don't need a passenger to
follow the roadmap when you have a GPS in your car.

In the world of protective coatings work, change has happened over
the past three decades, sumetimes slowly, sometimes faster, but never
as fast as it has in the past few years, even since our 25-year review of
changes in the industry in August of 2009.

In this supplement to our reqular August issue, we don't pretend to
give a comprehensive history of the industry—we wouldn't dare try.

Instead, with the help of our contributors, we try to capture a snapshot
of some major trends in the industry over three decades in regulations,
environmental controls, coating materials, surface preparation, coating
application, and guality control. We also use a wide lens to capture
changes in SSPC standards and trends in products and practices since
our 2009 review.

We present this snapshot of trends because of another change—new
people (but not enough) are coming into the industry while those who

have been here for quite some time are retiring or moving into their en-

core careers. So we hope that this issue will provide an overview of the in-

dustry for newcomers and a review for industry veterans as they are pass-
ing on their considerable knowledge about the protective coatings work to
their successars.

We believe that the transfer of knowledge about protective coatings
work is crucial because of one thing that has not changed in the past three
decades: the need to protect our public and private infrastructure from cor-
rosion and deterioriation.

To carry out the work, it takes professionals like you. To all of you, we
owe many, many thanks.

—The JPCL Staff
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Hegulations

and Coatings Work:

Key Developments

over 30 Years

By Alison Kaelin, CQA, ABKaelin, LLC

egulations on protect-

ing workers and the

environment (including

the public) have driven

many developments in

coatings work  for
industrial structures, bridges, and ships. This arti-
cle looks at key regulations and guidance docu-
ments affecting surface preparation, coatings, and
worker protection over the past 30 years. Federal
regulations and guidance documents from the
Environmental Protection Agency (EPA), the
Occupational Safety and Health Administration
(OSHA), and the National Institute for Occupational
Safety and Health (NIOSH) are referenced most
frequently, but some state and local regulations
are identified as well. The article is not intended to
be comprehensive.

Surface Preparation

and the Environment

Silica

Up until the 1980s, silica sand was the primary
abrasive used for abrasive blast cleaning (then
called sandblasting), even though the potential
health effects had been documented since the
1930s. In the mid-1980s, several cvil lawsuits
were filed by citizens due to alleged property dam-
age and health effects from open abrasive blast
cdleaning involving silica abrasives and lead (e.g.,
JPCL, October 1985, p. 3). A case in Allegheny
County, PA, resulted in local air pollution control
regulations being implemented in 1987 (JPCL
June 1988, pp. 24-25, 235-236). This regulation
included limitations on silica (free silica) in the
environment of 100 pg/m3 for an eight-hour day

Protecting the environment, the public, and workers from the hazards of exposure to dust from biasting with silica
and other abrasives became a priority in the 19805 for EPA, OSHA, and NIOSH. iStock

and limitations on the amount of free silica in the
abrasive to less than 5%. Texas, Califomia, and other
states implemented similar regulations on abrasive
blasting (primarily to control emissions or limit free
silica in the abrasive) throughout the eary 1990s
(JPCL, February 1991, pp. 55-116). The Califonia Air
Resources Board (CARB) certifies specific types of
abrasive through pre- and post-testing by sieve
and/or opacity.

Protecting Workers
from Exposure to Silica
It has long been known that significant silica expo-

4 JPCL August 2013 Supplement / paintsquare.com

sures can occur during blast cleaning with abra-
sives that contain silica. In 1975, NIOSH issued
Recommendations for a Crystalline Silica
Standard. 1979, NIOSH recommended that sili-
ca sand or other material containing greater than
1.0% crystalline silica (quartz) be prohibited as a
media for abrasive blasting. Banned as an abra-
sive in many countries, crystalline silica sand is
not prohibited in the U.S. but exposure to crys-
talline silica (in any abrasive) is regulated in con-
struction under 29 CFR 1926.55, Gases, Vapors,
Dusts, and Mists, and in general industry under
29 CFR 1910.1000. Essentially, these “catch-all”



regulations say that if a worker exceeds the
Permissible Exposure Limit (PEL), the employer
must implement administrative and engineering
controls followed by respiratory protection to
reduce occupational exposures below the PEL
Silica is also referenced in 29 CFR 1926.57,
Ventilation, which requires the use of an abrasive
blasting respirator when abrasive blasting with
silica.

In 1998, NIOSH issued a report, Evaluation of
Substitute Materials for Silica Sand in Abrasive
Blasting, to evaluate the surface preparation per-
formance and potential worker exposure contami-
nants in silica and altemative abrasives (JPCL
August 1999, pp. 43-71).

While OSHA has failed to any comprehen-
sive regulations for silica, it did issue a National
Emphasis Program [NEP}—Crystalline Silica in
2008 (JPCL, April 2008, pp. 12-17 and JPCL June
2008, 47-51). The NEP establishes policies and pro-
cedures for inspection and changed how the PEL for
silica is calculated. The NEP spedfically targeted
employer dassifications such as painting and paper
hanging; general contractors; and highway, bridge,
and tunnel construction; and it explicitly identifies
abrasive blast deaning as a high-exposure activity.

In May 2009, OSHA issued Publication 3362,
Controlling Silica Exposures in Construction,
but did not address abrasive blast cleaning. Around
the same time, the Intemational Safety Equipment
Association and the Risk and Insurance
Management Society petitioned OSHA to prohibit
the use of silica in abrasive blasting
(wwwpaintsquare.com, News, May 11, 2009).

The OSHA regulatory agenda in Spring 2009
began indicating that development of a standard
for accupational exposure to crystalline was under
consideration and the July 2013 OSHA regulatory
agenda indicated that a proposed rule on occupa-
tional exposures to aystalline silica was expected
in July 2013.

Hazardous Dust (Lead,

Other Heavy Metals)

Civil lawsuits in the 1980s and increasing concems
related to lead exposures also resulted in state and
local regulations for controlling emissions of lead.
Additionally, the painting industry became more
aware of EPA regulations required by the provisions
of the Clean Air Act, Clean Water Act, and
Resource Conservation and Recovery Act (RCRA)
that were applicable to paint removal operations
involving lead and other metals.

SSPC convened a symposium in January 1987
to discuss the impact of regulations and litigation
on protective coatings (JPCL June 1987,
pp.59-93) and in 1988 hosted two symposiums:
one on lead paint removal from industrial struc-
tures and the other, in conjunction with the FHWA,
on removal and disposal of lead-containing bridge
paints. In response to the above and the potential
risk of litigation due to alleged exposure to lead
(and silica), many transportation departments and
other facility owners began to establish specifica-
tion requirements for containment, environmental
monitoring, and management of hazardous waste.

In 1990, EPA implemented changes to the test-
ing procedures for hazardous waste from the EP
Toxicity Test to the Toxicity Characteristic Leaching
Procedure (JPCL May 1990, pp. 68, 99) and intro-
duced the Land Disposal Restrictions (40 CFR 268).
Known as “Land Ban,” 40 CFR 268 prohibiting the
land disposal of any leachable lead-bearing haz-
ardous levels (JPCL August 1990, pp. 34-71).

In 2008, EPA revised the National Ambient Air
Quality Standard (NAAQS) for lead, resulting in
reduction of allowable ambient lead from 1.5
pgi’n13 to 0.15 pgfm3 (JPCL, January 2009, pp.
9-13). Much of the health effects data provided
with the revised NAAQS for lead appears to indi-
cate that blood lead levels as lowas 10 pg/dL can
ham children and adults (JPCL, May 2013, pp.
44-61).

Other Abrasives
Other non-silica abrasives have also seen indirect
regulation over the last few years. In June 2010,
EPA published a proposed rule for Disposal of Coal
Combustion Residuals (CCRs) from Electric Utilities.
The proposed CCR rule is expected to impact the
allowable use and disposal of CCRs. Coal slag
abrasives (which are CCRs) used and disposed of in
the painting industry will be impacted (JPCL
August 2010, 56-61).

The recent overhaul of the OSHA Hazard

Reducing VOCs in coatings continues to be mandated by the Federal Clean Air Act Amendments

and by many state and local laws and regulations.
iStock
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Communication Standard to meet the Global
Harmonization System also impacts abrasives used
for surface preparation. Under the new require-
ments for hazard classification and reporting on
safety data sheets, SDSs for various abrasives may
now identify the presence of lead, beryllium,
arsenic, manganese, and cadmium (JPCL, August
2012, pp. 14-23).

Beryllium is a metal found in mineral rocks, coal,
soil, and volcanic dust. It has been identified in coal
and copper slag abrasives and is associated with
health effects of the respiratory system. OSHA has
added the development of a proposed rule for beryl-
lium exposures to the 2013 regulatory agenda with
a target date of July 2013

OSHA issued a 2008 National Emphasis program
for combustible dusts that remains in effect today.
Combustible dusts are fine particles that present an
explosion hazard when suspended in air under cer-
tain conditions and the NEP identifies that coal and
metallic dusts as potential sources.

Coatings and

the Environment

Volatile Organic Compounds (VOC)

The Clean Air Act called on the EPA to establish
measures to reduce air pollution. EPA focused early
on six air pollutants—Ilead, ozone, particulate mat-
ter, sulfur dioxide, nitrogen oxide, and carbon diox-
ide—and set limits on their acceptable ambient lev-
els. Acceptable levels were identified in EPAs
NAAQS. States with any of the six pollutants above
the NAAQS were considered “non-attainment”
states and were required to develop plans to reduce
air pollutant levels to the NAAQOS or below
Ozone—both ground level, which is hamful to
human beings, and stratospheric, which is harmful
to the earth—has figured prominently in the manu-
facture and application of coatings (SSPC, Stee/
Structures Painting Manual, Vol 1, Good Painting
Practice, 1993, 3rd edition, pp. 560-572).

While coatings do not produce ozone, many of
the solvents and other components of coatings are
ozone precursors—VOCs, which react with nitrogen
oxides in the presence of sunlight and heat to form
ozone. Coatings are not the only products that use
VOCs. They come from many industries as well as
cars. The original Clean Air Act did not require the
regulation of VOC content in coatings, but EPA
developed a model or control technique guidelines
(CTG) that non-attainment states could (and many
did) adopt or adapt to regulate VOC emissions from
the coating of “miscellaneous metal parts and prod-
ucts,” shop coating, in essence (SSPC, Steel
Structures Painting Manual, Vol. 1, Good Painting

Practice, 1993, 3rd edition, pp. 560-572).

However, by 1990, some non-attainment states
and localities, most notably, air quality districts in
Califomia, such as in Los Angeles’s South Coast Air
Quality Management District (SCAQMD) and San
Francisco Bay's Bay Area Air Quality Management
District (BAAOMD), were regulating not only coat-
ings applied in shops, but also architectural and
industrial maintenance (AIM) coatings applied to

/L is the tightest restriction on VOCs in AIM coat-
ings (JPCL October 2005, pp. 36-42).

The 1990 CAAA also called for the formation of
Ozone Transport Commissions (OTC) to address the
problem of ozone from one state drifting into the
airspace of a bordering state. The New England
and Mid-Atlantic states formed the first OTC,
which developed model rules on VOC sources,
including coatings. States within the OTC can

Many nations have signed the IMO treaty to ban organotin-containing anti-fouling coatings because organoting
kill non-targeted marine species, not just the species that attach to ship hulls.

iStock

ships and stationary structures such as bridges.
Similar to the EPAs CTGs, Califomia developed
model rules that its air quality districts could adopt
or adapt. Other states such as Texas and New York
also began to regulate AIM coatings for VOCs. By
1990, the U.S. had a patchwork of coating regula-
tions, with limits for most industrial maintenance
coatings ranging from 420 g/L to 540 g/L (JPCL
February 1991, pp. 55-116).

The 1990 Clean Air Act Amendments (CAAA)
called for EPA to establish a national rule for VOCs
in AIM coatings and marine coatings, among oth-
ers. After a ulemaking and negotiating process that
incuded much input from the public and industry,
the EPA issued its rule in 1998, 40 CFR 59, National
Volatile Organic Compound Emission Standards for
Consumer and Commercial Products. The rule
restricts VOC content in most industrial mainte-
nance and marine antifouling coatings to 450 g/L,
well above restriction in some states and districts,
including those in California districts which use 250
g/L State or local regulations can be equal to or
more restrictive than federal rules. SCAQMD's 100
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adopt or adapt the model rules as each state
deems necessary. Most OTC states (e.g., CT, DE,
DC, ME, MD, NH, NJ, PA, NY, VA) have adopted
the OTC rule’s VOC level of 340 g/L for most indus-
trial coatings (JPCL, January 2008, p. 65). Canada
and Federal EPA are considering reductions to 340
/L as well (JPCL October 2009, pp. 22-23).

Anti-Fouling Coatings

Anti-fouling coatings, intended to prevent marine
organisms from attaching themselves to a ship or
other immersed structure, are regulated for the
constituent that prevents fouling. Fouling increas-
es shipping costs: It adds weight to a ship and the
resultant rough surface increases drag, both of
which increase the amount of fuel a ship needs
(JPCL June 2000, pp. 50-65).

Since the 1950s, organotins, especially the
related compound, tributyltin (tbt), have been used
successfully in coatings to prevent bamacles and
other organisms from attaching to ship hulls.
However, organotins also kill non-targeted marine
species and have therefore come to the attention
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ENFORCEMENT OVER TIME by Alison B. Kaelin, CQA, ABKaelin, LLC

A review of the OSHA Enforcement Website from 1972 to the present indicates how OSHA enforcement in the industrial painting (SIC code 1721) has evolved.
Four 1721 industrial contractors working in geographically diverse areas and construction types were selected. The OSHA enforcement website was
searched under the company name during four time periods (1972-1982, 1983-1992, 1993-2002, 2003-Present). The citation history was reviewed, and
the results are summarized in the graph. Where possible, the type of citation is identified.
In general, the inspection type (or trigger) broke down into five areas. Approximately 25% were planned or program related; 25% were complaint driven;
25% were referral based (likely resulting from NEP targeting); 15% non-program related (random); and 10% were the result of accidents.
Nearly every inspection/citation issued from 2000 to present was linked to a National or Local Emphasis program (N/LEP). N/LEPs listed include lead,
silica, falls, bridges, construction, and small business, among others.

of govemments around the world (JPCL June
2000, pp. 50-65).

The U.S. Navy put a moratorium on the use of
organotin-containing anti-foulings in the mid-
1980s, with some exceptions (JPCL April 1986, p.
19, and JPCL March 1987, p. 25). Subsequently,
the U.S. Organotin Anti-Fouling Paint Control Act of
1988 (33 USC Chpt 37) prohibited the use of organ-
otin-containing coatings on ships less than 25
meters long; limited the leaching rate of anti-foul-
ing paints on vessels; and banned, with some
exceptions, the sale, purchase, and application of
anti-fouling paint containing organotins in the
U.S. The Act was prepared for a June 10, 2009,
meeting of the House of Representatives’
Subcommittee on Coast Guard and Maritime
Transportation Staff. The Subcommittee heard tes-
timony on anti-fouling systems and considered the
Intemational Convention on the Control of Harmful
Anti-fouling Systems on Ships. Adopted in 2001 by
the Intemational Maritime Organization (IMO), of
which the U.S. is a member, the Convention is a
treaty that calls for its signatories to ban the new
application of organotin-containing anti-fouling
paints and to require removal or overcoating of
existing organotin-based anti-foulings (JPCL
February 2008, pp. 48-52). As of 2013, the U.S.
Congress had still not ratified the treaty.

Protecting Coating Workers
from Specific and General
Hazards

Protecting Workers from Exposure

to Lead and Other Toxic Metals

In 1993, OSHA issued a comprehensive standard,
29 CFR 1926.62, Interim Final Rule—Lead
Bxqosure in Construction (JPCL, July 1993, pp.

46-51). This regulation brought
sweeping changes to the high-perfor-
mance coating industry through its
requirements for engineering controls
(i.e., ventilation in conjunction with
containment), work practices, respira-
tory protection, training, and medical
and worker exposure monitoring.
OSHA issued subsequent compre-
hensive standards regulating other
heavy metals, including cadmium,
1926.1127; arsenic, 1926.1118; and
hexavalent chromium, 1926.1116
(JPCL, April 2008, p. 12). OSHA also

Anemia

issied a National Emphasis
Program—Hexavalent Chromium in | Decreased
Red Blood Cell
February 2010. 00 s
The Lead Exposure in Construction Slower Reflexes
standard has continuously been aug-

mented by NEPs initiated in 2001 and
again in 2008 (JPCL May 2009 pp.
66-69). In the 2008 NEP the reported
blood lead level established for trig-
gering an OSHA inspection was low-

Health Effects of Lead in Adults

Brain Disorders

Brain and Nerve
Problems
Blood Pressure

Kidney Problems

Reproductive Problems

)

ered from 40 pg/dL to 25 pg/dL In
2012, it was further reduced to 10
pg/dL Similarly, in 2012, the CDC
reduced and redefined elevated blood lead level for
children to less than 5 pg/dL Studies by EPA and
the U.S. Department of Health and Human Services
have concluded that there are adverse health
effects in adults and children at exposures as low
as between 5 and 10 pg/dL

In 2011, the Califomia Department of
Health/Occupational Lead Poisoning Prevention
Program (OLPPP) is considering revision of its lead
standard (see JPCL May 2013, pp. 44-61).

8 JPCL August 2013 Supplement / paintsquare.com

Health effects of lead in adults
Source: U.S.
(05HA’ guide, Working with Lead in the Contruction Industry

EPA, Air Quality Criteria for Lead, as reprinted in

Protecting Workers
from Hazards of the Trade
Coating materials themselves and their application
also put painters at risk Organic solvents can harm
the central nervous system. They and other chemi-
cal compounds used in painting and surface prepa-
ration can affect the respiratory system or travel
into the blood stream and damage intemal organs
(JPCL, April 1992, pp. 46-54).

Typical routes of exposure for most matenals



used in surface preparation and painting are inhala-
tiom; ingestion; and, in some cases, skin absorption.
For protection against inhalation exposures, 0SHAs
standard for construction workers is 29 CFR
1910.134, on Respiratory Protection. Originally, 29
CFR 1910.134 was adopted in 1971 for general
industry, as was the original construction industry
standard for respiratory protection, 29 CFR
1926.103. In 1998, OSHA overhauled 29 CFR
1910.134 and applied it to general industry, con-
struction, shipyard, longshoring, and marine termi-
nal worlplaces (JPCL, March 1998, pp. 65-80).
Updates included procedures for selecting respira-
tors; medical evaluations and training of employees
required to use respirators; fit testing procedures;
procedures for cleaning and maintenance of respi-
rators; training for employees in respiratory hazards
as well as in the proper use of respirators; and
development of a respiratary protection program,
with an assigned administrator to evaluate effec-
tiveness.

