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1.0 SUWARY

1.1 STATUTORY AUTHORI TY

The requirenment for devel opment of national em ssion
standards for hazardous air pollutants (NESHAP) is established
under Section 112 of the Clean Air Act (42 U S. C. 7412), as
anmended in 1990. Em ssion standards under section 112 apply to
new and exi sting sources of hazardous air pollutants (HAP s)
listed in section 112(b). Section 112(c) directs the
Adm nistrator to use the HAP list to develop a list of source
categories (industries) for which NESHAP wi || be devel oped.
Surface coating operations within the shipbuilding and ship
repair industry have been designated as a source category to be
regul ated. This background i nformati on docunent supports
proposed standards regul ati ng HAP em ssions fromthis source
category. As a parallel project, the U S. Environnental
Protection Agency (EPA) is also required to issue control
techni ques that represent the best avail able control measures
(BACM to minimze em ssions of volatile organi c conpounds
(VOC s) fromthis source category. This requirenment is partly
satisfied with publication of an alternative control techniques
(ACT) document (EPA Publication No. 453/ R 94-032). The docunent
contains information on enissions, controls, control options, and
costs. It does not contain the recomended Iinmts which
represent BACM These are represented for coments in the
Preanble to this rule.

Since the majority of all volatile HAP's are also VOC s, it
was inmperative that the NESHAP and identification of BACM be
devel oped concurrently to ensure their conpatibility.
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1.2 MAXI MUM ACH EVABLE CONTROL TECHNOLOGY ( MACT)

The em ssion points defined for this source category are
i ndoor and outdoor painting operations. A variety of control
options, including add-on control devices and use of coatings
with inherently |l ower em ssions of HAP's and VOC s were
eval uated. The control option determ ned to be MACT for surface
coating operations in the shipbuilding and ship repair industry
was selected primarily because many of the resulting conpliant
coatings had al ready survived the Navy's | engthy performance
testing program and appear on the Navy "Qualified Product List".
To have established nore stringent limts for the categories
shown in Table 1-1 would have limted the Navy to using coatings
that they had not examned in their normal nultiple year studies.
However, this does not nean that coatings with | ower em ssions
than these listed in Table 1-1 are not available for certain
categories of paint. These materials were not included in this
docunent .

Cost and environnental inpacts were devel oped for MACT using
nodel shipyards to represent the range of facilities found in
this industry. The follow ng six nodels were devel oped to
represent the various types of shipyards that could be subject to
the standard. The six nodels have been distingui shed on the
basis of relative size of the yard and whether it does new ship
construction or repair: (1) large/construction;

(2) largel/repair; (3) nedium construction; (4) nmediumrepair;
(5) small/construction; and (6) snmall/repair. Size is based on
annual volume of paint and solvent usage. The distinction

bet ween si zes i s based on annual VOC em ssion levels (ton/yr),
which are critical to the ACT project, so that simlar node

shi pyards can be used for devel opi hg eni ssions and inpacts for
both the ACT and NESHAP

Addi tional data regarding HAP contents of commonly used
petroleumdistillate solvents such as mneral spirits and
napht has were obtained in the |later stages of the project. The
new data reveal ed that earlier estimates of the HAP content of
t hese sol vents, which were obtained fromtheir material safety

1-2



TABLE 1-1. PROPOSED VOLATI LE ORGANI C HAP ( VOHAP) CONTENT
LIMTS FOR MARI NE COATI NG CATEGORI ES

VOHAP limits®

Coating category Grams per liter (g/L) Pounds per gallon (Ib/gal)®

General use 340 2.83

Specialty -- --
Air flask 340 2.83
Antenna 530 4.42
Antifoulant 400 3.33
Heat resistant 420 3.50
High gloss 420 3.50
High temperature 500 4.17
Inorganic zinc high-build primer 340 2.83
Weld-through (shop) primer 650 5.42
Military exterior 340 2.83
Mist 610 5.08
Navigational aids 550 4.58
Nonskid 340 2.83
Nuclear 420 3.50
Organic zinc 360 3.00
Pre-treatment wash primer 780 6.50
Repair and maintenance of thermoplastic 550 4.58
coating of commer cial vessels
Sealant coat for thermal spray aluminum 610 5.08
Rubber camouflage 340 2.83
Special marking 490 4.08
Specialty interior 340 2.83
Tack coat 610 5.08
Undersea wegoons systems 340 2.83

& olaile organic HAP limits are expressed in units of mass of VOHAP per volume of coaing less water.

®To convert from g/L to Ib/gal, multiply by:
[(3.785 L/gal)(Ib/453.6 g)] or (Ib-L/120 g-gal).
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data sheets (MSDS), were far too high. Using the new data
em ssions fromthe small "nodel shipyards" are too | ow for them
to qualify as nmajor sources. Although all six nodels were
retained to describe the industry, only nodel plants one through
four were used for cal culating HAP em ssions and for devel opi ng
i npacts and cost of the rule.

The MACT determned for this industry was established using
VOC as a surrogate for HAP's. The MACT will control coating
operations through the use of paints that also neet the VOC
limts specified as BACM When the initial attenpt to use data
from MSDS and associated information resulted in estimtes of HAP
em ssions that were high, it quickly becane clear that devel oping
the requisite information i ndependently was prohibitively
expensive. As a result the proposed volatile HAP limts shown in
Table 1-1, are expressed in units of volatile organi c hazardous
air pollutant (VOHAP). The amount of VOHAP in a paint is
determ ned using the Agency's Reference Method 24. A listing and
description of each of the marine coating categories and the
associated limts is provided in Chapters 3 and 6.
1.3 ENVI RONMVENTAL | MPACT

Tabl e 1-2 summari zes the nati onwi de environnental inpacts of
MACT. For the 25 shipyards that are believed to be subject to
the rule, conpliance with MACT will reduce volatile HAP's by
24 percent fromthe 1990 ("baseline"”) level. Included in
Table 1-2 are sol vent HAP em ssion reductions and the inpacts of
conpliance with MACT on secondary air pollution, wastewater,
solid waste and energy requirenents. Since MACT does not include
add-on controls, there are no secondary pollutants (particul ate
matter [PM, SQ, and NQ) that would otherwi se result fromthe
burning of fuel oil to generate steamfor carbon adsorbers or
fromcoal-fired power plants generating electricity to run add-on
control equipnent. For the sane reason, there are no secondary
em ssions of carbon nmonoxide (CO, PM SQ, and NQ, from
i ncineration of solvent HAP's. As shown in Table 1-1, conpliance
with MACT will reduce sol vent HAP em ssions from existing major
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TABLE 1-2. MACT NATI ONW DE EM SSI ONS REDUCTI ON AND NATI ONW DE Al R,
WASTEWATER, SOLI D WASTE, AND ENERGY | MPACTS FOR EXI STI NG MAJOR SOURCES®
Sl;llitgr:vgielj Secondary air pollutant emissions, Mg/yr Incremental
Nationwide solvent emission (tan/yr) annua Incremental Incremental
HAP emission reduction from wastewater annual solid annual energy
Regqulgory reduction from baseline, production, waste production, consumption, GJ
dternative baseline, percent Maglyr (tan/yr) PM SO, NO, CO 10° L (10° gal) Mg (ton) (10° Btu)
MACT 24 272 0 0 0 0 0 0 0
(300) © © © ©) Q) ) ©)

PM = particulae matter.

SO, = sulfur oxides.

X

NO, = nitrogen oxides.
CO = carbon monoxide.
dCalculations for 25 major sources
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sources by 272 negagrans per year (My/yr) (300 tons per year
[ton/yr]).
1.4 COST AND ECONOM C | MPACTS

The nati onwi de cost inpacts of the MACT rule are summari zed
in Table 1-3. It should be noted that no new sources are
expected in this industry within the next 5 years. The economc
anal yses indicate that the worst-case nmaxi num i ndustryw de price
i npact for existing najor sources is less than 0.3 percent.
Det ai | ed anal yses of the costs and the econom c inpacts are
presented in Chapters 8 and 9.

TABLE 1-3. NATI ONW DE MACT COST | MPACTS
FOR EXI STI NG MAJOR SOURCES*

Annual emission
reduction from Cost effectiveness,
Regulatory alternative Total annual cost, $ baseline, Mg/ (ton) $/M g ($/ton)
MACT $1,720, 280 272 6,325
(300) (5,734)

Calculations for 25 major sources.
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2.0 | NTROCDUCTI ON

2.1 BACKGROUND AND AUTHORI TY FOR STANDARDS

According to industry estimates, nore than 2.4 billion
pounds of toxic pollutants were emtted to the atnosphere in
1988 (I nplenentation Strateqgy for the dean Air Act Anendnents of
1990, EPA Ofice of Air and Radi ation, January 15, 1991). These
em ssions may result in a variety of adverse health effects,
i ncl udi ng cancer, reproductive effects, birth defects, and
respiratory illnesses. Title I (Section 112) of the Clean Ar
Act provides the tools for controlling em ssions of these
pollutants.® Em ssions fromboth |arge and small facilities that

contribute to air toxics problens in urban and other areas wll
be regulated. The primary consideration in establishing national
i ndustry standards nust be denonstrated technol ogy. Before

nati onal em ssion standards for hazardous air pollutants (NESHAP)
are proposed as Federal regulations, air pollution prevention and
control nethods are examined in detail with respect to their
feasibility, environnmental inpacts, and costs. Various control
options based on different technol ogi es and degrees of efficiency
are exam ned, and a determination is made regardi ng whet her the
various control options apply to each em ssions source or if
dissimlarities exist between the sources. 1In nost cases,

regul atory alternatives are subsequently devel oped that are then
studi ed by the EPA as a prospective basis for a standard. The
alternatives are investigated in terns of their inpacts on the
envi ronnment, the econom cs and wel | -being of the industry, the

'Previously Title III.



nati onal econony, and energy and ot her inpacts. This docunent
summari zes the information obtained through these studies so that
interested persons will be able to evaluate the information

consi dered by the EPA in devel oping the proposed standards.

Nat i onal em ssion standards for hazardous air pollutants for
new and exi sting sources are established under Section 112 of the
Clean Air Act as anended in 1990 [42 U.S.C. 7401 et seq., as
anended by PL 101-549, Novenber 15, 1990], hereafter referred to
as the Act. Section 112 directs the EPA Adm nistrator to
pronul gate standards that "require the maxi mum degree of
reduction in em ssions of the hazardous air pollutants subject to
this section (including a prohibition of such em ssions, where
achi evable) that the Adm nistrator, taking into consideration the
cost of achieving such em ssion reductions, and any nonair
gquality health and environnmental inpacts and energy requirenents,
determnes is achievable ... ." The Act allows the Adm ni strator
to set standards that "distinguish anong cl asses, types, and
sizes of sources within a category or subcategory."”

The Act differentiates between major sources and area
sources. A nmgjor source is defined as "any stationary source or
group of stationary sources |ocated within a contiguous area and
under common control that emts or has the potential to emt
considering controls, in the aggregate, 10 tons per year or nore
of any hazardous air pollutant or 25 tons per year or nore of any
conbi nati on of hazardous air pollutants.”™ The Adm nistrator,
however, nmay establish a |l esser quantity cutoff to distinguish
bet ween maj or and area sources. The level of the cutoff is based
on the potency, persistence, or other characteristics or factors
of the air pollutant. An area source is defined as "any
stationary source of hazardous air pollutants that is not a major
source." For new sources, the amendnents state that the "maxi num
degree of reduction in em ssions that is deenmed achi evabl e for
new sources in a category or subcategory shall not be |ess
stringent than the emi ssion control that is achieved in practice
by the best controlled simlar source, as determ ned by the
Adm nistrator.” Em ssion standards for existing sources nmay be
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| ess stringent than the standards for new sources in the sane
category or subcategory but shall not be |ess stringent, and may
be nore stringent than--

(A) the average em ssion limtation achi eved
by the best perform ng 12 percent of the

exi sting sources (for which the Adm ni strator
has em ssions information), excluding those
sources that have, within 18 nonths before
the em ssion standard is proposed or within
30 nonths before such standard is

promul gated, whichever is later, first
achieved a | evel of emi ssion rate or em ssion
reducti on which conplies, or would conply if
the source is not subject to such standard,
with the | owest achi evable em ssion rate (as
defined by Section 171) applicable to the
source category and prevailing at the tineg,
in the category or subcategory for categories
and subcategories with 30 or nore sources, or

(B) the average em ssion |limtation achieved
by the best performng five sources (for

whi ch the Adm nistrator has or could
reasonably obtain em ssions information) in
the category or subcategory for categories or
subcat egories with fewer than 30 sources.

The Federal standards are also known as "MACT" standards and
are based on the maxi mum achi evabl e control technol ogy previously
di scussed. The MACT standards apply to both nmajor and area
sources, although the existing source standards may be | ess
stringent than the new source standards, within the constraints
present ed above. The MACT is considered to be the basis for the
standard, but the Adm nistrator may promrul gate nore stringent
standards than the MACT floor. There nay be benefits in sone
cases. For exanple, a stricter standard may hel p achi eve
| ong-term cost savi ngs by avoi ding the need for nore expensive
retrofitting to neet possible future residual risk standards,
whi ch nay be nore stringent (discussed in Section 2.7). A
stricter standard nmay | ead to devel opnment of new superi or
t echnol ogi es and Congress was clearly interested in providing
incentives for inproving technology. Sonetines it is necessary
to adopt a stricter standard to reduce the health and
environnental risk of an em ssions of one or a group of toxics.
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For area sources, the Adm nistrator may "el ect to pronul gate
standards or requirenents applicable to sources in such
categories or subcategories which provide for the use of
general ly avail abl e control technol ogi es or managenent practices
by such sources to reduce em ssions of hazardous air pollutants.”
These area source standards are al so known as "GACT" (generally
avai |l abl e control technol ogy) standards, although MACT nay be
applied at the Admnistrator's discretion, as alluded to
previ ously.

The standards for hazardous air pollutants (HAP's), |ike the
new source performance standards (NSPS) for criteria pollutants
required by Section 111 of the Act (42 U S.C. 7411), differ from
ot her reqgul atory prograns required by the Act (such as the new
source review program and the prevention of significant
deterioration program in that NESHAP and NSPS are national in
scope (versus site-specific). Congress intended for the NESHAP
and NSPS prograns to provide a degree of uniformty to State
regul ations to avoid situations where sone States may attract
i ndustries by relaxing standards relative to other States.

States are free under Section 116 of the Act to establish
standards nore stringent than Section 111 or 112 standards.

Al t hough NESHAP are normally structured in terns of
nunmerical emssions limts, alternative approaches are sonetines
necessary. |In sonme cases, physically neasuring em ssions froma
source may be inpossible or at |east inpracticable due to
t echnol ogi cal and economc limtations. Section 112(h) of the
Act allows the Adm nistrator to pronul gate a design, equipnent,
wor k practice, or operational standard, or conbination thereof,
in those cases where it is not feasible to prescribe or enforce
an em ssions standard. For exanple, em ssions of volatile
organi ¢ conpounds (many of which may be HAP's, such as benzene)
from storage vessels for volatile organic liquids are greatest
during tank filling. The nature of the em ssions (i.e., high
concentrations for short periods during filling and | ow
concentrations for |onger periods during storage) and the
configuration of storage tanks make direct em ssion neasurenent
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inpractical. Therefore, the MACT or GACT standards may be based
on equi pnent specifications.

Under Section 112(h)(3), the Act also allows the use of
alternative equival ent technol ogi cal systenms: "If, after notice
and opportunity for comment, the owner or operator of any source
establishes to the satisfaction of the Adm nistrator that an
alternative neans of emssion limtation" will reduce em ssions
of any air pollutant at |east as much as woul d be achi eved under
t he design, equipnent, work practice, or operational standard,
the Adm nistrator shall permt the use of the alternative neans.

Efforts to achieve early environnmental benefits are
encouraged in Section 112. For exanple, source owners and
operators are encouraged to use the Section 112(i)(5) provisions,
whi ch all ow a 6-year conpliance extension of the MACT standard in
exchange for the inplenentation of an early em ssion reduction
program The owner or operator of an existing source nust
denonstrate a 90 percent em ssion reduction of HAP' s (or
95 percent if the HAP's are particul ates) and neet an alternative
em ssion limtation, established by permt, in lieu of the
ot herwi se applicable MACT standard. This alternative limtation
must reflect the 90 (95) percent reduction and is in effect for a
period of 6 years fromthe conpliance date for the otherw se
appl i cabl e standard. The 90 (95) percent early enission
reducti on nmust be achi eved before the otherw se applicable
standard is first proposed, although the reduction may be
achieved after the standard's proposal (but before January 1,
1994) if the source owner or operator makes an enforceabl e
comm t ment before the proposal of the standard to achieve the
reduction. The source nust neet several criteria to qualify for
the early reduction standard, and Section 112(i)(5)(A) provides
that the State may require additional reductions.

2.2 SELECTI ON OF POLLUTANTS AND SOURCE CATEGORI ES

The Act includes a list of 189 HAP's. Using this list of
pol lutants, the EPA published a |ist of source categories (major
and area sources) for which em ssion standards will be devel oped.
Wthin 2 years of enactnent of the anmendnents (Novenber 1992),
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t he EPA published a schedul e establishing dates for pronul gating
t hese standards. The schedul e for standards for source
categories is to be determ ned according to the foll ow ng
criteria:

(A) The known or anticipated adverse effects of such

pol lutants on public health and the environnent;

(B) The quantity and |ocation of em ssions or
reasonably antici pated em ssions of HAP's for each
category or subcategory; and

(C The efficiency of grouping categories or
subcat egories according to the pollutants emtted or
t he processes or technol ogi es used.

After a source category has been chosen, the types of
facilities within the source category to which the standard w ||
apply must be determ ned. A source category nmay have severa
facilities that cause air pollution, and em ssions fromthese
facilities may vary in nmagnitude and control cost. Econom c
studi es of the source category and applicable control technol ogy
may show that air pollution control is better served by applying
standards to the nore severe pollution sources. For this reason,
and because there is no adequately denonstrated system for
controlling em ssions fromcertain facilities, standards often do
not apply to all facilities at a source. For the sanme reasons,
the standards may not apply to all air pollutants emtted. Thus,
al t hough a source category nay be selected to be covered by
standards, the standards nmay not cover all pollutants or
facilities within that source category.

2.3 PROCEDURE FOR DEVELOPMENT OF NESHAP

Standards for najor and area sources nust (1) realistically
reflect MACT or GACT; (2) adequately consider the cost, the
nonair quality health and environnental inpacts, and the energy
requi renents of such control; (3) apply to new and existing
sources; and (4) neet these conditions for all variations of
i ndustry operating conditions anywhere in the country.

The objective of the NESHAP programis to devel op standards
to protect the public health by requiring facilities to control
em ssions to the |l evel achievable according to the MACT or GACT
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gui delines. The standard-setting process involves three
princi pal phases of activity: (1) gathering information,
(2) analyzing the information, and (3) devel opi ng the standards.

During the information-gathering phase, industries are
guestioned t hrough tel ephone surveys, letters of inquiry, and
plant visits by the EPA representatives. Information is also
gathered from ot her sources, such as a literature search. Based
on the information acquired about the industry, the EPA selects
certain plants at which em ssions tests are conducted to provide
reliable data that characterize the HAP's em ssions from
wel |l -controll ed existing facilities.

In the second phase of a project, the information about the
i ndustry, the pollutants emtted, and the control options are
used in analytical studies. Hypothetical "nodel plants" are
defined to provide a conmon basis for analysis. The nodel plant
definitions, national pollutant em ssions data, and existing
State regul ati ons governing em ssions fromthe source category
are then used to establish regulatory alternatives. These
regul atory alternatives may be different |evels of em ssions
control or different degrees of applicability or both.

The EPA conducts studies of several regulatory alternatives
and selects one as the basis for the NESHAP for the source
cat egory under st udy.

In the third phase of a project, the selected regul atory
alternative is translated into a standard. The Federal standard
l[imts emssions to the levels indicated in the sel ected
regul atory alternative.

As early as is practical in each standard-setting project,
the EPA representatives discuss the possibilities of a standard
and the formit mght take with nenbers of the National Ar
Pol [ ution Control Techni ques Advisory Conmttee, which is
conposed of representatives fromindustry, environnmental groups,
and State and local air pollution control agencies. O her
interested parties also participate in these neetings.

The information acquired in the project is sunmarized in the
background i nformati on docunent (BID). Conpleted portions of the
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Bl D and proposed standards, are widely circulated to the industry
bei ng considered for control, environmental groups, other

gover nnment agencies, and offices within the EPA. Through this
extensive review process, the points of view of expert reviewers
are taken into consideration as changes are made to the
docunent ati on.

A "proposal package" is assenbled and sent through the
of fices of the EPA Assistant Adm nistrators for concurrence
before the proposed standards are officially endorsed by the EPA
Adm nistrator. After being approved by the EPA Adm ni strator,
the preanble and the proposed regul ation are published in the
Federal Reqgister.

The public is invited to participate in the standard-setting
process as part of the Federal Reqgister announcenent of the
proposed regulation. The EPA invites witten comments on the
proposal and al so holds a public hearing to discuss the proposed
standards with interested parties. Al public comments are
summari zed and incorporated into a second volune of the BID. Al
i nformati on revi ewed and generated in studies in support of the
standards is available to the public in a "docket” on file in
Washi ngton, D.C. Comments fromthe public are evaluated, and the
standards nay be altered in response to the comments.

The significant corments and the EPA's position on the
i ssues raised are included in the preanble of a pronul gation
package, which also contains the draft of the final regulation
The regulation is then subjected to another round of internal
EPA review and refinenent until it is approved by the
EPA Administrator. After the Adm nistrator signs the regul ation,
it is published as a "final rule” in the Federal Reqister.

2.4 CONSI DERATI ON OF COSTS

The requirenents and gui delines for the econom c anal ysis of
proposed NESHAP are prescribed by Presidential Executive
Order 12291 (EO 12291) and the Regulatory Flexibility Act (RFA).
The EO 12291 requires preparation of a Regulatory Inpact Analysis
(RIA) for all "major" econom c inpacts. An econom c inpact is
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considered to be major if it satisfies any of the follow ng
criteria:

1. An annual effect on the econony of $100 million or nore;

2. A mjor increase in costs or prices for consuners;

i ndi vidual industries; Federal, State, or |ocal governnent
agenci es; or geographic regions; or

3. Significant adverse effects on conpetition, enploynent,
i nvestnent, productivity, innovation, or on the ability of
United States-based enterprises to conpete with foreign-based
enterprises in domestic or export narkets.

An RI A describes the potential benefits and costs of the
proposed regul ati on and explores alternative regulatory and
nonr egul at ory approaches to achi eving the desired objectives. |If
the analysis identifies less costly alternatives, the RIA
i ncl udes an expl anation of the |egal reasons why the | ess costly
alternatives could not be adopted. In addition to requiring an
anal ysis of the potential costs and benefits, EO 12291 specifies
that the EPA, to the extent allowed by the ACT and court orders,
denonstrate that the benefits of the proposed standards outwei gh
the costs and that the net benefits are maxi m zed.

The RFA requires Federal agencies to give special
consideration to the inpact of regulations on small businesses,
smal | organi zations, and small governnmental units. [|f the
proposed regul ation is expected to have a significant inpact on a
substantial nunmber of small entities, a regulatory flexibility
anal ysis nmust be prepared. |In preparing this analysis, the EPA
t akes into consideration such factors as the availability of
capital for small entities, possible closures anong snall
entities, the increase in production costs due to conpliance, and
a conparison of the relative conpliance costs as a percent of
sales for small versus large entities.

The prinme objective of the cost analysis is to identify the
i ncrenental econom c inpacts associated with conpliance with the
st andards based on each regul atory alternative conpared to
baseline. Oher environmental regulatory costs nmay be factored
into the anal ysis wherever appropriate. Air pollutant em ssions
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may cause water pollution problens, and captured potential air
pol lutants may pose a solid waste disposal problem The total
environnment al inpact of an em ssion source nust, therefore, be
anal yzed and the costs determ ned whenever possible.

A thorough study of the profitability and price-setting
mechani sms of the industry is essential to the analysis so that
an accurate estinmate of potential adverse econom c inpacts can be
made for proposed standards. It is also essential to know the
capital requirenents for pollution control systens already placed
on plants so that the additional capital requirenments
necessitated by these Federal standards can be placed in proper
perspective. Finally, it is necessary to assess the availability
of capital to provide the additional control equi prment needed to
meet the standards.

2.5 CONSI DERATI ON OF ENVI RONMENTAL | MPACTS

Section 102(2)(C) of the National Environmental Policy Act
(NEPA) of 1969 requires Federal agencies to prepare detailed
envi ronnental inpact statenents on proposals for |egislation and
ot her maj or Federal actions significantly affecting the quality
of the human environment. The objective of NEPAis to build into
t he deci si on-maki ng process of Federal agencies a careful
consideration of all environnmental aspects of proposed actions.

In a nunmber of |egal challenges to standards for various
i ndustries, the United States Court of Appeals for the D strict
of Colunmbia Circuit has held that environnental inpact statenents
need not be prepared by the EPA for proposed actions under the
Clean Air Act. Essentially, the Court of Appeals has determ ned
t hat the best system of em ssions reduction requires the
Adm nistrator to take into account counterproductive
environnmental effects of proposed standards as well as econom c
costs to the industry. On this basis, therefore, the Courts
est abl i shed a narrow exenption from NEPA for the
EPA det erm nati ons.

In addition to these judicial determnations, the Energy
Supply and Environnmental Coordination Act of 1974 (PL-93-319)
specifically exenpted proposed actions under the Cean Air Act
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from NEPA requi renents. According to Section 7(c)(1), "No action
taken under the Cean Air Act shall be deenmed a maj or Federal
action significantly affecting the quality of the human
environment within the neaning of the National Environnental
Policy Act of 1969" (15 U. S.C. 793(c)(1)).

Nevert hel ess, the EPA has concluded that preparing
envi ronnment al inpact statenents could have beneficial effects on
certain regulatory actions. Consequently, although not legally
required to do so by Section 102(2)(C of NEPA, the EPA has
adopted a policy requiring that environmental inpact statenents
be prepared for various regulatory actions, includi ng NESHAP
devel oped under Section 112 of the Act. This voluntary
preparation of environnental inpact statenents, however, in no
way |legally subjects the EPA to NEPA requirenents.

To inplenent this policy, a separate section is included in
this docunent that is devoted solely to an analysis of the
potential environnmental inpacts associated with the proposed
standards. Both adverse and beneficial inpacts in such areas as
air and water pollution, increased solid waste di sposal, and
i ncreased energy consunption are di scussed.

2.6 RESIDUAL RI SK STANDARDS

Section 112 of the Act provides that 8 years after MACT
standards are established (except for those standards established
2 years after enactnent, which have 9 years), standards to
protect against the residual health and environnental risks
remai ni ng nust be pronul gated, if necessary. The standards woul d
be triggered if nore than one source in a category or subcategory
exceeds a maxi mum i ndi vidual risk of cancer of 1 in 1 mllion.
These residual risk regulations would be based on the concept of
providing an "anple margin of safety to protect public health.”
The Administrator may al so consi der whether a nore stringent
standard i s necessary to prevent--considering costs, energy,
safety, and other relevant factors--an adverse environnental
effect. 1In the case of area sources controlled under GACT
standards, the Adm nistrator is not required to conduct a
residual risk review.
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3.0 PROCESSES AND POLLUTANT EM SSI ONS

3.1 GENERAL

For purposes of this study, the shipbuilding and ship repair
I ndustry consists of establishnents that build and repair ships
with nmetal hulls. This industry also includes the repainting,
conversion, and alteration of ships. Subcontractors engaged in
ship painting, blasting, or any other operations within the
boundari es of a shipyard are considered to be part of the
shi pyard, and resulting em ssions are consi dered shipyard
em ssions. The definition for Standard Industrial C assification
(SIC) Code 3731, Shipbuilding and Repairing, generally coincides
with the above definition but differs in that SIC Code 3731
i ncl udes the manufacture of both offshore oil and gas well
drilling and production platfornms. Emssion limts from coatings
used on such platfornms are being negotiated as a part of the
Federal VOC rule on architectural and industrial maintenance
coatings which is still under devel opnent.