The respiratory protection standard was revised
again in 2006, with the Final Rule for Assigned
Protection Factors (APFs) for respirators, which
eliminated inconsistencies for APFs found in vari-
ous OSHA standards, and it standardized APFs by
type of respirator. An April 2009 0SHA guidance
document, Assigned Protection Factors (AFF) for
the Revised Respiratory Protection Standard, sum-
marized the 2006 revisions.

Different surface preparation and painting
processes create other hazards. Water jetting,
when misdirected, can amputate a worker's limb or
otherwise severely injure a worker, Particles from
painting or blasting can rebound into unprotected
workers’ eyes or other parts of the face. Equipment
that powers abrasive blasting can exceed accept-
able noise levels and can damage worlers’ hearing
Chemical stripping with materials that contain
methylene chloride can put workers at increased
risk of cancer; damage to the heart, liver, central
nervous system; and skin or eye imtation.

0SHASs 29 1926.28 (a) states: “The employer is
responsible for requiring the wearing of appropriate
personal protective equipment in all operations
where there is an exposure to hazardous conditions
or where this part indicates the need for using such
equipment to reduce the hazards to the employ-
ees.” The standard refers the user to subpart E for
standards on Personal Protective Equipment (PPE).
In 1926.95, OSHA requires employers to provide
protective gear for workers, generally at no cost.

Other relevant construction industry standards in
subpart E are 29 CFR 1926.96, Occupational Foot
Protection; 29 CFR 1926.100, Head Protection; 29

CFR  1926.101, Hearing
Protection; 29 CFR 1926.102,
Eye and Face Protection. A con-
struction standard for control-
ling exposures to methylene
chloride (29 CFR 1926.1152)
was introduced in 1997.

Many of the above stan-
dards have been updated as
part of OSHAs ongoing
Standards Improvement Project
to identify and revise confus-
ing, outdated, and duplicative
language in its standards and
to update references to ANSI,
NFPA, and other industry stan-
dards.

Protecting Painters and
Blasters in Shipyard
Operations

Protection of coating crews and
all other workers performing
ship repair, ship building, and
related operations at shipyards
is regulated under the Agency's
Maritime  or  Shipyard
Standards, in particular, 29 CFR
1915, Occupational Safety and
Health Standards for Shipyard
Employment, most recently
revised in December 2008. In
addition to provisions for scaf-
folding and staging, confined

s S

spaces, hand tools, and other
operations or equipment that ¢
pose hazards at shipyards, "0

1915 has standards that apply specifically to clean-
ing and painting work. Subpart C on Surface
Preparation and Preservation incudes 1915.32,
Toxic cleaning solvents; 1915.33, Chemical paint
and preservative removers; 1915.34, Mechanical
paint removers; 1915.35, Painting; and 1915.36,
Hammable liquids.

Shipyard/Shipbreaking Safety

0SHA issued a NEP on Shipbreaking in 2000, updat-
ed it in March 2005, and subsequently replaced it in
2010. The 2010 version indicated inspections of
shipbreaking operations will focus on 20 worker
safety and health issues, including asbestos and
lead exposure, polychlorinated biphenyls, confined
spaces, heavy metals, powered industrial trucks,
guarding of deck edges, oil/fuel removal and tank
cleaning, hearing conservation, fire prevention,
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0SHA's 2010 standard on cranes and derricks in contruction addresses four main
causes of worker deaths and falalities associated with using the equipment.

scaffolds, cutting and welding, and personal pro-
tective equipment.

In December 2006, OSHA issued the guidance
document, Abrasive Blasting Hazards in Shipyard
Employment, primarily on protection against air
contaminants generated during blasting.

Several Shipyard personal protective equipment
(PPE) standards were updated in 2009 by OSHA to
reflect consensus standards. Affected shipyard
PPE standards included standards for eye and face
protection, head protection, and foot protection,

In 2010, OSHA issued compliance directive CPL
02-01-049, 29 CFR Part 1915, Subpart |,
Enforcement Guidance for Personal Protective
Equipment (PPE) in Shipyard Employment.

In May 2011, OSHA issued compliance directive
CPL- 201051, 29 CFR Part 1915, Subpart B,
Confined and Enclosed Spaces and Other



Dangerous Atmospheres in Shipyard Employment.

In June 2013, OSHA issued a document titled,
“Ventilation in Shipyard Employment™ which pro-
vides information on ventilation related to flamma-
ble materials, confined spaces and hot work

Other Construction Hazards
in Coating Operations

0SHA continues to revise other standards relat-
ed to construction safety. 0SHAs comprehensive
revision to the Fall Protection Standards (29 CFR
1926 Subpart M—TFall Protection) in 1994 eliminat-
ed the use of body belts and expanded the scope of
the standard. Revisions to the Scaffolding
Standards (29 CFR 1926 Subpart L—Scaffolds) in
1996 resulted in new training requirements for
scaffold users, erectors, and designers. Because
many containment systems utilize suspended plat-
forms, this standard govems their design, erection,
maintenance, and use.

In 2002, OSHA updated 1926.201, Signs,
Signals, and Barricades, to require that all traffic
control signs or devices used for protection of con-
struction workers comply with the FHWA Manual
on Uniform Traffic Control Devices (MUTCD).

In November 2007, OSHA issued a proposed rule
“Confined Spaces in Construction.” Because of
substantial comments from industries and organi-
zations, OSHA extended the comment period
through most of 2008. 0SHAs July 2013 regulatory
agenda indicates that final nllemaking was expect-
ed to ocour in December 2013

Cranes and Derricks in Construction

In 2010, OSHA released a final standard, address-
ing the use of cranes and derricks in construction.
This standard replaced a 1971 standard. The rule
became effective on November 8, 2010, though
certain provisions have delayed effective dates
ranging from 1 to 4 years.

This new standard addressed control of four
main causes of worker death and injury related to
cranes and demics on construction worksites,
incuding electrocution, being crushed by parts of
the equipment, being struck by the equipment/load,
and falls. Key requirements of the new rule focus
on the following.
= Pre-erection inspection of tower crane parts and
assessment of ground conditions
 (ualification and certification of operators of
most types of cranes under one of 4 options: a cer-
tificate from an accredited crane operator testing
organization; qualification from the employer
through an audited employer program; qualification
by the U.S. Military and licensing by a state or local

govemnment (if the program meets the minimum
requirements set forth by this standard)

¢ Employers working under city or state opera-
tor requirements are to be in full compliance by
November 8, 2010. Otherwise, employers have
until November 2014 to ensure that their operators
are qualified or certified.

* Employers must pay for certification or qualifi-
cation of their currently uncertified or unqualified
operators.

e There are no training requirements; however,
operators must successfully complete both a writ-
ten examination that includes the safe operating
procedures for the particular type of equipment the
operator will be using and technical understanding
of the subject matter criteria required in
1926.14217(j), and a practical exam showing the
applicant has the skills needed to safely operate
the equipment, including the ability to properly use
load chart information and recognize items required
in the shift inspection.

e The certification requirements in the final rule
are designed to work in conjunction with state and
local laws.
= Employers must comply with local and state
operator licensing requirements which meet the
minimum criteria specified in 29 CFR 1926.1427.
= Employers must use a qualified rigger for rigging
operations during assembly/disassembly.

* Procedures for working in the vicinity of power
lines.

The March 2012 revision of the hazard commu-
nication standard provided sweeping revisions
related to labeling, signs, safety data sheets and
hazard dassification that will be phased in through
2016 (See JPCL August 2012, pp. 14-23).

Isocyanates

In the 1990s—early 2000s, we began recognizing
that some polyurethane and polyurea coatings may
contain diisocyanates, which can result in some
adverse health effects if workers are not properly
protected.

The most commonly used diisocyanates include
methylenebis (phenyl isocyanate) (MDI), toluene
diisocyanate (TDI), and hexamethylene diiso-
cyanate (HDI).

lsocyanates are imitants to the mucous mem-
branes of the eyes, nose, and throat, and to the
gastrointestinal and respiratory tracts; they also
can be allergic sensitizers. SSPC issued Technology
Update No. 8, “The Use of Isocyanate-Containing
Paints as Industrial Maintenance Coatings,” in
February 2001 (JPCL April 2001, p. 3). JPCL pub-
lished two additional articles related to iso-
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cyanates in 2001: on “Monitoring Airbome
Isocyanate and Solvent Concentrations during a
Bridge Painting Project” (JPCL June 2001, pp. 57-
61) and “Polyurea Spray Coatings: An Introduction”
(JPCL September 2001, pp. 48-52).

On June 20, 2013, OSHA issued a National
Emphasis Program—Occupational Exposure to
Isocyanates (CPL-03-00-017). The NEP identifies
1721, Painting and Paper Hanging as a target for
inspection. The NEP focuses on engineering con-
trols, administrative and work practice controls,
and personal protection equipment (PPE) as meth-
ods for reducing hazards. It introduces use of a col-
ormetric wipe as a tool for determining adequacy of
housekeeping and PPE.

Conclusion

The above discussion is far from comprehensive,
but it does identify some of the key environmental,
safety, and health issues that have figured promi-
nently in the protective coatings industry over the
past 30 years. Much more information is available.
For example, all 0SHA documents are available at
wwwosha.org. EPA documents are available at
wwwepa.gov. Documents from NIOSH are avail-
able at www.ede.gov/niosh. For SSPC publications,
visit wwwsspe.org. For issues of JPCLfrom 1995 to
the present, go to wwawpaintsquare.com.

Alison B, Kaelin, COA,
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What's Trendi
Now In Perso
Protective Eq

By Anita M. Socci, Managing Editor, JPCL

his article will briefly describe

some of the trends in health and

safety equipment, specifically,

respiratory protection, protective
eyewear, gas monitoring, and fall protection
equipment that have been covered in JPCL
and PaintSquare News over the last five
years.

Respirators and Accessories

OSHA regulations promulgated in 1993
brought forth sweeping changes in the coat-
ings industry in regard to respirator use and
worker protection. Since then, respirators
and associated components offer many
options in the way of size, ease of use, muk
tipurpose configurations, ergonomics, and
worker comfort.

In response to OSHA's mandatory fit test-
ing rules for respirators, equipment manu-
facturers are developing adjustable masks,
adhesive tapes, and removable and wash-
able padding that will improve the fit of the
masks to accommodate differences in facial
features and prevent leakage between the
face and the respirator.

Components that make up an entire blast-
ing assembly are being made to reduce
worker downtime experienced when switch-
ing out pieces. For example, some blasting
hoods now have lenses made with pull-off
tabs so that a worker can tear off one lens
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when it becomes abraded, eliminating the
need to stop and change out lenses.

Protective Eyewear

OSHA, NIOSH, and ANSI all have issued
standards for eye, head, and face protec-
tion, and manufacturers have responded by
making compliant products suited for dif-
ferent tasks and exposures.

Trends in protective eyewear include
goggles with builtin microphone systems
for hands-free communication. The industry
also has seen the introduction of combina-
tion safety goggles/glasses with a respira-
tor mask. New designs feature bendable
temples and nosepieces to allow for easy
adjusting, and lens options include special
tinting and coatings to guard against
scratches and fogging.

Multi-Gas Monitoring Units
Gas monitors offer personal and/or con-
fined space/hazardous environment moni-
toring and detection of combustible and
toxic gas concentrations that can be harm-
ful to workers. Many detectors available
today use infrared technology for gas
detection. Sophisticated optical designs
currently being used are factory calibrated
and are virtually maintenance free.

PSN reviewed units that can detect up to
six gases simultaneously; have field-replace-



PPE Trends

The Test of Time...

able sensars; long-ife batteries; and the ability
to transmit sensor data for use in computer-
based monitoring.

Fall Protection Equipment
Trends in fall protection equipment seem to
be centered on ease of use, the ability to
replace components in the field, worker mobik
ity, and fall arrest and fall restraint protection
for more than one worker simultaneously.
Temporary fall protection railings can
clamp directly onto parapet walls and slab

~ m Tough enough for any environment
m No batteries/electronics
= Accurate and dependable
m Free Certificate of Calibration

floors, eliminating the need for labor-ntensive

stick-built wood railings that must be drilled
into floors. Vertical platforms are available
with safety features that include controlled
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allow personnel fo calculate the heat index on
a particular jobsite. Risk levels are displayed

The Next Step for PPE

There's no doubt that worker protection will
always be a prominent issue in the industry.
PPE development has been driven by devel

oping technologies and changing regulations

Portable Power

and standards on protecting personnel who
perform jobs in hazardous environments and
work at heights or in enclosed spaces. The
development of smartphone and computer
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s with other topics in

this special section,

coatings developments

have been covered in

JPCL regularly since

i % 1985. The last main

review was in the 25! Anniversary issue (August

2009), where Michael Donkin summed up the

changes in coating formulation for the heavy-duty

protective market since JPCL started. He discussed

the drivers for change over that time and how they

had led to the introduction of new technologies.

The present article will summarize Donkin's find-

ings and then look at key developments for the pro-

tective and marine coatings since 2009. This article

is not claimed to be comprehensive, but is instead

a guide to some of the main continuing trends and
innovations.

The 25-Year Review

Donkin's August 2009 article discussed changes in
coatings formulation over 25 years and the key dri-
vers for change. Drivers included increasing levels
of legislation relating to protection of the environ-
ment from air pollution by reducing the emissions
of volatile organic compounds (VOCs) from coat-
ings, and the need to reduce the use of raw mate-
rials that can pose risks to worker health and safe-
ty and to the environment. In addition, there were
higher customer expectations of performance and
the need to increase the lifetime of assets while
reducing life cyce costs.

In the 1980s, there were very few VOC regula-
tions for coatings, but by the 1990s, a revision of
the U.S. Clean Air Act resulted in national VOC
rules, which have been getting stricter. There are

Nt &

W
| I
| |
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By Brian Goldie, Technical Editor, JPCL

also regional, state, and local VOC regulations in the
U.S. In Europe, the EU solvent emissions directive
was issued in 1999, but it wasn't until 2005 that the
first restrictions on release of VOCs started to apply.
These regulations meant the virtual end of thermo-
plastic coatings (vinyls and chlorinated rubbers)
because their very high VOC levels would never meet
the regulations. Two-pack materials such as epoxies
and polyurethanes became the resins of choice, but
it was (and still is) a challenge for formulators to
maintain the high performance obtainable with
these systems while reducing the level of solvent
used and the resultant VOC emissions. Increasing
the volume salids of the coating would reduce the
VOC content, but this is not easy to do without
affecting application, drying, and other properties of
the coating, particularly if very high solids levels are
needed. Altemative resins and curing agents are
needed to achieve these very high solids and/or
more sophisticated application equipment to apply
them due to high viscosities. An altemative technol-
ogy was waterbome coatings, which could be for-
mulated with very low VOC levels. Going back 25
years, waterbome technology was limited to single-
pack emulsions, principally for interior use and typi-
cally not suitable for heavy-duty because of slow
drying, poor film properties, and adhesion when
applied in the field. Donkin did point out that over 25
years, two-component waterbome systems, such as
epoxies and polyurethanes, have been developed
with performances dose to their solvent-bome coun-
terpants .

Raw materials identified as harmful to operators
and the environment in the 25-year review included
lead and hexavalent chromate pigments, coal tars,
and some plasticizers for acrylic emulsions.
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Cumently, lead anticorrosion pigments are not
used; chromate anticorrosion pigments have
very limited use (mainly in etch primers) in the
protective coatings area; and the use of APEQ
plasticizers (alkyl phenolethoxylate) is very
restricted. There were periodic concems about
health risks from isocyanates in coatings, but, in
general, the industry knows how to handle these
risks safely. In Europe, the REACH regulations
began causing an area of uncertainty among for-
mulators about what materials may disappear
from the market because of toxicity, or, more
probably, the cost effectiveness of screening
these materials, which are often produced (and
used) in small quantities.

Key Changes Since 2008

The drivers for development identified in the
August JPCL's 25-year review are still valid, so
what major coating developments have occumred
since then?

High-Solids vs Waterborne Coatings
So far, there has not been a dominant technology
to meet the current environmental regulations. A
good barometer of coating development is to look
at the (new) raw materials being promoted at
trade shows. The European Coatings Show is the
largest and most important exhibition for the paint
industry. At the 2011 event, the main trends were
an increased emphasis on waterbome systems,
rather than high solids, as a means of meeting the
VOC requirements, and more attention to smart, or
functional, coatings.

However, this trend has not yet transferred to
the protective or marine maintenance coating mar-



kets, where use of waterbome coatings is relative-
ly low; still due mainly to film forming and drying
problems in the field, as well as higher costs com-
pared to traditional solvent-bome coatings. As a
means of reducing VOCs, higher solids and solvent-
free coatings have been making more inroads. This
is due essentially to developments in curing agent
technology giving faster cure times, and, to a cer-
tain extent, to improved application equipment with
better control on component mixing ratios of these
two-pack systems.

Waterborne Coatings

The introduction of waterbome coatings has been
limited essentially to two market areas: coatings
for internal use or very low and now moderate
comrosivity areas, and sealants and coatings for
concrete.

As metal coatings, low-VOC, two-component
waterbome polyurethanes have been developed as
primers and direct-to-metal systems for compo-
nents for light industrial projects. For concrete and
masonry applications, acrylic systems are popular
as topcoat/sealers to give good weather and chem-
ical resistance.

Waterbome epoxies have also heen developed
as concrete coatings, particulary for coating mois-
ture-sensitive concrete (flooring). Systems have
been developed as sealers and primers that can
also be applied over green concrete and that have
good adhesion without the need for a profile.
Waterbome epoxy floor topeoats are also available,
including antistatic versions.

High-Solids Coatings

Conventional solvent-bome coatings have volume
solids contents of around 50-60%. High-solids
coatings can be divided into solvent-free systems
{100% solids) and those solvent-bome systems
with higher solids than the traditional coatings. In
this summary, high-solids coatings are defined as
those with volume solids greater than 70%.

100% Solids Coatings

Developments in solvent-free systems include pure
aliphatic polyurea topcoats for increased UV pro-
tection and good gloss and color retention, and
flexible polyurethane systems with good water-
proofing properties for concrete floors, particularly
in multi-story car parks exposed to aggressive envi-
ronmental conditions.

However, the most common 100% solids sys-
tems have been based on epoxy technology. Good
adhesion to steel and concrete, together with
improved chemical and abrasion resistance com-
pared to the traditional solids content coatings, can
be achieved with these systems.