In order to better define which shipyard facilities will be
subj ect to rulemaking, the followi ng definition of a ship has
been adopt ed:

any nmetal hulled marine or fresh-water vessel used for

mlitary or comrercial operations, including self-

propel | ed vessels and those towed by other craft

(barges). This definition includes, but is not limted

to, all mlitary vessels, conmercial cargo and

passenger (cruise) ships, ferries, barges, tankers,

cont ai ner ships, patrol and pilot boats, and dredges.*

Pl easure craft such as recreational boats and yachts are not
included in the definition and are not typically built or
serviced in | arge-scal e shipyards. As would be expected, there
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is sonme overlap with the pleasure craft industry. Some of the
smal | er shi pyards work on both ships and pl easure craft.

Approxi mately 437 facilities (shipyards) of varying
capabilities are involved in the construction and repair of ships
inthe United States.? O the 437 shipyards, 25 are estimated to
quantify as major sources based on HAP em ssions. A major source
is defined as a contiguous facility emtting 10 tons or nore of
any one HAP or 25 tons or nore of all HAP' s conbined. O the
437 shi pyards, there are eight Naval shipyards and one Coast
Guard facility. The shipyards are |ocated al ong the east, west,
and Gulf coasts as well as at sone inland | ocations along the
M ssissippi River (and its tributaries) and the G eat Lakes.

Many of the small bargeyards are concentrated in Louisiana and
Texas. The majority of these do not qualify as major sources
with regard to hazardous air pollutant (HAP) enissions. A nore
detailed statistical source category profile is presented in
Section 9.1. Figure 3-1 shows the geographical |ocation of
active U S. shipyards, and Table 3-1 lists individual States,

wi th the nunber of shipyards and the estimated nunber of nmjor
sources |l ocated in each.

As reported in the U S. Industrial Qutlook '92--Shipbuilding
and Repair dated January 1992:3

The U. S. Active Shipbuilding Base (ASB) is defined
as privately owned shipyards that are open, engaged in,
or actively seeking construction contracts for naval
and comercial ships over 1,000 tons. These full-
service yards are the primary sector of the first-tier
shi pyards, which are facilities capabl e of
constructing, drydocking, or topside-repairing vessels
400 feet in length or nore. As of Cctober 1, 1992,
there were 16 ASB shi pyards. The ASB shi pyards
continue to enploy about three-quarters of the
shi pbuil ding and ship repair industry's total work
force of nore than 120,000. These figures do not
i ncl ude ni ne Gover nnment - owned shi pyards, which do not
engage in new construction, but rather in the overhau
and repair of Navy and Coast Guard ships.

Anot her inportant sector of the shipbuilding and
ship repair industry is one conposed of small-size and
medi um si ze facilities, or "second-tier shipyards."”
These shipyards are primarily engaged in supporting
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TABLE 3-1. U.S. SH PYARD LOCATI ONS

No. of Esti mated No. of
State shi pyar ds nmaj or sources
Loui si ana 74
Texas 53
Virginia 34
California 33
Fl ori da 33
Washi ngt on 25
New Yor k 21
M ssi ssi ppi 17
Al abama 15
Pennsyl vani a 12
Oregon 10
W sconsin
Massachusetts
Mai ne
New Jer sey
Chi o
| ndi ana
[l1linois

North Carolina
Sout h Carolina

M chi gan
Rhode | sl and
Tennessee

M ssouri
Hawai i

Georgi a
Mar yl and
Puerto Rico
Al aska

Ar kansas

Connecti cut

M nnesot a

Ckl ahonma

New Hanpshire
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TOTAL 437 2
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i nl and wat erway and coastal carriers. Their market is the
construction and repair of smaller type vessels, such as tug
boats, supply boats, ferries, fishing vessels, barges, and
small military and Gover nnment - owned vessel s.?®

Shi pyard enpl oynent varies from 10 enpl oyees to
26, 000 enpl oyees, and subcontractors are frequently used for
specific operations |ike abrasive blasting and painting.
Bargeyards typically are relatively snaller operations with a
focus on repair activities, while nost commercial and mlitary
shi pyards have nore enpl oyees and can handle a wi de variety of
shi ps and repairs.

Al'l types of vessels are built or repaired in shipyards in
the United States. Many of the ships are forei gn-owned/ oper at ed.
Gover nnment owned (Navy, Arnmy, and Coast Guard) vessels account
for a significant portion of all shipyard work. Steel is the
nost common material used in the shipbuilding and ship repair
i ndustry, but wood, alum num and plastic/fiberglass are al so
used.

The | arge shipyard organi zati ons that have floating drydocks
and/ or graving docks generally have extensive waterfront acreage
and are capable of all types of ship repair and mai nt enance.

Maj or shi pyards usual |y conbi ne repair, overhaul, and conversion
wi th shipbuilding capabilities, and enpl oynent usually nunbers in
the thousands. It is difficult to draw a sharp |ine between
yards that build ships and those that repair/maintain ships; nmany
facilities engage in both activities to various degrees. The m X
of work varies wi dely throughout the industry as well as from
year to year at a single shipyard. **

Repair yards performa w de variety of services and can be
categorized into two groups based on the ability to drydock a
ship. Those facilities which have no drydock capabilities are
known as topside repair yards and can performthe various repairs
that do not require taking a ship out of the water. Services
rendered by these yards nmay vary froma sinple repair job to a
maj or topside overhaul. |In general, not much painting is
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conducted in topside yards so they have | ow HAP em ssions and do
not generally qualify as major sources. On the other hand,
typical repair yards with the ability to drydock ships do nore
pai nting than do construction yards of conparabl e size.
Repainting is an integral part of nost repair jobs, and the
underwater hull is a significant part of the painted area of a
shi p.
3.2 SH PYARDS AND THEI R EM SSI ONS

Wi | e several shipyard operations use and emt HAP's, the
vast majority of HAP em ssions come from organic sol vents
contained in marine paints and solvents used for thinning and
cleaning. O her operations that emt small quantities of HAP' s,
such as wel ding, netal formng/cutting, abrasive blasting, etc.,
W ll be included to determne if a facility qualifies as a mgjor
source (i.e., one that emts nore than 10 tons of any one HAP or
nore than 25 tons of all HAP's conbi ned). However, the
regul atory focus of this NESHAP (listed under surface coating
operations in the source category listing in the Federal Reqister
dated July 16, 1992) is on painting operations and the associ ated
cl eaning solvents. This section discusses related details of

marine paints, resins, solvents, coating systens, and application
equi pnment .

Sone shi pyard operations such as part cleaners (degreasers),
cooling towers, and asbestos renpoval are covered by existing or
upcom ng Federal regulations. 1In these cases, the existing or
upcom ng regul ati ons have precedence. This NESHAP is not
i ntended to have any contradictory inpact and has not addressed
such operations in determning if a facility qualifies as a ngjor
sour ce.

Due to the size and limted accessibility of ships, nost
shi pyard pai nting operations are perfornmed outdoors. Wen
pai nting and/or repairs are needed bel ow the waterline of a ship,
it nmust be renoved fromthe water using a floating drydock
gravi ng dock, or marine railway. |In new construction operations,
assenbly is usually nodul ar, and painting is done in several
stages at various |ocations throughout the shipyard.
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The typical ship construction process begins with steel
plate material. The steel is formed into shapes, abrasively
cl eaned (bl asted), and then coated wth a preconstruction primer
for corrosion protection during the several nonths it may lay in
storage before it is used. This is typically done indoors at the
bi gger shipyards, and sonme facilities have automated these steps.
Smal | er shipyards usually have no indoor facilities, and all work
is done at or near the waterfront. Using the preforned pl ates,
smal | subassenblies are then constructed and again a priner coat
is applied. This step is often preceded by renoval (blasting)
of f the preconstruction priner. For instance, Navy
specifications require white netal blasting before application of
the "paint system (a succession of conpatible coatings applied
on top of one another) to provide |long termcorrosion protection.
Larger subassenblies are simlarly put together and prined to
protect the steel substrate material and provi de whatever speci al
properties are needed. At sone point in the construction, even
t hose conponents fabricated i ndoors are noved outdoors to work
areas adj acent to the drydock. Final assenbly (and painting) can
only be done at the drydock for |arge ships such as aircraft
carriers or cruise ships. At sone facilities, smaller ships are
conpl eted i ndoors and then noved to the water using a marine
rail way and/or cranes. There are five general areas of ship
structures that have special coating requirenents:

1. Antennas and superstructures (including freeboard);

2. Exterior deck areas;

3. Interior habitability areas;

4. Tanks (fuel, water, ballast, and cargo); and

5. Underwater hull.?*
Each of these areas is diagramed in Figure 3-2 to aid with sone
of the terminology used later in this chapter.”®
3.2.1 Marine Paints

The basi c conponents in marine paint (coatings) are the
vehicle (resin binder), solvent pignent (except for clear
coatings), and additives. Resins and solvents are discussed
further later on in this section. Paint is used for either
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protective, functional or decorative (aesthetic) applications or
bot h. °

Marine coatings are vital for protecting the ship from
corrosive and biotic attacks fromthe ship's environnent. Mny
marine paints serve specific functions such as corrosion
protection, heat/fire resistance, and antifouling (used to
prevent the settlenent and growm h of marine organi sns on the
ship's underwater hull). A ship's fuel consunption can be
i ncreased significantly because of marine fouling, adding to the
operational costs. Different paints are used for these purposes,
and each may use one or nore solvents (or solvent blends) in
di fferent concentrations. Specific paint selections are based on
the intended use of the ship, ship activity, travel routes,
desired tinme between paintings (service life), the aesthetic
desires of the ship owner or commandi ng of ficer, and fuel costs.
Ship owners and paint suppliers specify the paints and coating
t hi cknesses to be applied at shipyards.

3.2.1.1 Marine Coating (Resin) Types. The general
properties of the different chem cal types of coatings and their

uses in marine applications are discussed in this section. An
overall summary of these coating types and applications is
provided in Tables 3-2 and 3-3.% These narine coatings are

usual ly applied on top of one another. A typical coating system
conprises (1) a thin primer coat that provides initial corrosion
(oxi dation) protection and pronotes adhesion of the subsequent
coating, (2) one or nore internedi ate coats that physically
protect(s) the priner and nmay provide additional or special
properties, and (3) a topcoat that provides |ong-term protection
for both the substrate and the underlying coatings. The priner
Is usually a zinc-rich material that will provide gal vanic
corrosion protection if the overlying paint systemis damged but
woul d qui ckly be consuned by sacrificial corrosion wthout a
protective topcoat. A good coating system can enhance the
beneficial properties of individual coatings. Each coating is

3-9



TABLE 3-2. AREAS OF APPLI CATI ON FOR MARI NE PAI NTS (RESIN TYPES)“

Inorganic Organic Chlorinated

Where used Alkyd Epoxy zinc zinc Polyurethane Vinyl rubber
Superstructure X X X X X X X
Topside equipment X X X X X X X
Decks X X X X X
Hull--above water line X X X X X X

--below water line X X X
Internal decks X X X
Internal bulkheads X X X
Voids X X X X X
Engine room--surfaces X X

--machinery
Tanks X X :
Cargo holds--wet X X X X
--dry X

Reference: CENTEC Corporation, "VOC Emission Control Technologies for Ship Painting Facilities - Indugry Characterization, EPA Document No. EPA-
600\2-81-131. July 1981.

Commonly used for portable water tanks.
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TABLE 3-3.

MARI NE COATI NG (RESIN) TYPES'

Coating type

Resin

Advantages

Disadvantages

Alkyd

Polyester compounds

Anticorrosive and weather-r esistant

Not recommended for immer sion

Chlorinated rubber

Natural rubber

Water resistant

Fast drying

Softened by heat

Coal tar and coal tar epoxy

Coal tar pitch

High dielectric strength

Inexpensive

Car cinogenic

Safety concerns

Epoxy based

Bisphenol-A-type

Anticorrosive

Chemical-resistant

Sunlight-sensitive

Pot life varies by formulation

Inorganic zinc

Zinc metal in an inorganic

binder

Excdlent primer for superstructure

Galvanically active

Poor immersion service in solutions of

either high or low pH

Organic zinc

Zinc metal in an organic

binder

Electrochemically active

Poor immersion service in salt water

Polyurethane

I socyanate group

Chemical-resistant

High gloss

Difficult to recoat

Spray-metalized

Molten aluminum or zinc

Low weight

Longer service life

Requires topcoat

Vinyl

Vinyl compounds

Chemical- and water-r esistant

Softened by heat

Requires wash primer
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typically a different color to help the applicators ensure that
each | ayer provides conpl ete coverage.
3.2.1.1.1 A kyds.” A kyd resins are polyester conpounds
that are fornmed by reactions between pol yhydric al cohols
(e.g., ethylene glycol or glycerol) and a pol ybasic acid
(e.g., phthalic anhydride) in the presence of a drying oi
(e.g., linseed or soybean oil). The specific oil used determ nes
the curing properties of the resin and its ultimate chem cal and
physi cal properties. Al kyds are frequently nodified chemcally
to inprove their physical properties or their chem cal
resi stance. Modified alkyds are formed by reacting ot her
chem cal conpounds (such as vinyl, silicone, and urethane
conpounds) wth the al kyd. Al kyd coatings require chem cal
catalysts (driers) to cure. Typical catalysts are m xtures of
zirconium cobalt, and nanganese salts. Depending on the
catal ysts and the anbient tenperature and humidity, it takes
several days to several weeks before the coating is fully cured.
Al kyd coatings are frequently used as anticorrosive priners
and topcoats in interior areas and as cosnetic topcoats over
hi gh-performance priners in exterior areas. Al kyd coatings are
primarily used for habitability spaces, storeroons, and equi pnent
finishes. Fire-retardant al kyd paints are sone of the nost
comon interior coatings used on Naval ships. Modified al kyds,
particularly silicone al kyds, have excell ent weathering
properties and are good decorative and marking coatings.
However, al kyds are not recommended for saltwater i mrersion
service or for use in areas that are subject to accidental
i mersion. The alkali generated by the corrosion reactions
rapidly attacks the coating and leads to early coating failure.
Al so, al kyds shoul d not be applied over zinc-rich prinmers because
they are attacked by the al kaline zinc corrosion products.
3.2.1.1.2 Chlorinated rubber.” Chlorinated rubbers are
formed by reacting natural rubber with chlorine. Chlorinated
rubbers by thenselves are not suitable for use as coatings and
nmust be bl ended with other conpounds to produce good coati ngs.
Coati ngs made from chl ori nated rubbers that have been bl ended
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with highly chlorinated additives provide tough, chemcally

resi stant coatings. These coatings cure by solvent evaporation.
These coatings are normally partially dry wwthin 1 hour (hr) and
fully dry within 7 days. For this reason, chlorinated rubber
coatings are especially useful where fast drying, particularly at
| ow tenperatures (0° to 10°C [32° to 50°F]), is required.

Chl ori nated rubber coatings are tough, resistant to water,
and chemcally resistant. However, they are softened by heat and
are not suitable for sustained use at tenperatures above
66°C (150°F). Chlorinated rubber coatings are suitable for nost
exterior ship areas that are not continually exposed to
excessively high tenperatures.

3.2.1.1.3 Coal tar and coal tar epoxy.’ Coal tar coatings
are made from processed coal tar pitch dissolved in suitable
petrol eum sol vents. They forma film by evaporation of the

solvent, and the filmcan be redissolved in solvents. Coal tar
filnms provide very good corrosion protection. However, the dry
filmis damaged by direct exposure to sunlight, which causes
rapi d, severe cracking. Coal tars are nornally blended with
other resins to inprove their light stability and to increase
their chem cal resistance. Comon bl endi ng resins include vinyl
and epoxy materials. Coal tar coatings are wdely used in highly
corrosive environments such as ship bottons, where inperneability
is inmportant. They are also applied as anticorrosive coatings in
bal | ast tanks and | ockers used to store anchor chains.

Coal tar epoxy paints are packaged with the epoxy portion in
one contai ner and the curing agent (either am ne or pol yam de
type) in a second container. The coatings nust be thoroughly
m xed prior to use and nust be used before the m xture
solidifies. The liquid coating fornms a film by sol vent
evaporation and conti nued chem cal reaction between the epoxy
resin and the curing agent. The "pot life" is different for each
uni que formul ation. Commonly used coatings have pot |ives that
range from2 to 8 hr at 25°C (77°F). Coal tar epoxy filns have
hi gh chem cal resistance, easily formthick filns, and have a
high dielectric strength. The high dielectric strength nmakes
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themparticularly suitable for use near anodes in cathodic
protection systens, where the high current densities can damage
other types of coatings. Coal tar epoxy coatings are known to
exude | ow nol ecul ar-wei ght fractions (ooze solvent), which cause
recoating problens. The U S. Navy limts the use of coal tar and
coal tar epoxy coatings to protect workers fromthe possibility
of low levels of carcinogens in the refined coal tar.

Coal tar epoxies are also commonly used on fresh-water
barges. Oher suitable paints are available, but the coal tars
are the | east expensive.

3.2.1.1.4 Epoxy.’ Epoxy coatings for marine applications
are typically formed by the chem cal reaction of a
bi sphenol - A-type epoxy resin with a "curing agent” (e.g., am nes,
am ne adducts, or polyanide resins). The coatings are packaged
wi th the epoxy portion in one container and the curing agent in a
second container. As with coal tar epoxy systens, the coatings
nmust be used within their pot life. Commonly used epoxy coati ngs
have pot lives that range from2 to 8 hr at 25°C (77°F). Epoxy
coatings typically dry to touch within 3 hr and are fully cured
after 7 days at 25°C (77°F). The tinme to cure depends on the
anbi ent, coating, and surface tenperature during the curing
period. The curing reaction slows down narkedly at tenperatures
bel ow 10°C (50°F).

Epoxy coating filnms are strongly resistant to nost chemcals
and make excellent anticorrosion coatings. They are one of the
principal materials used to control corrosion in the nmarine
environnment and are used in many priners and topcoats. However,
epoxy coatings chal k when exposed to intense sunlight. For this
reason, epoxy coatings are often used with cosnetic topcoats
(e.g., silicone alkyds) that are nore resistant to sunlight.

3.2.1.1.5 |lnorganic zinc.” Inorganic zinc coatings consist
of powdered zinc netal held together by a binder of inorganic
silicate. The binder is fornmed by the polynerization of sodi um
silicate, potassiumsilicate, lithiumsilicate, or hydrol yzed
organic silicates. The liquid coating fornms a filmby the
evaporation of the solvent (water and/or VOC s), followed by the
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chem cal reactions between the silicate materials, zinc dust, and
curing agents. Ilnorganic zinc coatings use water or organic
sol vent s.

A variety of curing nmechanisns are used to formthe fina
inorganic zinc coating film The coatings are frequently
packaged as multiconponent paints. Al parts nust be m xed
t horoughly before being applied. After m xing, inorganic zinc
coatings have a pot life of 4 to 12 hr. The sol vent nust
evaporate fromthese coatings before they can forma film For
sol vent based, self cure inorganic zincs, some water is needed to
all ow the binder to cure. Low humdity will retard cure rate.

Because the coatings consist primarily of zinc, they offer
extraordi nary gal vanic corrosion protection. At the sane tine
and for a variety of reasons, they can be corroded by the sane
envi ronnents that damage zinc. Inorganic zinc coatings are often
used on weat her (exterior) decks and as prinmers for the ship
superstructure.

3.2.1.1.6 Oganic zinc.” Oganic zinc coatings use zinc as
a pignent in a variety of organic binders. The prinmary feature
of organic zinc coatings is that the coating filmis
el ectrochemcally active and reacts to provide cathodic
protection to the steel substrate. These coatings are not as
nmechani cally durable or as resistant to high tenperatures as the
i norgani c zinc coatings. However, they are frequently nore
conpatible with organic topcoats. Cenerally, these coatings are
nore tol erant of application variables than are inorganic zinc
coatings. The drying and curing properties of this type of
coating are determ ned by the properties of the binder. These
coatings are not recomended for imrersion service in salt water
for the sane reason given for inorganic zinc coatings, nanely,
that they can be corroded by the sanme environnents that danage
zinc.

3.2.1.1.7 Polyurethane.” Polyurethane marine coatings are
made fromresins that contain conplex nononers that incorporate
i socyanate chem stry, which is highly reactive w th hydroxyl
groups (e.g., water and al cohols), which are commonly used as
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curing agents. Coating filnms are forned in two overl appi ng steps
by sol vent evaporation followed by a chem cal reaction between
t he pol yurethane resin and the curing agents. The nost commonly
used pol yuret hane mari ne coatings are packaged as two- or three-
conponent systens. One conponent contains the pol yurethane
resin, and the second conponent contains an organic polyol. Sone
systens require the use of a third conponent containing catalysts
(e.g., netallic soaps or am ne conpounds) to accel erate curing.

Pol yur et hane coatings form tough, chem cally-resistant
coatings and make particularly good high-gloss cosnetic finishes.
They have good abrasion and i npact resistance and are
particularly useful in high-wear areas. They have good weat her
resi stance but | ose gl oss when exposed to intense sunlight.
Weat her ed pol yuret hane coatings are often difficult to recoat,
and subsequent topcoats will not adhere unless special care is
taken to prepare the surface before repainting aged or damaged
areas. Pol yurethane coatings are nost commonly used as topcoats,
e.g., in a coating systemconsisting of one coat inorganic zinc,
one coat high-build epoxy, and one coat aliphatic polyurethane.
These coatings are used in the areas above the waterline such as
t he topsi de, weat her deck, and superstructure areas.

3.2.1.1.8 Spray-netallized coatings.” Spray-netallized
coatings are forned by nelting a metal and spraying it onto the
surface to be protected. The netal solidifies in place and forns
a tightly adhering barrier to protect against corrosion. Zinc
and al um num are the nost commonly used netals for
spray-netallizing. Alumnumis generally favored for marine
servi ce because of its longer service |life and low weight. It is
general ly necessary to topcoat the sprayed netal coating to
i nprove appearance and protect the netalized coating to gain the
maxi mum possi bl e service life. Vinyl or epoxy coatings are
typically used as topcoats for alum num netal spray coatings.

3.2.1.1.9 Vinyl Coatings.’” Vinyl resins are formed by the
pol yneri zati on of vinyl conpounds and are used in paints for
several applications (categories). The nbst common resins are
based on polyvinyl chloride (PVC) copolyners. These resins form
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coatings by solvent evaporation. Freshly applied coatings are
dry to the touch within 1 hr and are fully dried within 7 days.
Vinyl coatings are particularly useful where fast drying,
particularly at |ow tenperatures (0° to 10°C [32° to 50°F]), is
required.

Coati ngs based on vinyl polyners performwell in imrersion
situations and are frequently used to protect subnerged
structures such as the underwater hull of a ship. These coatings
have excellent resistance to many chem cals and are good
weat her-resi stant materials. Vinyl coatings are softened by heat
and are not suitable for sustained use above 66°C (150°F). Vinyl
pai nt systens require the use of a thin coat of wash priner
(containing acids to etch the surface) as the first coat to
ensure good adhesion to steel.’

3.2.1.2 Paint Solvents.® The solvent conponent of narine
paints is a transient ingredient, but its quality and suitability
are apparent for the life of the coating. Choice of solvents
affects coating filmintegrity, appearance, and application.

Thus, solvents play an inportant role in filmformation and
durability even though they are not a permanent conponent. The
solvent in nost paints is a mxture of two or nore conponents
that inpart different properties to the solvent blend.

Two basi c performance properties nmust be considered in
sel ecting the proper solvent for marine coatings: solvency and
evaporation rate. Solvency refers to a solvent's ability to
di ssolve the resin and reduce its viscosity so the paint can be
applied. The solubility of the resin and the solvency of the
solvent determine initial coating viscosity. Evaporation is
subsequent |y necessary as part of the drying process and in
controlling the paint viscosity at various stages of drying (film
vi scosity increases as the solvent evaporates). The sol vent nust
evaporate relatively quickly during initial drying to prevent
excessive flow, but in later stages it nust evaporate slowy
enough to give sufficient |leveling and adhesion. Different
sol vent conponents are typically used to achi eve such evaporative
per f or mance.
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Approxi mately one third of all solvent conponents used in
the ship-building and ship repair industry are HAP's. Table 3-4
lists the nost common sol vents (both HAP and non- HAP) used at
shi pyards based on the collected Section 114 information in the
data base.® The predoni nant solvents used in marine paints and
in their associated cleaning are obtained from petrol eum (crude
oil). Many of the comonly known sol vents are actually petrol eum
distillation fractions and are conposed of a nunber of conpounds.
Distillation fractions are typically distinguished as aliphatic
or aromati c.

TABLE 3-4. TYPI CAL SOLVENTS USED I N MARI NE PAI NTS
AND I N THEI R ASSCCI ATED CLEANI NG *°

HAP sol vent s Non- HAP sol vent s

Tol uene But yl al cohol

Et hyl benzene Et hyl al cohol

Met hyl et hyl ketone Met hyl amyl ketone

Met hyl isobutyl ketone Acet one

Et hyl ene gl ycol ethers Propyl ene gl ycol ethers
M neral spirits?®

Hi gh-fl ash napht ha

n- Hexane

éLigroine (light naphtha), VM&P naphtha, Stoddard sol vent,
and certain paint thinners are also commonly referred to as
mneral spirits.

Ali phatic petrol eum solvents are distillation products from
crude oil and are characterized by relatively | ow solvent power
relatively |ow specific gravities, and bl and odors. Typica
al i phatic petrol eum sol vents include hexane, mneral spirits,
varni sh makers' and painters' (VM&P) naphtha, Stoddard sol vent,
and kerosene.

Aromati c petrol eum sol vents nay be produced from aliphatic
conmpounds as follows. An aliphatic distillate fromcrude oil is
processed through a catalytic refornmer, and the resulting
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napht henes are then dehydrogenated to formaromatics. There are
only four commonly used aromatic solvents in the coatings

i ndustry: xylene, toluene, nediumflash naphtha, and high-flash
napht ha. Aromatics are stronger solvents than are aliphatics;

t hey di ssolve a wider variety of resins.

Using information provided by both the shipbuilding and ship
repair industry and marine coating manufacturers as a reference,
there is considerable confusion regarding the EPA's list of HAP' s
and the various solvents used in marine coatings.®! Many
sol vents containing significant HAP conponents such as m neral
spirits and hi gh-flash naphtha were not reported as HAP's because
t he generic solvent nanme does not appear on the EPA's |ist of
HAP's. This is primarily due to the fact that paint and sol vent
manuf acturers usually list the generic solvent nane on the
mat eri al safety data sheet (MSDS). Recordkeeping and reporting
at the shipyards is typically only as detailed
(chem cal / conpound-specific) as the product MSDS's supplied to
t hem

For the purpose of analyzing data supplied by the industry,
all generic petrol eum hydrocarbon sol vents were split into
two groups and specific HAP conponents and concentrations were
assi gned based on reference chem cal data and the information
provi ded by the paint and sol vent nmanufacturers.' Basically,
all aliphatic petroleum solvents (except hexane) were assigned a
4 percent (by weight) HAP concentration with the foll ow ng
i ndi vi dual HAP concentrations: xylene - 1.0 percent; toluene -
1.0 percent; ethyl benzene - 1.0 percent; and n-hexane -

1.0 percent. The non-HAP-specific aromatic solvents (nmedium and
hi gh-fl ash naphthas), were assigned 10 percent total HAP
concentrations with the follow ng individual HAP concentrati ons:
xyl ene - 8 percent, toluene - 1 percent, and ethyl

benzene - 1 percent. Table 3-5 summarizes the above assunptions
regarding all major petrol eum solvent blends and their HAP
concentrations used in marine paints.

3.2.1.3 Coating Systems. |In general, the coating systens
described in this section are based on those used by the
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TABLE 3-5. PETROLEUM SOLVENT BLENDS SOLVENTS
AND ASSUMED HAP COMPONENTS™

Sol vent HAP' s
Concentration
Type Nane Nane (W'
Al i phatic M neral spirits
Li groi ne Xyl ene
VM&P napht ha Tol uene
St oddard sol vent | Et hyl
benzene
140°F sol vent Hexane 1.0
Pai nt thi nner 4-Total HAP' s
Thi nner
Hexane n- Hexane 50
Aromatic Xyl ene Xyl ene 100
Tol uene Tol uene 100
Medi um f 1 ash
napht ha Xyl ene
Tol uene
Hi gh-fl ash Et hyl Benzene
napht ha
10- Total HAFP' s
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U.S. Navy and may not be representative of those used by
commercial vessels with different service requirenents. Coating
system sel ection requires consideration of many different
factors, including:

1. Service requirenments of the coated surfaces;

2. Materials and application costs;

3. Tenperature and humdity during application and
dryi ng/ curing;

4. Surface preparation requirenents;

5. Desired service life;

6. Accessibility of the area for maintenance;* and

7. Life-cycle costs.

Coating systemrequi renents can be broken down into several
general i zed categories based upon the ship's structural
conponents. These structural conponents include the freeboard
areas and other exterior surfaces above the waterline (boot top)
area; exterior deck areas; interior habitability spaces; fuel
wat er, ballast, and cargo tanks; and the underwater hull areas.
These basic areas of a typical ship are illustrated in
Figure 3-2. This figure and the followi ng discussion were taken
froma letter fromS. D. Rodgers of the Naval Sea Systens Command
to A Bennett of the EPA involving protective coatings for
U.S. Naval ships.® The remminder of this section provides
i nformati on on coating systens that have been identified to
provi de opti mum servi ce performance for various ship conponents.

3.2.1.3.1 Freeboard areas and exterior surfaces above the

waterline (boot top) area. The ship's exterior superstructure is
subject to acidic fumes, extrene tenperatures ranging fromthose
of the tropics to those of the Arctic, intense sunlight, therma
shock when cold rain or sea spray contacts hot surfaces, and
attack of wind-driven saltwater and spray. A two- or three-part
systemis recomended for these surfaces above the waterline.

The anticorrosion protection is provided by zinc-rich coatings
and/ or epoxy-pol yam de coatings. Cosnetic color and durability
are provided by a silicone-al kyd, acrylic-nodified, two-conponent
epoxy, polyurethane, or acrylic topcoat. Typical paint systens
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use either a two-coat epoxy with a two-coat silicone alkyd or a
one-coat, zinc-rich prinmer with a three-coat epoxy and a two-coat
silicone al kyd.

3.2.1.3.2 Exterior deck areas. Decks, in addition to being
in contact with seawater, are subject to the wear caused by foot
and/ or vehicular traffic, mechanical abrasion, fuel and chem cal
spills, and in the case of |anding decks, the | andings and take-
offs of aircraft. Antislip deck coatings are used to provide a
rough surface to hel p avoid uncontrolled notion of the crew and
machi nery on wet, slippery decks. Antislip coatings need to be

selected for both their mechani cal roughness and their resistance
to lubricants and cl eani ng conmpounds used on the decks. The nost
durable antislip coatings are based on epoxy coatings that
contain coarse alum numoxide grit. A typical antislip coating
system may consi st of one coat of epoxy prinmer and one coat of
epoxy nonski d coati ng.

3.2.1.3.3 Interior habitability spaces. Interior
habitability areas suffer from high hum dity, abrasion, cooking
fumes, soiling, fires, and heat. Nonflam ng and intunescent
coatings are the two major types of fire safety coatings used.
Nonfl am ng coatings prevent the spread of fire, and intunescent
coatings are used to reduce heat damage to surfaces that are

exposed to fire. Common nonflam ng coatings are based on
chlorinated al kyd resins and on water enul sions of chlorinated
pol ynmers. Intunescent coatings contain materials that expand
(foam) when heated and create a thick insulation film (char) that
retards damage to the surface. Typical applications involve the
use of al kyd priners under chlorinated al kyd or waterborne
nonfl am ng coatings (e.g., one coat al kyd, two coats chlorinated
al kyd) .

3.2.1.3.4 Tanks. Oten cargo spaces and tanks are in a
nore varied, and in sone cases, nore aggressively chemcally
reactive environnent than the hull. The cargo/tank coatings mnust
resi st seawater, potable (drinking) water, hydrocarbon fuels and
| ubricants, sanitary wastes, and chem cal storage and spills.
Coating requirenents for potable water tanks are vastly different
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fromthose for fuel or ballast tanks. Fuel tank coatings mnust
prevent contam nation of the fuel by corrosion products or by
materials in the coatings. They must al so prevent corrosion
damage to the tank and be resistant to aliphatic and aromatic
petrol eum products. A three-coat epoxy systemis satisfactory
for this use. Zinc coatings are not used in fuel tanks because
zinc dissolved into the fuel, particularly gasoline, can cause
serious damage to engi nes.

Coatings for potable water tanks must prevent contam nation
of the potable water by corrosion products and nust not
contribute objectionable snell or taste to the water. The
coatings must not react with hal ogen conpounds (e.g., bromne or
chlorine) used to disinfect the water. Care nust be taken to
avoi d the use of phenolic conpounds in any coating used for
pot abl e water tanks. (Phenolic conpounds are sonetinmes added to
epoxy coatings to accelerate curing.) Halogenated phenolic
conpounds in concentrations as low as 1 part per trillion can
make drinking water unfit for use.

Bal | ast tanks are exposed to both total immersion and
partial inmersion in seawater, but marine fouling is typically
not a problem The upper parts of the tank are constantly
exposed to high humdity, condensation, and salt, while the |ower
portions are constantly inmrersed. However, the continually
i mrersed areas can be protected by a conbination of cathodic
protection and barrier coatings. Oher portions of the tanks can
be protected with barrier coatings. A typical coating system may
consist of two or three coats of epoxy.

3.2.1.3.5 Underwater hull areas. The underwater hull is in

constant contact with seawater and nust resist the ravages of

| npact abrasion, galvanic corrosion, and cavitation. Exterior
underwat er areas al so need protection fromthe attachnment of

mari ne organi snms, known as fouling. This portion of ships and
structures are inaccessible for routine maintenance, and the
coatings chosen nust give reliable perfornmance for extended
periods of time. Corrosion control for underwater areas usually
I ncl udes cathodi c protection using sacrificial anodes (zinc or
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al um num or inpressed current cathodic protection systens.
Cat hodi ¢ protection systens generate strongly al kaline
envi ronnents near the anodes and in areas where damage exposes
metal to the water. Both corrosion control and antifouling
coatings must be resistant to the environnment created by cathodic
protection. Three-coat epoxy systens are suitable for use in
this area. In the |ast few years, the use of conventional vinyl
antifouling paints has been reduced and self-polishing tin based
coatings and abl ative copper coatings are nore often used.
3.2.1.4 Marine Specialty Coating Categories. A nunber of
marine specialty coating categories were adopted by the
California Air Resources Board (CARB) in 1990. Al other marine
coatings were classified as "general use" coatings and are
subject to a single regulation. A description of the specialty
coating categories is given in this section because the paint
categories used for this project were based on them Figure 3-3
shows that specialty coatings account for 31 percent of total
marine coatings used in U S. shipyards (in the project data
base).® Specialty categories are based primarily on their
functions (e.g., an antifoulant's function is to prevent the hul
fromfouling). To satisfy these functions, a variety of
resins/chem stries may be used. Therefore, the paints in a
specialty category nmay not be easily substituted for one another.
The whol e paint system nmay have to be changed to ensure
conpatibility.

Background. Specific paint categories referred to as
specialty were defined by CARB after a nunber of discussions with
i ndustry representatives indicated that a general VOC limt on
all marine coating categories was not technologically feasible in
meeting the performance requirenents for marine vessels. '3
Hi gher VOC Iimts for these specialty coating categories were
adopted by CARB to take into account the performance requirenents
of each category. A listing of the adopted paint categories is
presented in Table 3-6. A description of each of the adopted
specialty paint categories is given bel ow
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TABLE 3-6. ADOPTED MARI NE COATI NG CATEGORI ES'

SPECI ALTY

1. Ar flask

2. Antenna

3. Antifoul ant

4. Heat-resistant

5. High-gl oss

6. High-tenperature

7. Inorganic zinc (high build)

8. Wl d-through (Shop) priner

9. Mlitary exterior

10. M st

11. Navi gational aids

12. Nonskid

13. Nucl ear

14. Organic zinc

15. Pretreatnent wash priner

16. Repair and mai ntenance thernopl astic
17. Rubber canoufl age

18. Seal ant coat for wre-sprayed al um num
19. Speci al marking
20. Specialty (fire-retardant) interior
21. Tack coat
22. Undersea weapons systens
GENERAL USE
23. Al nonspecialty coatings
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3.2.1.4.1 Air flask coatings. Air flask coatings are
speci al conbustion coatings applied to interior surfaces of high
pressure breathing air flasks to provide corrosion resistance and
which are certified safe for use with breathing air supplies.

3.2.1.4.2 Antenna coatings. Antenna coatings are applied
to equi pnent which is used to receive or transmt el ectronmagnetic
si gnal s.

3.2.1.4.3 Antifoulant coatings. Antifoulant coatings are
applied to the underwater portion of a vessel to prevent or
reduce the attachment of biol ogical organisms. They are required
to be registered with the EPA as pesti ci des.

3.2.1.4.4 Heat resistant coatings. Heat resistant coatings
are used on nachinery and other substrates that during nornmal use
must withstand high tenperatures of at |east 204°C (400°F).
These coatings are typically silicone al kyd enanel s.

3.2.1.4.5 H gh gloss coatings. Hi gh-gloss coatings achieve
at | east 85 percent reflectance on a 60 degree neter when tested
by ASTM Met hod D-523. These coatings are typically used for
mar ki ng safety equi pment on mari ne vessels.

3.2.1.4.6 H gh tenperature coating. Hi gh tenperature
coatings are coatings which during nornmal use rnust w thstand
tenperatures of at |east 426°C (800°F).

3.2.1.4.7 Inorganic zinc (high build) coating. A coating
that contains 8 pounds or nore elenental zinc incorporated into
an inorganic silicate binder that is applied to steel to provide
gal vanic corrosion resistance. These coatings are typically
applied at nmore than 2 m | dry filmthickness.

3.2.1.4.8 Weld-through (shop) preconstruction priner. A
coating that provides tenporary corrosion protection of steel
during inventory, typically applied at less than 1 m | dry film
t hi ckness, does not require renoval prior to welding, is
tenperature resistant (burn back froma weld is |less than
1/2 inch), and does not require renoval before application of the
filmbuilding prinmers including inorganic zinc high-build
prinmers.
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3.2.1.4.9 Mlitary exterior coatings. Mlitary exterior
coatings are exterior topcoats applied to mlitary vessels
(including U S. Coast Guard) which are subject to specified
chem cal, biological, and radiol ogi cal washdown requirenents.

3.2.1.4.9 Mst coatings. Mst coatings are thin fil mepoxy
coatings up to 2 ml (0.002 in.) thick (dry) applied to an
inorganic or organic zinc prinmer to pronote adhesion of
subsequent coati ngs.

3.2.1.4.10 Navigational aids coatings. Navigational aids
coatings are applied to Coast Guard buoys or other Coast CGuard
wat erway markers when they are recoated at their usage site and
i mredi ately returned to the water.

3.2.1.4.11 Nonskid coatings. Nonskid coatings are
specially fornmul ated for application to the horizontal surfaces
aboard a marine vessel, which provide slip resistance for
personnel, vehicles, and aircraft.

3.2.1.4.12 Nucl ear coatings. These are protective
coatings used to seal porous surfaces such as steel (or concrete

t hat woul d ot herw se be subject to intrusion of radioactive
materials. These coatings nust be resistant to | ong-term
cunmul ative radiation exposure, relatively easily to contam nate
and resistant to various chem cals used to which the coatings are
likely to be exposed.

3.2.1.4.13 Oganic zinc coatings. Organic zinc coatings
are derived from zinc dust incorporated into an organi c bi nder

which is used for the express purpose of corrosion protection.
3.2.1.4.14 Pretreatnment wash prinmer coatings. Pretreatnent
wash primer coatings contain a mninumof 0.5 percent acid by
wei ght and are applied directly to bare netal surfaces to provide
necessary surface etching.
3.2.1.4.15 Repair and mai ntenance thernoplastic coatings.
Repair and mai nt enance t hernopl astic coatings have vinyl,
chl orinated rubber, or bitum nous (coal tar)-based resins and are
used for the partial recoating of in-use non-US. mlitary
vessel s, applied over the sanme type of existing coatings. Coal
tar epoxies are not included in this category even though they
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are bitum nous-based; they were determned to better fit the
general use (epoxy) category.

3.2.1.4.16 Rubber canoufl age coatings. Rubber canoufl age
coatings are specially fornul ated epoxy coatings, used as a
canoufl age topcoat for exterior submarine hulls and sonar dones
lined with elastonmeric material, which provide resistance to
chi ppi ng and cracking of the rubber substrate.

3.2.1.4.17 Sealant coat for wire sprayed alum num A
seal ant coat for wire sprayed alumnumis a coating of up to one
ml (0.001 inch) in thickness of an epoxy nmaterial which is
reduced for application with an equal part of an appropriate
sol vent used on w re-sprayed al um num surf aces.

3.2.1.4.18 Special marking coatings. Special nmarking
coatings are used on surfaces such as flight decks, ships
nunbers, and other safety or identification applications.

3.2.1.4.19 Specialty interior coatings. Specialty interior
coatings are extrene-perfornmance coatings with fire-retarding
properties that are required in engine roons and other interior
surfaces aboard ships. They are generally single-conponent alkyd
enanel s.

3.2.1.4.20 Tack coats. Tack coats are epoxy coats up to
two mls thick applied to all ow adhesion to a subsequent coating
where the existing epoxy coating has dried beyond the time limt
specified by the manufacturer for the application of the next
coat.

3.2.1.4.21 Undersea weapons systens coatings. Undersea
weapons systens are coatings applied to any conponent of a
weapons systemintended for exposure to a marine environnment and
intended to be | aunched or fired undersea.

3.2.1.5 Application Equipnment. This section discusses the
pai nt application nmethods generally used to apply coatings to
mari ne vessels. These nethods incl ude:

1. Conventional air-atom zed spraying;

2 Airl ess spraying;

3. Air-assisted airless spraying;

4 Hi gh-vol une, | ow pressure (HVLP) spraying;
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5. In-line heaters (hot spraying) in conjunction wth other
spray equi pnent;

6. Brushing; and

7. Rolling.

O these nethods, the nost popul ar techni ques used at shipyards
i ncl ude brushing, rolling, conventional air-atom zed spraying,
and airless spraying. Brushing and rolling are primarily used
for touchup and recessed surfaces where spraying i s not
practical. Spraying is primarily used for all other surfaces
because of its high application speed.

Spray paint application systens include three basic
conponents: a container that holds the paint, a pressurized
propelling system and a paint gun. A brief summary of the
various spray application systenms is provided in Table 3-7. %
3.2.2 Thinning Solvents

Sol vents are frequently added to coatings by the applicator
just prior to spraying to adjust viscosity. The vol une of
HAP em ssions from"paint thinning" is second only to that from
pai nt solvents. Thinning is done at nost shipyards (regardless
of size) even though the paint manufacturers typically state it
is usually unnecessary. Wather conditions play a big part in
t hi nning, especially at the northern |ocations during the winter
nmont hs when the cold tenperatures increase paint viscosity.
There are other issues involving thinning where automated paint
systens require a quick-drying priner coating. Some high-vol une
construction shipyards have automated paint operations and use a
50 to 60 percent thinning rate wit preconstruction priners to
maintain a just-in-time (JIT) inventory of steel plate to be used
in construction work. 1
3.2.3 deaning Solvents

Sol vents used to clean spray guns and ot her equi pnent and to
prepare surfaces for painting are referred to as cl eaning
solvents. These solvents wll be addressed by the Industri al
Cl eanup Solvents Alternative Control Techni ques (ACT) docunent
bei ng devel oped by the EPA. C eani ng sol vents nust be conpati bl e
with solvents in the various nmarine paints to be effective. A
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TABLE 3-7.
APPLI CATI

ADVANTAGES AND DI SADVANTAGES OF SPRAY PAI NT

ON METHODS™

Advantages

| Disadvantages

Conventional air-atomized spray

Low equipment and maintenance costs

Excellent material atomization

Excellent operator control

Quick color change capabilities

Coaing can by apdied by syphonor unde pressure

Uses high volume of air

Does not adapt to high-volume material output

Low transfer efficiencies

Can cause cortamination and worker visibility
problems

Airless spray

Most widely used

Low air usage (uses hydraulic pressures)
High-volume materi a output

Limited overspray fog

Large spray patterns and high applicati on speeds
Application of heavy viscous coatings

Excellent for large surfaces

Good transfer efficiency on large surfaces

Develops excessive spray dust and overspray fog

Expensive fluid tips

High equipment maintenance

Difficult to spray same high viscosity materials

Minimum operator control duri ng application

System not very flexible

Not suitable for high-quality surface appearance

Pressurized system can cause injuries to goerator if
not used with adequate caution

Air-assisted

airless spray

Low coating usage

Fair to good opgatar contrd onair presaure
Few runs and sags in painted surface

Good atomization

High equipment maintenance

Expensive fluid tips

Poar operator control on fluid pressure

Not suitable for high-quality surface appearance

High-volume, low-pressure (HVL P) spray

Low blowback and spray fog

Good transfer efficiency

Portable (totally self-contained equipment)
Easy to clean

Overal time and cost savi ngs

Can be used far intricate parts

Good operator controls on the gun

High initial cost

Slower application speed (controversial)

Does not finely atomize some high-soli ds coating
materials (controversial)

High cost for turbine maintenance

Requires more operator training than conventional

Still relatively new on the market

Somevery hich solids products not sprayable by HVLP

Indire heatas

Reduces the need for solvent additions for viscosty
reduction

Apdication visoosity is na altered by amhiert tenpeaature
and weather conditions

High film build with fewer coats; smoother surfaces

Potential for improved transfer efficiency

Several desigrs available

Can be used in conjunction with mog types of spray
equipment

Additional mantenance and equipment costs

Fast solvent flash-off can develop pinhole and
solvent entrapment if coating is applied too heavily

Requires additiona fluid hose to spray gun for
recircul ating

Not recommended for premixed two-component
coatings

Not intended for water-based coatings

Brushing

Primarily used for tauch-upjobs ard insmdl work
areas

Labor-intensi ve

Ralling

Marual appication used on larger areaswhee
overspray presents cleaning difficulties

May not be appropriate for some primers (does not
penetrate surface)
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w de range of practices and/or systens are used for equi pnent
cl eaning activities. Methods range from sprayi ng sol vent through
a gun into the air (or a bucket) to using a totally encl osed
systemin which the spray gun is nounted for cleaning. Severa
shi pyards recycl e used sol vents in-house, and nany ot hers
(especially the major yards) are required to di spose of the used
sol vent as a hazardous materi al

Figure 3-4 and Table 3-8 give the breakdown of sol vent usage
and the average HAP content of each solvent type. Solvents used
for surface preparati on have been included with cl eaning solvents
because of the very | ow usages reported and actual shipyard
practices (all solvents are usually stored/collected together).
In general, all major solvent uses at shipyards (thinning,
equi pnent cl eaning, and surface preparation) are the sanme in
terms of the HAP's used. Approximtely 30 percent of al
solvents used for thinning are HAP solvents, with xyl ene
accounting for 70 percent, toluene 16 percent, and nethyl ethyl
ket one 8 percent of the HAP sol vents. '
3.3 BASELI NE EM SSI ONS

Baseline em ssions reflect the | evel of em ssion control of
HAP's that is achieved in the absence of additional the
EPA standards. The baseline em ssion level is established to
facilitate conparison of the econonm c, energy, and environnental
i npacts of the regulatory alternatives presented in Chapter 6.
3.3.1 Existing Reqgul ati ons

No existing regulations [imt HAP em ssions from maj or
source shipyards. O the 189 conpounds currently on the
EPA' s HAP list, a handful of chem cals are addressed by various
State and local air pollution codes. Some State air toxics
regulations limt certain of these pollutants, but these
typically are based on nodel ed anbi ent concentrations at the
fencel i ne boundary. To date, no shipyards have had to control
pai nting operations to neet state air toxics regul ations.

Noting the fact that nost HAP solvents are VOC s, existing
State marine coating VOC limts for California and Loui siana were
exam ned. These limts are summarized in Table 3-9 and are
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TABLE 3-8. HAP CONTENT COF SOLVENTS (BASED ON PRQIECT DATA BASE)® '
Solvent use description Aver age density Average Average Percent of
(total volume of solvent) g/L (Ibs/gal) HAP? g/L Ibs/gal total HAP's

Thinner Xylene 210 1.75 70
514,739 L 838.8 Toluene 50 0.42 17
Methyl Ethyl Ketone 28 0.02 9

(135,980 gal) (6.99)
Other 12 0.01 4
Totd HAP's 300 2.5 100
Surface Cleaning® Xylene 126 1.06 46
73.433 L 842 4 Toluene 62 0.52 23
Methyl Ethyl Ketone 26 0.22 10

(19,399 gal) (7.02)
Other 58 0.48 21
Totd HAP's 272 2.28 100
Equipment Cleaning Xylene 216 1.80 70
683,030 L 846.0 Toluene 31 0.26 10
Methyl Ethyl Ketone 24 0.20 8

(180, 438 gal) (7.05)
Other 36 0.30 12
Totd HAP's 307 2.55 100
Total Combined Xylene 210 1.75 70
1,271,202 L 842 4 Toluene 48 0.4 16
Methyl Ethyl Ketone 25 0.2 8

(335,817 gal) (7.02)
Other 18 0.15 6
Totd HAP's 300 2.50 100

®From material safety data sheets (MSDS's).
PMostly for preparation of surfaces before painting.
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TABLE 3-9.

EXI STI NG STATE MARI NE COATI NG VOC LIM TS
(Expressed in units of g/L and | b/gal
coating as applied--mnus water and exenpt sol vent)

of

CaliforniaVOC limits

Louisiana VOC limits

g/L Ib/gal g/L Ib/gal
Coating category Sept. '91 Sept. '94 Sept. '91 Sept. ' 94 July '91

Gener al limits 340 340 2.8 2.8 420 3.5
Antenna 530 340 4.4 2.8 490 4.1
Antifoul ant 400 400 3.3 3.3 440 3.7
Heat resistant 420 420 3.5 3.5 420 3.5
High gloss 420 420 3.5 3.5 420 3.5
High temperature 500 500 4.2 4.2 650 5.4
Inorganic zinc 650 340 5.4 2.8 650 5.4
Nuclear 420 420 3.5 3.5 490 4.1
(Low-activdion interior)
Military exterior 340 340 2.8 2.8 420 3.5
Navigational aids 550 340 4.6 2.8 420 3.5
Pre-treatment wash primer 780 420 6.5 3.5 780 6.5
Rpr and Mnt thermoplastics 550 340 4.6 2.8 650 5.4
Wire spray sealant 610 610 5.1 5.1 648 5.4
Specialty interior 340 340 2.8 2.8 420 3.5
Special marking 490 420 4.1 3.5 490 4.1
Tack coat 610 610 5.1 5.1 610 5.1
Undersea wegpons systems 340 340 2.8 2.8 -- --
Extreme high gloss N/A N/A N/A N/A 490 4.1
Metallic heat resistant N/A N/A N/A N/A 530 4.4
Anchor chain asphalt N/A N/A N/A N/A 620 5.2
(TT-V-51)
Wood spar varnish N/A N/A N/A N/A 492 4.1
(TT-V-119)
Dull black finish N/A N/A N/A N/A 444 3.7
(DOD -P-15146)
Tank coatings N/A N/A N/A N/A 420 3.5
(DOD -P-23236)
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California VOC limits Louisiana VOC limits
g/L Ib/gal g/L Ib/gal
Coating category Sept. '91 Sept. '94 Sept. '91 Sept. ' 94 July '91

Potable water tank coating N/A N/A N/A N/A 444 3.7
(DOD -P-23236)
Flight deck markings N/A N/A N/A N/A 504 4.2
(DOD -C-24667)
Vinyl acrylic top coats N/A N/A N/A N/A 648 5.4
Antifoulants on aluminum N/A N/A N/A N/A 550 4.5
hulls
Elastomeric adhesives N/A N/A N/A N/A 730 6.1
(with 15 wt % rubber)
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br oken down by paint category. Additionally, the CTG docunent
Control of Volatile Organic Em ssions from Exi sting Stationary

Sources, Volune VI: Surface Coating of Mscell aneous Metal Parts
and Products was published in June 1978. This CIGis applied by
sone States in VOC nonattai nnment areas. |t does not cover

out door painting of ship's hulls, but some States do apply the
CTG to shipyard painting done inside of buildings and on the
interior of ships.

The project data base shows a general correlation between
HAP's and VOC s in marine paints, but many specific paints
VOC/ HAP contents were found to be contrary to the genera
rel ati onship.®' Any control of HAP's is incidental to VOC
control, including higher-solids fornulations. Mst paint
formulations (i.e., mlitary) have specific VOC limts but do not
speci fy which solvent(s) can be used. Therefore, it is possible
for paints made to identical generic fornulations to have a w de
range of HAP contents. Emi ssion control techniques are discussed
in nore detail in Chapter 4.
3.3.2 Selection of Baseline

In selecting the baseline, no add-on control was considered
since none was reported by this industry. Therefore, the current
m x of paints and sol vents reported by the 33 shipyards that
responded to the information collection request (ICR) in the
proj ect data base was used to approxinate the nationwde mx to
est abl i sh basel i ne.

Wth regard to mari ne paints, 100 percent of the solvent
content was assuned emtted to the air upon application.

Figure 3-5 shows the annual usage breakdown of all marine paints
in the data base. The weighted (by vol une) average HAP content
of paints in each category (g HAP/L of coating | ess water and

| ess "exenpt solvent” [Ib HAP/gal of coating |less water and | ess
exenpt solvent]) was calculated and is presented in Table 3-10.
Total HAP em ssions from painting operations at a shipyard equal s
the sum of the annual usage (volume of each paint category used)
mul tiplied by average HAP content.
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TABLE 3-10.

AVERACE HAP CONTENT OF "AS SUPPLI ED!
MARI NE PAI NTS®

Weighted average totd HAP
content
Paint caegory Total reported usage, L (gal) g/L (Ib/gal)

General Use--Alkyd 604,765 (159, 658) 355 (2.98)
General Use--Epoxy 3,515,080 (927,981) 56 (0.47)
Antifoulant 674,466 (178, 059) 268 (2.25)
Repair and maintenance thermoplastics 122,886 (32,442) 271 (2.28)
Fire Retardant 297,432 (78,522) 120 (1.00)
Heat Resistant/High Temperature 22,360 (5,903) 60 (0.50)
High Gloss 65,174 (17, 206) 94 (0.79)
Inorganic Zinc 570,064 (150, 497) 274 (2.30)
Nuclear 35,026 (9, 247) 146 (1.23)
Organic Zinc 28,114 (7,422) 240 (2.00)
Pretreatment Wash Primer 8,235 (2,174) 18 (0.15)
Special Marking 38,473 (10, 157) 23 (0.19)

Thi nni ng solvents are al so assunmed to be 100 percent emtted
to the air upon application of the thinned paint. The
HAP content of all solvents was calculated to be 2.1 | b HAP/ ga
of solvent based on the reported breakdown of solvent uses and
chemical reference data.®! Thinning solvent enissions froma
shi pyard equal annual usage nultiplied by the HAP content.