Higher-Solids Coatings

The higher-solids protective coatings are generally
based on polysiloxane resins and polyureas. High-
gloss topcoats for steel, with good durability and
commosion protection as well as fast cure have been
developed based on modified polysiloxanes. An
even more environmentally friendly type of system,
an isocyanate-free single-component acrylic-silox-
ane, features good abrasion and a low VOC.

Aliphatic polyurea and polyaspartic resin sys-
tems also feature fast cure and high gloss for con-
crete floors and for medium comosivity steelwork
protection.

High-solids epoxies with a range of curing
agents, including phenalkamines, are used for
immersion and atmospheric protection of steel-
work and concrete floors.

Conventional Coatings

Although the trend is for higher-solids (or water-
home) coatings to meet the VOC regulations,
there have also been developments in the tradi-
tional solvent-bome coatings, although volume
solids have increased to nearer the 60-70% level.
Again, urethanes and epoxies dominate the
developments, with acrylic urethane finishes giv-
ing high durability protection to the structural
steel of bridges, storage tanks, and other struc-
tures, and polyurethanes providing heavy-duty
concrete floor coatings. The aggressive demands
of the offshore industry are being met with high-
performance zinc-rich epoxy and conventionally
pigmented epoxy primers.
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Specialty Coatings

Intumescent Coatings

Fire protection has become an important subject for
many raw material suppliers, as observed at the
European coatings shows in 2011 and 2013, and for

paint companies. For cellulosicfires, 120 minutes of
protection are being provided by one-component,
solvent-bome, aarylic intumescent coatings, with
some systems that can be applied under shop con-
ditions or onsite.

Marine Coatings

As with protective coatings, there have been
changes in marine coating over the past 30 years.
The 25-year review identified the key develop-
ments that had occurred up until 2009. These
mainly involved hull coatings, resulting in two
altemative high-performance antifouling tech-
nologies: tin-free polishing coatings (copper-con-
taining), and low-energy, foul-release coatings
(silicon and fluoropalymers).

Since 2009, very little has occurred, but vari-
ous paint manufacturers have been making incre-
mental changes to their products to establish dif-
ferentiation among them and have been partner-
ing with third-parties in an attempt to develop a
methodology for measuring and validating claims
about potential fuel savings.

However, a copper-free, high-performance
antifouling has become available that is based
on self-polishing binder technology and is aimed
specially at keeping underwater hulls clean from
fouling while vessels are stationary in seawater.

The other major concem in the shipbuilding
industry has been the corrosion of seawater bal-
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last tanks and the establishment of the IMO's
Performance Standard for Ballast tank coatings.
The IMO requirements were essentially “copied”
for a regulation describing a performance stan-
dard for cargo oil tanks. This regulation has pro-
voked some concem about the testing of (new)
coatings to meet the standard.

Polysiloxanes, which are showing increased
usage in the protective coatings sector, are also

starting to appear in marine coatings, with
durable, aesthetic topcoats that are easy to clean
and maintain, thus saving on costs

The Future

What does the future hold for protective and
marine coatings? Health & safety and environ-
mental regulations will still drive coatings devel-
opment. It is most likely that the VOG restrictions

will get even more restrictive. We do not lmow
what technologies will become more dominant:
waterbome or high-solids. Various industry fore-
casts predict strong growth in waterhorne sys-
tems, and going by the products exhibited this
year at the European Coatings show, the resin
suppliers are all active in this area. However,
when | talk to the formulating chemists in the
protective coating manufacturers, they all agree
that for the next 10 to 20 years, 80% of the
heavy-duty and marine coatings will be solvent-
bome, albeit with higher volume solids than cur-
rently.

The use of other toxic or hazardous raw mate-
rials will be banned and more environmentally
sustainable raw materials will become available.

With a great deal of research being carmried
out in nanotechnology for coatings, it is expect-
ed that we will see new “smart” or functional
coatings coming to the market. Already, we have
had demonstrations of what this technology can
deliver, and market acceptance should follow
once new formulations have been demonstrated
in the field and production methods have been
scaled-up.
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SSPC Coating Standards: Recent Changes

Performance Continues To Be Focus of SSPC Coating Standards

By the JPCL Staff

he earliest SSPC Paint and Paint
I System (PS) standards were formu-

lation-based. As long as a compa-
ny's Coating X had the right ingredients in the
right proportion, it met the SSPC standard for
Coating X (generic). But as new coatings were
developed to meet new needs, especially reg-
ulatory requirements, performance of the new
coatings to meet or exceed the ones they
replaced became critical. In response, SSPC
committees began developing Paint and PS
standards focused on performance, but with
composition requirements included or refer-
enced.

Seven new and revised performance-based
standards have been issued since 2009.
SSPC provided the information below. For
more information, go to sspc.org.

Coating Standards
In March 2013, SSPC revised SSPCPaint 23,
Latex Primer for Steel Surfaces, Performance-
Based. Intended for coating manufacturers
and specifiers, the revision has removed near-
ly all formulation requirements from the 1982
version, as well as requirements for wet adhe-
sion testing, coalescence testing, wet abra-
sion resistance testing, and mildew resistance
testing.

Requirements for dry adhesion testing have

Click our Reader e-Card af paintsquare.com/ric

been added. In addition, the 2013 revision ref-
erences cyclic corrosion cabinet testing per
ASTM D 5894 (3024 hours) in place of salt
fog exposure per ASTM B 117 (300 hours).

Humidity resistance testing has been
retained in the 2013 version, but now refer-
ences ASTM D 4585 (condensation on coated
side of panel only) rather than ASTM D 2247
(condensation on both sides of panel). The
number of hours of testing remains the same,
but the permissible amount of blistering, eval
uated in accordance with ASTM D 714, has
been reduced from “8F" to “No blisters.”

SSPC-Paint 38, Single-Component Moisture-
Cure Weatherable Aliphatic Polyurethane
Topcoat, Performance-Based, was revised in
March 2012. Substantive revisions include
changing requirements for package stability to
requirements for storage stability, and chang-
ing the intercoat adhesion requirement from
600 psi to a requirement that the minimum
intercoat adhesion meet or exceed the cohe-
sive strength of the coating. Editorial revisions
update references to standards issued by
other organizations, and improve overall orga-
nization of the standard.

SSPC- Paint 42, Epoxy Polyamide/
Polyamidoamine Primer, Performance-Based,
issued in July 2010, contains performance
requirements for two-component epoxy

primers used on blastcleaned steel. It
includes requirements for flexibility, direct
impact resistance, chemical resistance, and
humidity resistance as well as for rusting, blis-
tering, and scribe undercutting after exposure
in a cyclic salt fog/UV exposure test cabinet.
The standard gives owners and specifiers
evaluation criteria that can be used to define
requirements of an epoxy primer coating sub-
mitted for inclusion in a Project Specification
and/or an owner's Qualified Product List.
SSPC-Paint 43, Direct-to-Metal Aliphatic
Polyurea Coating, Performance-Based, was
completed in March 2012 and published in
July 2012. This standard defines performance
requirements of a coating for light and medi
um service in industrial and marine applica-
tions that require rapid throughput of shop-
coated work as well as touch-up capabilities in
the field. The standard calls for the coating to
be applied to a steel substrate blasted in
accordance with SSPC-SP 10/NACE No. 2,
Near White Blast Cleaning. The resins in the
coating are to be a polyamine and a polyiso-
cyanate that react to form an aliphatic
polyurea. The coating is designed to be
applied at thicknesses of 6 to 9 mils.
SSPC-Paint 44, Coatings for Concrete
Wastewater Structures, issued in July 2013,

continued on p. 25
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SSPC Coating Standards: Recent Changes

continued from p. 22

establishes minimum performance standards
for coatings used over concrete in municipal
wastewater facilities, based on categories of
service environments and structures within the
facility. The specifier identifies the structure to
be coated, then determines the performance
requirements for coatings for the structure’s
service environment based on a table included
in the standard. An example of language that
could be used to specify coating requirements
from the standard is provided in the non-
mandatory notes.

Recent Coating

System Standards

Coating system standards issued since 2009
include SSPC-PS 28.01, Two-Coat ZincRich
Polyurethane Primer/Aliphatic Polyurea
Topcoat System, Performance-Based, from
April 2009, and SSPC-PS 28.02, Three-Coat
Moisture-Cured Polyurethane Coating System,
Performance-Based, from June 2010.
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SSPC-PS 28.01 contains performance
requirements for a coating system for steel
substrates that consists of a corrosion-resis-
tant, zinc-rich moisture-cure polyurethane
primer meeting SSPC-Paint 40 and an aliphat-
ic polyurea topcoat with high color and gloss
retention meeting SSPC-Paint 39. The system
is generally suitable for exposures in SSPC
Environmental Zones 1A (interior, normally
dry), 1B (exterior, normally dry), 2A (frequently
wet by fresh water, excluding immersion), 2B
(frequently wet by saltwater, excluding immer-
sion), 3B (chemical exposure, neutral), and 3C
(chemical exposure, alkaline). The standard is
intended for specifiers, coating manufactur-
ers, and end users.

SSPC-PS 28.02 contains performance
requirements for a coating system applied
to steel substrates. The system is com-
prised of a zinc-rich moisture-cured
polyurethane primer complying with SSPC-
Paint 40; a moisture-cured polyurethane
intermediate coat complying with SSPC-Paint
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41; and a moisture-cured aliphatic
polyurethane topcoat complying with SSPC-
Paint 38. Performance requirements for

PS 28.02 include minimum adhesion criteria
for each coat as well as minimum require-
ments for rust, blister, and scribe evaluation
of the three-coat system. PS 28.02 also
gives requirements for three performance
levels based on the color and gloss reten-
tion of the topcoat.

Industry groups expected to benefit from
the standard are transportation depart-
ments, water treatment operators, and oper-
ators of general industrial plants (e.g.,
refineries) who have coating projects in high
humidity environments. It can also be used
in coolweather environments. This standard
may be used to define the requirements of a
coating system submitted for inclusion in
project specifications and/or Qualified
Product Lists. JPEL
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It’'s All Relative-

Advances in Environmental
Controls for Coating Work

By Robert |kenberry,
California Engineering
Contractors Inc.

ainting projects use environmental controls
for several purposes, including the follow-
ing:
1. Containment to enclose hazardous oper-
ations like lead abatement, protecting the
environment outside the work zone;
2. Containment for ventilation to provide conditions
conducive to proper surface preparation, safe work-
ing conditions, and paint curing. Often combined
with #1 above; and
3. Containment and ventilation with humidity and/or
temperature control to retain the blasted surface
until the entire space (or at least a larger portion)
can be coated monolithically, and/or to allow
for proper cure of reactive coatings and for worker
comfort and productivity. Always combined with #2
above and often #1 as well,

The items above are not the only reasons for,
or benefits of, using environmental controls.
Ventilation may be required to control both flam-
mable and toxic concentrations of solvent evapo-
rating from high performance coatings. In extreme
weather (both hot and cold), local environmental
controls to the workers' headspace may be neces-
sary for productivity and even safety.

Attention to controlling workspace environments
has increased over the decades, driven by factors
such as regulations, specifications, and the focus on
quality. This article focuses on key equipment and
practices for controlling the environment, as well as
some advances in them over the past three decades.

Back in the Day

| remember my first experience with “environmental
controls.” it was the mid-1970s, and we had a con-
tract to blast and paint a highway overpass on a
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busy freeway. (In retrospect, I'm sure the existing
paint contained lead.) The steel girders extended in
a sweeping curve past the active roadway as part
of a complex interchange, and we could work on
most of the span during the day. We wanted to put
up some tarps to contain the painting operation so
we wouldn't have overspray daims from paint land-
ing on passing cars. (The San Francisco Bay Area is
notoriously windy, and the paint system specified at
the time was slow drying and a known overspray
risk)

The guestion then became: “Do we keep the
tarps up while we blast?” As | recall, Califomia had
fairly recently introduced regulations limiting the
amount of visible dust from outdoor abrasive blast-
ing. Putting up containment would significantly
reduce the total amount of dust in the air from
blasting, but it would be coming from fewer (basi-
cally point source) locations at the ends of the con-
tainment. The regulations dealt with the obscura-
tion of the visible dust plume (Ringlemann Scale
visual test), and concentrating the dust cloud would
mean we were more likely to get cited for too much
{too dense a plume) dust. So we took the tamps
down to blast! Regulations sometimes have unin-
tended effects... but no containment was probably
actually safer for our painters at the time. Our
approach today would have to be very different.

Containment

With some exceptions, containment, in my experi-
ence, hasn't changed that much in the past 30
years, but its use has. The use of containment has
often been driven by regulations for protecting the
environment and the public from exposure to silica
sand, as well as exposure to lead and other haz-



ardous materials and debris. As more hazards are
identified in coating and blasting materials, con-
tainment is more frequently specified. Also driving
the use of containment are the need to avoid over-
spray, as in my first experience, and the need in
many plant interiors to protect sensitive equipment,
other plant workers, and products from blasting or
painting debris.

My first use of it involved hanging tarps, a prac-
tice still done. There also have been, for quite some
time, highly engineered containment systems, some
built on sophisticated platforms for bridges and off-
shore structures, and others engineered for interior
use. SSPC developed a guidance document for vari-
ous levels of containment, SSPC-Guide 6 (CON),
Guide for Containing Surface Preparation Debris
Generated during Paint Removal Operations (first
issued in 1992 as SSPC-Guide 6l, part of a supple-
ment to SSPCs Volume 2, Systems and
Specifications).! This document is welldmown and
used. Specifications for painting projects now often
identify the level of containment based on Guide 6.
In my experience, the application of containment
has changed significantly—its use has increased
over the years, not just in frequency, but higher lev-
els of containment are now specified. Ventilation is
generally needed, often incduding dust collection
exhaust and controlled make-up air. Here is where
heating and, sometimes, cooling or dehumidifica-

tion, come into play. Designing and setting up the
containment and its associated equipment are pro-
ject-specific. It is always a balancing act with any
containment, so that its use is safe for workers,
the public, and the environment. We don't want to
create a situation like the one in my first experi-
ence, where not using containment probably was
safer for the workers, but at the expense of the
unsuspecting public.

Understanding the Mechanics
of Humidity: Dew Point,
Water, and Vapor Pressure
Before | even start to talk about humidity and its
control for blasting and coating work, I'd like to
point out that in my experience, over the past 30
years, the humidity as well as its control and mea-
surement has not been well understood. So | will
try to explain the basics of the topic and its asso-
ciated technology as well as note some changes in
equipment and practice over the past 30 years.
For coatings, or comfort, it's usually not the total
amount of water in the air (humidity) that matters;
it's the Relative Humidity (RH) that's important.
That is, RH is how much water is currently present
in the air compared to how much water vapor the
air can hold. When the air is fully saturated (100%
RH), liquid begins to condense, making dew on
surfaces (dew point) and even creating fog in the

Environmental controls are used for many reasons,
including making a jobsite suitable for painting
and blasting in extreme conditions

iStock

air. This amount of vapor capacity varies widely by
temperature. At sea level, the amount of water in
fully saturated air at freezing (32 F, 0 C) is about 27
grains per pound of dry air (4 grams of water per dry
kilogram of air). At 75 F (24 C), it's about 131 grains
(19 grams), and at 120 F (49 C), it's over 566 grains
{80 grams). That's almost 20 times as much mois-
ture capacity in really hot air! So one way to reduce
RH is to heat the air. f you don't add any water,
100% saturated air at 32 F becomes much less than
10% RH when heated to 120 F This may be an
extreme case, but heating with indirect fired
heaters is a very effective way to reduce RH.

Now let’s focus on controlling the environment
for coating work. The problem is that heating the
air is a relatively ineffective way to heat the sur-
face, and when we are talking about paint applica-
tion and curing conditions, it's typically the condi-
tions at the surface that are of interest. When we
specify that temperatures need to be X degrees
above the dew point, we mean the temperature at
the surface of the steel.

A rule of thumb, then, is that RH changes by a
factor of two for each 20-degree F change in tem-
perature. In other words, if pressure and total mois-
ture don't change, saturated air (100% RH) at 50 F,
when heated to 70 F, would be around 50% RH; and
further heating to 90 F would result in RH of
approximately 25%. This same mle of thumb
explains why, if you keep the dew point at least 20
degrees F below the steel temperature, you can
generally hold your blast indefinitely. (You can hold
the blast for days at least, probably weeks, if the air
and steel are dean.) With a 20-degree F (11-degree
C) dew point spread, RH at the steel surfaces will
be about 50%, and corrosion (flash rusting) will be
drastically reduced. To hold a blast, keep the sur-
face of the steel 20 degrees F above the dew point.

For painting, two additional dew point consider-
ations generally apply. To paint, you need to avoid
condensation on the surface of the steel so that
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you don’t paint wet surfaces. You also typically
want to avoid dew (liquid water) condensing on
the wet paint. Keeping the steel surface about 5
degrees F (3 degrees C) above the ambient air
dew point assures that you avoid both of these
undesirable conditions. (Dew won't condense on
steel surfaces until they are at or below the dew
point, but starting painting when there is a 5-
degree F spread accounts for the inevitable varia-
tions in conditions from place to place or over
short intervals of time. What you measured may
not reflect the “worst case” conditions on the
project.)

Dehumidification is somewhat analogous to
creating a vacuum. You're trying to suck just one
component out of the air—the water. With gases
and solutions, the partial pressure (in this case,
vapor pressure) can be considered a bit like actu-
al pressure, say in a tank. Vapor pressure is just
another way of expressing dew point tempera-
ture. Both are absolute measures of the water
vapor in the air. When one changes, so does the
other. The water vapor very much wants to equal-
ize the “partial pressure” and will flow from

areas of high vapor pressure to low vapor pres-
sure with surprising rapidity. Consider first a
transparent box, like a fish tank, with a removable
divider down the middle. You might at a gut level
consider the situation somewhat like filling one
side of the tank with red colored water and the
other side of the tank with clear water. Carefully
remove the divider, and the color wall mix into the
other side, eventually making everything a uni-
form pink, but it will take a while (Fig. 1a).

Unfortunately, dehumidification is really more
like taking our divided tank and, with our red air
in one side, trying to vacuum out most of the air
from the other side. f we have any significant
containment leaks, it's as if we just started to
remove the barrier... and wham! Instant pink air,
all over the tank (Fig. 1b).

The air will impede the flow of the water vapor
a little bit, but, remember, water molecules are
actually smaller and lighter than nitrogen or oxy-
gen molecules, so the flow of water vapor from
areas of high moisture content to areas of low
moisture content is a strong wind. It's difficult to
restrict. This frantic desire by gasses to equalize

pressures of all components, including RH (water
vapor), is one reason most successful dehumidifi-
cation applications are on tanks or vessels where
there is already a solid mechanical barrier
between inside and outside air, and the make-up
vents are highly controllable. Humidity control is
possible in a well-constructed, well-sealed con-
tainment, but unlike ventilation for lead dust con-
trol, where negative air pressure inside the space
is desirable, for dehumidification you want to
maintain a positive pressure inside the dried
space. Therefore, sometimes these goals are in
conflict.

Dehumidification:

Types and Advances

The fundamental technology underlying desiccant
dehumidifiers hasn't changed much in the past 30
or 40 years. Units that perform the same basic
functions were available in the 1970s. In fact, my
prior employer used a twin tower desiccant dehu-
midification system on our compressed air supply
on a project in Hawaii in 1978. Conceptually the
same as dehumidification for ventilation air, this

Fig 1a: We expect dehumidified areas (pale blue) and saturated areas (red) to mix like water in a fish tank—
when you remove the divider, one color water slowly diffuses into the other.

Immediately goes to:

_

Fig 1b: In reality, it’s more like one area has a vacuum (pale blue) and the other side has normal air pressure {red) ...and when the divider is pulled
away, the water instantly changes color. Graphics: Lisa Tseng
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compressed air system provided -40 F dew point
air for blasting.

There are two basic types of dehumidification
equipment: desiccant and refrigeration. While the
basic principles of operation haven't changed
much, we will see that the need to increase ener-
gy efficiency and the electronic age have brought
changes to dehumidification equipment.

Desiccant dehumidifiers generally use a large
wheel containing a desiccant material, which can
absorb moisture from the air. Most of the wheel is
exposed to the incoming air to be dried. A smaller
portion of the wheel (£25%) is subjected to a
reverse flow of heated air, which dries out and
reactivates the desiccant. By slowly rotating the
wheel, the dehumidifier can operate continuously.
Residual heat in the wheel after reactivation tends
to heat the dried air going into your space.

The latest technology uses a small portion of
the wheel to create a pre-heat/post-cool energy
capture loop to reduce the energy demand of re-
activation. This pre-heats the drying section of
the wheel as it rotates into the purge area and
cools the desiccant before it enters the process
section, so the dry air coming out of the unit isn't
heated as much, and more heat stays to reacti-
vate the desiccant.

The other technology for dehumidification uses
refrigeration dehumidifying units, or, more accu-
rately, condensation dehumidifying units.
Refrigeration dehumidifiers seem (to me) to oper-
ate a bit counter-intuitively. In order to dry the air,
they cool it, driving up the RH. In fact, to work,
they have to keep cooling the air until it exceeds
100% RH, or total saturation. At that point, the
excess moisture collects on the cooling coils as
condensation. After the condensed water runs off
the coils, the air exiting the condensing section of
a refrigeration dehumidifier is always saturated,
or at 100% RH. Most units use electric heaters on
the air exiting the condenser section to raise the
temperature and lower RH. Since compressors on
refrigeration units generate a lot of excess heat,
some units use this heat to warm the cool air com-
ing from the condensing section, saving energy
over those that only use electric heat. Note this re-
heating does not change the dew point, which
depends solely on the total amount of water vapor,
but it does lower the RH of the discharged air.

The theoretical limit for refrigeration dehumidi-
fication would be an exit dew point of 32 E When
refrigeration DH units get close to a 32 F dew
point, ice builds up on the cooling coils, so a real-
istic lower limit for drying air using a refrigeration
dehumidifier is about 40 F dew point air.2 If ambi-
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ent temperatures are above 60 F all day, this pro-
vides the minimum 20-degree F dew paint spread
you need to hold your blast. Where there are
large swings in temperature, such as the San
Francisco Bay area, this can be problematic. With
a 70 F daytime high temperature followed by a 50
F nighttime low, using a refrigeration dehumidifi-
er under those nighttime conditions might result
in a dew point spread of only 10 degrees F or less.
This is not enough to ensure that flash rusting
cannot occur, and you may come in the following
moming to find that your blast has tumed. Also
be aware that steel surfaces exposed to clear
nighttime skies can cool below the ambient tem-
peratures due to the heat-suclking characteristics
of the cold sky.

For both types of DH units, the major cost of
operation is energy. Anything that reduces the
total amount of energy required to remove a fixed
quantity of water from the air is a plus. Recent
technology advances focus on lowering the total
energy costs of operation. Units described above
scavenge heat that was previously wasted,
improving the efficiency of current units.
Advances in electronic controls and data sensing
can also come into play. Using sensors that
detect the temperature of the reactivation air
exiting the desiccant wheel, current units can be
set to adjust their operational cycles to tum off
their reactivation heaters when not needed, the
equivalent of cycling your air conditioner com-
pressor. This avoids the cost of over-processing
the air, or running the compressor section or reac-
tivation heaters when they aren’t required.

In some equipment, combined-cycle DH units
may use both principles in a single unit, particu-
larly where ambient temperature and humidity
are both high, and lots of water has to be
removed. While industrial applications don't gen-
erally recycle the air inside the conditioned space
and therefore may not see as much savings, a
study published in 2006 by the Florida Solar
Energy Center testing a hybrid refrigeration/des-
iccant dehumidification system found that it used
only about 25% as much energy as a refrigeration
unit alone.3 Incorporating a special blend of des-
iccants, these combination units first cool the air
using typical refrigeration/condensation and then
send the saturated, cool air through a desiccant.
Since the RH at this point is high, it's relatively
(no pun intended) easy for the desiccant to grab a
substantial portion of the water. The waste heat
from the refrigeration compressor is then used
to regenerate the desiccant wheel, resulting in

much greater efficiency.

Another of the recent high-tech advances for
field industrial humidity control is remate sensors
that can be placed in the conditioned space. They
report continuously and wirelessly back to the
dehumidifier and to the web. These monitors can
provide two advantages.

* By continuously monitoring conditions in the
space, they can act as a hygrostat (humidistat) to
efficiently control the DH units and to alert the
contractor when there is a problem like a genera-
tor running out of fuel and shutting down.

e More often, the units’ primary purpose is to
demonstrate that appro-
priate conditions were
maintained  throughout l l
surface preparation, coat-
ing, and curing. They give
the owner assurance that
the specification require-
ments were met and are
often instrumental in pre-
serving the long-term war-
ranty from the coating supplier. Warranties may
be subject to challenge or dispute if the owner
and contractor can't show that the application
conditions were adequately controlled.

Cleaner, drier surfaces are also more resistant
to flash rusting. SSPC's Technical Report 3 (SSPC
TR3/NACE 6A192) indicates that RH and surface
cleanliness are hoth critical factors in flash rust-
ing. For perdectly clean iron, comrosion doesn't
start until about 90% RH. But if there is a bit of
sulfur dioxide (S0,—a component of smog) pre-
sent, rusting will occur, beginning at about 65%
RH. Salt (sodium chloride—NaCl) will lower the
level at which rusting can occur to 55% RH. So
the cleaner the surface (and the air) are, the more
resistant the steel is to flash rusting, and RH lev-
els below 50% will prevent rusting in the pres-
ence of some of the more common contaminants.
Technical Report 3 is a good follow-up to this
introductory article if you are looking for more
information on dehumidification and temperature
control.

Many contractors are intimidated by calcula-
tions (math!) for dehumidification (DH) and venti-
lation, but they don’t have to be that complicated.
First, suppliers will be happy to assist with calcu-
lating requirements and sizing equipment.
Second, a few basics will help you understand
the calculations. The sidebar, "Not Getting
Psyched Out,” will show you the basics of deter-
mining RH and reading those mysterious charts
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for RH (p. 32). Third, there are instruments that
will help you monitor RH, wind speed, and other
conditions on your jobsite.

Portable instruments for wet and dry bulb tem-
perature measurement are readily available and
much faster and more user friendly than old sling
psychrometers with their wicks and thermome-
ters. Manufacturers have adapted digital technol-
ogy to all kinds of measurement instruments for
environmental control. For example, one manu-
facturer’s line of instuments adds wind speed
measurements (although they are usually not
sensitive enough for the low 10-50 fpm [0.1-0.5
mph] flows generally found in containments) and
put a portable weather station in the palm of your

For both types of DH units, the major cost of operation
Is energy. Anything that reduces the total amount of
energy required to remove a fixed quantity of water
from the air is a plus.

n

hand for a few hundred dollars. Wind speeds, dry
bulb, wet bulb, dew point, RH, even barometric
pressure are all instantly available. Just add a
surface temperature thermometer and you are
fully instrumented.

What's more, if you want to keep track of envi-
ronmental conditions on your project, or calculate
how much DH capacity you need, numerous free
smartphone apps are available. Just run a search
on your phone or tablet.

Environmental Controls for Workers
Holding a blast and ensuring proper coating cur-
ing conditions are not the only reasons to consid-
er environmental controls. Worker safety and pro-
ductivity can also dictate controlling the environ-
ment. Making the job environment safer and
more comfortable usually makes workers more
productive.

First, ventilation is often needed for visibility.
Abrasive blasting, especially when using mineral
abrasive or preparing concrete, can generate high
levels of dust. Respiratory protection can reduce
exposures to silica and heavy metals, but if work-
ers can't see, especially for exiting in an emer-
gency and lnowing where their coworkers are,
then the conditions are unsafe.

Few objective guidelines exist for field dust
extraction ventilation. The one set of published
values often adopted by CIHs as a recommenda-
tion for lead work areas is 100 linear feet per



minute cross draft and 50 linear feet per minute
downdraft.5 These guidelines apparently originat-
ed with blast and spray booth design and are very
hard to achieve in normal-sized work enclosures
{and usually impossible in large tanks). In my
experience, these ventilation rates are overdll
and can't easily be achieved in practice on most
jobs (particularly if heating or DH is in place).

NFPA 33 is sometimes referenced as ventila-
tion guidelines for field enclosures for painting.§
This is clearly an inappropriate reference,
because the standard is intended for spray appli-
cation using flammable materials in permanent
structures. Section 1.1.5 states, “This standard
shall not apply to spray processes or applications
that are conducted outdoors.” Section 1.1.6 fur-
ther states, “This standard shall not apply to the
use of portable spraying equipment that is not
used repeatedly in the same location.” Annex As
Explanatory Material on section 1.1.5 further clar-
ifies: “This standard does not cover ... bridges,
tanks or similar structures.”

Further, these rates generally aren't needed for
visihility control. For example, consider a typical
steel structure work enclosure, 15 feet high by 25
feet wide by 100 feet long; it has a face area of
375 ft2. Ventilating the length of this containment
at 100 linear feet per minute would require
37,500 CFM, and would result in one air change
every minute. In this instance, a ventilation rate
of 10 to 12,000 ft* per minute is probably more
achievable, and reasonable, and results in 16 to
20 air changes per hour. For large tanks, it may be
practical to get only 4 to 6 air changes per hour
during blasting. You do still need some air move-
ment for visibility—for structure containments,
airflows of less than 10 linear feet per minute will
generally not be effective and will result in an
excessively dusty environment.

In addition to visibility, real-world ventilation
measures need to ensure an environment with
solvent vapor levels of less than 10% of the LEL
{Lower Explosive Limit) at all times whenever
flammable solvents are sprayed. Consideration
should also be given to using ventilation to
reduce exposures to toxic solvents to levels
below PELs (Permissible Exposure Limits) when-
ever possible. Note that PELs can be 10 to more
than 50 times lower than the flammability guide-
line of 10% of LEL There can be a lot of confusion
about using dilution ventilation to eliminate fire
risks and reduce toxic exposures. The exact cal-
culations are complex, and the mixing of airflows
around complex structures and even in open
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spaces like tanks makes it very difficult to model
exactly. Note well: the best way to ensure levels
below 10% of the LEL is to monitor with a cali-
brated meter. Use your CIH for specific advice.
But there are some simple rules of thumb that can
be applied to give a reasonable assurance of fire
and worker safety, as described in the second
sidebar, “General Planning for Ventilation (p. 34).”

Another aspect of worker comfort also impacts
safety and productivity. Heavy exertion in a hot
and humid environment may be dangerous, espe-
cially to those who aren't acclimated to the heat.

Special consideration should be given to blasters
because their protective suits can increase heat
exposures significantly. Heat illness risks have
been a recent special focus of safety regulators,
with California’s Cal/OSHA leading the way.

A heat index risk chart is shown on p. 35. Many
combinations can be risky. Note that the “Danger
area” encompasses 96 F at 50% RH (feels like 108
F), or 90 F at 70% RH, or 86 F at 95% RH. Reducing
B6 F air from 95% RH (feels like 108 F) to 50%
takes conditions out of the Danger zone all the way
down to a relatively comfortable “feels like” 88 F

DH can be a big comfort and heat safety bonus.
Actual cooling, of either the air in the entire enclo-
sure or the air fed to the worker's hood, can be
effective as well. To cool just workers, the most
effective methods are probably vortex air coolers,
which split a compressed breathing-air stream into
hot and cold portions so that cool air can flood the
worker's blast helmet. There are other lower-tech
ways to cool workers too, from wearing vests with
pockets for freeze-packs, to running coils of air-
lines through coolers filled with ice and water.

continued on p. 35

Not Getting PSYCH'ed Out—
How To Read Psychrometric Charts

By Robert lkenberry, California Engineering Contractors Inc.

Maybe it's because most people pronounce “psycho” in the name, or
maybe it's the “metric” that turns off Americans, but put the terms
and the chart together, and you have a weird, distorted graph that
drives people crazy and most find incomprehensible, now, as well as
over the past 30 years, perhaps. But it doesn't have to be quite that
complex. Let's get started with a couple of definitions and a slightly
simplified chart.

“Dry bulb temperature” refers to the reading of a thermometer
exposed to the ambient air but not direct sunlight or moisture. This
is what we think of as a “normal” temperature reading. When the
weatherman says “it's 78 F,” he means dry bulb temperature.

“Wet bulb temperature” refers to the reading of a moistened ther-

chart shows why. Look at the total amount of water in 40 F safurated
air. It's about 35 grains of water per pound. Now look at the amount
of water in 60 F saturated air. It's about 74 grains of water. So if the
temperature is 60 F and the same amount of water is present as in
saturated 40 F air, the RH is just under 50%. Moving up to 80 F air, it
can hold about 155 grains of water, just over twice as much as 60 F
air. Put it ancther way, if we heat saturated 60 F air to 80 F without
adding water, the RH goes down to just under 50%. Moving to the right
on the chart indicates heating without changing water content (the
grains of water stay the same). Moving down on the chart indicates
removing water while the temperature remains the same (dehumidifi-
cation).

mometer exposed to moving air. Wet bulb thermome- Graph courtesy of SSPC, from SSPC-TR 3/NACE 6A1924

ters generally have a sock or “wick” of cloth saturat-
ed with water surrounding the thermometer bulb (so
that it's “wet").

Dry bulb temperatures are listed at the bottom and
constant temperature is represented by a vertical line
on the chart. On the left side of the table, the curving
edge labeled “100% Relative Humidity" represents a
saturated state, and is the most moisture the air can
contain. Any additional moisture in the air would pre-
cipitate out as rain or fog. The values are in grains of
water per pound as shown on the axis on the right.
For the purposes of illustration, the horizontal orange
and red lines highlight the amount of water in saturat-
ed air at 40, 60 and 80 F. Green lines highlight reduc-
ing water content from saturated (100%) to 50% RH.
Orange arrows at 40 and 60 F highlight increasing
temperatures from saturated to 50% RH.

Nofice that hot air can hold a lot more water vapor.
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If the steel temperature is 20 degrees F above the
dew point, the RH is about 50%. The psychrometric
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spaces like tanks makes it very difficult to model
exactly. Note well: the best way to ensure levels
below 10% of the LEL is to monitor with a cali-
brated meter. Use your CIH for specific advice.
But there are some simple rules of thumb that can
be applied to give a reasonable assurance of fire
and worker safety, as described in the second
sidebar, “General Planning for Ventilation (p. 34).”

Another aspect of worker comfort also impacts
safety and productivity. Heavy exertion in a hot
and humid environment may be dangerous, espe-
cially to those who aren't acclimated to the heat.

Special consideration should be given to blasters
because their protective suits can increase heat
exposures significantly. Heat illness risks have
been a recent special focus of safety regulators,
with California’s Cal/OSHA leading the way.

A heat index risk chart is shown on p. 35. Many
combinations can be risky. Note that the “Danger
area” encompasses 96 F at 50% RH (feels like 108
F), or 90 F at 70% RH, or 86 F at 95% RH. Reducing
B6 F air from 95% RH (feels like 108 F) to 50%
takes conditions out of the Danger zone all the way
down to a relatively comfortable “feels like” 88 F

DH can be a big comfort and heat safety bonus.
Actual cooling, of either the air in the entire enclo-
sure or the air fed to the worker's hood, can be
effective as well. To cool just workers, the most
effective methods are probably vortex air coolers,
which split a compressed breathing-air stream into
hot and cold portions so that cool air can flood the
worker's blast helmet. There are other lower-tech
ways to cool workers too, from wearing vests with
pockets for freeze-packs, to running coils of air-
lines through coolers filled with ice and water.

continued on p. 35

Not Getting PSYCH'ed Out—
How To Read Psychrometric Charts

By Robert lkenberry, California Engineering Contractors Inc.

Maybe it's because most people pronounce “psycho” in the name, or
maybe it's the “metric” that turns off Americans, but put the terms
and the chart together, and you have a weird, distorted graph that
drives people crazy and most find incomprehensible, now, as well as
over the past 30 years, perhaps. But it doesn't have to be quite that
complex. Let's get started with a couple of definitions and a slightly
simplified chart.

“Dry bulb temperature” refers to the reading of a thermometer
exposed to the ambient air but not direct sunlight or moisture. This
is what we think of as a “normal” temperature reading. When the
weatherman says “it's 78 F,” he means dry bulb temperature.

“Wet bulb temperature” refers to the reading of a moistened ther-

chart shows why. Look at the total amount of water in 40 F safurated
air. It's about 35 grains of water per pound. Now look at the amount
of water in 60 F saturated air. It's about 74 grains of water. So if the
temperature is 60 F and the same amount of water is present as in
saturated 40 F air, the RH is just under 50%. Moving up to 80 F air, it
can hold about 155 grains of water, just over twice as much as 60 F
air. Put it ancther way, if we heat saturated 60 F air to 80 F without
adding water, the RH goes down to just under 50%. Moving to the right
on the chart indicates heating without changing water content (the
grains of water stay the same). Moving down on the chart indicates
removing water while the temperature remains the same (dehumidifi-
cation).

mometer exposed to moving air. Wet bulb thermome- Graph courtesy of SSPC, from SSPC-TR 3/NACE 6A1924

ters generally have a sock or “wick” of cloth saturat-
ed with water surrounding the thermometer bulb (so
that it's “wet").