Cl eani ng solvents were not included in eni ssion estimte
cal culations. |Industry reported that nost cleaning solvents used
are collected and di sposed of as hazardous waste.

In Chapter 6, baseline enmissions are calculated for a range
of nodel plants using information fromthe data base and the
previ ously nentioned assunptions involving HAP en ssions from
pai nts and sol vents.
em ssions fromall major source facilities.

The baseline is used to estimate nati onw de
It will also be used
in the cost analysis of regulatory alternatives, as well as in
the eval uation of environnmental and econonic inpacts.
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4.0 EM SSI ON CONTROL TECHNI QUES

4.1 | NTRODUCTI ON

Em ssions of HAP' s from shi pbuil ding and ship repair
facilities result primarily from painting operations and the
associ ated cl eaning solvents. Em ssions fromthese sources are
several orders of magnitude greater than those from any other
source within this industry (e.g., heavy netals found in wel ding
or netal-cutting funes). Therefore, the regulatory focus of this
NESHAP i s the shipyard painting operations and the associ at ed
cl eaning activities. This chapter discusses control techniques
that are denonstrated and those for which technology transfer is
strongly indicated to control HAP em ssions from painting and
cl eaning at shipyards. Section 4.2 discusses the control options
avai l abl e to reduce em ssions from pai nting operations, and
Section 4.3 discusses options that apply to cl eaning.
4.2 PAI NTI NG OPERATI ONS

Em ssions of HAP's from painting operations result from
t hree conponents: (1) organic solvent in the paint as supplied
by the paint manufacturer (i.e., paint "as supplied"),
(2) organic solvent in the thinner, which is added to the paint
prior to application and becones part of the paint "as applied"
and (3) any additional volatile organics rel eased during cure.
Al'l the organic solvents fromboth conponents, including the
HAP sol vents, are emtted as the applied paint dries/cures.
4.2.1 Paints As Supplied

Traditionally, the paint manufacturer's selection of
constituents for any coating was relatively sinple. Concerns
centered around the physical properties of the resin, the
techni cal support offered by the resin supplier, and the sol vency
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and cost of various solvents. Beginning in the late
1970's, manufacturers began to react to prograns for reducing
tropospheric ozone, and many nmanufacturers altered coating
formul ations to reduce the anount of VOC s contained in the
coat i ngs.

The 1990 Cl ean Air Act Anmendnents not only extend concern
for the em ssions of solvents frompaints used in the
shi pbui Il di ng i ndustry, but also introduce a conpletely new area
of concern, em ssions of HAP's. The coating manufacturers are
trying to reduce both total VOC s and individual HAP's in the
coatings, which | eaves the paint manufacturers with fewer
alternatives in fornmul ating coatings using present resin systens.

The only alternative to reformulation for reducing
HAP em ssions from applying coatings is to contain and destroy
t he sol vent vapors rel eased during painting operations. This is
a comon approach with shop-applied coatings but presents a
chal | enge when painting substrates as |arge as ships (usually
done outdoors).

Traditional paint fornulations are a consequence of nany
i nfluences that vary by manufacturer. Lower-HAP fornulations are
avai | abl e because either a manufacturer reduced total VOC s and
as a consequence, reduced the HAP content as well or,
serendi pitously, the manufacturer selected solvents for the
formulation that are not on the list of HAPs. O the solvents
used in marine paints used by the shipyards surveyed, nost are
VOC s, and approxi mately 36 percent of the VOC s are HAP' s.*!

The coating industry has followed two avenues to reduce
VOC s in coatings. One is a slow transition to waterborne
formul ati ons. These paints have | ower VOC-to-solids ratios than
sol vent borne paints, and the HAP-to-solids ratio is also
generally lower than in solventborne materials. A second avenue
is decreasing the solvent-to-solids (nonvolatiles) ratio. These
"hi gher solids" coatings reduce sol vent em ssions per surface
area painted. Both refornulation strategies are useful for
reduci ng HAP enmissions as well. Still a third avenue is
avai lable to control HAP's: substituting a non-HAP sol vent
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(e.g., nmethyl n-anyl ketone [ MAK]) for a HAP sol vent
(e.g., glycol ether). Several coating manufacturers have marine
paints with little or no HAP solvents. Although these
(re)fornul ated coatings contain little or no HAP's conpared to
t he equi val ent HAP- based paints, they may have the sane
VOC content because the organic solvent content usually remains
the sane. |In fact, in some solvent substitutions it could be
possi ble for the VOC content to increase even though the HAP
cont ent decreases.

To identify | ower-HAP paint formulations, information
(1990-1991) was conpiled froma survey of paint use at
shi pyards.® Lower-HAP coatings were exami ned for 3 of the
23 paint categories described in Chapter 3: antifoul ant and
I norgani c zinc specialty coatings and general -use (epoxy and
al kyd) coatings. The other 19 categories will be included under
"other specialty coatings"” and will be addressed by individual
limts to maintain existing HAP/ VOC contents. The four
categories previously nmentioned were closely exam ned because
t hey make up nore than 90 percent of the total volunme of paint
used at the shipyards surveyed - hence 90 percent of project
"data base."
4.2.2 Paints As Applied

Controlling the anmount of HAP's emtted from paints as
applied may include (1) using |lower-HAP paints, (2) selecting
thinners that contain less HAP's (or reducing the overall anount
of thinners needed), or (3) preventing the HAP solvents fromthe
paint and thinner frombeing emtted to the atnosphere. Lower-
HAP fornmul ati ons are discussed in Section 4.2.1. The options to
reduce or elimnate HAP's fromthinners are (1) changing the
thinners to those with ess HAP's and (2) reducing the anmount of
t hi nner needed by heating the paint to reduce viscosity

i medi ately prior to spraying. Add-on control devices also are
used to control HAP em ssions fromboth paints and thinners
during painting operations in other industries. The follow ng
sections describe the applicability and Iimtations of each of
t hese control options.
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4.2.2.1 Lower-HAP Thinners. Lower-HAP thinners may be used
I n conjunction with sone | ower-HAP paint fornulations. Paints
formul ated with non-HAP sol vents can be thinned with the sane
non- HAP sol vents. O her paints with less forgiving formul ati ons
may not tolerate sonme of the | ower-HAP thinners. The thinning
sol vent nust be able to dissolve the resin and reduce its
viscosity so the paint can be applied, so care nust be taken when
maki ng these substitutions.

4.2.2.2 Paint Heaters. Paint heaters can be used in
conjunction with or in place of paint solvents (i.e., thinners,
reducers, etc.) to reduce paint viscosity by heating the paint
prior to application using an in-line heating el enent | ocated
just upstream of the spray gun. Paint heaters are used at | east
two shi pyards and many have al so been used in a variety of
i ndustrial and autonotive paint applications.® These heaters
appear adaptable to any paint spray system but are nost often
used to reduce the viscosity of higher-solids coatings. The
increase in paint tenperature that a heater can provi de depends
on the paint flowrate; the lower the flowate, the greater the
tenperature increase. One manufacturer indicates that an in-line
heater can increase paint tenperatures by 38°C (100°F) at
0.76 liters per mnute (L/mn) (0.2 gallon per mnute [gal/mn]),
22°C (72°F) at 1.51 L/mn (0.4 gal/mn), and 6°C (43°F) at
3.0 L/min (0.8 gal/nmin).? The effect of heating on the viscosity
of the paint varies sonewhat between coatings and depends on the
physi cal properties of the paint.

Pai nt heaters reportedly are not a panacea for viscosity
probl ens. Representatives of shipyards in colder clinmates have
conpl ai ned that applying heated paint to cold surfaces in wnter
nonths results in poor paint surface characteristics
(i.e., cracking) because of the rapid cooling of the hot paint
after it is applied to the cold surface.*

4.2.2.3 Add-On Controls. Add-on pollution control devices
are used by many industries to control VOC em ssions from coating
operations. Although none are known to be used in this industry,
t hese devi ces have potential applications for controlling
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HAP em ssions (which are in many cases al so VOC s) from painting
shops. The efficiency of the control system depends on the
capture efficiency of the enclosure used to contain the painting
em ssions as well as the renoval /destruction efficiency of the
add-on control devi ce.

Em ssions from outdoor painting operations are presently
difficult to control since there is no comercially avail abl e
technol ogy for enclosing the painting area and capturing the
em ssions. Only one outdoor painting process, painting (storage)
tanks, was evaluated for add-on controls because the tank itself
is a natural enclosure when the inside is painted. At |east one
i nnovati ve encl osure design has been patented that nay be
effective during hull blasting operations and may al so be useful
for painting operations. Pilot denonstrations have been
conducted but the device is not yet conmercially available. For
this reason, add-on controls have not been eval uated for hul
pai nting.® Emissions fromindoor painting operations are nore
easily contained; it is technically feasible to capture em ssions
fromindoor painting operations and route the enissions to a
control device.

For control of indoor painting (such as w thin tanks)
em ssions, the add-on devices evaluated are thernmal and catal ytic
i ncinerators and carbon adsorption systens. |Incinerators are
control devices that destroy VOC contan nants using conbustion
converting themprimarily to carbon di oxide (CGO) and water.

Car bon adsorbers are recovery devices that collect VOC s on an
activated carbon bed. The VOC s are recovered when the carbon
bed is regenerated using steamor hot air. The steamor hot air
al so reactivates the carbon bed. The recovered VOC s are then
destroyed or disposed of. Summaries of these add-on control
devices, their associated costs, and their performance
characteristics can be found in Table 4-1 and in References 4, 5,
and 6, respectively.
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TABLE 4-1. SUMVARY OF VOC (HAP SOLVENT)
ADD- ON CONTROLS EVALUATED

Add-on control® Advant ages Di sadvant ages

Thermal incinerator >98% destruction efficiency

Hi gh operating cost
for | owconcentration
streans

Catalytic incinerator |>98% destruction efficiency; Heavy nmetal s can

uses | ower tenperature than foul / poi son catal yst
thermal incinerator - Requires constant flow
and concentration

Car bon adsorption Concentrates | ow-VOC streans; [- Cannot recover
removal efficiency >95% i ndi vi dual conponents

Car bon adsorption/ >97% renoval /destruction - Capital cost high

i nci neration efficiency; smaller

incinerator can be used

aNote: An encl osure, such as a building or traveling sealed work area, would
be required for these devices.

4.3 SOLVENT CLEAN NG

Equi prment used for painting operations at shipyards usually
i ncl udes paint spray guns, lines, punps, and containers (pots)
used to hold the paint. Al of this equipnent, except the pots,
is usually cleaned by purging solvent through the spray system
(i.e., the spray gun with the paint line and punp still attached)
into a bucket. The bucket is then enptied into a 55-gallon drum
Pai nt pots are also cleaned with solvent. A brush is often used
to renove any dried paint remaining in the pot. |In sone cases,
solvents are also used to clean surfaces before paint is applied.

Two primary control options are available to reduce HAP
em ssions fromcleaning: (1) work practices to reduce anount of
sol vent used and the anount allowed to evaporate and (2) the use
of solvents with | ower HAP contents.

The Alternative Control Techni ques docunent for Industrial
Cl eani ng Sol vents published by the EPA suggested a two step
program for reducing the em ssions fromsolvents. The first
consi sts of a solvent accounting programtracking the use, fate,
and costs of all cleaning solvents. The second el enent consists
of actions managenent may take to reduce or control em ssions
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based on know edge of cleaning solvent use, fate, and costs. The
sol vent managenent system may include techni ques that reduce

em ssions at the source. These techniques would include using
speci al sol vent dispensers when wi ping a surface with rags and

di sposing of the rags in a covered container to help reduce

sol vent evaporation.’

4.3.1 Work Practices

Many yards are changing their work practices to save used
sol vent for reuse and to reduce solvent disposal costs (used
sol vent typically nust be disposed of as hazardous waste).
Certain work practices mnimze the amount of solvent used and
t he evaporative | osses. Waste solvent barrels rel ease sol vent
vapor each tinme the barrel is opened, because sol vent vapor is
di spl aced as nore solvent is added. The extent of evaporation is
af fected by novenent of air across the opening. Wen |eft
uncovered, solvent will evaporate constantly. Em ssions also
occur when solvent is poured from one container into another.
Losses fromcontainers that are in use can be reduced by
mnimzing the area that is open during use. A variety of
devi ces have been devel oped that mnim ze evaporative em ssions.
For instance, self-closing funnels on 55-gallon waste sol vent
barrels. These screwinto the bung hole on the barrel and
m nim ze evaporative enissions fromthe barrel because the barre
is normal |y cl osed when solvent is not being added. They al so
reduce spillage and evaporative |osses from spill age.

O her work practice changes can be nmade related to spray
equi pnent. Enptying the spray gun of paint prior to cleaning
(i.e., spraying the equipnent dry) and cl eani ng equi pnent
pronptly after use (not allowing the paint to dry in/on
equi pnent) are major inprovenents. Evaporative em ssions can be
reduced by inproved handling practices involving cleaning paint
systenms, solvent transfer, and sol vent storage.

Work practices that reduce evaporative em ssions during
cl eaning of spray equi pnent include (1) drawi ng solvent froma
cl osed supply solvent container and discharging into a cl osed
container with an opening only | arge enough to accommobdate the
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tip of a spray gun and (2) lowering the gun pressure (decreasing
air and paint pressure) to mnimze atom zation of the sol vent
during cl eani ng.

4.3.2 Substitute Solvents in Cleaning Materials

Several cleaning products are avail able that contain non-HAP
sol vents or use HAP solvents with | ower vapor pressures (which
t hereby evaporate nore slowy at anbient tenperatures).

Em ssions are reduced because | ess sol vent evaporates over a
given tinme interval. The em ssion reduction depends on the
difference in the vapor pressures of the original and
refornul at ed sol vents.

Some new cl eaners have been substituted for many of the
traditional solventborne products. The performance
characteristics required of substitute products vary dependi ng on
t he applicati on.

In sonme industries, linobnene is used as a non-HAP substitute
sol vent for such HAP sol vents as nethyl ethyl ketone (MEK)

Li nronene is a terpene hydrocarbon made up of essential oils
derived from | enons.

Addi ti onal non-HAP sol vents could be used in place of HAP-
based cl eaning solvents. Solvency of the paint in the cleaner is
necessary to sone degree, but it is not as critical as for
thinning. Therefore, waterborne materials or non-HAP sol vents

may be satisfactory cleaners.
4.4 REFERENCES FOR CHAPTER 4
1. Menorandum fromded | oqui, V., Mdwest Research Institute

(MRI), to Project File, List of Shipyards Included in the
Shi pbui I di ng and Ship Repair Database. Novenber 11, 1992.

2. Telecon. dedloqui, V., MR, with dsen, G, Gaco, Inc.
Di scussion concerning paint heaters. Cctober 9, 1992.

3. Tel econ. Harris, V., MR, with McConnell, F., Metro Machi ne
Corporation, Norfolk, Virginia. April 28, 1992.

4. Menor andum and attachments fromFarner, J. R, EPA/ESD, to

Distribution. August 22, 1980. Thermal |ncinerator
Performance for NSPS. 29 pp.
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Conmpl i ance Regul ations. Sponsored Key Wod and Wod Products
and M chigan State University. Gand Rapids. March 5, 1991.
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Radi an Corporation. Catalytic Incineration for Control of
VOC Emi ssions. Park Ridge, NJ, Noyes Publications. 1985.
pp. 4-5.

Al ternative Control —Fechni ques Docunent for Industrial

Cl eani ng Sol vents. EPA-453/R-94-015 U. S. Environnental
Protection Agency, Research Triangle Park, NC
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5.0 MODI FI CATI ON AND RECONSTRUCTI ON

Nat i onal em ssion standards for hazardous air pollutants
(NESHAP) apply to both new and existing major source facilities.
The degree of em ssion reduction required for new sources (those
sources for which construction commenced after the date of
proposal of this standard) shall not be |ess than the nmaxi mum
achi evabl e control technol ogy (MACT) denonstrated by the best
controlled simlar source. The MACT standards for existing
sources may be equal to or less stringent than the MACT
standards for new sources but cannot be | ess stringent than the
average | evel of control achieved by the best performng
12 percent of existing sources.

A maj or source that undergoes a nodification that is not
of fset by reductions in em ssions of HAP's at that source nust
nmeet the MACT enmission limtation for existing sources. A ngjor
source that undergoes a reconstruction, however, nust neet the
MACT emi ssion limtation for new sources. Modification and
reconstruction are further defined in Section 5.1, and their
applicability to the shipbuilding and ship repair industry is
di scussed in Section 5. 2.

5.1 PROVI SIONS FOR MODI FI CATI ON AND RECONSTRUCTI ON
5.1.1 Modification
Section 112(g)(1) of the Clean Air Act defines nodification

as:

[ A] physical change in, or change in the

met hod of operation of, a major source which
i ncreases the actual em ssions of any
hazardous air pollutant emtted by such
source by nore than a de m ninms anount or
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which results in the em ssions of any
hazardous air pollutant not previously
emtted by nore than a de mnims anount.

The EPA has not yet issued regulations to inplenent the anmended
section 112 provisions related to nodifications. Based on the
precedent set for simlar Section 111 provisions, it is expected
t hat changes such as routine mai ntenance, repair, replacenent of
worn parts, or an increase in the hours of operation will not be
consi dered nodificati ons.

Certai n changes, even though they result in an increase in
HAP em ssions greater than a de minims anmount, are not
consi dered nodifications. Section 112(g)(1) of the Act
est abl i shes an offset provision such that a physical change in,
or change in the nethod of operation of, a major source is not
considered a nodification if the change also results in an equal
or greater decrease in the quantity of em ssions of another
HAP (or HAP' s) deened by the EPA to be nore hazardous. The owner
or operator of the source shall submt docunentation to the EPA
(or the State) showing the increase in em ssions and the
correspondi ng decrease of the nore hazardous pol | utant.

Modi fications that are not subject to the offset provision
must meet the MACT emission l[imtation for existing sources.
However, existing major sources are subject to the NESHAP in any
case. As a result, the nodification will not bring about any
change in the standards to which the source is subject unless the
increase in em ssions causes an area source to becone a major
source. No nodification may be nade to a major source until such
nodi fication is approved by the EPA (or the State, if an approved
permt programis in effect).

The key to determining if a change is considered a
nodi fication is whether actual em ssions fromthe changed
em ssion point or points, process, product line, or entire
facility have increased as a result of the nodification. Changes
in the emission rate may be determ ned by em ssion factors as
specified in the latest issue of Conpilation of Air Pollution
Em ssion Factors, otherw se known as AP-42, or other enission
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factors determ ned by the EPA to be superior to AP-42 em ssion
factors.' In cases where using these em ssion factors does not
clearly denonstrate that em ssions increase or decrease, other
nmet hods such as material bal ances, continuous nonitoring data, or
manual em ssion tests may be used to determ ne changes in
em ssion rates.
5.1.2 Reconstruction
The EPA has set aside 40 CFR, part 63 to codify NESHAP for
source categories covered under section 112 of the Act. On
August 11, 1993, the EPA proposed the general provisions that
will apply to these NESHAP (58 FR 42760). The di scussion that
follows is based on the proposed general provisions.
Reconstruction is defined in 40 CFR 63. 2 as:

[ T] he repl acenent of conponents of an
affected source to such an extent that:

1. The fixed capital cost of the new
conponent s exceeds 50 percent of the fixed
capital cost that would be required to
construct a conparabl e new source; and

2. It is technologically and
economcally feasible for the reconstructed
source to neet the promul gated em ssion
standard(s) established by the Adm ni strator
pursuant to section 112 of the Act.

Upon reconstruction, an affected source is

subj ect to rel evant standards for new

sources, including conpliance dates,

irrespective of any change in em ssions of

[ HAP' s] fromthat source.
For this definition, "fixed capital cost" neans the capital
needed to provide all the depreciable conponents of an existing
sour ce.

| f the owner or operator of a nmmjor source is planning to

repl ace conponents within that source, and the fixed capital cost
of the new conponents exceeds 50 percent of the fixed capital
cost of a conparable new source, the owner or operator mnust apply
to the Admnistrator (or, if an approved permt programis in
effect, to the permtting authority in the State) for approval of
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the reconstruction. This application nust be nmade at | east

180 days before the reconstruction is planned to comence and
nmust include the information specified in 40 CFR 63.5(d)(1)(ii)
and 40 CFR 63.5(d)(3).

There is no offset provision for reconstruction as there is
for nodification. Therefore, any reconstruction nust neet the
MACT em ssion limtation for new sources.

5.2 APPLI CATI ON TO SHI PBUI LDI NG AND SHI P REPAI R FACI LI TI ES

As di scussed previously, both existing and new maj or sources
are subject to the NESHAP for a source category. For sone source
categories, the standard that applies to new sources is nore
stringent than that for existing sources. This is not the case
for the shipbuilding and ship repair industry; the standards that
apply to new and existing surface coating operations are expected
to be identical. The standards will also apply to nodifications
or reconstructions at a major source. However, if an area source
(which is not subject to the NESHAP) becones a major source by
virtue of increased em ssions associated with a nodification or
reconstruction, the newy created major source becones subject to
t he st andards.

Shi pbui I ding and ship repair coating operations typically
occur at | ocations throughout the shipyard, and changes in any of
t hese operations may result in a nodification as defined in
Section 112(g)(1) of the Act or a reconstruction as defined in
40 CFR 63.2. As such, a description of the nodification and
reconstruction that may occur for each process is beyond the
scope of this section. However, sone general changes that may
occur at shipbuilding and ship repair facilities (shipyards) are
present ed bel ow.

5.2.1 Addition of Spray Booths

Addi ng uncontrol | ed spray booths for applying coatings
generally increases em ssions due to an increase in coating
production capacity, even though the shipyard production capacity
has not changed. For exanple, a shipyard that is near
operational capacity may be taxing the coating capacity of the
exi sting spray booths. The facility then adds new spray boot hs
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to relieve this production bottleneck. The em ssions then
i ncrease on a mass-per-tine basis (kg/hr) because nore coating
can be acconplished per hour with the additional spray booths
t han before the nodification.
5.2.2 Addition of a New Operation

A shipyard may add an operation not previously perfornmed at
that facility, resulting in an increase in em ssions. The
operation nmay be added to satisfy the requirenents of a new
material/coating or to bring in-house an operation previously
performed by a subcontractor. An exanple of such an operation is
t he shapi ng and i n-house application of preconstruction priners
to steel plates that are later used in fabricating ships.
5.2.3 Addition of a New Product Line

Addi ng a new product line generally involves extensive
changes throughout an existing facility. |In addition to

nodi fications described in Sections 5.2.1 and 5.2.2, the |ayout
of all or part of the shipyard may need to be changed. This may
i nvol ve rel ocating or constructing raw materi al storage, process
operations, offices, and utilities.

A new product line may be added at a shipyard under one of
two scenarios. In the first scenario, the new product line is
added to the existing product lines already in existence at the
facility. This usually involves the nost extensive physical
changes to the facility and woul d nost |ikely increase eni ssions.
Dependi ng on the extent of the changes that are nmade to the
exi sting product lines, adding a new line may qualify as
reconstruction. The second scenario involves replacing an old
product line with a new product line. In this case, the physical
changes to the shipyard may be m nor because manufacturing floor
space and process capacity are available fromelimnating the old
product |ine.

5.3 REFERENCE FOR CHAPTER 5

1. U S. Environnental Protection Agency. Conpilation of Air
Pol | utant Em ssion Factors (AP-42). Fourth edition and
Suppl ements A-E.  Sept enber 1985.
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6.0 MODEL SH PYARDS AND REGULATCORY ALTERNATI VES

6.1 CGENERAL

Model shipyards were devel oped to characterize shipyards in
t he shipbuilding and ship repair industry. Due to the nature of
this industry and its sporadic painting operations, an individual
shipyard can fall in and out of a given nodel yard description
The nodel yards are neant to represent variations in the industry
as a whol e; they do not represent every existing shipyard. This
chapter describes the nodel shipyards, identifies the em ssion
poi nts associ ated with each nodel shipyard, and presents the
basel i ne em ssions fromthe nodel shipyard eni ssion points.

Model shipyards will also be used to estimate nati onw de

em ssions fromthe use of marine paints in major sources. A
maj or source is not limted to shipyards with the potential to
emt 9.1 nmegagrans per year (Mg/yr) (10 tons per year [tons/yr]),
of any one HAP or 22.7 My/yr (25 tons/yr) of all HAP s conbi ned.
The rule will also be applicable to marine rel ated
operations/activities in nmjor sources.

In addition to describing nodel shipyards and their baseline
em ssions, this chapter also presents the regulatory alternatives
for new and existing facilities and the inpact of these
alternatives on reduci ng HAP em ssions. The regul atory
alternatives represent various courses of action that the EPA
could take to control HAP emi ssions fromthis industry.

Regul atory alternatives are limted to those control nethods that
nmeet or exceed the maxi mum achi evabl e control technol ogy (MACT)
floor. The environnental, energy, cost, and econonic inpacts
associated with applying the alternatives to each of the nodel
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shi pyards and the estinmated nati onwi de inpacts are presented in
subsequent chapters.

Model shipyards are described in Section 6.2 with a
di scussion of overall shipyard categories, shipyard sizes, and
pai nt and sol vent usages. Em ssion points and operating
paraneters are defined in Section 6.3, and baseline em ssion
estimates are described in Section 6.4. The MACT for this
industry is presented in Section 6.5, along with estinmated
HAP em ssion reductions. Mre detailed information regarding
nodel shi pyard devel opnent is provided in a nenorandum from
MRl to the EPA entitled "Final Mdel Plants Menorandum " which
will be included in the project docket.®

Actual HAP em ssions were estimated using information
supplied by shipyards and manufacturers of marine paints. There
are sone unresolved issues with the HAP/ paint data base and it
was believed that the data was not accurate enough to be used as
the basis for determining MACT. It is believed, however, that
t he (wei ghted) average HAP content of paints in each category are
fairly accurate and that the HAP content of paints in the data
base that neet the VOC limts are representative of the HAP's in
the paints that will be used when the NESHAP becones effective.
Basel i ne HAP em ssions from nodel shipyards are presented in
Chapter 6, Table 6-09.
6.2 MODEL SHI PYARDS

The nodel shipyards are based primarily on information from
four sources: responses to Section 114 information requests
(surveys) sent to marine coating manufacturers, responses to
surveys sent to shipyards, phone conversations with industry
representatives, and information gathered during site visits.?*?
Information for both the BACM and t he NESHAP were gat hered during
the site visits. Rather than issue a separate draft CITG the
EPA is using the NESHAP to request public conment on a draft
reconmended BACM The draft reconmended BACM is the proposed
MACT for coatings and sol vents.

The nodel shipyard descriptions are presented in Table 6-1.
These nodel shipyards were defined based primarily on
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two parameters:

(1) the type of work perfornmed (construction

versus repair) and (2) the relative size of the shipyard (snmall,

medi um or

| ar ge)

in ternms of annual
Mar ket segnents involving mlitary versus conmerci al
al so eval uated and determ ned not to be significant
HAP em ssion differences.
primary paraneters is presented bel ow

pai nt and sol vent usage.
wor k were
in ternms of
The rationale for selecting these

TABLE 6-1. MODEL SHI PYARD DESCRI PTI ONS

Model shipyard No. 1 2 3 4 5 6
Yard type Construction Repair Construction Repair Construction Repair
Size® Large Large Medium Medium Small Small
Total coating 510,560 453,718 158,726 131,228 70,988 70,511
usage, L/yr (gallyr)° | (134,876) (119,860) (41,931) (34,667) (18,753) (18,627)
Total solvent 162,132 23,091 43,532 20,562 10,845 1,893
usage, L/yr (gal/yr) (42,831) (6,100) (11,500) (5,432) (2,865) (500)

®Cutoffs are based on levels of total VOC emissions adopted for the CTG Project.