Dry bulb temperatures are listed at the bottom and
constant temperature is represented by a vertical line
on the chart. On the left side of the table, the curving
edge labeled “100% Relative Humidity" represents a
saturated state, and is the most moisture the air can
contain. Any additional moisture in the air would pre-
cipitate out as rain or fog. The values are in grains of
water per pound as shown on the axis on the right.
For the purposes of illustration, the horizontal orange
and red lines highlight the amount of water in saturat-
ed air at 40, 60 and 80 F. Green lines highlight reduc-
ing water content from saturated (100%) to 50% RH.
Orange arrows at 40 and 60 F highlight increasing
temperatures from saturated to 50% RH.

Nofice that hot air can hold a lot more water vapor.
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If the steel temperature is 20 degrees F above the
dew point, the RH is about 50%. The psychrometric
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By Robert Ikenberry,
General Planning for Ventilation caifonia Engineering Contractors Inc.

The following is for illustration purposes only and is not to be relied upon for worker or property safety, nor is it intended to represent legal or expert advice.
Anyone working with flammable or toxic materials needs to consult the advice of appropriate experts (a certified industrial hygienist—CIH—or equivalent) to
ensure regulatory compliance and adequate worker safety.

Let's pick a typical example: say that painting out the blast cleaned steel surfaces at the end of the day takes 10 gallons of epoxy with 80% solids by volume
and all the volatiles are flammable solvents. That puts 2 gallons of solvent into the air, and, to be conservative, we assume that it all evaporates in the hour it
takes to apply it.

Here's a simple calculation for a first approximation: with 2 gallons of solvent, each gallon will create about 23 cubic feet of solvent vapor (consider this a con-
stant for typical paint solvents) at 100% solvent vapor, or 46 cubic feet, total. Typical LELs are about 1% by volume of solvent in air or a bit higher, so we assume
that diluting the solvent vapor by 100 will put us below the LEL That takes 4,600 cubic feet of ventilation air. The 1% is assumed to be the LEL, so to get to 10%
of the LEL, we need to dilute by 10 times again, giving us 46,000 cubic feet. In order to assure complete mixing, without dead spots, we should apply a safety
factor. Four to six times is often considered a reasonable range to take care of incomplete mixing, so we multiply our current value by 5 and get a final fire-safe
ventilation value of 230,000 cubic feet. Dividing our hour by 60 means we need to ventilate our paint area at the rate of 3,833 cubic feet per minute for the entire
hour.

Two gallons of solvent, evaporated, fills half a typical portable toilet; dilutes at the LEL to fill two each 40-foot shipping containers; and to be fire safe, should
be further diluted to fill an Olympic-sized pool. :

[ .- g.l
I Il X230Ffﬂal=u 46 CFX 100 = ,! 4,suucrxmxs=

Fushing our 2 gallons of solvent with 230,000 cubic feet will eliminate fire hazards, but what about personal exposure safety? Let's say the flammable solvent
was MEK (Methyl Ethyl Ketone or 2-Butanone). With an LEL of 1.4%, our calculations for fire risk were presumably conservative. The OSHA PEL for MEK is 200
ppm. Remember that 1% is 10,000 ppm, so when we got down to 10% of the PEL we are still at 1,000 ppm. To make the air safe for workers to breathe (assum-
ing the same mixing safety factor), we have to add ventilation to bring concentrations down by another factor of 5 to 1,150,000 cubic feet of dilution ventilation in
an hour. Now we have to move almost 20,000 CFM. And if our solvent were more toxic, like cumene, with a PEL of 50, we'd need almost 80,000 CFM to ensure
our painters didn't need to wear respirators. To summarize:

Gallons X 23 = 100% solvent, X 100 = 100% LEL, X 10 =10% LEL (theoretical), X 5 = 10% LEL with allowance for incomplete mixing. Total = 230,000 CF, a bit
more than enough to fill a typical Olympic sized swimming pool. To get down below the PEL, 5 times more. ..
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Heat Index Risk Chart

Relative Humidity

Apparent Temperature
“Feels like:"
80-90°F — Exercise Caution

Adapted from neaa.gov’

[ 104-124°F - Danger

91-103°F — Extreme Caution [JJJ] 125°F + - Extreme Danger

continuved from p. 32

Conclusion

In summary, many more projects deal with envi-
ronmental controls today compared to projects
conducted three decades ago. Some of this
change has been driven by regulations, particular-
ly lead safety OSHA requirements; some of the
increase has been driven by specifications, as
owners recognize quality improvements result
from dehumidification on tank linings; and some
of the increases have been voluntary, as employ-

ers recognize productivity improvements from
increased worler comfort. New technologies have
particularly improved measurement of temperature
and humidity and controls of equipment.

New technologies on the horizon promise still
more sophistication in electronic controls, allow-
ing ‘set-it-and-forget-it' options for contractors
who want their field crews to be able to focus on
production. Nanotechnologies may offer enhance-
ments in desiccants with improved zeolite formu-
lations that are much more efficient absorbers of

vapors and gaseous materials, including organic
vapors. It may even be possible to allow recircula-
tion of conditioned air during painting, with the
proper scrubbers and air “conditioners.” Stay
tuned—more advances are surely on the way.
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spaces like tanks makes it very difficult to model
exactly. Note well: the best way to ensure levels
below 10% of the LEL is to monitor with a cali-
brated meter. Use your CIH for specific advice.
But there are some simple rules of thumb that can
be applied to give a reasonable assurance of fire
and worker safety, as described in the second
sidebar, “General Planning for Ventilation (p. 34).”

Another aspect of worker comfort also impacts
safety and productivity. Heavy exertion in a hot
and humid environment may be dangerous, espe-
cially to those who aren't acclimated to the heat.

Special consideration should be given to blasters
because their protective suits can increase heat
exposures significantly. Heat illness risks have
been a recent special focus of safety regulators,
with California’s Cal/OSHA leading the way.

A heat index risk chart is shown on p. 35. Many
combinations can be risky. Note that the “Danger
area” encompasses 96 F at 50% RH (feels like 108
F), or 90 F at 70% RH, or 86 F at 95% RH. Reducing
B6 F air from 95% RH (feels like 108 F) to 50%
takes conditions out of the Danger zone all the way
down to a relatively comfortable “feels like” 88 F

DH can be a big comfort and heat safety bonus.
Actual cooling, of either the air in the entire enclo-
sure or the air fed to the worker's hood, can be
effective as well. To cool just workers, the most
effective methods are probably vortex air coolers,
which split a compressed breathing-air stream into
hot and cold portions so that cool air can flood the
worker's blast helmet. There are other lower-tech
ways to cool workers too, from wearing vests with
pockets for freeze-packs, to running coils of air-
lines through coolers filled with ice and water.

continued on p. 35

Not Getting PSYCH'ed Out—
How To Read Psychrometric Charts

By Robert lkenberry, California Engineering Contractors Inc.

Maybe it's because most people pronounce “psycho” in the name, or
maybe it's the “metric” that turns off Americans, but put the terms
and the chart together, and you have a weird, distorted graph that
drives people crazy and most find incomprehensible, now, as well as
over the past 30 years, perhaps. But it doesn't have to be quite that
complex. Let's get started with a couple of definitions and a slightly
simplified chart.

“Dry bulb temperature” refers to the reading of a thermometer
exposed to the ambient air but not direct sunlight or moisture. This
is what we think of as a “normal” temperature reading. When the
weatherman says “it's 78 F,” he means dry bulb temperature.

“Wet bulb temperature” refers to the reading of a moistened ther-

chart shows why. Look at the total amount of water in 40 F safurated
air. It's about 35 grains of water per pound. Now look at the amount
of water in 60 F saturated air. It's about 74 grains of water. So if the
temperature is 60 F and the same amount of water is present as in
saturated 40 F air, the RH is just under 50%. Moving up to 80 F air, it
can hold about 155 grains of water, just over twice as much as 60 F
air. Put it ancther way, if we heat saturated 60 F air to 80 F without
adding water, the RH goes down to just under 50%. Moving to the right
on the chart indicates heating without changing water content (the
grains of water stay the same). Moving down on the chart indicates
removing water while the temperature remains the same (dehumidifi-
cation).

mometer exposed to moving air. Wet bulb thermome- Graph courtesy of SSPC, from SSPC-TR 3/NACE 6A1924

ters generally have a sock or “wick” of cloth saturat-
ed with water surrounding the thermometer bulb (so
that it's “wet").

Dry bulb temperatures are listed at the bottom and
constant temperature is represented by a vertical line
on the chart. On the left side of the table, the curving
edge labeled “100% Relative Humidity" represents a
saturated state, and is the most moisture the air can
contain. Any additional moisture in the air would pre-
cipitate out as rain or fog. The values are in grains of
water per pound as shown on the axis on the right.
For the purposes of illustration, the horizontal orange
and red lines highlight the amount of water in saturat-
ed air at 40, 60 and 80 F. Green lines highlight reduc-
ing water content from saturated (100%) to 50% RH.
Orange arrows at 40 and 60 F highlight increasing
temperatures from saturated to 50% RH.

Nofice that hot air can hold a lot more water vapor.
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If the steel temperature is 20 degrees F above the
dew point, the RH is about 50%. The psychrometric
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A Sampling of Trends in Product
Development for Environmental Control

By Anita M. Socci, Managing Editor, JPCL

n the June 2004 20th Anniversary issue (pp. 66-103) and
again in the August 2009 25t Anniversary issue (pp. 38-77),
JPCL reported on changing regulations, standards protecting
workers and the environment, and technological advancements
in coatings and equipment in the industrial coatings industry.
The following is a sample of trends in environmental control
equipment that JPCL and PaintSquare News (PSN) have cov-
ered since 2009. It is not meant to be comprehensive.

Containment Then and Now

As Robert Ikenberry points out in his article (pp. 26-35), “Attention
to controlling workspace environments has increased over the
decades, driven by factors such as regulations, specifications, and
the focus on quality.” Years ago, containment structures (as a form
of environmental control) usually consisted of tough fabric stretched
around wire frames or loose and leaky tarps connected to wooden
platforms (JPCL, January 1988, p. 33). Today’s engineered contain-
ment structures contain equipment to heat and cool the air, and

some have remote data monitoring of surface temperature and
humidity.

Among recent advances in temporary portable containment are
retractable abrasive blasting and painting enclosures designed to
help companies save workspace and comply with air quality stan-
dards.

Dehumidification Units Get Smaller
Dehumidification (DH) units are designed to remove humidity from
the air, keeping condensation away from the surface of the steel
workpiece as well as contributing to worker comfort. DH units can
be used inside or outside of containment structures. DH units
brought to market since 2009 are often smaller in size than their
predecessors, offer higher efficiency in water vapor extraction,
higher output capacity, and a wider climatic range of operation
compared to similar products used for dehumidification in haz-
ardous environments.

Trends in DH equipment that JPCL and PSN have reported on
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Environmental Control: Product Trends

include mobile DH units for smaller jobs
that are lightweight and compact for easy
maneuverability in small spaces. Portable
and stackable units are becoming popular,
some less than three feet high. Larger units
for big-scale jobs obviously are still in exis-
tence; advances in these units include built-
in digital controllers, global remote monitor-
ing capabilities, and fully grounded housings
for use in combustible environments.

Vacuum Shrouds

and Dust Collection

In the August 2009 JPCL 25th Anniversary
issue (p. 58), it was reported that as the
desire for alternatives to abrasive blast
cleaning grew, so did the product line for
power tools. Vacuum-shrouded power tools
are used for drilling, grinding, cutting, and
sanding surfaces while simultaneously col-
lecting dust and debris during small-scale
coatings removal and surface preparation
work. Advances in these units include more
efficient filtration systems to ensure that
particles even as small as 3 microns can
be captured and prevented from escaping
to the environment. Newer safety features
include fully grounded housings for use in
hazardous environments where combustible
dusts are present.

Lighting Options

Get Brighter, Safer

Over the years, new technologies, as well
as OSHA safety standards on lighting, have
brought about many advances in lighting
options for blasting and painting work. JPCL
and PSN have reported on lights that are
more energy efficient than previous lighting
options, and are brighter and safer for use
in hazardous and combustible environ-
ments.

For example, the industry has seen the
introduction of several models of induction
and LED explosion-proof lights for use in
confined spaces and environments contain-
ing flammable and/or explosive dusts and
gases. Other advances include compact
sizes, portability, magnetic bases for versa-
tile mounting options, waterproof and vapor
proof, and the ability to withstand abusive
conditions found in media blasting applica-
tions. Most have highwisibility LED bulbs
that operate longer and are more energy
efficient than typical fluorescent fixtures.

What's Next for Environmental
Control Products?

Changing regulations on environmental and
worker protection and technology advances
have contributed significantly to the develop-
ment of environmental control products.
Advanced, remote monitoring devices, cur-
rently used today, will continue to record
and report jobsite condition data and trans-

mit it globally. Computers, smartphones,
and tablets will be an integral part of site
condition monitoring. Shrouded power tools
will likely continue to deliver good perfor-
mance while effectively capturing small par-
ticles from entering the environment.
Portable, efficient products that use less
energy will continue to drive product devel-
opment.
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by Charles Lange, JPCL

If you're in the coatings industry, then
you're well aware of just how vital sur-
face preparation is to any protective coat-
ings-related endeavor. Whether it's a mat-
ter of removing and containing existing
lead-based paint from a structure, or pro-
viding a clean substrate and a uniform
surface profile to ensure proper coating
adhesion, surface preparation is every bit as
important as the actual coating application, and
it requires strict attention to detail, clear and
concise regulations and standards, and the most
up-to-date equipment to get the job done right.
According to Fred Goodwin, from an article in
the July 2012 JPCL, “Proper surface prepara-
tion is one of the most important stages in
achieving successful coating installation.” (p.
45)

The 25t Anniversary issue of JPCL (August
2009) provided a general summary of surface
preparation practices, equipment, and standards
dating back to the publication of JPCLS first
issue in 1984. Industry growth hasn't ceased
since then; in fact, surface preparation methods
and equipment continue to develop. In conjunc-
tion with these developments, SSPC has adapt-
ed its standards along the way, providing a clear
point-of-reference to surface preparation work
and resulting in better execution of the worlk

This article will take a look at some of the
advances in surface preparation, with particular
attention paid to the last four years. While it is

I

eparation;
A Continuing Evolution

not intended to be comprehensive, this article can
serve as a framework for some of the trends and
continuing developments in the surface prepara-
tion field. Trends identified are based on product
developments reported by JPCL, PaintSquare
News, and individual companies.

1984—2009: A Brief Review

The August 2009 JPCL summarized and detailed
the ongoing developments in surface preparation
practices, equipment, and standards between
1984 and 2009. Trends highlighted in the summa-
ry include the advances made in abrasive blast
cleaning, as well as the establishment of new
standards to ensure quality during blasting opera-
tions and selection of abrasive materials (pp.
56-57). Advances in standards for power tool
cleaning (pp. 58-59), as well as the emergence of
visual standards (p. 61), were also explained.

The August 2009 summary also touched on the
emergence of waterjetting, an altemative to dry
blasting, and the establishment of the original
SSPC waterjetting standard in 1995 (pp. 59-60).
Wet abrasive blasting methods were also dis-
cussed (p. 60), as were techniques and standards
for preparing concrete surfaces (pp. 62-63).

The equipment and practices covered in the
August 2009 JPCL haven't disappeared, just
changed to adapt with technological advances
and the constant need for corresponding stan-
dardization. Some of the trends discussed in the
25th Anniversary summary are still prevalent in
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the industry today. While there has certainly
been plenty of new innovation in the surface
preparation field, it is more common that past
methodology is developed and tweaked for use
in the future. Pay attention to how some of these
older methods have been modified to reflect the
changes in the industry, while others have been
outright replaced by the new tools of the trade.

Equipment & Practices: 2009—Today

Robatics Revolution

One of the most visible trends in surface prepa-
ration equipment and practices is the automation
of surface preparation processes through the
emergence of new robotic equipment. Debuted
primarily during marine coating endeavors, robot-
ics usage has expanded across several different
industries, and few technologies have had such
far-reaching effects in these industries as robot-
ics. These new components have a wide range of
benefits, helping contractors increase efficiency;
reduce negative environmental impacts; and,
because robotics equipment can prepare danger-
ous or nearly inaccessible areas, often keep
workers out of harm's way.

Over the past five years, we've seen a number
of robotic waterjetting machines put to use for
surface preparation jobs on vessels and storage
tanks. These machines include features such as
increased coatings removal rates, mobile or
radio-controlled operation, magnetic attachment
systems for horizontal or vertical surfaces, both



High-tech equipment like robotic units offer many advantages, but surface
preparation still needs that human touch. iStock

vacuum effluent and vacuum-less containment
systems, and various safety devices.

Robotics aren't just for waterjetting. Some
new robotic gritblasting machines are designed
to store blast process parameters for different
blasting operations, ensuring an even profile and
consistent stand-off distances, nozzle angles,
and surface speeds. In addition to enhanced pro-
ductivity, these features are intended to ensure
quality control and consistency, as well.

Better Ways to Waterjet

JPCL's 25t Anniversary review of surface prepa-
ration techniques was published as waterjetting
started gaining ground as a preferred technique.
As contractors looked for altemative preparation
methods for jobs in which dry abrasive blasting
was not the best option, ultra-high pressure
(UHP) waterjetting emerged as a suitable substi-
tute. The first waterjetting standard, published
by SSPC and NACE in 2002, was expanded a
decade later to reflect the technical and practical
changes and developments that took place. (For
more information on the revised waterjetting
standard, take a look at the Surface Preparation
Standards article, p. 44.) To go hand-in-hand with
the revised waterjetting standards, equipment

and practices have been modified, with
increased efficiency and user ease taking the
lead as the driving forces behind new innova-
tion.

Some of the aforementioned robotic waterjet-
ting machines have the ability to tackle a variety
of surfaces and substrates. But a thorough sur-

Concrete needs surface prep and coating application tallored to its unique makeup. IStock

face preparation job can’t be completed by
robots alone—it needs that human touch, so to
speak Recent man-powered waterblasting
machines have been designed with a keen eye
on ergonomic design and other considerations
that could help increase efficiency and produc-
tivity, as well as more portability and better
access for usage across a variety of structures.

The past five years have seen several new
versatile waterjetting components introduced,
including water jet pumps that contain multiple
operating pressures and engines that run up to
1,000 hp. Others include new convertible water-
jet units; new multi-gun valves; new ergonomic
equipment designed to make waterjetting easi-
er; and revamped control gun handles, designed
to be easier to hold and operate, helping the
worker complete the job in the most efficient
manner possible.