PCoating usage volumes are less waer.

6.2.1 Repai r

The type of work perfornmed at the shipyards was first
sel ected as a defining paraneter for nodel shipyards because a
| arger portion of painting and surface preparation was believed
to be performed indoors at construction yards than at repair
yards. It was |later determined that this is only true for |arge
construction shipyards (nodel plant No. 1). At construction
yards, sections of a ship, referred to as subassenblies, are
fabricated starting with the snmallest conponents. Early
construction work frequently takes place in fabrication shops.
Most, if not all, of those shops are subject to State rules

devel oped pursuant to gui dance contained in the CTG docunent,

New Constructi on vs.

Control of Volatile Organic Em ssions from Existing Stationary
Sources, Volune VI: Surface Coating of M scellaneous Metal Parts
and Products, published in 1977. In many of the shops, painting

and bl asting areas are specially contained and vented to protect
the workers. These conditions and exi sting encl osures |end
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t hensel ves nore readily to the application of add-on control

devi ces than do outdoor coating and blasting activities. (At
repair facilities, nearly all the work is perfornmed in place on
the ship; relatively little painting and bl asting occurs inside
buildings.) In addition, the scope of activities at a typical
construction yard is broader than at a repair yard. A smaller
proportion of the revenue at a construction yard is derived from
pai nting and surface preparation activities than at a repair
yard. As a result, a NESHAP that affects painting and surface
preparation costs nmay have different econom c inpacts at
construction yards than it does at repair yards. WModel shipyards
representing these two types of operations are expected to prove
useful when the econom c inpact analysis is perforned.

Sone yards perform both construction and repair, but one
busi ness area typically predonm nates. For purposes of the nodel
shi pyards, a construction yard is presuned to derive at | east
70 percent of its revenue fromconstruction, while a repair yard
derives at least 70 percent fromrepair.

6.2.2 Shipyard Size

Size is an inportant nodel plant paraneter because cost and

econonic inpacts of control are often nore severe for smaller

operations. At the same tine, the emission reductions
achievable at smaller facilities are often nuch | ower than those
achi eved at | arger operations.

Shi pyard size can often be correlated to the nunber and type
(sizelclass) of ships a shipyard can service annually. There is
a direct correlation of shipyard size with the size of ships, and
an inverse correlation with the nunber of ships built and/or
repaired. This is particularly true for some small bargeyards
where several hundred barges requiring mininmal repairs can be
servi ced each year. Bigger shipyards usually service fewer (but
| arger) ships and provide a wi der range of services. Three sizes
(small, medium and | arge) have been defined to reflect the
makeup of the industry, where there are a few very | arge
shi pyards and nore nunerous medi um and snal |l shi pyards.
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The sizes are defined based on the annual vol unme of paint
and sol vent usage. The cutoff between sizes is based on annual
VOC em ssion levels (tons/yr), which are critical to the
CTG project, so that simlar nodel shipyards can be used for the
CTG and NESHAP. The differentiation between |arge and nedi um
shi pyards generally coincides with a natural break observed in
the data base. There was, however, no simlarly obvious break to
hel p define medi um and smal |l shi pyards. Based on an anal ysis of
the survey data, paint usage at the various nodel shipyards
ranges from 70,511 to 510,560 liters per year (L/yr) (18,627 to
134,876 gallons per year [gal/yr]). Solvent usage ranges from
1,893 to 162,132 L/yr (500 to 42,831 gal/yr) for thinning and
cleaning. (Al volume units are presented in terns of |ess
wat er . )

6.3 MODEL SH PYARD PARAMETERS

The nodel shipyards were defined based on the two primary
paranmeters di scussed above. In order to devel op the inpact
anal yses, additional critical paraneters were devel oped for each
nodel shi pyard.

The paint and solvent information fromthe surveys was
anal yzed to profile the paint and sol vent use, by category, for
each of the nodel shipyards in the analysis. The paint and
sol vent use profiles for the nodel shipyards are presented in
Table 6-2. This table shows that construction and repair
shipyards differ in the relative usage of the various paints
used. It also presents the split between solvent used for
t hi nning and that used for equi pnment cl eaning.

6.3.1 HAP Content of Paints and Sol vents

Data on the HAP content of paints in each paint category
fromthe shipyard surveys were gathered to determ ne a wei ghted
average HAP content for each category. To sinplify this
anal ysis, the average was cal cul ated fromthe high-use paints of
each category (those that make up 80 percent or nore of the total
pai nt used in each category). A simlar calculation was nade to
obtain the wei ghted average VOC content. The wei ghted average
HAP and VOC contents of the paint categories are presented in
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TABLE 6-2. MODEL SHI PYARD PAI NT/ SOLVENT USE PROFI LE
(Percent of total gallons)

Model shipyard No.

Paint/solvent category 1 2 3 4 5 6

SPECIALTY PAINTS (as supplied)

Antifoulant 4 22 4 22 4 22
Inorganic zinc 15 1 15 1 15 1
All others (combined) 10 12 10 12 10 12

GENERAL USE PAINTS (as supplied)

Epoxy based 55 63 55 63 55 63

Alkyd based 17 2 17 2 17 2

TOTAL PAINTS 100 100 100 100 100 100
SOLVENTS

Thinning 50 20 20 20 40 3

Cleani ngb 50 80 80 80 60 97

TOTAL 100 100 100 100 100 100

®Sums may not add to 100 due to rounding.
®Includes cleaning of equipment, parts, and surfaces.
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Table 6-3. The VOC contents are included for conparison/

correl ation purposes and to show the rel ati onship between average
VOC contents and existing State (California and Loui siana) marine
coating VOC |imts (shown in Table 3-9).

The wei ghted average HAP content for all marine paints is
141.0 g/L (less water) (1.18 Ib/gal [less water]). This value
was used for the HAP em ssions cal cul ations involving spray
boot hs (i ndoor painting operations), which represent one of the
em ssion points described in the next section. Table 6-4 shows
how t he wei ght ed average HAP content was determ ned and
illustrates the general method for cal cul ati ng averages wei ght ed
by paint usage (volune). Wighted averages were also used in
cal cul ating em ssions based on various approaches for determ ning
MACT. 2

The average HAP contents of solvents used for both thinning
and cleaning were determined simlarly. Survey responses were
used to derive the average HAP content of all solvents in each of
t hese categories. These average HAP contents al so are presented
in Table 6-3. There is no significant difference in the HAP
content of the solvents used for thinning and cl eani ng.

Approxi mately 36 percent of all solvents are HAP's. Based on
conposition data for solvents, xylene was assumed to represent
70 percent of the HAP solvent portion, toluene 16 percent, nethyl
et hyl ketone 8 percent, and all others 6 percent. The average
sol vent density used for thinning and cl eani ng was assuned to be
840 g/L (7.0 Ib/gal).**

6.3.2 Application Point Profile

Information fromthe surveys was further analyzed to
determ ne for each nodel shipyard the approxi mate percentage of
pai nt and solvent that is applied at the two primary | ocations
wi thin the shipyard: (1) at outdoor work areas on ship exteriors
and interiors and (2) at indoor spray booths. Based on the
survey information, it was determ ned that indoor (spray booth)
pai nting accounts for 30 percent of total paint usage at |arge
construction shipyards (nodel shipyard No. 1) and 10 percent at
all other shipyards (nodel shipyard Nos. 2 through 6) (see
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TABLE 6-3. WEI GHTED AVERAGE VOC AND HAP CONTENT OF

PAI NTS AND SOLVENTS AS SUPPLI ED?

Average VOC content”

Average HAP content

b

Category g/L Ib/gal g/L Ib/gal
SPECIALTY PAINTS
Antifoulant 388 3.23 268 2.25
Repair and Maintenance Thermoplastics 493 411 271 2.28
Fire retar dant 360 3.00 120 1.00
Heat resistant/high temperature 466 3.88 60 0.50
High gloss 492 4.10 94 0.79
Inorganic zinc 545 4.54 274 2.30
Nuclear (Low activationinterior) 401 3.34 146 1.23
Pretreatment wash primer 712 5.93 18 0.15
Organic zinc 548 4.57 240 2.00
Special marking 446 3.72 23 0.19
GENERAL USE PAINTS
Alkyd based 474 3.95 355 2.98
Epoxy based 350 2.92 56 0.47
SOLVENTS
Thinning 840 7.0 300 2.5
Cleaning 840 7.0 300 2.5
Weighted by reported usage (volume, gal) of each paint in a given category. Reference 3.
P_ess water and exempt solvents.
TABLE 6-4. EXAMPLE CALCULATI ON FOR DETERM NI NG THE
VEEI GHTED AVERAGE HAP CONTENT FOR ALL MARI NE PAI NTS?
A B A x (B/100)
Contribution to weighted
Avg HAP content” Percent of average HAP content”

0

Paint category g/L Ib/gal total usage, % g/L Ib/gal
Specialty--Antifoulant 268 2.25 11.2 30.2 0.252
Specialty--Inorganic zinc 274 2.30 10.0 27.4 0.230
Specialty--All others (combined) 144 1.20 10.3 14.8 0.124
General Use--Alkyd based 355 2.98 10.1 35.9 0.300
General Use--Epoxy based 56 0.47 58.4 32.7 0.274
Total -- -- 100 141.0 1.18

AWeighted by reported usage (volume, gal) of each paint in a given category. Reference 3.

P ess water and exempt solvents.
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Tabl e 6-5).°3
manuf act ur er

representatives,

al kyd,

Based on comments from sone of the paint
the paint used in spray booth
applications at shipyards is usually sone type of
(preconstruction) prinmer,

or pretreatnent priner.?

i norgani ¢ zinc

However, very little data were provided on paint usage by
category at indoor and outdoor application points. Therefore,
the overall mx (weighted average) of all paints in the data base

was used for further anal ysis of

i ndoor

pai nting operations.

TABLE 6-5. MODEL SHI PYARD PAI NT OPERATI ONS
Model shipyard No.
1 2 3 4 5 6
L ocation
PERCENT OF TOTAL USAGE
Qutdoor (ship exteriors + ship interiors) 70 90 90 90 90 90
Indoor spray booths 30 10 10 10 10 10
TOTAL 100 100 100 100 100 100
PAINT USAGE, L (gal
Outdoor (ship interiors + ship exteriors) 357,391 | 408,346 142,853 | 118,104 63,890 63,458
(94,413) | (107,874) | (37,738) | (31,200) | (16,878) | (16,764)
Indoor spray booths 153,169 45,372 15,872 13,124 7,098 7052
(40,463) | (11,986) | (4,193) | (3,467) | (1,875) | (1,863)
TOTAL 510,560 453,718 158,726 131,228 70,988 70,510
(134,876) | (119,860) | (41,931) | (34,667) | (18,753) | (18,627)
6.4 BASELI NE EM SSI ONS
Two primary em ssion points were determ ned for all nodel

shi pyar ds.

Basel i ne em ssions were cal cul ated for each emnm ssion

point as a reference point for subsequent analysis of the various
control options and associ ated em ssion reductions. The prinmary
em ssion points involve painting and relate to the | ocation of
the painting operation as described in Section 6. 3. 2.

Em ssion point No. 1 was defined as al
(ship exteriors and interiors),
defined as all

out door painting

and emi ssion point No. 2 was

i ndoor spray booth painting operations. Any

sol vents added to nodify viscosity (paint thinning) were included
as part of the "as applied" formulation of the various marine
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coatings and are therefore included in the em ssions. Each of
the two em ssion points was considered to have two conponents:
(1) paint "as supplied" (1A and 2A) and (2) sol vent added for
paint thinning (1B and 2B). This subdivision was simlarly used
to evaluate the control options.

The average HAP contents of the various paints and solvents
used to devel op Table 6-3 were used to cal cul ate annual HAP
em ssions fromthe two em ssion points at each of the nodel
shi pyards based on the paint/solvent use profiles presented in
Tables 6-1 and 6-2. Tables 6-6 through 6-8 present the resulting
HAP em ssions fromeach of the primry em ssion points.

The follow ng assunptions were used in cal cul ati ons
i nvol ving HAP em ssions from paints and solvents: (1) al
solvents in the coating, including those used for thinning, are
emtted to the air once the paint is sprayed and (2) em ssions of
HAP solids from paint overspray are not now anenable to control

Many of the shipyards indicated the presence of secondary
em ssion points as part of the shipbuilding and ship repair
i ndustry. Qperations activities such as equi pnment cl eaning,
wel di ng, gas freeing (purging residual gas vapor fromtankers and
barges), netal fabrication, fuel conbustion, flame cutting,
asbestos renoval, chrom um plating, and netal part cleaning
(degreasers) emt varying quantities of VOC s and HAP's. Such
em ssions should be aggregated in determining if a facility is a
maj or source. However, they were not considered primary in
determ ning em ssion points for this study and were not
eval uat ed.

Tabl e 6-9 provides a summary of total HAP em ssions by
em ssion point for each nodel shipyard. Baseline HAP em ssions
fromthe six nodel yards range from8.7 to 102.1 My/yr (9.6 to
112.4 tons/yr). These data indicate, not surprisingly, that the
types and anmounts of paint and solvent used at repair and
construction yards are the nost inportant factors in determ ning
HAP em ssions. Differences between nodel shipyard type
(construction versus repair) HAP em ssions can also be directly
correlated to the differences in paint and sol vent use. The
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TABLE 6- 6.

ANNUAL HAP EM SSI ONS FROM EM SSI ON PO NT 1A:

AS- SUPPLI ED CQOATI NGS USED AT QUTDOOR PAI NTI NG OPERATI ONS
My/ yr (tons/yr)

Model shipyard No.

Coating category 1 2 3 4 S 6
SPECIALTY PAINTS
Antifoulant 3.8 23.7 15 6.9 0.6 3.7
(4.2) (26.7) (1.7) (7.7) (0.8) (4.2)
Inorganic zinc 14.2 1.0 5.6 0.3 2.5 0.2
(17.4) (1.2) (6.9) (0.9) (4.0) (0.5)
All others (combined) 5.2 7.1 2.1 2.0 0.9 1.1
(5.7) (7.8) (2.3) (2.2) (1.0) (1.2)
GENERAL USE PAINTS
Alkyd based 20.4 2.9 8.2 0.8 3.6 0.5
(22.5) (3.2) (9.0 (0.9 (4.0) (0.5)
Epoxy based 10.9 14.5 4.4 4.2 1.9 2.6
(12.0) (16.0) (4.8) (4.6) (2.2) (2.5)
TOTAL 56.1 49.8 224 14.4 10.0 7.7
(61.8) (54.9) (24.7) (15.9) (11.0) (8.5)
TABLE 6-7. ANNUAL HAP EM SSI ONS FROM EM SSI ON PO NT 1B:
THI NNI NG SOLVENT USED AT OUTDOOR PAI NTI NG OPERATI ONS
My/ yr (tons/yr)
Model shipyard No.
HAP (percent) 1 2 3 4 5 6
Xylene (70) 11.9 0.9 1.7 0.8 0.8 < 0.1
(13.1) (1.0) (1.8) (0.8) (0.9 (< 0.1)
Toluene (16) 2.7 0.2 0.4 0.2 0.2 < 0.1
(3.0 (0.2) (0.9) (0.2) (0.2) (< 01)
Methyl ethyl ketone (8) 1.4 0.1 0.2 0.1 0.1 < 0.1
(1.5) (0.2) (0.2) (0.2) (0.2) (< 0.2)
Other (6) 1.0 < 0.1 0.1 < 0.1 <0.1 < 0.1
(1.2) (< 0.2 (0.2) (< 0.2) (< 0.1) (< 01)
TOTAL (100) 17.0 1.3 2.4 1.1 1.2 < 0.1
(18.7) (1.4) (2.6) (1.2) (1.3) (< 0.1)
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TABLE 6- 8.
PO NTS 2A AND 2B:

ANNUAL HAP EM SSI ONS FROM EM SSI ON
| NDOOR PAI NTI NG OPERATI ONS

My/ yr (tons/yr)

Model shipyard No.
Emission point 1 2 3 4 5 6
2A (Paints)?® 21.7 6.5 2.3 1.8 1.0 1.0
(23.9) (7.1) (2.5) (2.0) (1.1) (1.1)
2B (Thinning solvents) 7.3 0.2 0.3 0.2 0.1 < 0.1
(8.0) (0.2) (0.3) (0.1) (0.1) (< 0.1)
TOTAL 21.8 6.6 25 2.0 1.2
(31.9) (7.2) (2.8) (2.2) (1.3) (1.1)
%Using an overall weighted average HAP content of 141.0 g/L (1.18 Ib/gal) less water.
TABLE 6-9. TOTAL HAP EM SSI ONS FROM MODEL SHI PYARDS®
My/yr (tons/yr)
Model shipyard No.
Emission point 1 2 3 4 5 6
1-OUTDOOR PAINTING
1A (Paints) 56.1 49.8 22.4 14.4 10.0 7.7
(61.8) (54.9) (24.7) (15.9) (11.0) (8.5)
1B (Thinning 17.0 1.3 2.4 11 1.2 < 0.1
solvents) (18.7) (1.4) (2.6) (1.2) (1.3) (< 0.2)
2-INDOOR PAINTING
2A (Paints) 21.7 6.4 2.3 1.8 1.0 1.0
(23.9) (7.1) (2.5) (2.0) (1.2) (1.2)
2B (Thinning 7.3 0.2 0.3 0.1 0.1 < 0.1
solvents) (8.0) (0.2) (0.3) (0.1) (0.1) (0.1)
TOTAL 102.1 57.7 27.2 17.5 12.3 8.7
(112.4) (63.5) (30.0) (19.3) (13.6) (9.6)
No. of major 6 4 5 10 0 0
sources
Total 612.5 230.6 136.4 175.1 0 0
nationwide (674.6) (254.0) (150.2) (192.8) ()] (0)]
emissions®

*Baseline (combined) HAP emissions from 25 major sources = 1,155 M g/yr (1,272 tons/yr).
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cal cul ated average HAP contents of all marine paints is 141.0 g/L
(less water) (1.18 Ib/gal [l ess water]) and ranges from56 to
355 g/L (less water) (0.47 to 2.98 Ib/gal [less water]) for the
maj or use categories. The HAP contents do not correlate with
VOC contents, as can be seen in Table 6-3. This causes
difficulties in refornmulation control options (for both NESHAP
and CTG projects) and is discussed further in the next section.

Thi nni ng sol vent accounts for approxi mately 25 percent of
the HAP em ssions from |l arge construction shipyards (nodel No. 1)
and 2 percent of large repair yard (nodel No. 2) HAP em ssions.
Data fromthe other nodel shipyards indicate that thinning
sol vent accounts for 7 to 10 percent of HAP em ssions.

6.5 MAXI MUM ACHI EVABLE CONTRCL TECHNOLOGY ( MACT)

The shipbuilding and ship repair industry is basically
uncontrolled in terms of HAP's. No add-on control devices were
used by any of the shipyards surveyed.® Refornulating paints to
| ower - VOC coati ngs, which has been underway for sone tinme, could
indirectly reduce HAP's as wel |l because al nost all HAP sol vents
are also VOC s. Sone of the HAP's are stronger solvents, thus
pressures to reduce VOC content, could, w thout other
constraints, result in an increase in HAP's to offset the total
reducti on mandated by VOC limts. Add-on controls
(i.e., incinerators and adsorbers) to reduce HAPs from work done
on the exterior of a ship were not considered (in light of the
size of ships and avail able technol ogy). Such controls were,
however, eval uated for spray booths. Because of the |imted data
certain assunptions regarding the total air flow were nade.

Consi dering the sporadic nature of painting operations, an
overstimation of the air flow may have contributed to the very
hi gh costs per ton of HAP's calculated. Cost details are
provided in Chapter 8 for spray booth add-on controls and pai nt
heaters.

Al t hough HAP em ssions from shi pyard pai nting operations are
essentially uncontroll ed, there have been no previous pressures
to reduce HAP's. Sone narine paints have a | ower HAP cont ent
than others. The MACT floor is based on these paints with
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relatively I ow HAP contents. It is presuned that once the |eve
i s established, other manufacturers will reformulate to conply.
Ref ormul ation can take any of several avenues: solvent-
substituted coatings (as defined in Chapter 4), higher-solids
(nonvol atiles) coatings, and waterborne coatings. Use of

t hi nners that have | ow or no-HAP solvents is also considered a
type of solvent substitution.

The HAP content of various paints cannot be viewed in a
vacuum The issue of HAP's versus VOC s is inportant to consider
in all reformulation scenarios. Approxinmately one third of the
VOC s used as solvents in nmarine paints are also HAP's, as
described in Chapter 3. The data show, however, that reducing
VOC s does not necessarily nmean that HAP's will be reduced in a
specific paint. WMny of the paints have nmultiple sol vent
conmponents, and if the paint manufacturer chooses to reduce or
el imnate the non-HAP sol vent(s), the HAP content woul d not
change (or may increase). Simlarly, reductions in HAP's via
substitution need not reduce VOC s, either (i.e., |ower-HAP
coatings are not necessarily |ower-VOC). Indeed, concerns have
been raised that VOC limts currently inposed by sone States (and
t he proposed BACM will drive industry to use stronger solvents,
many of which are HAP's.®> Wile there is no direct correl ation
bet ween reducing HAP's and VOC s in each specific paint, it is
believed that reducing VOC s overall, will result in HAP em ssion
reductions as well.

The approach for determ ning the MACT fl oor being considered
for this industry involves setting HAP limts for marine paints
nunerically equal to the VOC limts adopted in the CTG Baseline
em ssions fromthe 25 maj or-source shipyards is estimted to be
1,155 My/yr (1,272 tons/yr). The MACT floor approach would
reduce HAP's by approxi mately 24 percent or 272 My/yr
(300 tons/yr). Because there are no process, equipnent, or
facility size considerations that subdivide the industry
technically, the follow ng chapters involving an anal ysis of
envi ronnmental inpacts, costs, and econom c inpacts are fairly
straightforward. Any HAP limts on marine paints will also
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affect VOC em ssions from shipyards |ocated in VOC attai nnment
areas. The inpact(s) of conbined HAP and VOC Iimts nust be
considered in all analyses to ensure conpatibility with the CTG
6.6 REFERENCES FOR CHAPTER 6
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7.0 ENVI RONVENTAL | MPACT

The environnmental and energy inpacts of maxi mum achi evabl e
control technol ogy (MACT) as applied to existing nmajor sources
are presented in this chapter.

Since MACT for this industry involves refornulation or
sel ection of |ower-VOC paints, environmental and energy inpacts
for each of the em ssion points are greatly sinplified.

A description of MACT identified in Chapter 6, Mdel Plants
and Regul atory Alternatives, is sunmarized in Table 7-1.
TABLE 7-1. MAXI MUM ACHI EVABLE CONTROL TECHNOLOGY ( MACT)
FOR HAP EM SSI ONS PO NTS

HAP em ssion points

Pai nti ng
Basel i ne No contro
MACT Measure VOC as a surrogate for HAP and base the

HAP limt on BACM

The air and water pollution inpacts are discussed in
Sections 7.1 and 7.2, respectively.
7.1 AR POLLUTION | MPACTS

Sonme paints and solvents used by this industry contain
volatile materials that are HAP s that are emtted during
pai nting operations. Conpliance with the MACT standard w | |
limt the maxi mum al | owabl e HAP eni ssions for each category of
paint. The primary and secondary air pollution inpacts are
descri bed bel ow.
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7.1.1 Primary Air Pollution Inpacts

Primary inpact will be the HAP and VOC em ssi on reductions
that result fromusing paints and solvents that contain | ess of
these pollutants. In this industry, nore than one-third of al
organic HAP's are VOC s. Use of coatings with different solvents
or selection of |ower-VOC paints will not necessarily reduce
VOC s and HAP's in the sanme proportion. Overall reductions in
both HAP and VOC em ssions, however, will result with the use of
| ower - VOC pai nts. Because sol ventborne coatings with | ower-VCC
equate to a higher volune of solids per volunme of coating,

em ssion reductions are obtained because there is |less solvent in
the paint and, of course, less paint is needed to provide enough
filmformng material to coat a given area of substrate.

The annual HAP sol vent em ssion | evel (including any
contained in thinning solvents) that would result from
i mpl enentation of VOC Iimts on "as applied" basis is presented
in Table 7-2. The HAP em ssion reduction from basel i ne was
cal cul ated for each nodel shipyard. It ranged from1.4 to
27.6 My/yr (1.5 to 30.4 tons/yr). The estimted em ssions
reduction resulting frominplenentati on of MACT ranged from
around 10 to nearly 32 percent by mass for the range of Mbdel
shipyards (Nos. 1 to 4).

Nat i onwi de i npacts on the 25 existing major sources in the
fifth year after proposal of the NESHAP are estimated in
Table 7-3. Annual baseline HAP em ssions were estinmated to be
1,155 My/yr (1,272 tons/yr). The inpact of inplenmenting MACT was
estimated to be a net reduction of 272 My/yr (300 tons/yr) or
24 percent. Because no new sources are projected, the estinmated
i mpacts for the existing sources represents the total inpact in
the fifth year after the standards are proposed.
7.1.2 Secondary Air Pollution | npacts

Secondary em ssions of air pollutants result from generation
of the energy needed to conply with the standard. Since
refornmul ati on/ sel ection of | ower-VOC paints does not involve any
type of control device or equipnent, the shipyards wll produce
no secondary air pollution. Sone shipyards, however, may need to
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TABLE 7-2. ENVI RONMVENTAL | MPACT OF MACT ON MODEL SHI PYARDS®

Model shipyard no.
1 2 3 4 5 6"
Basline olvent HAP emissions, Mg/yr (tons/yr) 102.1 57.7 27.2 17.5 12.3 8.7
(112.4) (63.5) (30.0) (19.3) (13.6) (9.6)
Emissons after MACT implementation, Mg/yr (tons/yr) 74.5 48.5 18.7 14.8 8.4 7.4
(82.0) (53.4) (20.6) (16.3) (9.3) (8.1)
HAP emission reduction from basdine, Mg/yr (tons/yr) 27.6 9.2 8.5 2.7 3.9 1.4
(30.4) (10.1) (9.9 (3.0) (4.3) (1.5)
Percent reduction in solvent HA P emissions, % 27.0 15.9 10.4 15.5 31.6 15.6

®Model shipyards are described in Chapter 6.
PThese model shipyards do not qualify as major sources based on the revised H AP/ paint data base calculations.

TABLE 7-3. NATI ONW DE | MPACT OF MACT ON EXI STI NG MAJOR SOURCES?

HAP emission reduction Percent reduction in
Regulaory Emissions, from baseline, solvent HAP
approach” Mg/yr (tondyr) Mg/yr (tondyr) emissions
Baseline 1,155 (1,272) N/A N/A
MACT 883 (972) 272 (300) 24

*The 25 major source shipyards are described in Chapters 3 and 6.
*Refer to Table 7-1 for a description of M ACT for existing sources.
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use paint heaters to reduce paint viscosity to avoid use of
sol vents because they woul d i ncrease em ssions and violate the
standard. To the extent paint heaters are used, sone additional
energy would be required with associ ated secondary air inpacts at
the power plant. These inpacts will be insignificant and far
out wei ghed by the beneficial reductions in HAP and VOC em ssi ons
i f thinner had been used.
7.2 WATER POLLUTI ON | MPACTS

There are no direct inpacts to water pollution resulting
fromrefornulation or selection of |ower-VOC paints. Wen
hi gher-solids coatings are utilized, less paint is used and the
total anmount of associ ated overspray would al so be expected to be
reduced since the sane total volunme of paint solids wll be
applied. Since spray painting usually occurs at the dock or near
t he shoreline, sone overspray is carried to the water; reduced
overspray woul d be expected to reduce the water pollution inpact
of spray painting operations at shipyards. There are no data
avail able with which to estimate current water pollution inpacts
fromoverspray or the reduction in water pollution that would
result frominplenmentation of MACT.
7.3 SOLI D WASTE DI SPOSAL | MPACTS

No additional or new types of solid or hazardous waste wl |l
be generated by inplenmentation of MACT. The | ower-VOC (higher-
solids) products will result in fewer paint cans being used to
apply the sane solids volunme. Fewer paint cans will then have to
be di sposed of as solid waste. Hazardous waste disposal wll
al so be reduced to the extent that the enpty paint cans are
handl ed as hazardous waste.
7.4 ENERGY | MPACTS

As nentioned previously in Section 7.2, there is a chance
that sonme shipyards may choose to use additional paint heaters in
certain applications instead of adding thinning solvent. Paint
heaters are used currently in sone U S. shipyards, particularly
those located in cold climates. The energy inpact from any
additional heaters being used as a result of inplenenting MACT
cannot be quantified with certainty, but since each paint heater
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uses only 2.3 kilowatts on average, their total energy
consunption i s minuscule. ™?
7.5 OTHER ENVI RONMENTAL | MPACTS

No increase in noise levels will result frominplenenting
MACT. Punps and conpressors used to nove paint and air are
responsi ble for the mgjority of the noise in the existing
operations. These delivery systens are not expected to require
change.
7.6 OTHER ENVI RONVENTAL CONCERNS
7.6.1 lrreversible and Irretrievable Conmm tnent of Resources

| mpl ementing MACT will not result in an irreversible or
irretrievable commtnent of natural resources. Because energy
use will not increase, there will be no significant increase in
the use of coal, oil, gas, or uranium
7.6.2 Environnental |npact of Delayed Standard

Because there are no significant water pollution, solid
waste, or energy inpacts, there is no significant benefit to be
obt ai ned from del ayi ng proposal of the standard. Furthernore, no
enmergi ng em ssion control technol ogy was identified that achieves
greater or cheaper HAP reductions equal to those represented by
t he approach considered. Consequently, there are no advant ages
to del ayi ng proposal of the standard. Any delay woul d, however,
forego the HAP em ssion reductions for the period of the del ay.
7.7 REFERENCES FOR CHAPTER 7
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8.0 COSTS OF CONTROLS

This chapter presents the costs associated with maxi num
achi evabl e control technology (MACT). As discussed in previous
chapters, MACT for the shipbuilding and ship repair industry wll
requi re use of | ower-VOC paints for each of the 23 paint
categories identified in Table 1-1. The cost analysis for MACT
is essentially the same as for the alternative techniques
docurent (ACT) but uses hazardous air pollutants (HAP s) i nstead
of volatile organic conmpounds (VOC s) for the benefit cost ratio.
Details of the cost analysis are provided in Appendi x E

Most, if not all, existing "major source" shipyards are
| ocated in ozone nonattai nment areas and will have to control VOC
em ssions in addition to HAP' s.

The proposed best avail abl e control neasures (BACM as
alluded to in the Preanble require the use of paints that also
neet MACT. Thus, at shipyards already subject to limts simlar
to the BACM presunptive norm (i.e., those located in California),
the additional cost of the NESHAP will be limted to the cost of
nore frequent reporting required by the NESHAP program The
actual industryw de (25 major sources) total costs of the NESHAP
are presented in Section 8. 6.

No new maj or source shipyards are expected to be built in
the next 5 years; therefore, no costs were devel oped for new
facilities. The standards that will apply to existing surface
coating operations would also apply to a new facility in the
unlikely case that one should be created. This seens unlikely
considering that this industry has for several years been in a
general state of decline due to the downsizing of mlitary
f orces.
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8.1 MACT LIMTS

Three categories of coatings constitute nore than 90 percent
of the industry's reported paint usage in the data base. These
were used to estimate the cost of the MACT limts. The | ow usage
pai nts were not included because of sone questions and
i nconsi stencies with the associated paint categories in the data
base. The NESHAP will limt HAP contents to |levels that
correspond to the VOC limts established by the "California
l[imts." These are the 1992 VOC Iimts contained in South Coast
Air Quality Managenment District (SCAQW) Rule 1106, Marine
Coating Operations and San Diego Air Pollution Control District
(SDAPCD) Rule 67.18.%? The HAP usage, and hence eni ssions, were
derived frommaterial safety data sheets (MSDSs), while the cost
estimates were supplied by shipyards and suppl enented by coati ng
manuf acturers. Mbst facilities provided data on coatings used in
1990; a few provided data from 1991.

Al'l of the above MACT and VOC |imts are presented as
maxi mum or never-to-be-exceeded limts for the "as applied”
coatings. ("As applied" includes any solvent thinning of the
coating before it is applied to the substrate.) Mst shipyards
i ndicated that some thinning is done routinely, particularly in
cold weat her.® Some manufacturers provided the maxi mum t hi nni ng
| evel s allowed for cold weather application. The infornmation
obtained in the surveys from shi pyards and coati ng manufacturers
pertained to "as received" coatings, i.e., before thinning. 1In
eval uating the coatings in the data base against the "as applied"
limts presented in Chapter 6, all coatings at or bel ow the
i ndicated | evel s were considered conpliant and included in the
cost anal ysis.
8.2 ASSUMPTI ONS

Hazardous air pollutant em ssions from shipyard coating
operations result fromHAP's contained in the coatings and
solvents used to thin the coatings. Based on information
contained in the shipyard survey responses, the net cost
associated wth switching to | ower-VOC coati ngs was assuned to be
the sum of the additional cost of the coatings, the savings
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associated wth higher solids content, the savings associ ated

W th decreased thinner usage, the costs of additional
recordkeeping and reporting requirenments, and the cost of

i npl enenting new work practices. The sane assunptions docunented
in Chapter 7 to estimate/cal culate HAP em ssions were used in the
cost anal ysi s.

Costs were devel oped for "baseline" (all coatings in the
three primary categories) and for those coatings considered
conpliant with MACT Iimts. The paraneters for coatings used in
the cost analysis for baseline and MACT are based on information
in the data base devel oped fromthe shipyard and coating supplier

survey responses.** These coating paraneters are sumarized in
Basel i ne paranmeters correspond to coatings in use
MACT,

Tabl e 8-1.

today as indicated by the project data base.

average HAP and VOC contents

Under

t he

are lower than the average baseline

| evel s.
TABLE 8-1. COATI NG PARAMETERS?
Weighted Weighted Average
Weighted | average VOC | average HAP | weighted
HAP limit, average content, content, solids
g/L-weter price, ¥L g/L-waer g/L-water content,
Coating category (Ib/gal-water) ($/gal) (Ib/gal-water) | (I/gal-water) % vol
Antifoulant
Baseline None 9 (34) 387 (3.23) 270 (2.25) 54
Compliant with M ACT limit | 400 (3.33) 9 (34) 344 (2.87) 268 (2.25) 59
Inorganic zinc
Baseline None 6 (22) 544 (4.54) 274 (2.30) 51
Compliant with M ACT limit | 650 (5.40) 6 (22) 541 (4.51) 274 (2.30) 51
General use
Baseline None 4 (16) 368 (3.07) 70 (0.58) 57
Compliant with MACT limit | 340 (2.83) 5 (20) 275 (2.29) 37 (0.31) 65
Solvent None 1(4) 840 (7) 300 (2.5) N/AP

#These coating par ameter s are based on the shipyar d and coating supplier survey responses. Volatile organic
compound and HA P content given in grams of VOC or HAP per liter of coating minus water and minus

"exempt" solvents (pounds of VOC or HAP per gallon of coating minus water and minus "exempt solvents'), as

applied. Numbers in this table are independently rounded.

®Not applicable.
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8.2.1 Solids (Nonvolatiles)

For the inpact analysis, it was assuned that the total build
of the | ower-VOC coating (the dry filmthickness) woul d equal
that of the conventional counterpart, i.e., the total anount of
solids (nonvol atiles) applied would remain constant.®> Because
| ower - VOC sol vent borne coatings contain nore solids, the total
vol unme of paint needed to coat a given area is less than for the
conventional, |lower-solids coatings at constant transfer
efficiency.

The solids content of the majority of the coatings was
estimated by assumi ng the volunmes of solids and VOC described in
Appendi x E (see last colum of Table 8-1). Although this is a
reasonabl e approxi mati on for sol ventborne coatings, it is not
valid for coatings that contain nore than trace quantities of
wat er or significant organic reaction by-products. Because the
equati on produced unreasonably high solids contents in sone
i nstances, caps were established for each of the three nmain
coating categories, based on information provided by coating
suppliers.®’ The maxi num solids content for antifoul ants and
i norgani ¢ zinc coatings was assunmed to be 65 percent by vol une
and that of general use coatings was assuned to be 70 percent.

Solids data (provided on product data sheets) were used for
some inorganic zinc and al kyd coatings (part of the general use
category). \Wen avail able, actual solids data were used rather
than the solids content cal cul ated by the equation described in
Appendi x E.

8.2.2 Thinning

I n eval uating the use of | ower-VOC sol vent borne coati ngs,
addi ti onal assunptions involving thinning were nade to estimate
cost inpacts. One such assunption was that |ower-VOC ("as-
supplied") coatings require the sane anount of thinning solvent,
gal lon for gallon, as conventional coatings. Because fewer
gal l ons of | ower-VOC coatings would be used to apply the sane
volunme of filmformng material, thinner use woul d decrease. A
decreased thinner use results in HAP em ssion reductions and a
cost savi ngs.
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8.2.3 Equipnent and Wbrk Practices

Sone yards that had tested | ower-VOC, higher-solids coatings
i ndicated that they had to change the type of spray guns they
used because hi gher pressures were needed to atom ze the new
coatings. One yard indicated that higher solids coatings tended
to clog the lines, requiring nore purging and nore cleaning tine.
Sonme yards indicated that it takes |longer for the |ower-VCC
coatings to cure, which can sl ow down the coating operation
overall. However, there was no consensus on the need for
di fferent spray guns, additional purging, or increased cure

times.®** Because such costs or benefits could not be
gquantified, they were not included in the cost analysis.
8.3 RESULTS OF THE ANALYSI S

The increnmental coatings and thinner costs associated with
MACT are presented in Table 8-2. Since | ower-VOC approxi mates to
hi gher-solids, fewer gallons of |ower-VOC coatings are required.
The | ower-VOC coatings, however, are nore expensive on a dollar-
per-gallon basis. The savings associated with the decreased
vol une requirenments is nore than offset by the higher price of
t he | ower-VOC general use coatings. The inorganic zinc coating
category was broken up into two categories: weld-through (shop)
primer with a VOC Ilimt of 650 g/L and air inorganic zinc (high
build) primer with a limt of 340 g/L, identical to the limt for
t he general use category. Therefore, for these coatings, it has
been assuned there is no cost inpact because many of the baseline
coatings will conmply with the MACT limts. Note in Table 8.2,
however, for antifoulants there is a savings in coating costs.

The costs for using coatings conpliant with MACT limts
i ncl ude both the costs (or savings) of using the | ower-VOC
coatings and the savings fromthe need for |ess thinner.

(Thi nner usage is assunmed proportional to the volune of total
coating use).

The annual net cost of coating and thinner, calculated for
each nodel shipyard, ranged from $6,800 for a small repair yard
to $125,000 for a large construction yard. Since the type of
wor k done at a shipyard determnes the relative m x of paints
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TABLE 8-2. ANNUAL COATI NG AND THI NNER COSTS FOR | MPLEMENTI NG MACT, $/yr?

Model yard
Construction Repair
Small Medium Large Small Medium Large
Average totd coating usage, L/yr (gal/yr) 70,988 158,726 510,560 70,511 131,228 453,718
(18,753) (41,931) (134,876) (18,627) (34,667) (119,860)
Average totd sdvent use, L/yr (gal/yr) 10,845 43,532 162,132 1,893 20,562 23,091
(2,865) (11,500) (42,831) (500) (5,432) (6,100)
Percent solvent used for thinning 40 20 50 3 20 20
Additional coating costsfor major-use paint
categories and thinning solvents
Antifoulant, gal/yr (2,161) (4,833) (15,545) (11,808) (21,975) (75,979)
Inorganic Zinc 0 0 0 0 0 0
General Use 20,484 45,802 147,326 18,627 34,667 119,860
Thinner, gd/yr (374) (752) (6,998) (5) (386) (433)
Net cost, $/yr
17,948 40,217 124,783 6,814 12,306 43,448

@Additional costs relative to baseline levels. Includesthe use of lower-VOC coatings with thinner usage equal to a constant percentage of total coating usage.

Coating parameters in Table 8-1.

8-6




applied, it also directly inpacts the costs associated with MACT.
The cost for repair yards, where relatively nore antifoulant is
used, was | ess than 40 percent of that for simlar-sized
construction yards.
8.4 RECORDKEEPI NG AND REPORTI NG REQUI REMENTS

To gather information on existing recordkeepi ng and
reporting (R&R) by this industry, current regul ations were
reviewed and a |imited nunber of shipyards were contacted.'*?*°
They reveal ed that R&R practices are established by permt
conditions, and in sone instances, the requirenents of
Section 313 of the Superfund Anendnents and Reaut hori zation Act
of 1986 (SARA 313). For that reason, the cost of recordkeeping
to conmply with permt and SARA 313 requirenents are considered as
t he baseline fromwhich to nmeasure the increnental cost of this
rul e.

This regulation will place maxi mum allowable Iimts on the
HAP content of marine coatings. Conplying with MACT limts wll
require nore involved recordkeeping practices than those
necessary at the baseline. This section discusses the
recor dkeeping and reporting requirenments and the associ ated costs
devel oped for baseline and MACT Iimts. Section 8.4.1 discusses
t he assunptions and various inputs used to devel op the
recordkeeping and reporting requirenments, and Section 8.4.2
provi des and el aborates on the associated costs. Additional
detail on recordkeeping and reporting costs is presented in
Appendi x E.
8.4.1 Assunptions and | nputs

| nformati on gathered from shi pyards indicates R&R practices
in construction and repair yards are similar.'™?* Therefore,
nmodel yard R&R requirenents presented in this section are
di stingui shed based only on si ze.

Recor dkeepi ng and reporting costs are a function of the
equi prent and | abor required. A conputer (and software) w ||
probably be used. Labor requirenents include training, data
recordi ng and anal ysis and report preparation.



8.4.1.1 Baseline. WMst |arge and nedi um shi pyards al ready
maintain records to conply with State or local permts as well as
SARA 313 requirenents. It has been assuned that the operations
at these facilities are conplex enough and the facilities
sophi sticated enough that they already use a conputerized system
for R’R. I n contrast, small yards, which we now believe will not
be subject to the NESHAP, are too small to be subject to SARA 313
requi renments or significant permt conditions. As a result,
smal | nodel yards typically have not invested in a conputerized
system for mai ntaining these records.

The current reporting requirenents for |arge and nmedi um
yards (at baseline) are assuned to consist of an annual SARA 313
report and an annual report of VOC em ssions. To prepare these
reports, it is assunmed that the facilities have adapted their
central inventory tracking systemto record the quantity of each
pai nt and thinner used at the yard. It is also assunmed that this
information is coupled with a data base in which the HAP and
VOC contents of each paint and thinner are stored. The total
techni cal | abor devoted to recordkeeping and reporting for |arge
and nmedium yards prior to promul gation of the NESHAP is estinated
to be 159 hours per year (hr/yr). Additional detail on this
estimate is presented in Appendix E. Because small shipyards are
not typically subject to SARA 313 or other reporting
requi renents, they have no | abor cost under baseline conditions.

8.4.1.2 NMACT Conpliance. To conply with MACT limits, it is
assunmed that no additional equipnent is required for any nodel
facility. Large and nedium yards do not need to purchase new
equi pnent because the equi pnent required at baseline is adequate
for this purpose. Small yards do not need additional equipnent
because their operations are sinple enough to be tracked
manual | y.

Significant R&R | abor will be required to denonstrate
conpliance with the MACT units. For this analysis, it was
assuned that records nust be kept on a nonthly basis and conpiled
quarterly. A requirenent to submt quarterly reports the first
year and sem annual reports in subsequent years was assuned, as
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was the need for initial and refresher training sessions for the
enpl oyees involved in recordkeeping. Estimates of the total
techni cal |abor for R&R range from 270 hr/yr for small yards up
to 1,053 hr/yr for large yards. (See Appendi x E for additional
i nformation.)
8.4.2 Costs of Recordkeeping and Reporting

Tabl e 8-3 shows costs devel oped for R&R for both baseline
and MACT conpliance. The final R&R costs were based on hour and
| abor rates fromthe Em ssion Standards Division (ESD) Regul atory
Procedures Manual .?® These rates are sunmari zed in Table 8-4.
Addi tional information and exanple cost calcul ations are
presented in Appendi x E.
8.5 COST EFFECTI VENESS OF MACT

The cost effectiveness (cost per mass of HAP controlled) of
i npl ementing MACT is presented in Table 8-5 for each nodel

shi pyard. These values are the increnental costs relative to the
basel i ne assunptions. The em ssion reductions expected as a
result of this rule are presented in Chapter 7 and sunmari zed as
part of Table 8-5. The increnental cost is the sum of the
coating-related costs (Table 8-2) and the R&R i ncrenental costs
(Table 8-3). The total increnental cost was divided by the
anticipated em ssion reduction to obtain the cost effectiveness.

Cost effectiveness for the nodel construction shipyards
ranged from $5,000 to $7,000/ My ($4,600 to $6,100/ton) and nodel
repair yards ranged from $9, 000 to $14,000/ My ($8,300 to
$12,700/ton). This difference is due to the higher usage of
general use coatings at construction yards. The m x of coatings
significantly inpacts the anount of HAP emi ssions fromthe node
yards. Even though costs associated wth repair yards are | ower
than those for construction yards, so are the HAP em ssion
reductions. Therefore, the net cost effectiveness is higher for
all repair yards.
8.6 TOTAL | NDUSTRY COST FOR MACT

Estimates of the nationwi de cost inpacts on the 25 existing
maj or sources in the fifth year after proposal of the NESHAP are
presented in Table 8-6. Total industry annual costs resulting
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TABLE 8- 3.

RECORDKEEPI NG AND REPORTI NG COSTS

(1 NCREMENTAL COSTS ABOVE BASELI NE), $/yr®
Model yard
Construction Repair
Small Medium Large Small Medium Large
Baseline
Labor 5,875 5,875 5,875 5,875
Equipment 1,400 1,400 1,400 1,400
Total 0 7,275 7,275 0 7,275 7,275
MACT (Maximum limits)
Labor 9,964 16,098 38,896 9,964 16,098 38,896
Equipment 0 1,400 1,400 0 1,400 1,400
Total 9,964 17,498 40,296 9,964 17,498 40,296
(9,964) | (10,233) | (33,021) (9,964) (10,223) (33,021)

#The costs in parentheses repr esent the incremental costs for recordk eeping and r eporting above the costs
of these activities incurred under baseline requirements.

TABLE 8-4. HOUR AND LABOR RATES FOR RECORDKEEPI NG
AND REPORTI NG
Type of | abor Hour rate Labor rate
Techni cal (A $33/ hr
Managemnent 0.05 (A $49/ hr
Clerical 0.10 (A $15/ hr
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TABLE 8-5. COST EFFECTI VENESS FOR MACT®
Model yard
Construction Repair

MACT implementation Small Medium Large Small Medium Large
Total HA P emission r eductions, 3.9 8.8 29.6 1.2 2.4 8.1
Mag/yr (tongyr) (4.4) (9.7) (32.6) (1.4) (2.6) (8.9)
Costs, $/yr

Additional coating 17,948 40,217 124,783 6,814 12,306 43,448

Additional recordkeeping 9,964 10,223 33,021 9,964 10,223 33,021
Total costs, $/yr 27,912 50,440 157,804 16,778 22,529 76,469
Cost effectiveness, $/M g ($/ton) 7,157 5,732 5,331 13,982 9,387 9,441

(6,344) (5,200) (4,841) (11,984) (8,665) (8,592)

®Example calculation for small construction yards: ($27,426/yr)/ (3.9 M glyr) = $7,032/ Mg of HA P reduced.
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TABLE 8-6. NATI ONW DE COST | MPACT ON EXI STI NG MAJOR SOURCES?
(In the Fifth Year After NESHAP Proposal)
Model yard
Construction Repai r

MACT i npl enent ati on Smal | ° Medi um Lar ge Smal | ° Medi um Lar ge
Total shipyard costs, $/yr 27,912 50, 440 157, 804 16, 778 22,529 76, 469
Esti mated No. of NESHAP 0 5 6 0 10 4
maj or - sour ce shi pyards
Total costs, $/yr 0 252,200 | 946, 824 0 225, 290 305, 876

Tot al

i ndustry costs = $1, 730, 190

®The 25 mmj or source shipyards are described in Chapters 3 and 6.

bThese nodel [
base cal cul ati ons.

8-12

shi pyards do not qualify as major sources based on the updated HAP/ paint data



frominplenenting the NESHAP were estimated to be about
$1.7 mllion. The environnental inpact of inplenenting MACT was
estimated in Chapter 7 to be a net HAP reduction of 272 My/yr
(300 tons/yr). Overall cost effectiveness in the fifth year
after proposal of the NESHAP woul d be $6, 360/ My ($5, 767/ton).
These estinmates presune that all increnental environnental
costs are inposed as a consequence of inplenenting MACT. In
fact, as discussed in the introduction of this chapter, those
shi pyards | ocated in nonattai nnent areas (which is thought to
include all 25) will likely be required to neet State
requirenents for limting VOC em ssions as the States inpose
rul es based on the EPA s recommendati ons on best avail able
control neasures (BACM for control of VOC s. For that reason,
there will be little or no cost to the industry to neet the
NESHAP but costs could be up to $1.7 mllion/yr, if one chooses
to ascribe all of the cost to this rule.
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9.0 I NDUSTRY PROFI LE AND ECONOM C | MPACT ANALYSI S

9.1 PROFILE OF THE U. S. SHI PBU LDI NG AND REPAI R | NDUSTRY
9.1.1 Introduction

This industry profile details the various market
characteristics of the donestic shipbuilding and repair industry.
The EPA, under Section 112(d) of the 1990 Cean Air Act, is
devel oping a national em ssion standard for hazardous air
pol | utant (NESHAP) concerni ng those hazardous air pollutant (HAP)
em ssions associated with marine coating operations. This NESHAP
will directly inpact the shipbuilding and repair industry, which
is classified under SIC 3731.' All mjor-source establishnments
within SIC 3731 will be required to conply with the NESHAP except
of fshore drilling and production platforns. Not included in SIC
3731 are ni ne Governnent -owned shi pyards, which do not engage in
new construction, but rather in the overhaul and repair of Navy
and Coast Guard ships.? These shipyards will be regul ated by
this NESHAP if they qualify as major sources. Wiile the lion's
share of marine coating operations takes place under the auspices
of shipyard owners, sonme of the work is contracted out to ship
pai nting contractors. This work, which is performed on shipyard
prem ses, is classified under SIC 1721, Painting and Paper
Hangi ng, and will be affected by this NESHAP.?®

The shipbuilding and repair industry is organized into two
tiers. Tier one is the collection of shipyards that have the
capability to construct, dry-dock, and/or topside repair vessels
with a minimumlength overall of 400 feet, provided that water
depth in the channel to the facility is at least 12 feet.* Tier
one shi pyards supply ships primarily for the donestic mlitary
mar ket --nostly | arge naval vessels--with a snall percentage of
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its output geared for commercial use. These predomnantly |arge
shi pyards, while small in nunber, account for the lion's share of
revenue and enpl oynent in the industry, producing mainly very
| ar ge shi ps.

Tier two shipyards build and repair ships of |ess than
400 feet in length. These shipyards manufacture for the mlitary
mar ket as wel |, but enphasize comercial production. Tier two
shi pyards are larger in nunber and manufacture nore units than
first-tier producers, but tend to be nuch smaller in size.

The distinction between the first and second tier is
i mportant for several reasons. First, tier one shipyards tend to
be nmuch larger than tier two shipyards, and are likely to respond
differently to regulatory cost-increases. Second, tier one
shi pyards depend heavily on U.S. mlitary contracts, and so
dermand determ nants differ considerably fromthe second tier,
which relies on comrercial production. Finally, the tiers
produce for different markets, and do not conpete wth each
other. Thus, tier one and tier two shipyards can be thought of
as distinct market segnents.

The profile is organized as follows. Section 9.1.2 presents
information on the structure of the industry as a whole. This
i ncl udes general information on the industry characteristics,
end-use markets, world trade and foreign conpetition.
Section 9.1.3 discusses the industry structure of tier one
shipyards in detail. Section 9.1.4 considers tier two shipyards.
The two | atter sections are conprised of nine sections each: an
overview of tier activities; production; ship repairs;
consunption; vertical integration; market concentration; demand,
foreign conpetition; and future prospects.
9.1.2 Industry Structure

9.1.2.1 Ceneral Characteristics. Table 9-1 presents the
nunber of establishnments, value of shipnents in current dollars,
and enpl oynent for the shipbuilding and repair industry for the
years 1980-1991.

Dat a on nunber of establishnments is available only in the
census years 1982 and 1987. The census definition of
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TABLE 9-1. NUMBER OF ESTABLI SHMENTS, VALUE OF SHI PMENTS AND
EMPLOYMENT FOR THE SHI PBUI LDI NG AND REPAI RI NG | NDUSTRY

1980 - 1991
No. of Val ue of shi pnents,
Year est abl i shnent s? 10° $° Enpl oynent, 10°
1991° N. A $10, 242.0 120.0
1990 N. A $10,855.1 121. 2
1989 N. A $9, 640. 2 119. 3
1988 N. A $8, 793. 0 120.1
1987 590 $8,504. 4 120. 2
1986 N. A $8,839.9 120. 6
1985 N. A $9, 357. 7 130. 3
1984 N. A $9, 643. 6 132. 7
1983 N. A $9, 487. 1 141.0
1982 698 $10, 967. 2 166. 7
1981 N. A $11, 001. 3 178. 9
1980 N. A $9, 268. 5 177. 3

*Nunber of establishnments available only for census years 1987
and 1982.

®Current dollars.

‘Est i mat e.

Sources: U S. Departnment of Conmerce, Bureau of the Census.
1987 Survey of Manufacturers, 1988-1990 Annual Survey
of Manufacturers; U S. Departnent of Conmerce,

I nternational Trade Adm nistration. U.S. Industrial
Qut | ook, Washington, D.C., p. 22-1.
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establ i shnments corresponds to what can be consi dered individual
plants or facilities. As can be seen, the nunber of
establ i shments declined considerably from 1982 to 1987. This
reduction is attributable primarily to a contraction in the
nunber of small and nedi um si ze shi pyards, which began cl osing
due to consi derabl e overcapacity probl ens.

Val ue of shipnents data is presented in current dollar
terms. As shown, value of shipnments declined in tandemw th the
nunber of establishnments through 1987. From 1987 to the present,
val ue of shipnments increased slowy, as snmall and nedi um
shi pyards rebounded fromtheir m d-decade woes.

Enpl oynent data is presented for the years 1980 to 1990, and
estimated for 1991. The | evel of enploynent showed a steady
decline from 1980, when the industry enployed 177.3 thousand
wor kers, to 1986, with a workforce of 120.6 thousand. Since
1986, enploynent has rermained fairly steady.