Conquering Concrete

If you've ever picked up and read a copy of
JPCL, chances are you don't need to be remind-
ed that concrete surfaces require different meth-
ods of surface preparation than steel and other
materials—but we’ll mention it, anyway, just to
drive the point home once more. Concrete
demands a surface preparation and coatings
application plan tailored for its unique composi-
tion, porosity, and possible surface defects.
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Protecting workers and the environment during surface prep is as important as properly cleaning and profiling the substrate. iStock

The 25th Anniversary JPCL described some Going Green
early steps to establishing more tried-and-true Nowadays, it's impossible to ignore the negative
concrete surface preparation methods, includ- impacts that industry has had on the environ-
ing the establishment of and revamping of ment. Among pollution, depletion of natural
SSPC-SP 13/NACE No. 6, Surface resources, and the negative health effects on
Preparation of Concrete. With this stan- humans, it has become increasingly obvi-

dardization as the foundation, surface ous that every industry needs to rededi-

preparation equipment and practices cate itself to making sure the harm to the

for concrete continue to develop. environment and people is kept to an
Tracy Glew authored an article in absolute minimum, and the coatings

the January 2013 JPCL, "Preparing industry is no exception.

Concrete Floors for Coatings,” which Some of the aforementioned technolog-

highlighted some of the most common
techniques for preparing concrete floors
before coatings application. The methods
Glew touched on include multi-stripping, plan-
ing, grinding, and shotblasting—which Glew

ical developments have environmentally
friendly features, such as vacuum blasters, and
so on. Indeed, preparing surfaces that leave large
guantities of blasting dust and residue, or removing
existing lead-based paint, always poses a risk to

says is one of the most cost-effective methods the environment and requires the use of contain-

of preparing concrete, given proper conditions ment and other measures to make sure these

(p. 32). previous coatings and compounded residues from  harmful byproducts do not enter into the ecosys-
Not surprisingly, there have been plenty of concrete at high production rates. Other develop-  tem.

developments in the equipment aiding these ments include new multi-level grinding kits and While water jetting to avoid abrasive dust and

processes, such as new self-propelled or walk- upgraded pneumatic surface planers, designed waste has become an increasingly popular method

behind shotblasting machines intended to strip for use in marine and other industrial settings. of avoiding said byproducts, dry blasting hasn't

_=---
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gone by the wayside. Instead, Porrab.f:.-'fry & Access:
vty mrs e TN VASL MO O 12 NEW TOUEIS W'V SEEN DODBNG D 0 et ot atsn o s
cbresives “‘;'j'j’;"’“m;“ the marketplace now come equipped with features that increase j;;;ﬁ T;“N";';:';;
fewer threats to the environment.  BfiCieNCY and productivity, allow for maximum portability, [SSen  forward processes to clean uni-
In the October 2012 JPCL David . . f easi ible surf
oo mwer thocomaion - NATTHLLIMBACES 01 (1E ENVIFONMENt, AN KEEP WOIKEIS SEIE. s et e commlicns
“What is a Green Abrasive?” ’ ’ and challenging areas to prepare.
Domow describes the different Coating jobs often require espe-

lands of recyclable abrasives, including steel, gar-
net, glass, and others. Dommow says that these
recycled, green abrasives can reduce the overall
waste generated by a project, and advises con-
tractors not only to consider cost and convenience
considerations when selecting an abrasive materi-
al, but to also think about sustainability and
effects on the environment. He also explains the
ways of producing abrasives from industrial
byproducts, such as mineral aggregates (or
“slags”), and post-consumer materials like recy-
dled household plastic and glass waste. The
“green” abrasive products on the market today
reflect Dorrow's school of thought—putting envi-

Also specializing in custom equipment
for the Blasting and Coatings Industry

Click our Reader e-Card at painisquare.com/ric

ronmental considerations at the forefront of the
selection process.

Abrasives aren't the only surface preparation
materials that have been modified for better sus-
tainability and less environmental impact.
Machines that use heat to remove coatings have
been around for many years and continue to be
developed, with focuses on features such as
reduced environmental harm, improved portability,
and ease of access. Paint strippers also continue
to evolve. Old solvent-based versions had put
workers and the environment at risk Today, paint
strippers come to market in formulations free of
solvents and other hazardous compounds.

Same ADI quality & efficiency in a smaller 3500 Blast Grit Recycler.

ADI
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cially small or large surfaces, or hard-to-reach
areas, to be prepared and coated with the same
attention to detail and quality as the easier parts
of the structure. Iif these surfaces do not receive
adequate preparation before coating application,
the performance of the entire structure’s coating
system is put at risk. With this in mind, several
new innovations in the industry have been
designed with the intent of helping contractors
cover these crucial areas.

New blasting machines, designed to prepare
surfaces of steel and concrete storage tanks, ship
hulls, and other horizontal or vertical surfaces, can
disassemble to fit inside of a tight storage tank

XL20 - XL80:Dust Collectors

11505 Pocomoke Ct Baltimore MD 21220

866.callADI callADl.com



More equipment is coming ta the market to improve the
efficiency, quality, and safety of preparing ship hulls.
iStock

access hole, keeping worlers out of dangerous
areas. There have also been developments in
handheld units for dry and wet surface prepara-
tion. Such tools are designed to remove coatings
from steel structures that are too large for manual
surface preparation, but too small for fully-auto-
mated equipment.

From the tools and machines created for small
spaces where access is difficult, to self-attaching
units that prepare large, vertical surfaces at
extreme heights and hand-held tools aimed at
completing medium-sized preparation jobs, sur-
face preparation equipment is changing to meet
the demands of the industry.

What's Next?
So where does surface preparation go from here?
It's hard to predict innovation—if we could,
we'd all be millionaire inventors, after all. It is,
however, possible to study the trends we've dis-
cussed in surface preparation equipment and prac-
tices, and try to make an educated guess as to
what developments the future may hold.
Take a look back on the past five years. We've
seen the emergence of new robotic surface prepa-

Waterjetting, once a novel method of surface prepara-
tion, has become much more popular, and development
of its standards, practices, and equipment continues to
meet new demands. iStock

ration machines, versatile, multifaceted waterjet-
ting units, cleaner recycled abrasive materials,
and new methods and machines for deaning con-

drive innovation in the surface preparation field.
Efficiency and productivity, in a certain sense, will
always be one of the top motivations for develop-

crete. The vast majority of the new products
we've seen popping up in the marketplace now
come equipped with features that increase effi-
ciency and productivity, allow for maximum porta-
bility, lessen harmful impacts on the environment,
and keep workers safe.

It's safe to say that these goals will continue to

ment, but they can’t come at the expense of any
of the other benefits contractors strive for. It will
certainly be interesting to see which considera-
tions will take front and center as the develop-
ment of suface preparation equipment and prac-
tices continues. JPEL
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Recent Developments
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In SSPC Surface Prep Standards ey e seo st

n the past five years, SSPC has added,

replaced, and revised several standards

for surface preparation and abrasives in

response to changes in the industry.

The documents cover power tool

cleaning; blast cleaning galvanized steel,
stainless steels, and non-ferrous metals; water
jetting of metals; mineral and slag abrasives;
and encapsulated abrasives. The information
below was provided by SSPC.

Power Tool Cleaning
SSPC revised two power tool cleaning stan-
dards in 2012: SSPC-SP 11, Power Tool

Cleaning to Bare Metal, and SSPC-SP 15,
Commercial Power Tool Cleaning.

The types of power tools described by SP
11 and SP 15 have been reorganized and
reclassified into grinding and impact cate-
gories. The impact category now includes wire
bristle impact tools, which were introduced to
the U.S. market after the earlier SP 11 and
SP 15 were developed. In both standards, the
default method for measuring profile is ASTM
D 4417, Method B (depth micrometer) unless
otherwise specified. Other methods (replica
tape or portable stylus instrument) may be
used if permitted by the project specification.

Feathering of remaining intact coatings is
required unless otherwise specified.
Compressed air used in power tool cleaning
must be verified to be free of oil and water in
accordance with ASTM D4285, Standard Test
Method for Indicating Oil or Water in
Compressed Air.

Non-mandatory notes have been added to
both standards to caution against damaging
surfaces, and to alert users that characteris-
tics of individual tools and variations in the
steel may affect the appearance and depth of
resulting profile.

For both standards, what did not change is
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as noteworthy as what did change, according
to SSPC. The 2012 revisions have not
changed existing requirements for surface
cleanliness and minimum surface profile in
either standard.

Surface Preparation and Abrasives
In 2010, SSPC issued SSPC-SP 16, Brush-Off
Blast Cleaning of Coated and Uncoated
Galvanized Steel, Stainless Steels, and Non-
Ferrous Metals.

According to SSPC, this standard covers
surface preparation of coated or uncoated
metal surfaces other than carbon steel before
application of a protective coating system.
Surface preparation in this standard is used to
uniformly roughen and clean the bare sub-
strate and to roughen the surface of intact
coatings on these metals before coating appli-
cation. Substrates that may be prepared by

this method include, but are not limited to, gal
vanized surfaces, stainless steel, copper, alu-
minum, and brass. For the purpose of this
standard, the zinc metal layer of hot-dip galva-
nized steel is considered to be the substrate,

rather than the underlying steel. This standard
is intended for use by coating specifiers, appli-
cators, inspectors, or others who may be
responsible for defining a standard degree of
surface cleanliness.

SSPC-SP 16 is not to be used for cleaning
coated or uncoated carbon steel substrates.
The standard represents a degree of cleaning
similar to that defined for carbon steel sub-
strates in SSPC-SP 7/NACE No. 4, Brush-Off
Blast Cleaning, except that SSPC-SP 16
requires a minimum surface profile depth on
the bare metal surface.

SSPC-AB 1, Mineral and Slag Abrasives,
was revised in 2013, its first revision in 22
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years. The standard was developed to estab-
lish quality benchmarks for non-metallic abra-
sives and to provide a classification scheme
that would allow users to select the appropri-
ate size distribution (work mix) for a given pro-
ject.

Key changes to the standard begin with the
scope. It has been expanded to include manu-
factured, non-metallic abrasives that meet the
requirements of the standard, such as silicone
carbide and other abrasives that are neither
naturally occurring minerals nor slag byprod-
ucts.

The revision also clarifies the responsibili-
ties for testing the abrasives to determine ini-
tial qualification to the standard, conformance
testing for continued compliance, and testing
for field quality contrel. The supplier is respon-
sible for third-party testing to determine initial
qualification. The requirements for documenta-
tion of initial qualification testing include
requirements for the credentials of the labora-
tory performing the qualification testing of the
abrasive.

The supplier is also responsible for confor-
mance testing of material for continued com-
pliance when such testing is required by the
purchaser.

The contractor is responsible for field test-
ing for oil and soluble salt contamination of
delivered new media before initial use, and, if
the use of recycled work mix is permitted by
project specification, the contractor is respon-
sible for testing the work mix before field use.
The standard calls for the latter testing to be
done once every work shift or eight-hour peri-
od, whichever is shorter.

Also new to the standard is an appendix
with additional requirements for non-metallic
abrasives used by the U.S. Navy. This appen-
dix is non-mandatory unless specified by the
purchaser, and it includes additional require-
ments for friability, radioactivity, and inspec-
tion that are currently required by MIL-A-
22262(SH).

In 2009, SSPC issued a new abrasive stan-
dard, SSPC-AB 4, Recyclable Abrasive Media



Developments in SSPC Surface Prep Standards

(in a compressible cellular matrix), developed
to help those who use these composite abra-
sives to reduce dust generation and ricochet
damage when blast cleaning steel and other
surfaces. The standard includes requirements
for selecting and evaluating the encapsulated
media (e.g., steel grit, aluminum oxide) as
well as requirements for quality control of new
and recycled encapsulated media.

Four Waterjetting Standards
Replace Existing Standard

The 2012 revision of the 2002 version of
SSPC-SP 12/NACE No. 5 standard, Surface
Preparation of and Cleaning of Metals by

Waterjetting Prior to Coating, replaced the sin-

gle standard with four separate documents,
each addressing a different level of surface
cleanliness. There were several reasons for
the changes, according to SSPC, but much of
the material in the new standards was drawn
from SSPC-SP 12/NACE No. 5.

The organization of the four resulting stan-
dards has been revised to more closely paral-
lel the organization of the dry abrasive blast
cleaning standards, and allows the specifier
to specify levels of cleanliness for waterjetting
by use of separate standards, as is done
when specifying levels of dry abrasive blast
cleaning.

The titles of the new standards are:

* SSPC-SP WJ 1/NACE WJ-1, Waterjet
Cleaning of Metals—Clean to Bare Substrate
(WJL);

e SSPC-SP WJ 2/NACE WJ-2, Waterjet
Cleaning of Metals—Very Thorough Cleaning
(WJ-2);

* SSPC-SP WJ 3/NACE WJ-3, Waterjet
Cleaning of Metals—Thorough Cleaning (WJ-
3); and

» SSPC-SP WJ 4/NACE WJ-4, Waterjet
Cleaning of Metals—Light Cleaning (WJ-4).

The definitions of the four surface cleanli-
ness levels have changed very little from the
definitions in the 2002 version of the stan-
dard. Clarification that permissible staining or
tightly adherent matter must be evenly distrib-

uted over the surface has been added to WJ-2
and WJ-3. In addition, a clarification of “tightly
adherent” (cannot be lifted with a dull putty
knife) has been added to WJ-2, WJ-3 and WJ-4
definitions.

As in the original standard, descriptions of
three degrees of flash rusting are provided in

each of the revised waterjetting standards.
These descriptions are based on the degree
to which the rust obscures the carbon steel
substrate and the degree of adhesion to the
substrate. The color of the rust is no longer
addressed. JPEL
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¥ The Changing Face

of Coating Application

Equipment

By Anita M. Socci, Managing Editor, JPCL

hroughout JPCL's history,
we have reported on the
state of the coatings
industry, taking a look at
the people, regulations
and standards, health
and safety issues, and
advances in coatings and
equipment technology that have shaped the
industry from the early days.

This article will give a brief history on JPCLs
coverage of coating application equipment and
practices over the past 30 years. Also included
is an overview of some of the trends in applica-
tion equipment as reflected in examples of the
types of products reported on in JPCL and
PaintSquare News over the past few years.
Changes in high-performance coatings, includ-
ing their formulations and fast cure rates, have
been the driving factor in the development of
the methods and the equipment used to apply
them.

Paint Application Equipment

Finds Its Way

In a March 1999 JPCL article, contractor John
Conomos put development of spray application,

from air to plural-component, in a 50-year histor-
ical context. In “A Contractor Looks at the
History of Spray Equipment” (pp. 98-100),
Conomos commented on the development of air,
airless, plural-component, HVLF, and electrostat-
ic spray and how these developments affected
his company. According to Conomos, air spray
technology was used on ships and storage tanks
during the Second World War, but it was not
widely used on other structures until the 1950s,
when the number of bridges increased as part of
the interstate highway system expansion during
Eisenhower’s presidency. Contractors realized
that air spray application was not only faster
than application by brush, but it was also more
economical, yielded finer finishes, and could
coat complex substrates with numerous angles.
In the late 1950s, plural-component spray was
primarily used to apply urethane foams,
Conomos said, but the advent of heavy-duty
multi-component coatings in the 1970s led to the
use of plural-component spray systems for
industrial coating operations.

Other JPCL articles before and after the
March 1999 article looked at application equip-
ment over shorter periods. In its first anniversary
issue, June 1985, JPCL published the results of a

Air spray application increased significantly in the 1950s as the U.S. interstate
highway system expanded and the number of bridges increased.

iStack
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Equipment makers continue 1o design
units to increase efficiency in application.
1Stock

W

survey on the state of the technology. Here is
the 1985 summary of survey responses about
coating (“paint”) application equipment:

“Very few complaints were registered in the
survey on the quality of paint application equip-
ment. In fact, both conventional air and airless
spray equipment were cited consistently for their
reliability. In addition, recently developed appli-
cation equipment, such as electrostatic spray,
air-assisted airless, spray guns capable of mixing
plural-component paints, and arc spray equip-
ment for metallizing, were described as impor-
tant and helpful innovations” (p. 23).

In 1992, a follow-up survey in the September
JPCL 100% issue showed that changing regula-
tions had become a major force behind changes
and advances in coatings work in general. For
coating equipment, regulations on lead paint as
well as on volatile organic compound (VOC) lev-
els in coatings and in coatings application influ-
enced equipment development.

In a separate article in the 100™ issue of
JPCL, contractor Tom Dunkin, Il, focused on the
impact of regulations on equipment; while most
of his attention went to surface preparation
equipment, mainly because of the advances in
regulations on lead paint removal and disposal,
he too noted that VOC regulations have influ-

enced application equipment. Whereas plural-
component had been considered an advance in
technology in 1985, Dunkin described its use by
1992 as “commonplace” but added, “its use may
be a bit on the wane as higher solids materials
are being formulated that can be applied with
‘standard’ airless or conventional equipment.” He
also commented on the limited use of high-vol-
ume low-pressure [HVLP] spray equipment, not-
ing that it “has not yet gained industry-wide use”
{p. 118).

By the mid- to late-1990s, the application
methods of choice for most contractors were
conventional air spray and airless spray.

In a June 2004 article, “That Was Then, This
Is Wow,” Lori Huffman interviewed several
industry experts on technological changes in
maintenance painting over 20 years. For coating
equipment, she reported that changes in coatings
continued to drive changes in application equip-
ment. The use of conventional air and airless
spray equipment dominated, but the need for
better transfer efficiency had further increased
the use of HVLP and electrostatic equipment. Of
what many considered relatively novel in 1985—
plural-component equipment—she reported this:
“Perhaps the greatest advance, however, has
been the development of plural-component
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pumps to handle coatings with accelerated cure
times.”

Wolfgang Pucken elaborated on plural-compo-
nent technology in the October 2004 JPCL In
“Developments in Plural-Component Spray
Equipment,” (pp. 51-57), Pucken discussed the
advantages and disadvantages of plural-compo-
nent equipment. Of the disadvantages, Pucken
listed, “equipment cost, less flexibility and porta-
hility, the high cost of spraying small areas,
colour changes for small batches, and complicat-
ed and time-consuming set up.”

In Pucken’s opinion, the most economical and
environmentally responsible answer to the appli-
cation of the high-solids, short pot life products
was the plural-component spray system.
Contractors began to recognize the advantages of
plural-component application equipment, which
include reduced costs for coating materials and
labor, improved coating quality, and reduced
adverse impact on the environment.