Tabl e 9-2 presents the distribution of establishnents, val ue
of shipnents, and enpl oynent by enpl oynent-size class for the
shi pbuil ding and repair industry in 1987. Data in this formis
not avail able in noncensus years.

This distribution is particularly interesting in that it
points out the |arge nunber of relatively small establishnents,
and the smal|l nunber of very large establishnments. Four hundred
and ei ghty-seven establishnments have | ess than 100 enpl oyees.
These establishnents nake up 82.5 percent of the total nunber of
establishments in the industry, but enploy only 9.6 percent of
total industry enpl oynent, and account for 9.0 percent of
i ndustry value of shipnments. Conversely, 14 establishnents--
only 2.4 percent of the industry total--have 1,000 or nore
enpl oyees, enploy 67.5 percent of total industry enploynent, and
account for 66.0 percent of industry value of shipnents.

9.1.2.2 End-Use Markets. End-use narkets in the
shi pbuil ding and repair industry can be divided into two broadly
defined market segnments: mlitary and nonmlitary. The market
segnents refer to the end-use markets where the ships are
delivered or repaired. |In general, shipyards have the capability
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TABLE 9-2. DI STRI BUTI ON OF ESTABLI SHVENTS, REVENUE, AND
EMPLOYMENT BY EMPLOYMENT- SI ZE CLASS FOR THE SHI PBUI LDI NG AND
REPAI RI NG | NDUSTRY, 1987

Distribution by employment--size class

(No. of employees) Percent of Total
Total 1-99 100 - 999 1,000+ 1-19 20-99 100+
No. of establishments 590 487 89 14 82.5 15.1 2.4
Value of shipments, 10°$ 8,504.4 764.9 2,128.7 5,610.8 9.0 25.0 66.0
No. of employees, 103 120.2 11.5 26.7 81.8 9.6 22.2 67.5

Source: U.S. Department of Commerce, Bureau of the Census. 1987 Survey of M anufacturers.
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to produce both types of vessels, although many shi pyards
specialize in one or the other. Table 9-3 lists the products
that are classified as mlitary, nonmlitary, or conbined (both
mlitary and nonmlitary applications). O interest is the fact
t hat shi ps have extensive and highly specialized end-uses.

Table 9-4 |lists the nunber of establishnents, val ue of
shi pnents and enpl oynent for the mlitary and nonmlitary narket
segnents of the U S. shipbuilding and repair industry. It is
clear fromthe table that the mlitary market segnent dom nates
the industry. Seventy-seven establishnments specialize in
mlitary construction and repair, accounting for 84.5 percent of
val ue of shipments, 84.0 percent of enploynment. Mlitary
establ i shments conprise only 29.5 percent of the total reporting
establ i shments, suggesting that these plants are on average
considerably larger in terms of value of shipnents and enpl oynent
than nonmlitary establishnments.

9.1.2.3 Wirld Trade and Foreign Conpetition. United States
i mport and export data for 1989 and 1990 are listed in Table 9-5.
As shown, both inports and exports nake up a very smal
percentage of U. S. production. Inports and exports are m ni nal
in both the mlitary and comrercial markets. Donestic mlitary
shi pbuilding and repair is required by U S. law to be perforned
in US. shipyards. Conmercial vessels used in donestic trade are
required, by the Jones Act, to be built and repaired in the U S.,
thus mnim zing commercial inports.

On the export-side, the U S. has not established itself as a
maj or gl obal conpetitor, and therefore is not situated firmy in
the export nmarket. Table 9-6 presents the major shipbuil ding
countries and regions in terns of gross tons ordered in 1991. As
shown, Japan and South Korea are far and above the world | eaders
I n shipbuilding and repair, conbining to account for 66.1 percent
of gross tonnage ordered in 1991. The U S., which falls in the
"rest of the world" category, ranked 27th in the world in 1991,
with less than 1 percent of world gross tonnage.® GCernmany was
t he nunber one producer in the European Comunity, ranking third
inthe world with 4.8 percent of 1991 gross tonnage.®
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TABLE 9-3. PRODUCT CLASSES IN THE SHI PBUI LDI NG AND REPAI RI NG
| NDUSTRY

Market segment Product class

Military Aegis Combat System Gas Turbine Powered Cruisers and Destroyers
Advanced Design Corvettes
Air Cushion Vehicle Amphibious Craft
AO Diesel Powered Fleet Oilers
AQE 6 Class Gas Turbine Power ed Fast Combat Supply Ships
Fast Missile Frigates for International Navies
Gas Turbine and Pressure Fired Boiler Steam Powered Guided Missile Frigates
Guided Missile Nuclear Cruisers
Hydrofoil Missile Boats
lowa Class Battleships
LHA and LHD Amphibious Assault Ships
LSD Diesel Powered Landing Ship Dock A mphibious Ships
Mine War fare Ships
Nimitz Class Nuclear Carriers
Patrol and Missile Boats
SSN 21 and SSN 688 Class Nuclear Attack Submarines
Triton Ballistic Missile Nuclear Submarines

Smaller Military Vessels, including naval vessels Coast Guard drug interdiction patrol
craft, and small army vessels

Nonmilitary Cable Ships
Containerships
Double Hull Product Carriers
Double Hull, Very Large Crude Carriers and Shuttle Ships
Fast Catamaran and Hydrofoil Ferries
Heavy Lift Ships
Hospital Ships
Integrated Tug-Barge Combinations
Large Barge Carrying Ships
Liquified Naturd and Propane Gas Cariers
Off Shore Supply Boats
Ore/Buk/Oil Combinaion and other Dry-Bulk Carriers
Roll-On/Roll-Off Ships
Small Coastd and Swah Cruise Ships/Mega Cruise Liners
Surface Effect Passenger Ships
Trailing Arm, Split-Hull Hopper and other dredges

Other small nonmilitary vessels, including towboats, tugboats, ferries, casino boats,
resear ch vessels, and fireboats

Combined?® Barges, including Covered Dry Cargo Barges, Open Hopper Barges, D eck Barges, and
Liquid Cargo (Tank) Barges

®These barges have military and nonmilitary applications

Sources: Shipbuilders Council of America. The American Shiphbuilding and Repair Industry, not dated:;
The American W aterways Operators, Some Facts About the Naion’s Tug and Barge Industry,
not dated; “ U.S. Y ards to Win Commercial Contracts,” Marine L og, June 1992, p. 20.
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TABLE 9-4. NUMBER OF ESTABLI SHMENTS, VALUE OF SHI PMENTS AND EMPLOYMENT FOR M LI TARY
AND NONM LI TARY MARKET SEGVENTS OF THE SHI PBUI LDI NG AND REPAI RI NG | NDUSTRY, 1987

No. of Val ue of shipnents
establishnments Enpl oynent
Mar ket Segnent Nunber % of 10° $° % of 10° % of
Tot al Tot al Tot al
Total reporting® 261 100 8, 186.5 100 114.1 100
Total military 77 29.5 6,914.2 84.5 95.8 84.0
New construction 17 6.5 5 324. 1 65.0 75.9 66. 5
Repai ri ng 60 23 1,590.1 19. 4 19.9 17. 4
Total nonmilitary 164 62.8 1,144.0 14.0 16.0 14.0
New construction 58 22.2 562. 8 6.9 7.0 6.1
Repairing 106 40. 6 581. 2 7.1 9.0 7.9
Other shipbuilding® 20 7.7 128.3 l.6 2.3 2.0

dCurrent doll ars.

PExpl ai n rati os.

°‘This category consists of ships for use in both mlitary and nonm litary applications.
I ncluded are the followi ng nonpropelled (towed by other craft) ships: hopper barges,
tank barges, covered cargo barges, dredges, floating docks, and drilling/production
platforns. Drilling and production platfornms are not regul ated by this NESHAP.

Source: U.S. Departnent of Commerce, Bureau of the Census. 1987 Survey of Manufacturers.
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TABLE 9-5. VALUE OF | MPORTS, VALUE OF EXPORTS, AND
PERCENTAGE OF TOTAL REVENUE THE SHI PBUI LDI NG AND REPAI RI NG
| NDUSTRY, 1989 AND 1990, 10° $

Per cent age

Val ue of Per cent age of Val ue of of total
Year i nports total val ue exports val ue
1990° 18.1 0.18 455 4.4
1989 149 1.5 321 3.3

Source: U.S. Departnent of Comrerce, International Trade
Adm nistration. U.S. Industrial Qutlook, WAshington,
D.C, p. 22-1.

TABLE 9-6. GROSS TONNAGE AND PERCENTAGE OF WORLD ORDERS
PLACED I N THE SHI PBUI LDI NG AND REPAI RI NG | NDUSTRY, 1991

Count ry/ Regi on Per cent age of
Gross tonnage ordered wor |l d orders
Japan 7,282, 756 40. 5%
Sout h Kor ea 3,496, 693 25. 6%
Eur opean Communi ty 2,888, 190 14. 5%
Rest of the World 3,864, 479 19. 4%

Source: "Wirld Order Book Hits 13-Year High at 43 mllion GT,"
Maritinme Reporter and Engineering News: 1992 Wrld
Year book, June 1992, pp. 25-26.

9-9



9.1.3 First-Tier Shipyards

9.1.3.1 Overview. There are currently 108 first-tier
shi pyards operating in the United States.” The majority of these
shi pyards have the capability to produce very |arge naval ships,
i ncluding carriers, battleships, subnarines, and barges, as well
as comercial ships such as large cruise liners and |liquified
natural gas carriers. Even though the building and repair of the
smal l er ships is concentrated in the second tier, many first-tier
shi pyards build and repair ships |less than 400 feet in I ength.

Table 9-7 lists the 11 largest privately-owned facilities,
in ternms of nunber of enployees, in the first tier of
shi pbuilding and repair. As reported in June, 1992, these
facilities had a collective |abor force of 90,418.% Figure 9-1
di spl ays the geographic location of these 11 facilities. As
shown, production is concentrated in three broadly defined
regions: the Atlantic Coast, the Pacific Coast, and the Gl f
Coast .

Al though all first-tier facilities have the capability to
manuf acture very large ships, they do not necessarily enpl oy
| ar ge nunbers of production workers, nor do they always generate
revenues in excess of tier-two shipyards. For exanple, the
Ingalls Shipbuilding, Inc. first-tier yard, in Pascagoul a,
M ssi ssi ppi, enploys a |labor force of 15,6531, while the Fraser
first-tier shipyard on Howards Bay in Superior, Wsconsin, has a
| abor force of only 160 people.?®

9.1.3.2 Ship Repairs. In 1991, forty-one of the 108 first-
tier shipyards were capable of conducting repairs on ships over
400 feet in length.® It is difficult to draw a sharp
di stinction between a shipbuilding and ship repair yard, as nany
shi pyards engage in both types of work.!

9.1.3.3 Consunption. Consunption in the first tier is
divided into two broadly defined market segnents: mlitary and
coommercial. Inthe mlitary market segnment, the U S. Navy and
the U S. Maritinme Admnistration has identified the U S. Active
Shi pbui | ding Base (ASB), which is defined as those privately-
owned shi pyards that are open and currently engaged in or seeking
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TABLE 9-7.

SHI PBUI LDI NG FACI LI TI ES

MAJOR U. S. PRI VATELY- OANED FI RST Tl ER

Conpany Location Enpl oynent
Avondal e I ndustries, Inc. - New Ol eans, LA 7,211
Avondal e Shi pyards Divi sion

Bath Iron Wrks Corporation Bat h, M 9, 504
General Dynam cs Corp. - Goton, CT 18, 000
El ectric Boat Division

I ngal | s Shi pbui | di ng, Inc. Pascagoul a, M5 17, 200
Nati onal Steel and San Di ego, CA 3,931
Shi pbui | di ng Conpany ( NASSCO)

Newport News Shi pbuil di ng Newport News, VA 26, 000
Nor shi pco - Norfol k Division Nor f ol k, VA 2,879
Portl and Ship Repair Yard Portl and, OR 2,000
Sout hwest Mari ne San Di ego, CA 1,273
Tanpa Shi pyards, Inc. Tanpa, FL 1, 142
Todd Paci fic Shipyards Seattle, WA 1,278
Corporation - Seattle

Di vi si on

Source: "U. S. Maritine Directory Listings," Marine Log

June 1992, pp. 49-59.
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1. Avondale Industries, Inc.
= Avondale Shipyards Division

2. Bath Iron Works Corporation

3. General Dynamics Corp.
- Electric Boat Division

4. Ingalls Shipbuilding, Inc. 10.

5. National Steel and Shipbuilding 11.
Company (NASSCO)

© ® N o

10

Newport News Shipbuilding
Norshipco — Norfolk Division
Portland Ship Repair Yard
Southwest Marine

Tampa Shipyards, inc.

Todd Pacific Shipyards Corporation
- Seattle Division

SOURCE. “U.S. Maritime Directory Listings.” Marine { oq. June 1992, pp. 40-59,

Figure 9-1. The 11 largest employers

in the first cier of the

shipbuilding and repairing industry, 1992.
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contracts for the construction of najor oceangoing or Geat Lakes
shi ps 1,000 gross tons or over.'? At the end of 1991,

16 shipyards operated in the ASB. Approximtely 82.4 thousand
enpl oyees, or 68 percent of total shipbuilding and repairing

enpl oyment, are enpl oyed by the ASB.*

Ni nety-four percent of the production workers at ASB
facilities are engaged in Navy or Coast Guard ship construction
and repair work.' Thus, consunption in the ASB, and therefore
in the first-tier, is highly reliant on mlitary contracts.

In 1991, U S. shipyards had 82 new naval ships on order or
under construction, and three comercial ships under construction
(zero commercial ships were ordered in 1991).' Therefore,
consunption in the comrerci al market segnent is negligible.

9.1.3.4 Vertical Integration. First-tier shipyards are
conpletely vertically integrated, with steel fabrication, netal
cl eaning and coating, carpentry, welding and painting, and many
ot her functions generally located at the sane site. Figure 9-2
di spl ays the previously nentioned Ingalls Shipbuilding yard.*®
The wi de variety of on-site activities presented here is typical
of the shipbuilding and repair industry. Even small and nedi um
shi pyards, enploying a relatively small nunber of enployees, are
vertically integrated in this manner

9.1.3.5 Market Concentration. The first tier of the
shi pbuil ding and repair industry is highly concentrated. Wile
mar ket - share data is not avail able, 1987 census data indicates
that the 14 establishnents with enploynment in excess of
1,000 workers at this tinme account for 66.0 percent of industry
val ue of shipnents. It is likely that this |evel of
concentration will continue to prevail in 1992.

9.1.3.6 Demand. Demand for first-tier ships is divided
between the mlitary and commercial sector of the econony. Since
mlitary end-uses are driven by the need for national security,
demand is thought is be highly inelastic in this sector.

Det erm nants of denmand for commercial end-uses are nuch | ess easy
to pin down, since the end-uses are so diverse. End-use denmands
are derived fromthe demand for cruise vacations, petroleum
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shi ppi ng, and dry-bulk shipping, to cite a few exanples. At this
poi nt, demand elasticities for the commercial segnent of first-
tier shipbuilding have not been estinated.

9.1.3.7 Foreign Conpetition. The mlitary segment in
first-tier shipyards is protected fromforeign conpetition since
all vessel production and repair activities nust be perfornmed in
donesti c shi pyards.

In contrast, the commercial sector of first-tier shipyards
is subject to intense conpetition. Table 9-8 displays the U S.
share of 1989 and 1990 worl d shi pbuil ding orders, in nunbers of
shi ps and deadwei ght tons. As shown, the U S. received zero
commercial orders in 1989, and only three orders in 1990.
Mor eover, those three orders were for use in donestic trade, and
were therefore protected fromforeign conpetition. No new orders
for comrercial ships were placed in 1991.

TABLE 9-8. ORDERBOOKS FOR COMVERCI AL SHI PS: THE U. S. FI RST-
TI ER SH PYARDS AS A PERCENTAGE OF WORLD ORDERS

1989 1990
U.Ss.
No. of ships 0 3
Percent of world orders 0.0 0.2
Dead- wei ght tons 0 42,107
Percent of world orders 0 0.1
World
No. of ships 1, 433 1,909
Dead- wei ght tons 56, 598, 587 71,749,810
Sour ce: "World Order Book Hits 13-Year high at 43 mllion GT," Maritime
Reporter and Engineering News: 1992 World Yearbook, June 1992

pp. 25-26

9.1.3.8 Future Prospects. Shipbuilding and repair for the
mlitary market segnment will continue to be the primary source of
first-tier demand throughout the 1990s.!” However, output and
enpl oynent w Il decline substantially after 1992 due to a
reduction in Navy shipbuil ding.*®

Acconpanying this decline will be attenpts to expand
commerci al production. d obal conpetition in this area is
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vigorous, and so demand is likely to grow slowy. |Increased
demand for double-hull tankers, stemmng fromthe G| Pollution
Act of 1990, could provide an opportunity for U S

shi pbui | ders. *°

Near -t erm needs for tanker overhaul could also provide a
mar ket for ship repairs. The world tanker fleet is aging, and
nmore than 45 percent of the fleet is over 25 years old.?

It is clear that global demand for tier-one conmmercial
vessels will increase substantially by the year 2000. However,
since the U S. shipbuilding and repair industry has not
denonstrat ed gl obal conpetitiveness, it is not clear what share
of this growing market they will garner. Demand in the near term
is forecasted to decline by about 1.6 percent based on a
reduction in military consunption.?

9.1.4 Second-Tier Shipyards

9.1.4.1 Overview. There are approximately 300 second-tier

shi pyards operating in the United States. These shipyards build

and repair three general classes of ships: power driven vessels,

i ncl udi ng tugboats, towboats, offshore supply boats and crew
boats, fishing vessels, ferries and passenger vessels, and
mlitary vessels; river barges, including hoppers, tank barges,

deck barges, and machi nery barges; and offshore barges, i ncl uding

dry cargo hopper and deck barges, tank barges, and nachinery

bar ges.
Second-tier shipyards are diverse in terns of enploynent
levels. In md-1992, individual facilities ranged in enpl oynent

fromless than twenty enpl oyees to over 1,000.% Total
enpl oynent in 1991 for tier-two shipyards was estimted at
33,715. %

9.1.4.2 Production. New construction activity from1982 to
1991 is presented in Table 9-9. As shown, production is
considerably lower in 1991 than in 1982. 1In the late 1970s and
early 1980s, production in the second-tier peaked due to
expectations of increased demand for second-tier ships. These
expectations stenmed fromthe perception of grow ng demand for
shi ps used for grain and coal exports.? |n addition, tax
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TABLE 9-9. NEW CONSTRUCTI ON ACTIVITY I N TI ER- TWO SHI PYARDS,
1982 - 1991 (Nunber of Vessels)®

Power - dri ven O fshore

Year vessel s Ri ver barges bar ges
1991 122 604 4
1990 90 521 12
1989 196 571 29
1988 237 278 6
1987 348 145 9
1986 239 166 5
1985 300 277 8
1984 350 221 10
1983 240 483 17
1982 665 808 108

®These nunber are based on a sanple of tier-two shipyards.
Thus, the total nunmber od vessels produced is likely to be
understated. However, it is estimated that the sanple
represents eighty percent of tier-two enploynent. Therefore,
trends in production are considered representative of tier-two
shi pyards.

Source: Anerican Wat erways Shipyard Conference. 1991 Annual
Shi pyard Survey, Arlington, VA, p. 7
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incentives built into the 1981 tax reform/law, including
accel erated depreciation and the investnent tax credit, also
served as an incentive to step up output efforts.® \Wen export
markets failed to absorb the second-tier's grow ng output,
overcapacity becane the norm depressing prices and |eading to
i ndustry contraction of second-tier shipbuilding.?®

9.1.4.3 Ship Repairs. Repair activity in the second tier
is presented in Table 9-10. 1In contrast to new construction,
repair activity has increased substantially throughout the
decade. Shi powners have shown a marked preference for upgradi ng

and overhauling ol der ships rather than investing in new ships.
This is due to the market uncertainty that has characterized
second-tier shipbuilding in the 1980s.

9.1.4.4 Consunption. Consunption in the second tier is
di vi ded between two broadly defined nmarket sectors: comrerci al
and mlitary. Unlike first-tier shipyards, the second tier
relies on comrercial orders for the bulk of its production and
repair activities. Mlitary consunption is concentrated in the
mar ket for power-driven vessels. These vessels are snall ships
primarily supplied to the Navy, Arny and Coast CGuard. Table 9-11
lists the nunber of mlitary power-driven vessels constructed and
repaired from1982 to 1991, as well as the percent of the total
power -driven vessel narket they make up. As shown, mlitary

consunption of new y-constructed ships varied greatly throughout
the decade. Mlitary repair work was nore steady, ranging from
5.1 percent to 8.4 percent of total repairs of power-driven
vessel s.

New construction and repair of river barges and of fshore
barges, as reported earlier in Tables 9-9 and 9-10, is devoted to
t he consunption of the commercial market.

9.1.4.5 Vertical Integration. As with first-tier
shi pyards, second-tier shipyards are conpletely vertically
integrated. All phases of production, fromdesign to |launch, are
performed on the same site.? Steel fabrication, structura

assenbly, engine and propeller assenbly, communications and
navi gati on equi pnent installation, and coatings application are
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TABLE 9-10 . REPAIR ACTIVITY IN Tl ER- TWO SHI PYARDS,
1982 - 1991 (Nunber of Vessels)?

Power - dri ven O fshore
Year vessel s Ri ver barges bar ges
1991 7,721 23, 386 407
1990 5,982 15, 825 752
1989 5,974 13, 810 356
1988 8,613 11, 071 397
1987 7, 886 11, 345 333
1986 7,341 9, 399 317
1985 6, 606 7,079 531
1984 6, 085 9,631 484
1983 5,422 8, 958 531
1982 4,652 7,399 377

®These nunber are based on a sanple of tier-two shipyards.
Thus, the total nunber of vessels repaired is likely to be
understated. However, it is estimated that the sanple
represents about eighty percent of tier-two enpl oynent.
Therefore, trends in production are considered representative
of tier-two shipyards.

Source: Anerican \Wat erways Shipyard Conference. 1991 Annual
Shi pyard Survey, Arlington, VA, p. 11
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TABLE 9-11. NEW CONSTRUCTI ON AND REPAI R ACTIVITY IN TI ER- TWO
SHI PYARDS; THE M LI TARY SECTOR, 1982 - 1991 (Nunber of

Vessel s) @
Nunber of
mlitary Nunmber of
power driven- mlitary power

vessel s Per cent driven-vessel s Per cent
Year construct ed of total repaired of total
1991 52 42. 6 416 5.4
1990 27 30.0 495 8.4
1989 39 19.9 456 7.6
1988 119 50. 2 450 5.2
1987 122 35.1 432 5.5
1986 90 37.7 375 5.1
1985 120 40.0 547 8.3
1984 120 34.3 387 6.4
1983 35 14. 6 327 6.0
1982 18 2.7 387 6.2

®These nunber are based on a sanple of tier-two shipyards.
Thus, the total nunber of vessels repaired is likely to be
understated. However, it is estimated that the sanple
represents about eighty percent of tier-two enpl oynent.
Therefore, trends in production are consi dered
representative of tier-two shipyards.

Sour ce: Aneri can Waterways Shi pyard Conference. 1991 Annual
Shi pyard Survey, Arlington, VA, pp. 8 and 12
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done at the shipyard.?® Thus, second-tier shipyards enpl oy
marine engi neers, pipefitters, welders, electricians, carpenters,
pai nters, and other skilled craftsman. ?

9.1.4.6 Market Concentration. Data relating specifically
to market concentration is not available for second-tier
shi pyards. Revenue data is particularly difficult to secure.
However, a sense of the extent of market concentration in the
second tier can be gleaned fromindustry enpl oynent data. Total
enpl oynent in the second tier during 1991, nentioned above in
Section 9.4.1, was estimated to be 33,715. Enploynment varies
widely fromfacility to facility. Only one facility in the
second tier is thought to have greater than 1,000 enpl oyees, and
many have | ess than 20. Assum ng enploynent |evels are closely
correlated with production levels, it is concluded here that the
second tier is not very highly concentrat ed.

9.1.4.7 Demand. Denand for ships in the second tier is
tied closely to conditions in the general econony. Thus,
cyclical fluctuations at the nacro-level are mrrored by the
second-tier shipyards.

The determ nants of demand for second-tier shipyards varies
greatly, as do end-use nmarkets. Production for the mlitary

mar ket is marked by highly inelastic demand, derived fromthe
demand for national security. Demand on the commercial side
derives fromdiverse end uses, including riverboat ganbling,
fishing and grains processing. At this point no demand
el asticities have been estimted for the comercial side of
second-tier shi pbuilding.

9.1.4.8 Foreign Conpetition. Conpetition from overseas
manuf acture and repair of commercial ships in the second tier is
m nimzed by the Jones Act. This law requires that vessels used
in the donmestic trade be built and repaired in the United
States.* The rationale for this law lies in national security
concerns, assuring maritine assets are in place in the event of
war .3  Thus, second-tier commercial shipbuilding and repair is
protected from conpetition from abroad.
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Mlitary production in the second tier is also protected
from gl obal conpetition, as mlitary vessels are built and
repaired in the U S. for national security reasons.

9.1.4.9 Future Prospects. The lion's share of second-tier
production is protected fromforeign conpetition by the Jones
Act. Thus, unlike in the first tier, production of conmerci al
vessels is an assured market throughout the 1990s. One area of
increased demand is |ikely to come fromconstruction of riverboat
casi nos since ganbling on riverboats has been |l egalized in
M ssouri, lowa, and Louisiana. Gowth in demand for second-tier

commercial vessels is likely to mrror GNP growh, in the range
of 2 to 3 percent through the m d-1990s.
9.2 ECONOM C | MPACT ANALYSI S
9.2.1 Introduction

Econom c inpacts are estimted for narkets as well as
facilities that are affected by the NESHAP. Market-|evel inpacts
will take the formof price and output adjustnments stemm ng from
the shifting market-supply curve, while facility-level inpacts
are anal yzed as they alter the cost structure of individual
manuf act ur ers.

The NESHAP wi || influence the behavior of those facilities
operating in the shipbuilding and ship repair industry (SIC
3731). This industry does not fit neatly into one well-defined

mar ket. Rat her, several market segnments nust be delineated
because the industry's goods and services account for several
di stinct end-uses.

Specifically, the shipbuilding and repair industry can be
characterized by three features that distinguish market segnents.
First, facilities produce for mlitary and conmercial end-uses.
Second, facilities performthe separate functions of new ship
construction and ship repair. Third, facilities operate in two
"tiers" of manufacture -- the first tier and the second tier --
whi ch for the nost part do not conpete with each other in the
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mar ket pl ace.”” These nmarket segnents were di scussed in the
i ndustry profile.

Twenty-five shipyards have been identified as mjor HAP
sources that are inpacted by the NESHAP. 1In order to gauge the
nat ure and nagni tude of narket-|evel inpacts, we nust identify
the market segnments in which the major-source shipyards operate.
These nmarket segments are characterized in terns of enploynent,
val ue of shipnents, and nunber of establishnents. Data on these
characteristics are derived fromfive sources: (1) the U S
Depart ment of Comrerce, Bureau of the Census' 1987 Survey of
Manuf actures; (2) the Anerican Waterways Shipyard Conference 1991
Annual Shi pyard Survey; (3) The "U. S. Maritinme Directory
Listings," fromMarine Log, June 1993; (4) the U.S. Departnent of
Transportation, Maritinme Admnistration's Report on Survey of
U.S. Shipbuilding and Repair Facilities, 1992; and (5) Cean Ar
Act Section 114 survey responses.

Since the inpacted shipyards are known, the approach for
estimati ng NESHAP i npacts invol ves constructi ng economc
representati ons of each shipyard. The nanmes of the inpacted
shi pyards will not be identified when discussing specific
i npacts.