Training Changes with the Times

SSPC has always recognized that advances in
spray equipment meant that workers had to be
trained on the proper use of it. In 2004, the
Society published its Basic Spray Application
Manual, designed to provide novice painters and



more seasoned workers with a review of surface
preparation through coating characteristics,
spray application equipment and operation, and
application basics.

As specifiers recommended plural-component
coatings in immersion and marine applications,
SSPC developed its Marine Plural Component
Applicator Certification Program (MPCAC) in
2006. According to the Society, the program was
designed to certify craft workers operating plur-
al-component spray equipment and applicators
of protective coatings on steel in immersion ser-
vice using airless plural-component spray equip-
ment. The program offers three categories of
certification: Equipment Operator, Spray Painter,
and Spray Painter/Equipment Operator.

As for JPCL numerous articles, tips, and
training bulletins focused on plural-component
equipment, especially with the use of polyureas
as an emerging coating for industrial and marine
applications.

What's Changed?

The equipment used to take coatings from a can
and apply them to a substrate has taken on
many forms and has increased in complexity

throughout the years, from brushes to rollers to
sophisticated spray application equipment.
Advances in coatings technology have driven
developments in coatings application equipment.
In our August 2009 25t anniversary issue, plural-
component equipment was again listed as one
of the top product developments (pp. 65-70).
Plural-component equipment obviously is not
new to the industry, but according to Eric
Rennerfeldt, plural-component sprayers have
changed drastically over the past 10 years. In his

May 1, 2013, SSPC/JPCL Webinar presentation
entitled, “Advances in Plural-Component
Equiment Technology,” Rennerfeldt explains that
today’s plural-component equipment is easier to
use compared to earlier equipment. In addition,
some models shut down automatically if the mix
is off-ratio.

But other types of spray equipment continue
to advance, also. Manufacturers are bringing to
market coatings application equipment that
deposits paint faster; saves money; is versatile;
increases productivity; and has applicator com-
fort in mind.

The following section describes some exam-
ples of trends in coating application equipment
covered by JPCL and PaintSquare News. The
section is not meant to be comprehensive.

Spray Equipment, Pumps, and Tips
Lightweight, multi-functional sprayers are
designed to make painting faster and easier for
industrial and commercial painters. Heavier
latexes, enamels, and acrylics, as well as thinner
stains, lacquers, and urethanes, all can be

sprayed using the same tool, simply by changing
the front end assembly. Two-in-one tools like

Saving time in application
also means saving money.
iStock

these save time, money, and material. This trend
also applies to spray tips that offer both narmow

and wide orifices to apply coatings quickly, with-
out losing precision and efficiency.

Spray equipment is also becoming more com-
pact and portable for difficult-to-access areas
and tight spaces. Pumps, hoses, compressors,
guns, and remote controls can all fit in a single
assembly. Versatile units are capable of dispens-
ing various materials such as fireproofers,
waterproofers, and other materials, and are

available in manual (crank) and electric versions.
Quick change options allow easy conversion
from cart- to skid-mount.

Portable and lightweight equipment for coat-
ing pipeline has also come out to make applica-
tion faster and easier.

Praductivity and Ergonomics Go Hand-
in-Hand

In order for workers to be productive, they need
to be able to perform tasks comfortably. The
shape of spray guns and brushes for manual
paint application is improving with operator
comfort and safety in mind. Manufacturers are
developing brushes with longer handles for more
comfortable and safer application of protective
coatings.

Automated Application Equipment
Advances in powder coating technology have
enabled manufacturers to make application
products smaller, smarter, and more efficient.
Programmable automatic powder spray
machines with integrated controls offer efficient
coating transfer. User adjustable settings control
spray pattems, film thickness, and other parame-
ters with the goal of optimizing application effi-
ciency and reducing operator costs.

What's Next?

Advancements in coatings technology have dri-
ven developments in coatings application equip-
ment. The industry has seen coatings application
equipment that depaosits paint faster; saves
money; is portable; increases productivity; and
has applicator comfort in mind. It's likely that
these trends will continue.

Applications for mobile devices are multiply-
ing even as we go to press. By the time you get
this issue of JPCL there will likely be new apps
for paint application.

Operator training for coating application has
entered the market over the past ten years, with
3D simulators to help operators train for real-life
coating projects, environments, and processes.

As long as the demands on the protective
properties of coatings increase while production
and space requirements call for shorter curing
times, less solvent, and lower environmental
burdens, two-component materials and plural-
component spray technology will continue to
develop. JPCL
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SSPC's Latest Paint Application
Standards Meet Feld and Lab Needs

By the JPCL Staff

SPC issued four new Paint

Application (PA) standards and

one revised PA standard

between 2009 and April 201 3.
The five documents reflect the growing use
of plural-component application equipment,
an increasing capacity to determine compli-
ance with application specifications, and a
long-standing need to eliminate variability in
evaluating and presenting scribe undercut-
ting data on coated test panels. For a com-
plete list of SSPC Paint Application stan-
dards, visit SSPC's store on sspc.org, where
all standards are available. SSPC provided
the information that follows.

Applying Polyureas and
Polyurethanes by Plural-Component
Spray
SSPC issued a new standard on using plural
component spray equipment: SSPC-PA 14,
Field Application of Plural Component
Polyurea and Polyurethane Thick Film
Coatings to Concrete and Steel Using Plural-
Component Equipment (September 2012).
PA 14 addresses application of thick-film
polyurea/polyurethane hybrid coatings in its
scope. PA 14 defines thick-film coatings as
“... coatings specified to have greater than
500 micrometers [pm] (20 mils) dry film
thickness.” The standard also addresses sur-
face preparation, pretreatments, machinery
requirements, and application parameters.
PA 14 was developed to provide specifiers
and contractors with information on best
practices when applying coatings that use
plural-component spray application equip-
ment. The standard gives “default” informa-
tion on best practices for plural-component
spray application that may not be found on a
coating's product data sheet or application
instructions, and may not be called out in

project specifications. At first glance, some
of this information may seem to be com-
mon sense; however, specifiers may find it
useful when preparing project specifica-
tions, and contractors can use it when
preparing their work plans.

Assuring Compliance

with Job Specifications

Two other recently issued PA standards—
one new and one revised—relate to assur-
ing compliance with job specifications cru-

cial to successful coating application: SSPC-

PA 17, Procedure for Determining
Conformance to Steel Profile
Roughness/Peak Count Requirements, and
SSPC-PA 2, Procedure for Determining
Conformance to Dry Coating Thickness
Requirements.

First issued in September 2012 with edi
torial revisions in November of that year, PA
17 is intended to be used with two ASTM
standards. As noted in its scope, PA 17
“describes a procedure suitable for shop or
field use for determining compliance with
specified profile ranges on a steel substrate
using Methods A (visual comparator), B
(depth micrometer) and C (replica tape) as
described in ASTM D4417, and the portable
stylus method used to determine surface
roughness and peak count as described in
ASTM D7127.

Although test methods for evaluating pro-
file existed before SSPC-PA 17, there was
no procedure for ensuring that the profile
over the entire prepared surface complied
with project requirements.

SSPC-PA 17 requires averaging multiple
profile readings taken within 6-by-6-inch
areas at a minimum of three locations on
each surface prepared using a specific
piece of surface preparation equipment.
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Therefare, if some areas are blast cleaned
but others are power tool cleaned, the pro-
file of the blast-cleaned areas must be eval-
uated independently from that of the power
tool cleaned areas, and both blast-cleaned
and power-tool cleaned areas must meet
the specified profile range.

A detailed discussion of PA 17 is given in
the December 2012 JPCL article by Aimée
Beggs and Heather Stiner, “New SSPC
Standard Helps Determine Compliance with
Surface Profile Requirements,” pp. 36-41.

SSPC's widely used standard for measur-
ing dry film thickness on steel was most
recently revised and retitled in May 2012:
SSPC-PA 2, Pracedure for Determining
Conformance to Dry Coating Thickness
Requirements.

The scope and title of PA 2 were changed
to reflect the 2012 revision of ASTM
D7091-12, Standard Practice for
Nondestructive Measurement of Dry Film
Thickness of Nonmagnetic Coatings Applied
to Ferrous Metals and Nonmagnetic,
Nonconductive Coatings Applied to Non-
Ferrous Metals. Several key changes
include the following.

» Much of the descriptive language about
operation of the gages has been eliminated
from the revised PA 2. Descriptions of
gages and their operations are included in
the revision of the ASTM D7091 standard.
The 2012 revision of PA 2 contains proce-
dures for determining compliance with pro-
ject requirements for dry coating thickness,
and procedures for performing accuracy
checks to ensure that the gages are read-
ing accurately.

» Section 9, on determining compliance
with the specified DFT, has been rewritten
to allow the specifier to reference a greater
or lesser “coating thickness restriction” than



Recent SSPC Application Standards

Click our Reader e-Card at paintsquare.com/ric

the default requirement, which requires that
an acceptable spot reading must be within
80% of minimum, 120% of the maximum
specified DFT).

* New language has been added for deter-
mining and documenting the extent of non-
conforming areas. This language is found in
Section 8.2.4 and subsections.

* Revisions to the non-mandatory notes in
PA 2 address measuring DFT on overcoated
structures, coatings on edges, and coated
steel pipe exteriors.

“Measuring Dry Film Thickness According
to SSPC-PA 2" (April 2013 JPCL, pp. 20-37)
explains the basic steps in using the revised
standard.
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Coatings on Test Panels

Two other new PA standards published
since 2009 relate to the process of apply-
ing coatings to test panels for the purpose
of evaluating coating performance. SSPC-PA
16, Method for Evaluating Scribe
Undercutting on Coated Steel Test Panels
Following Corrosion Testing, was issued in
September 2012, and SSPC-PA 15, Material
and Preparation Requirements for Steel Test
Panels Used to Evaluate the Performance of
Industrial Coatings, was issued in March
2013.

Until 2012, ne procedure existed for
determining the location and number of
data points to be used for determining the
average amount of scribe undercutting on a
steel test surface. Issued in September
2012, PA 16 fills this gap. It contains
requirements for evaluating scribe undercut-
ting data, including requirements for number
and collection of data points, and for calcu-
lating the average undercutting from the
data points.

PA 15 is intended for use by coating man-
ufacturers and owners who perform in-
house performance testing of coatings, and
by third-party testing laboratories that pre-
pare panels for testing. It was developed to
reduce the potential for misinterpretation of
corrosion test data due to variation in the
chemical composition of steel test panels
and number of scribes per panel.

PA 15 contains requirements for material
and preparation of steel test panels used
for coating performance evaluation testing.
It includes requirements for the corrosion
index of the steel panels and for preparation
of test panels prior to coating application,
including degree of cleaning, and number
and direction of scribes made on the panel.

PA 16 is intended to be used in conjunc-
tion with SSPC-PA 15 to eliminate variability
in the ways scribe undercutting data is eval-
uated and presented, but PA 16 can also be
used independently of SSPC-PA 15 to evalu-
ate panels scribed in accordance with pro-
cedures in ASTM D 1654.



/7 hen JPCL's edi-
_ [ torimvited me to
./ wite a piece

about changes
0 in quality assur-
control (QA/QC) in the industry over the past 30
years, | was honored and motivated. | love our
industry and enjoy writing and leaming as much
about it as | am able to.

The editor also suggested that the piece not be
a "year-by-year account, but something that will be
a review to veterans and an easy introduction to
newcomers.”

And | liked that challenge. As | was thinking
about the article, my mind wandered to what was
really fundamental to QA/QC for coatings. There
are, of course, all the cool tools of our trade: gages,
meters, electronics, comparators, etc. But | wanted
to know what was really, really fundamental,
which led me to evaluate how | work for my
dlients.

What if | were being paid by a client to provide
this type of presentation?

One of the things | try to focus on in my consult-
ing business is root-cause analysis. That is, let's
say we've been hired to design a coating for the
inside of a sulfuric acid tank Instead of just picking
a coating system, we would also look into keeping
moisture out of the carbon steel tank If we could
set up a dehumidification system, the tank would
not actually need to be lined.

A better and real-life example of looking at cor-
rosion (which is why we're all here in the first
place) from a truly fundamental lens is the dome
being built to cover the nuclear reactor at

Hi s R e

Chernobyl nuciear reactor: The decision to use air conditioning instead of coatings to prevent corrosion of steel
in the extraordinary dome that will protect the reactor was based on root analysis, fundamental ta UA/QC for all

coating issues. iStock

Chemobyl. As some of you might recall, Chemobyl
was the single worst nuclear power reactor disaster
in history.

Dozens of countries contributed to the develop-
ment of the “new safe confinement” (NSC). This is
an unimaginably huge arch, measuring 110 meters
high, 250 meters wide, and 150 meters long, and
weighing in at 30,000 tonnes. The NSC is being
built 600 meters away from the damaged reactor
and will be slid in place, over it, in 2015. The NSC
is designed to last for at least 100 years and to
cost an estimated $1.2 billion dollars.

The arch is made of carbon steel and is hol-
low—in order to provide monitoring of the inter-
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stice in case there should ever be an intemal
breach. Well, the question was, how do you inter-
nally protect this interstice from corrosion?
Painting, of course, is an option, but too danger-
ous in this situation, because of the proximity of
deadly radiation and access. How did they solve
the problem?

Easy. Engineers are going to keep the inter-
stice air-conditioned—through dessicant dry-
ers—to keep the humidity below 40%, below
which carbon steel cannot corrode, due to the
absence of the electrolyte, humidity.

So in thinking about my current task of what is
new;, | first started thinking about what was old



and what was really fundamental to, or at the root
of, all coating issues.

Way Back Then and Now:
Coatings and QA/QC

| thought about a video | had recently seen on the
design of ancient byzantine floor mosaics. These
mosaics, many of which are thousands of years old,
were designed to last well, for thousands of years.
They were on floors, so they were, for example,
walked on, rained on, and cleaned (one presumes).

And many of them are in excellent condition
today.

What's different about an ancient mosaic
and a modern-day floor coating application?
Fundamentally, not a darn thing.

The video showed that the mosaic surface, which
is all we see, is actually on a bed of layered tema-
cotta and other fill, in order to provide a sound base.
This would corespond to our concrete floor or sec-
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The basic processes for laying ancient floor mosaics and modern day epoxy broadcast flooring are similar; 0A/QC

But let's look back even further, say, 40,000
years. According to a June 14, 2012 National
Geographic News article (news.nationalgeograph-
ic.com), “World's Oldest Cave Art Found—Made
By Neanderthals?” there are some caves along
Spain's northem coast that contain paintings that
are more than 40,000 years old—so far, the oldest
in the world. Located at El Castillo, these paintings
were made by some type of “mineral-based
paint.”

{Don't even get me started on Roman frescoes,
or ancient cistems and viaducts that are as water-
tight today as they were when they were first
specified and built, by contractors wielding camel-
hair brushes and wooden trowels, and wearing
loin dloths, and of course, baseball caps.)

There are even products that have their ties to
these same types of produds used thousands of
years ago. A company out of Europe has been
making a product to protect and beautify masonry
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for the mosaic was largely qualitative, while for modern flooring QA/QC is largely quantitative. iStock

ondary containment today.

Then a thick plaster of lime, plaster dust, water,
and other materials was mixed and troweled onto
the bed, and small pieces of glass and other durable
materials were placed, by hand, into the parge coat.

The plaster was designed to take a long time to
cure, so that the artist would have plenty of time to
place the mosaic tiles into the material.

How is this different, say, from an epoxy broad-
cast floor system? Well, again, it's not.

In both cases we're dealing with a solid sub-
strate. With the mosaic, it would be a layered bed
of stone with a solid parge coat. Today, the solid
substrate would be our concrete floor. (We are
assuming that both are new and clean.) Then, a
material (today, a clear epoxy resin—then, a plaster
parge coat) is applied—and aggregate placed
inside the uncured material.

Did the artisans and contractors thousands of
years ago have the tools that we do today to con-
duct inspections? Of course not. Did that prevent
them from successful coating applications? Same
answer—of course not.

since 1878. When | was working on a project not
too long ago, | asked the technical rep what the
anticipated service life was, and he said some-
thing lile, “I think there’s a church in Southem Italy
that’s about 110 years old that's still in good
shape.”

There are hundreds of similar ancient examples,
but suffice it to say that we humans have been in
the business of painting and coating for quite a
while. After all, when the pyramids were built,
they were originally lined and covered with mar-
ble.

So, in looking back and ohsessively thinking
about this topic, F've concluded that, fundamental-
ly, the only shift in the past 40,000 years has been
from one of qualitative QA/OC to quantitative.
That shift continues today, and, certainly, is the
biggest difference in the past 30 years as well. We
are simply honing our quantitative tools and train-
ing.

Was there QA/QC during the time of the pyra-
mids and before? Of course. But back then, it was,
for the most part, qualitative. It was the legacy of

the tradesman-apprentice relationship that main-
tained the quality. It was the pride one took in his
work Or, if slavery was a part of the mix, it was the
fear of the repercussions for shoddy workmanship.

Not Nearly as

Far Back and Now

When | first started out in the coatings industry at
15 (1977), a gentleman named Vic Johnson worked
in our company. His nicdkmame was “Rail” because
of the unusually elongated shape of his head. Vic
was large and kind. (In fact, he took me to pick up
my first car—an AMC Gremlin—from a junkyard
when | was 16.) And Vic knew coatings as well as
anyone. He could barely read but when it came
time to abrasive blast, Vic could tell by looking and
touching the surface whether or not it had the right
mil-profile and correct visual appearance for proper
coating. 'm certain if Vic were around today, he
could tell the difference between a 1 mil profile and
a 2.5 mil profile by touch. | know there are people
reading this article who could do the same.

So if qualitative inspection was sufficient for so
many thousands of years, what's all the fuss, rush
and research pertaining to quantitative inspec-
tions? (For those seasoned folk reading this, yes,
there are still qualitative aspects to some of our
testing protocols, such as the use of comparators
and SSPC-VIS standards)

It's about one thing, and one thing only: consis-
tency.

Today, you don't have to have an apprentice
painting contractor with thirty years of experience
to apply a challenging tri-coat system. Because of
advanced training techniques and highly effective
testing tools and techniques, we can apply coatings
around the world, in the most challenging of envi-
ronments and situations in a consistent, pre-
dictable, and quantifiable manner.

What Vic had leamed from blasting millions of
square feet of every material possible, we can now
deduce and measure by using visual standards,
comparators, replica tape, and electronic as well as
mechanical gauges to determine what Vic knew in
an instant.

And yet, with all of our tools and training, we
still get situations like the Sable Offshore Energy
Project in Canada. The offshore oil platform had a
coating failure so profound that it was mentioned in
a March 8, 2011 article on PaintSquare News
(wwwepaintsquare.com) as, “What may be the
world's priciest botched paint job [that] could cost
hundreds of millions dollars to repair.”

Back in the day, when | was spraying thousands
of gallons of different paints and coatings, | was
able to tell, within a couple of mils, the WFT by
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appearance. As | applied the coating (either con-
ventionally or airless), | could see the profile of the
substrate disappear and the sheen, texture and
appearance of the coating change. Of course |
would use a wet mil gage to ensure my instinctual
hunches, but more times than not, | was spot on.

So, for beginners, | think it is critical to under-
stand why we inspect. And for the more sea-
soned of us, | am hoping this was an interesting
read and, perhaps, put what we do in a different
perspective.

So, now that we've established what we do
{quantitative inspection protocols) and why (for
consistency), let's discuss what has changed over
the past 30 years.

And, in keeping with the theme of fundamen-
tals, we're going to talk about two dimensions:
Training and Equipment.

First, let me explain why we're sticking with
the fundamentals and painting the changes with
very broad brush strokes (pun intended). The rea-
son is that any attempt to speak specifically about
either Training or Equipment wall fall far short of
doing either topic justice. For example, let’s take a
look at the April 2013 issue of JPCL There is an
excellent and informative article entitled
“Measuring Dry Film Coating Thickness According
to SSPC-PA 2."

The article is roughly 10 pages long and more
than 4,000 words—and it's just about checking
the thickness of a coating after it has cured. The
primary focus of the article is on SSPC-PA 2, the
intellectual and training aspect of the duo, but, of
course, it deals with the tools of our trade. But
without even discussing the difference between a
Type 1 gauge (magnetic or banana gauge) and a
Type 2 gauge (an electronic gauge), the article
goes into exuisite and appropriate detail about
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For the ancient pyramids, QA/QC was a matter of pride in craftmanship or fear of retribution for poor work (or both).

all of the fundamentals of testing a cured coating.
So, speaking too specifically about either
aspect will dilute the importance of either.

Training

When | asked Pete Engelbert, a well-qualified
inspector, what had changed the most in the past
thirty years, he did not hesitate: “Smarter inspec-
tors. The biggest change has been with the level of
sophistication of the inspection—not the equip-
ment,” Engelbert said.

Engelbert has a keen understanding of the indus-
try, and he teaches NACE courses around the world.
(His credentials include CSP, RPIH, CHST, CET, CI,
CSSM, NACE Certified Coatings Inspector—Level 3
[Nuclear/Bridge] BIRNCS Senior Nuclear Coatings
Specialist #12 NACE  Protective  Coating
Specialist, NACE Corrosion Technician, and NACE
instructor.)

| asked him to describe a typical inspection sce-
nario from thirty years ago until today. So, we start-
ed with a pipe inspection job (which Pete is current-
ly handling).

“Thirty years ago there were very few standards
to measure conformance. Now we have multiple
standards,” Engelbert said.

He also said that thirty years ago during a pipe
coating project, it would not be uncommon for an
inspector to stand at the top of a the excavation and
watch the contractor slop on some “stuff.” It would
not be uncommon to have a contractor brush on
petrolatum, tar, or other materials; wrap it with
heavy paper; and bury it. Often, the inspector would-
n't even look at the bottom portion of the pipe to see
if it had been addressed. Surface prep wasn't even
on the radar.

Today, pipes come shipped, typically, pre-coated
with fusion-bonded epoxy (FBE). The inspector’s job



is to monitor the joint coating process.

Engelbert said that there are roughly 15,000 to
16,000 NACE 1 inspectors worldwide. And the
demand for inspectors, particularly overseas, is
huge, with SSPC rapidly growing as well.

“Training has taken off overseas,” he said. “The
next standard (for inspectars) will shift from NACE 1
to a NACE 2 or NACE 3.

Training and development of new standards and
guidelines are universal. There are, of course, SSPC
and NACE, but there are also IMO, ISD, ANSI, STI,
and subsets to all of these. | am currently working on
a project for a major oil company pertaining to CUF
(corrosion under fireproofing) and related issues.
There is a whole universe of guidelines, standards,
nomendlature, and tools that are different for the
CUF job than, say, a bridge coating project, even
though the common denominator remains corrosion.

Another broad example of improved training is
SSPC's cutting-edge Quality Programs (QP) and the
Painting Contractor Certification Programs (PCCP).

As summarized on SSPC's website (sspc.org),
the training is relevant to all aspects of a coating
project.”...the selection of suitable materials is just
one aspect of a successful coating project. It is crit-
ical that work is done according to sound specifica-
tions, with correct surface preparation and proper
application techniques. Facility owners need to find
top quality people to provide these services—
trained people who know the current standards and
practices and have a proven track record of suc-
cess.”

SSPC's OP series is extensive and has modules
for contractors, owners/specifiers, and inspection
companies.

The trend toward smarter inspectors is profound-
ly obvious in the introduction to the SSPC-QP 5sm
program, “Certification for Coating and Lining
Inspection Companies.” “OP 5 is a certification for
Inspection Companies whose focus is the industrial
coating and lining industry. QP 5 evaluates an
inspection company’s ability to provide consistent
quality inspection of coatings & linings for its
dients.”

Engelbert said another major shift in terms of
training has been documentation. Thirty years ago,
there was very limited documentation and even
less that was standardized. “Many of the daily
forms we use today are an offshoot, a progeny, of
one of the originals, which was an ANSI standard
for coatings in nudlear power plants.”

In fact, one of the hallmarls of the SSPC-OP cer-
tification programs is an emphasis on documenta-
tion.

| think most would agree that the intellectual

advances in guidelines, standards, practices, rec-
ommendations, etc., move at a relatively slow; pre-
dictable pace. That is, a two-mil profile is a two-mil
profile. But not so for the tools of our trade. In con-
trast, there are changes in technology that will
change more in the next ten years then they've
changed in the last 40,000.

Tools
When speaking with Engelbert about tools, | men-
tioned that | thought the biggest advance was the
ability of the electronic gauges to gather and store
data and then network the data directly to other
devices.

He laughed and quipped, “Hey, | was just happy

The introduction and continuing development of digital
equipment for QA/QC has dramatically changed quanti-
tative inspection of coatings. "Smart” technology meets
today’s smart inspectors, who have benefitted from
QA/QC training, certification, and standards not avail-
able 30 years ago. iStock

when they came out with batteries.”

He said that thirty years ago it was unlikely to
get a trained coating inspector on a job in the first
place. Very often, “inspection” work was designat-
ed and assigned to an individual who might be an
inspector for another trade, perhaps a welder, or
structural engineer. “You had welding inspectors or
others signing off on coatings almost as an after-
thought.”

He said if a job was fortunate enough to have a
coating inspector on site, and he was tasked, say, to
measure DFTs, “You'd have one inspector taking
measurements with a banana gauge and another
walking behind him with a dipboard taking notes.”

Now, modem gauges can store almost limitless
inspection points and then download them for eval-
uation.

“Fundamentally, it means the inspector has to
get smarter. You have to know how to use a com-
puter and, if you don't, find an eight-year-old to
teach you,” he said.

Suffice it to say that the fundamental focus of
inspection tools in the past thirty years has been in
ease of use, storage capacity, and data sharing
(USB, Blue-Tooth, wireless), etc.

But the most exciting and most important
advances are the cutting edge developments we are
seeing now.

The breadth is breathtaking.

| attended a conference about eight years ago
in conjunction with the National Center for
Manufacturing Sciences (NCMS). One of the latest
(at the time) technologies for surface preparation of
aircraft was the use of lasers to remove paint. With
wings being designed to unimaginable tolerances,
the use of an abrasive was impossible because it
might damage or warp the wing. The typical means
of paint removal was through highly toxic and dan-
gerous paint removers, oftentimes methylene chlo-
ride. The technology was in its infancy at the time
but is now being widely used to remove paint from
aircrafts.

Then there's a November 30, 2011 article from
the United States Naval Research Laboratory enti-
tled, “NRL Researchers Develop ‘Streamlined’
Approach To Shipboard Inspection Process”
(http://www.nrl.navy.mil/ media/news-releas-
es/2011).

The article talks about inspecting the condition of
exterior shipboard coatings. In the case study
reported, the work was performed on the USS
Aircraft Camier, the Nimitz

In a quote from the article, “The manual method
required a 65-man-day effort to perform the inspec-
tion of the entire topside coating with results taking
an additional four weeks to complete. By contrast,
we were able to perform the same inspection using
digital hand-held cameras with the new process in
less than four days incuding immediate access to
over 3,000 images depicting the ship's surface con-
dition for in-depth inspection.”

Briefly, the new process incdludes highly-detailed
photographs downloaded and analyzed by algo-
rithms used to quantify the condition of the existing
coating.

Going even a step further, we haven't even
touched upon the changing technologies pertaining
to coatings and how those changes will interact
with, and change, technologies for inspection ser-
vices.

For example, it is not uncommon to use a con-
ductive primer on concrete in order to be able to use
a holiday detector on the subsequent topcoat. There
are talks of nanopartides that may communicate
with various devices, the use of fluorescent addi-
tives to indicate DFT, etc.

Conclusion
Are we far from the day when new coating systems
will work in concert with new technologies to speed
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and improve our ability to quantify and control coat-
ing applications?

“l am working with an engineering company that
is developing a visor that, using different light fre-
quencies, can see the depth of profile, DFTs, num-
ber of coats, wet and dry. After that, who knows? A
paint ball gun that could paint an entire water
tower tank? It's only a matter of time,” said Mr.

Engelbert.

Warren Brand is the
founder of Chicago
Coatings Group, LLC, a
consulting firm he formed
in 2012. Before opening
his consultancy, Brand was
! the president of Chicago
.. 2 TankLinings. He has more
than 25 years of experience as a coatings contrac-
tor, is an SSPC-certified Protective Coatings
Spedialist and a NACE-certified Level 3 coatings
inspector, and holds an MBA and a BA in
Joumalism. JACL
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SSPC Standards Build on Foundation
for Quality in Coatings Work

By the JPCL staff

ince the end of 2009, SSPC has
S made major revisions to three of its

Qualification Procedures (QP) stan-
dards for contractors and inspection com-
panies, issued a new joint QP standard, and
amplified a Technology Update (TU) on
inspection. SSPC provided the information
below. For more on the standards, go to
sspc.org.

Revision of Three

QP Standards

A 2012 revision of SSPC-QP 1, Standard
Procedure for Evaluating Painting
Contractors, clarifies requirements for train-
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ing and experience for Quality Control
Inspectors and Quality Control Supervisors,
and the contractor's Environmental Health
and Safety Manager. It also requires that
the contractor comply with the Coating
Application Specialist (CAS) QP 1 imple-
mentation plan in effect at the time of the
audit for eligible products.

At the end of 2009, SSPC announced
several major revisions to SSPC-QP 2,
Standard for Evaluating Painting
Contractors (Hazardous Coating Removal).
The requirements of this procedure are
intended to supplement the general
requirements of SSPC-QP 1, QP 3 for shop
painting (now SSPC-QP 3/AISC 420-10),
QP 6 for thermal spray contractors, and
QP & for contractors that install polymer
coatings and surfacings on concrete. The
scope has been expanded to cover qualifi-
cation of contractors who perform haz-
ardous coating removal on marine struc-
tures. Requirements for the training of a
contractor's Safety Coordinator now
include 30 hours of OSHA-approved con-
struction industry safety training not specif-
ic to lead-paint removal, in addition to C-3
lead removal competent person training or
its equivalent.

In 2012, SSPC overhauled its standard
for qualification of inspection companies.
The revision of SSPC-QP 5, Standard
Procedure for Evaluating the Qualifications
of Coating and Lining Inspection
Companies, makes the organization of the
standard consistent with that of the other
QP standards.

In addition to the reorganization, sub-
stantive changes were made to the stan-
dard.

One of the biggest changes is that QP 5
has been expanded to include companies
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that inspect coatings on concrete. The
1999 version addressed only companies
that inspected coatings on steel. Under the
2012 revision, companies that inspect
coatings on either steel or concrete {or on
both) may apply for the certification.

Also significant in the revision are
changes to the 1999 education and experi-
ence requirements for the Technical/Quality
Manager and for QP 5 Level 1, 2, and 3
coating inspectors. All have been revised
to credit the appropriate inspector certifi-
cation level from SSPC or NACE toward
required training as an alternative to the
education and experience requirements for
inspectors that were included in the 1999
version.

The 2012 revision also requires inspec-
tors to have experience in protective coat-
ing inspection as employees of the firm
applying for QP 5 certification. This change
assures the inspection company's cus-
tomers that the inspection company is
monitoring its inspectors and that the
inspectors are aware of corporate policies
and procedures.

Same Great Company.
Enhanced Capabilities.

New Joint Standard

for Shop Painting

In 2010, SSPC and the American Institute
of Steel Construction {AISC) issued the
joint standard SSPC-QP 3/AISC 420-10,
Certification Standard for Shop Application
of Complex Protective Coating Systems.
This standard incorporates requirements
from SSPC's SSPC-QP 3 standard issued in
April 2006 and the AISC Sophisticated
Paint Endorsement. Although AISC and
SSPC will continue to maintain separate
qualification programs, applicants to either
program will be audited to the require-
ments of the same joint standard. The
standard qualifies shops that apply com-
plex coating systems to new steel. In addi-
tion to meeting administrative and docu-
ment control requirements, qualified shops
are required to assign a key person to
oversee coating operations, establish a
Quality Management System that includes
a trained coating inspector, and set up a
program to qualify craft workers.

john.woods @ stantec.com.

Greenhorne & O’Mara has joined Stantec, one of North
America’s leading professional engineering, planning,

and design firms with approximately 12,000 employees
operating out of more than 200 locations in North America
and 4 locations infernationally.

As part of Stantec, our combined business sectors will be
more comprehensive, with a broader geographic presence
and access to more service specialists.

For more information, contact John Woods at

Inspection Document
Revised

In 2010, SSPC revised its document,
SSPC-TU 11, Inspection of Fluorescent
Coating Systems.

Originally issued in 2006, TU 11 dis-
cusses the technique and the equipment
required to inspect a coating system that
incorporates fluorescent properties, the
light wavelengths generated by inspection
equipment, and the selection of appropri-
ate PPE to protect inspection personnel.
The use of fluorescent coatings in a coat-
ing system permits faster identification of

holidays and areas with low film thickness.

The fluorescing properties may also
enable the inspector to detect incomplete
removal of coatings.

Most of the changes in the 2010 revi-
sion consist of editorial clarifications, but

the revision includes additional precaution-

ary infarmation on eye and skin exposure
and a caution that some defects visible
under white or yellow light may not show
up under ultraviolet or violet light. TU 11
is referenced in the NAVSEA Standard
Item, Cleaning and Painting Requirements,
00-932 FY 13.

Stantec
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Quality Control Equipment and Practice Trends. 2009-Today

By Charles Lange and Brian Goldie, JPCL

uality control is an active process that needs to be a part of any protective coat-
ings plan—from the specification stage, through surface preparation and applica-
tion, and after the coatings have been applied.
This should be kept in mind as we study the most recent trends in developments in quality
control equipment and practices, including faster, more efficient, and ergonomically designed
measurement tools, wireless digital equipment and software that cuts out all the paperwork,
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and thorough and decisive standards and
inspection tests. The goal is to supply the
contractor or inspector with the tools need-
ed to ensure that the highest-quality quality
coatings job is completed. The sampling of
trends in development below is primarily
based on reporting in JPCL and PaintSquare
News. It is not intended to be comprehen-
sive, and it supplements the article by
Warren Brand and the staff articles on
recent SSPC standards.

Thickness Gages:

In the Thick Of It

Over the past five years, the industry has
seen several developments in coating thick-
ness gauges—most instrument manufactur-
ers have either upgraded their existing thick-
ness gauges or released new models with
state-of-the-art features designed for use on
a variety of substrates and industrial appl-
cations. Some of these features include
builtin storage memory, high-contrast LCD
display, onscreen statistics, USB mass stor-
age, WiFi technology, and others.

Software and Digital
Equipment: Goodhbye,
Paperwork!

As in just about any industry today, protec-
tive coatings quality control methods are
shifting towards a more digital, computer-
driven direction. Many new or updated thick-
ness gages and other inspection instru-
ments have been designed to work with new
software and technology, as well.

Manufacturers have released data man-
agement software that can download and
upload results and images directly from the
products and organize them into customized
reports from which the user can easily draw
conclusions. Most of this software works
hand-in-hand, or is built into, the aforemen-
tioned new and improved thickness gauges
and other field instruments.

Inspection isn't the only part of the quality
contral process that has inspired new soft-
ware and technology. New cloud-based
applications with features not only dedicated
to coatings inspection, but also safety, time
management, and accounting functions,
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have appeared in the market, and allow for off on the inspection end, so equipment

immediate storage and analysis of results, should continue to develop hand in hand.

cutting down on some of the hazards and Perhaps most importantly, though, is that

human errors that may be involved in taking  these methods and equipment will be

or reading measurements. employed by better-trained, smarter inspec-
tors and contractors—because even with all

Standards and Test of these new technologies, quality control

Methods: Does It Pass?
Of course, the measurements and numbers
taken with the above tools mean nothing
without context, or something to compare
them to as a means of quality control.
Contractors and inspectors need the most
up-to-date, concise, and easily applicable
standards and test methods to be able to
analyze the results taken from the field.
One of the most important points of ref-
erence for any individual in the coatings
industry was updated in December of
2011, 16 years after its last edition.
ASTM's Paint and Coating Testing Manual:
15t Edition of the Gardner-Sward
Handbook is the newest comprehensive
guide to paint and coatings topics, test
methods, procedures, and standards.

Other Measurement Tools:
Everything Counts
Quality control pertains to much more than
just measuring coating thickness. Like any
protective coatings-related undertaking,
there are countless factors to consider in
order to ensure the highest quality possible.
New quality contral instruments and
gauges have proliferated the market, includ-
ing a new soluble salt testing kit, a dolly drill
adhesion tester, a dust test kit, a pre-treat-
ment test kit, a dewpoint gauge, a surface
profile and thickness gauge, a wet film comb,
and a hull roughness gauge developed to test
and report on corrosion and biofouling-related
roughness on a ship's hull.

The Quest for QC:

What's Next?

Increased knowledge of the many factors
dealt with during a coatings project has no
doubt led to bettertrained inspectors per-
forming the job, and that level of sophistica-
tion has been the influence behind the
equipment developments and practice
trends of the past five years. Quality control
demands more, and today's equipment has
been able to provide it. There's no reason
to think this level of sophistication will top

still needs the human touch.
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