9.2.2 Quantifying The Industry

The nunber of establishnments operating in SIC 3731 is
estimated by the 1987 Census of Manufactures to be 590. *?

Est abl i shnents are stand-al one operations, but in some cases,
nore than one establishnent is operated by the sane conpany. W
use this sane estimate to represent the nunber of establishnments
existing in the base year of analysis, 1991. Wile it is
possi bl e that the nunber of establishnents has changed since
1987, there is sonme evidence that the changes have not been

whol esale. First, value of shipnments in real terns has varied
only slightly, increasing by only 2.2 percent between 1987 and

It is possible that there is some degree of conpetition
between the two tiers for mlitary repair work. The extent of
this conpetition is likely to be snall
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1991.% In addition, enploynment in SIC 3731 has declined
slightly, from 120,200 in 1987 to 120,000 in 1991.3%*

Furthernore, there is no discussion in the industry literature of
significant consolidation, entrants to, or exits fromthe market.

O her sources of data on the nunmber of establishnments differ
fromthe census figure, but they tend to be inconplete. The
"U'S. Maritinme Directory Listings," fromMrine Log, June 1993,
presents results of a survey to which 428 shipbuil ding and repair
facilities responded.®* This listing is adnirable for its |evel
of detail, but is likely to be an understatenent since it is a
survey. Additional data sources report only on selected portions
of the industry.

Along with the 1987 census figure of 590 establishnents,
1991 totals for the value of shipnents and enpl oynent are $8. 694
billion and 120 thousand, respectively.

Producers of drilling and production platforns are exenpt
fromthis NESHAP. Bureau of Census figures show that in 1987,
nine facilities engaged in the production of these vessels.

Val ue of shipnents and enpl oynent for these facilities is
estimated at $20 million and 271, respectively. Thus, the
I ndustry data we use for estimating inpacts is as foll ows:

1. nunber of establishnments = 581

2. value of shipments = $8.674 billion

3. enploynent = 119, 729

The Bureau of Census reports only on privately owned firns,
but the U S. Governnent's Departnent of the Navy al so owns and
operates shipyards. The Ofice of the Navy Conptroller's Budget
and Forces Summary indicates that, as of March 31, 1991, eight
shi pyards and one repair facility were in operation. Section 114
survey responses include data on eight of these facilities. The
total nunber of enployees at these facilities is reported as
49, 604. Revenue, excluding one facility, totals $3,942.9 billion
in 1991. These are all first-tier facilities engaged in mlitary
repair activities. Al new mlitary construction contracts are
awar ded to commerci al shipyards. Inpacts on governnent - owned
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facilities are estimated separately fromthose on privately-owed
facilities.
9.2.3 Defining Market Segnents

Wth the industry as a whole quantified, we nust also define
the specific market segnments. The tasks are to separate total
industry data into the first and second tier, mlitary and
civilian end-uses, and construction and repair facilities.

Data on the first and second tiers are readily avail abl e
fromtw sources: The U S. Departnent of Transportation,
Maritime Administration's Report on Survey of U.S. Shipbuilding
and Repair Facilities, 1992, and the Anerican Waterways Shi pyard
Conference 1992 Annual Shipyard Survey. These surveys cover the
first and second tier, respectively. The fornmer survey is
conducted by the Maritine Adm nistration to determne if national
def ense needs and national energencies can be responded to
adequat el y.®* This report is conprehensive and lists 108 first
tier facilities.® These are the largest facilities in the
i ndustry, and they account for the lion's share of enploynent and
val ue of shipnents. Total enploynent in the first tier for 1987
is estimated to be approximately 90,000. This estinate
represents about 75 percent of industry enploynent. Bureau of
Census data reveals that while value of shipnments increase with
establ i shnent size, value of shipments per enployee is fairly
constant. Using this correlation, we estimate total val ue of
shipments for the first tier to be 75 percent of industry val ue
of shipnments, or $6.506 billion.

The second tier accounts for the remai nder of the industry,

so second-tier data is derived sinply by subtracting first-tier
data fromthe industry totals. This calculation gives an
estimate of 482 facilities in the second-tier, with a total val ue
of shipnments of $2.169 billion and enpl oynent of 30, 000.

Bureau of Census data indicate that facilities producing for
mlitary end-uses account for 84.5 percent of industry val ue of
shi pments, 84 percent of industry enploynment, and 29.5 percent of
total industry establishnents. Unfortunately, no data is
avai |l abl e for the actual percentage of production accounted for
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inthe mlitary market segnment in the first tier. Nevertheless,
we know that first tier establishnents are highly dependent on
mlitary consunption. Since all facilities are dependent to a

| arge extent on demand fromthe mlitary sector, we assune, for
pur poses of assessing inpacts, that the entire first tier is
conprised of mlitary establishnents. O the three comerci al
contracts awarded to first-tier shipbuilders in 1991, all were
awarded to facilities which rely on mlitary contracts for the
maj ority of their production.

The breakdown of new construction and repair facilities in
the first tier is based on Bureau of Census data. For mlitary
facilities, the 1987 Census of Manufactures indicates that
77 percent of value of shipnents, 79 percent of enploynent, and
22 percent of the nunmber of establishnments are devoted to new
construction. The remaining facilities are engaged in ship
repairing.

In the second tier, the bulk of production is delivered to
commercial markets. O the total nunber of vessels constructed

in the second tier in 1991, only 7.0 percent were for mlitary
end-uses. O the total nunber of vessels repaired in the second

tier in 1991, only 1.3 percent were for mlitary end-uses. No
addi ti onal data concerning val ue of shipnments or enploynent is
avail abl e specifically for second-tier mlitary activities.

Thus, we assune that the proportion of vessels constructed and
repaired is equivalent to the proportion of revenue generated by
mlitary production in the second tier. Enploynent for second-
tier mlitary facilities is based on industry averages of revenue
per enployee. The industry average of $72,450 per enpl oyee
applies fairly well across facility size as reported in the
Census of Manufactures. W estimate the nunber of establishnents
for second-tier construction and repair facilities based on the
second-ti er average enpl oynment per conpany.

Tabl e 9-12 presents the market-segnent allocation for
privately owned shipyards that results fromthe above allocation
procedure, and Table 9-13 presents the allocation for governnent-
owned shi pyards.
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TABLE 9-12. MARKET SEGVENTS I N THE SHI PBUI LDI NG AND
REPAI RI NG | NDUSTRY: PRI VATELY OANED SHI PYARDS

Real val ue of
No. of shi pment s,
Mar ket segment establishments 1991 $ mi | Enmpl oyment

First Tier Facilities
M litary construction 24 5, 009. 47 70, 939
Mlitary repair 84 1, 496. 33 18, 857

Second Tier Facilities

Mlitary construction 33 151.8 2,086
Mlitary repair 9 43. 37 597
Commerci al construction 190 966. 98 11, 989
Commerci al repair 241 1, 006. 45 15, 260
| ndustry totals 581 8,674.4 119, 729

TABLE 9-13. MARKET SEGVENTS I N THE SHI PBUI LDI NG AND
REPAI RI NG | NDUSTRY: GOVERNVENT OWNED SHI PYARDS*

Real val ue of

No. of shi pment s,
Mar ket segment establishments 1991 $ m | Empl oyment
Mlitary repair, 9 4,435. 8 55, 805

first tier only

38Esti mates of value of shipments and enpl oynent are extrapolated linearly for
nine establishments fromthe Section 114 survey data on eight
est abl i shnments.
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9.2.4 Model Plants

Model plants were devel oped for potentially affected
shi pyards for the purpose of estimating the costs and
environnental inpacts of control requirenents. The nodel plants
are based on the type of work perfornmed (construction vs. repair)
and the relative size of the shipyard (snmall, nedium or |arge)
in ternms of annual paint and solvent usage. The distinctions
between mlitary and comrercial, and first and second tier
facilities are not considered a major factor in determning
control costs or environmental inpacts. For a detailed
description of nodel plants, refer to BID Chapter 8. For the
25 maj or source shipyards affected by this NESHAP, the node
pl ant allocation is as follows: six |large construction yards,
five medium construction yards, four large repair yards, and ten
medi um repair yards. No nodel plant distinctions were nade based
on mlitary and commerci al narket segnments, or on the tier of
oper ati on.

The identity of each of the 25 mmjor-source shipyards is
known. However, some of the econom c data pertaining to each
yard is confidential business information (CBI) obtained fromthe
Section 114 survey responses. Thus, economc profiles will not
be presented in the EIA for each yard. Data will be aggregated
and summari zed wherever presented to avoid potential disclosure
of CBI.

The shi pyard-|evel data used in the analysis includes annual
total revenue and enploynment. Annual total revenue and
enpl oynent are taken fromthe Census of Manufactures and
Section 114 survey responses.

Annual total revenue data is not available from Section 114
survey responses for 10 of the 25 affected facilities. Wen
devel opi ng nodel plants, revenue data for these facilities is
estimated by nmultiplying facility enpl oyment by the market-
segnment average revenue-to-enploynent ratio.

The next step in the nethodology is to assign the affected
shi pyards to market segments. As nentioned, the nodel plant
assi gnnment al ready provides a breakdown of affected shipyards by
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construction and repair. Each of the affected shipyards nust be
assigned to the tier within which it operates, and distinctions
are made as to their end-use market, i.e. mlitary or conmercial .

The tier assignnents are based on data fromthe U S
Department of Transportation, Maritinme Admnistration's Report on
Survey of U S. Shipbuilding and Repair Facilities, 1992, and from
Marine Log, July 1993. The mlitary/comercial distinctions are
al so based on these sources, and on Section 114 survey responses.
9.2.5 Control Costs

Total annual control costs are estimted for each nodel
pl ant (see BID Chapter 8). Costs are identified for only one
control option. Table 9-14 shows the control costs for each
nodel plant. Annual costs are associated with recordkeepi ng and
reporting requirenments and the cost of swtching to | ower-VOC
coat i ngs.

TABLE 9-14. MODEL PLANT CONTROL COSTS

Annual reporting and Annual compliance
recordkeeping cost costs Total annual costs
Large construction 32,627 124,783 157,410
Large repair 32,627 43,448 76,075
Medium construction 9,825 40,217 50,042
Medium repair 9,825 12,306 22,131
Small construction 9,478 17,948 27,426
Small repair 9,478 6,814 16,292

Using the control costs in Table 9-14 and the nodel plant
and mar ket segnent assignnents as described in Section 9.2.4, it
IS now possible to apportion the control costs on a market
segnent basis. These costs are presented in Table 9-15. The
apportionment of these costs will enable us to estimate the
econom ¢ i npacts for each market segnent later in this analysis.
9.2.6 Market Segnent |npacts

9.2.6.1 MaximumPrice Increase. A narket price increase
for each market segnent is estimated assum ng full-cost pass-

t hrough. This cal culation involves conparing the total annual
control costs (TAC) to total revenue (TR) for each market
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TABLE 9-15. COST | MPACTS BY MARKET SEGVENT

Total annual cost,
Market segment No. of major sources 1991 $ mil

----------------- —-First Tier Facilities---—-------------

Military construction 8 0.937
Military repair (private) 10 0.383
Military repair (public) 2 0.098
------------------- Second Tier Facilities----------------
Military construction 2 0.100
Military repair 0 0.000
Commercial construction 2 0.207
Commercial repair 1 0.022
Totals 25 1.650

segnent. Market segment annual control costs are sinply the sum
of the nodel plant control costs in each market segment. Two
net hods are used in this analysis to determ ne the nmaxi mum price
I ncr ease.

In theory, if all facilities in a perfectly conpetitive
mar ket experience identical percent increase in the average cost
of production due to regulation, the industry supply curve woul d
shift by that amount. Therefore, for this nethod, a proxy for
the supply shift is the average narket-segnent TAC-to-TR
cal cul ati on

Usi ng the average industry response nethodol ogy descri bed
above, a maximum price increase for each market segnment is then
calculated. The results are presented in Table 9-16. As can be
seen, this nmethodol ogy estimates that only the second tier
mlitary construction market segnment is expected to experience
any price inpacts. Under this scenario, this market segnent
woul d experience a nmaxi mum price increase of 0.1 percent.

If facilities are differentially inpacted, which is nore
often the case, the supply curve will shift by the anount
dictated by the "marginal"™ facilities. Marginal facilities are
those that are on average the |east efficient, froma cost
standpoi nt, at produci ng each unit of output. Since we are not
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TABLE 9-16. MAXI MUM PRI CE | NCREASE BY MARKET SEGVENT

Marginal facility TAC-to-TR

Market segment Average TA C-to-TR method method
------------------- First Tier Facilities---—-------------

Military construction 0.0% 0.1%

Military repair (private) 0.0% 0.1%

Military repair (public) 0.0% 0.0%
------------------- Second Tier Facilities----------------

Military construction 0.1% 0.2%

Military repair 0.0% 0.0%

Commercial construction 0.0% 0.3%

Commercial repair 0.0% 0.0%

able to identify the marginal facility either before or after the
i nposition of regulatory costs, the first nethod for estimating
the maxi mum price increase is appealing. However, for the

pur pose of providing a conservative~ assessnent, in the second
nmet hod of estimating the maxi mum price increase due to the NESHAP
we assune that the facility with the highest TAC-to-TR ratio in
each market segnment is the marginal facility.

The results of the "marginal' facility approach are al so
presented in Table 9-16. As expected, the results show that a
nore significant price inpact should be expected conpared to the
first method. For the first tier facilities, application of this
scenario yields a 0.1 percent maxi mum price increase for the
mlitary construction and mlitary private repair market
segnents. Expected price inpacts for the second tier facilities
I nclude a 0.2 percent maximum price increase for the mlitary
construction market segnent and a 0.3 percent naxinmmprice
I ncrease for the comrercial market segnent.

The conclusion of these calculations is that the additional
cost of the NESHAP is estimated to have relatively small inpacts
on the final price of a repaired or newly constructed ship. The

* Kk

In this context, "conservative" neans less likely to
understate the econom c i npact of the NESHAP.
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price inpact of the NESHAP on any market segnent is estimted to
be 0.3 percent or |ess and sone market segnents show negli gi ble
price increases.

9.2.6.2 Foreign Conpetition. While the full-cost pass-

t hrough scenario identifies the nmaxi mum price adjustnent, the
conpetitive position of overseas shipbuilders and repairers could
constrain the pricing discretion of donestic firnms. However,
nost major commercial and all mlitary construction and repair
are protected fromforeign involvenent by the Jones Act, which
requires that vessels used in donmestic trade be built and
repaired in the United States due to national security concerns.
9.2.6.3 Price Elasticities of Denmand. Esti mates of price
el asticities of demand are used to gauge the nagnitude of the
mar ket quantity response to changes in nmarket prices. No sources
of elasticities for this industry have been identified. Thus,
the analysis nmust rely on a qualitative neasure of elasticity.
This neasure is based on the foll ow ng determ nants of
elasticity: (1) the nature of the good; (2) the availability of
cl ose substitutes; and (3) the share of expenditures in the
consuners budget accounted for by the purchase of this good.

The market for mlitary construction and repair is driven by
the need for national security and the national defense budget,
and there are no substitutes. Therefore, the demand for mlitary
goods and services is assuned to be extrenely inelastic (i.e. the
gquantity purchased varies only slightly with price). A price
elasticity estimate of 0.01 is sufficient to characterize this
degree of inelasticity.

The market for commercial construction and repair is driven
by the health of the overall econony, because nost commerci al
vessel s provide a portion of the U S.'s commobdity transportation
I nfrastructure. Oher comrercial vessels include cruise ships
and casi no boats, which provide entertai nnent services, and
dredges, which provide construction and reclamati on servi ces.
Demand for all of these uses is subject to business cycle
fluctuations. Limted substitutes for nost comrercial uses are
avai l abl e due to the nature of the goods being transported or
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special water-related uses. Typically, transportation is
necessary for consunption of the good and is not a |l arge portion
of the price of the delivered good. Entertainnment services can
be consi dered nonnecessary, and thus sensitive to price. Taking
into consideration all of these factors, we assunme that the
demand for commercial construction and repair is slightly
el astic, suggesting an elasticity ranging fromO0.25 to 0.75.
However, to be conservative™ , we assune an elasticity of 1.00.
9.2.6.4 Qutput, Revenue, and Enpl oynent | npacts. From

the price adjustnments and demand el asticities, additional inpacts

i ncl udi ng output, revenue, and enploynent adjustnents are
cal cul ated. An exponential demand equation is used for
estimati ng out put adjustnents.

These adj ustnments are cal cul ated by sol ving the demand
equation for the percentage change in quantity (%Q, in the
foll ow ng way:

Q= aP*® (1)
Q, = abPg (1A)
Q, = aby (1B)
P,-P
sap = O
PO
Q,-Q
$AQ = —0
o
B aPle_ aPOe
e
ab,
e e
B Pl - PO
e
Po

[P, (1+%AP)]1°-P,

e

Py
P, (1+%AP)°-P,

e

Py

* ok ok ok

In this context, "conservative" neans less likely to
understate the econonic inpact of the NESHAP
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Wer e

Q= Quantity

a = Const ant

= Price Elasticity

P = Price

Subscript = Tinme Period

Substituting %P and e into the equation yields %Q
Percent age changes in total revenue (%TR) are cal cul ated
using the follow ng equation:

FATR= [ (3AP+3AQ) + (FAPX3AQ) ]

To cal cul ate enpl oynent changes, we assunme that a 1 percent
change in output is equivalent to a 1 percent change in
enpl oynment. This assunption inplies a constant worker-to-output
ratio for the industry, which may not be valid over the entire
range of possible production |levels at a given facility, but is
reasonabl e for small changes fromthe baseline |evel

The above assunptions and the price adjustnments presented in

Section 9.2.6.2 can now be used to estimate the inpact of the
NESHAP on the shipbuilding and repair industry's total output,
enpl oynent, and revenue. Tables 9-17 and 9-18 present the
results of these calculations. These results indicate that the
costs of the NESHAP are expected to have a negligible inpact on
the industry's total output and enpl oynent.

However, Table 9-18 shows that the NESHAP may have a sli ght
I npact on the industry's revenue. Using the average industry
response net hodol ogy, the mlitary construction segnent of the
second tier is expected to experience a decrease in revenue of
0.1 percent. The "marginal"” facility nethodol ogy yields a
slightly greater inpact estimate: all market segnents in the
first tier are expected to experience a 0.1 percent decrease in
revenue while the mlitary construction market segnent in the
second tier is expected to experience a 0.2 percent reduction in
revenue. The other market segnents in the second tier are not
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TABLE 9-17. QUANTITY AND EMPLOYMENT | MPACTS BY MARKET
SEGVENT: AVERACE TAC-to- TR PRI CE | NCREASE METHOD

Percent change
in quantity Percent change Enpl oynment
Mar ket segnment produced in empl oyment change

------------------- First Tier Facilities------------------

M litary construction 0.0% 0.0% 0
Mlitary repair (private) 0.0% 0.0% 0
Mlitary repair (public) 0.0% 0.0% 0

------------------- Second Tier Facilities----------------

M litary construction 0.0% 0. 0% 0
Mlitary repair 0.0% 0.0% 0
Commerci al construction 0.0% 0. 0% -3
Commerci al repair 0.0% 0.0% 0

TABLE 9-18. TOTAL REVENUE | MPACTS BY MARKET SEGVENT

Average TAC-to-TR Mar gi nal facility TAC-
Mar ket segnment met hod to-TR met hod

------------------- First Tier Facilities------------------

Mlitary construction 0. 0% 0.1%
Mlitary repair (private) 0.0% 0.1%
Mlitary repair (public) 0.0% 0.1%

-------------------- Second Tier Facilities----------------

M litary construction 0.1% 0.2%
Mlitary repair 0.0% 0.0%
Commerci al construction 0. 0% 0. 0%
Commerci al repair 0.0% 0.0%
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expected to be inpacted.
9.2.7 Facility-Level Inpacts

9.2.7.1 Ability of Facilities to Recoup Control Costs.
The ability of shipyards to recoup control costs through price
i ncreases i s based on a conparison of facility-level costs with
mar ket - segnent costs. The price increase necessary for a
regul ated facility to fully recoup annualized control costs may
not be achievable if it is higher than the narket-segnment price
i ncrease. For the purposes of this analysis, a regul ated
facility's price increase will be considered significant if it is
greater than 1 percent and deviates considerably fromits narket
segnment price increase. The 1 percent value will be referred to
as the screening val ue.

Thi s met hodol ogy of conparing a regulated facility's price
increase to its market segnment price increase is only possible if
t he market-segnment average TAC-to- TR net hod of computing the
maxi mum price increase is considered. The inability to recoup
control costs has inplications for shipyard profitability and
capital availability.

Tabl e 9-19 presents the results of the maxi num price
i ncrease calculations for each facility. The facilities are
identified by an assigned nunber rather than by the actual
facility names. This nmethod allows a discussion of the facility-
| evel inpacts to take place w thout the danger of disclosing
potential confidential business information. This nethod of
presenting data al so prevents an identification of the market
segnment to which each facility belongs due to the interest of
preserving each facility's anonymty.

An exam nation of the data reveals that none of the
facilities are expected to experience price increases greater
than the screening value of 1 percent. |In particular, with the
exception of one facility expected to experience a price increase
of 0.3 percent and another facility expected to experience a
price increase of 0.2 percent, all other facilities show price
increases of 0.1 percent of less. 1In addition, a conparison of
each facility's maximum price increase to its correspondi ng
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TABLE 9-19. NMAXI MUM PRI CE | NCREASE BY FACI LI TY

Maxi mum price Maxi mum price

Facility i ncrease Facility increase
1 0.0% 14 0.0%
2 0.1% 15 0.0%
3 0.0% 16 0.0%
4 0.1% 17 0.2%
5 0.0% 18 0. 0%
6 0.0% 19 0. 0%
7 0.0% 20 0.1%
8 0.0% 21 0.3%
9 0.0% 22 0. 0%
10 0.1% 23 0.1%
11 0.0% 24 0. 0%
12 0.0% 25 0.1%
13 0.0%

mar ket segnent price increase reveals that the results of
facility-level analysis are not significantly different fromthe
results of the nmarket segnent analysis. Therefore, the
conclusion of this analysis is that inplenentation of the NESHAP
I's not expected to significantly inpact the twenty-five major-
source facilities in the shipbuilding and repair industry.
9.2.8 Small Business Inpacts

The Regul atory Flexibility Act requires Federal agencies to
gi ve special consideration to the inpact of regulation on smal
busi nesses. The 1982 Guidelines for Implementing The Regulatory

Act specify that a regulatory flexibility analysis (RFA) nust be

prepared if a proposed regulation will have (1) a significant
econoni c inpact on (2) a substantial nunber of small entities.
Regul atory inpacts are considered significant if:

i Annual conpliance costs increase total costs of
producti on by nore than 5 percent
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i1. Annual conpliance costs as a percent of sales are at
| east 20 percent (percentage points) higher for snal
entities

iii. Capital cost of conpliance represent a significant
portion of capital available to small entities

iv. The requirenents of the regulation are likely to result
in closures of small entities
A 1992 revision to the guidelines states that an RFA nust be
performed if there is any inpact on any nunber of snal
busi nesses.

Smal | businesses in SIC 3731 are defined by the U S. Smal
Busi ness Adm ni stration as independently owned and operated firns
with 1,000 or fewer enployees. Eight of the 25 facilities
affected by the NESHAP are considered small entities. To assess
the potential for disparate inpacts we exam ne the difference
bet ween the average TAC-to-TR ratio for |large and snal
facilities in the sanme market segnent.

The results of this conparison are presented in Table 9-20.
An exam nation of the data reveals that small entities in the
shi pbuil ding and repair industry are not expected to experience
significantly greater econonmic inpacts conpared to the rest of
the industry. The only noticeable difference in inpacts between
small entities and the rest of the industry occurs in the first
tier mlitary construction market segnent. Small entities in
this market segnent are expected to experience a slightly higher
price inpact than the remainder of the facilities in the same
mar ket segment. However, the difference in inpacts is small and
is not expected to put the snmall facilities at a conpetitive
di sadvant age conpared to the other facilities in its market
segment .

The conclusion of this analysis is that a regulatory
flexibility analysis is not required since the NESHAP is not
expected to significantly inpact a substantial nunber of snall
entities in the shipbuilding and repair industry.
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TABLE 9-20. SMALL BUSI NESS | MPACTS BY MARKET SEGVENT

Market segment No. of affected small Aver age small Average large business

businesses busness TAC-to-TR TAC-to-TR

Military construction 2 0.1% 0.0%
Military repair (private) 5 0.0% 0.0%
Military repair (public) 0 N/A 0.0%
------------------- Second Tier Facilities----------------
Military construction 0 N/A 0.1%
Military repair 0 N/A N/A
Commercial construction 0 N/A 0.3%
Commercial repair 1 0.0% N/A

N/A = not applicable.
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Ref erence 4, pp. 14 and 18.
Ref erence 4, p.40

Ref erence 4, p. 40.

Ref erence 4, p. 41.
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Ref er ence
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Ref er ence
Ref er ence
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Ref er ence
Ref erence
Ref er ence

Ref er ence

Ameri can Wat erways Shi pyard Conference.
Shi pyard Survey, Arlington,

2, p. 22-2.
5.

4, p.50.
4, p.19.
2, p. 22-5.
2, p. 22-5.
2, p. 22-6.
2, p. 22-7.
2, p. 23.
8.

1991 Annua
VA., p. 1, calcul ated based on

avail | abl e

data and phone conversation with Laurie

Sweni ngson.

Ref er ence

U.S. Departnent of Commerce,

2, p. 22-4.

| nt ernati onal Trade

Adm nistration. U.S. Industrial Qutlook 1987, Washi ngton,
D.C., p. 38-4.

Ref erence 2, p. 22-4.

The Anerican Waterways Operators, Sonme Facts About the
Nation's Tug and Barge |ndustry, not dated.

Ref erence 27

Ref erence 27

Ref erence 25, p. 38-4.

Ref erence 27

The U. S. Departnent of Conmerce,

Bur eau of the Census. 1987

1. Percentage change conputed internally.

Maritime Directory Listings," Mrine Log,

Survey of Manufacturers.
Ref erence

Ref erence 1.

The "U. S.

June 1992, p. 3.
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37.

The U. S. Departnent of Transportation, Maritime

Adm nistration. Report on Survey of U.S. Shipbuilding and
Repair Facilities, 1991, p. 1.

Reference 5, p. 4.
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APPENDI X A.
EVOLUTI ON OF THE BACKGROUND | NFORVATI ON DOCUMENT

The purpose of this study was to provide data to support the
devel opnent of the proposed national em ssion standard for
hazardous air pollutants (NESHAP) for surface coating operations
wi thin the shipbuilding and ship repair industry. To acconplish
the objectives of this program technical data were gathered on
the follow ng aspects of the industry: (1) surface coating
operations and the associ ated solvent used for thinning, (2) the
rel ease and controllability of hazardous air pollutants (HAP' s)
emtted into the atnosphere fromthe above em ssion points, and
(3) the types and costs of denonstrated em ssion contro
technol ogies. The bulk of the informati on was gathered fromthe
fol |l ow ng sources:

1. Technical literature;

2 Plant visits;

3 Questionnaires sent to industry;

4. Industry representatives;

5 State and regional air pollution control agencies; and

6. Equi pnrent vendors.

Significant events relating to the evolution of the
background i nformati on docunent are item zed in Table A-1.



TABLE A-1. EVOLUTI ON OF THE BACKGROUND | NFORMATI ON DOCUMENT
Date Company, consultant, or agency/location Nature of action
08/27/91 Ameron Protective Coatings Brea CA Section 114 information
Chugoku Marine Paints Belle Chase, LA request sent by theU. S. EPA
Devoe Coatings, Louisville, KY (as part of the CT G project)
Hempel Coatings, Hougton, TX
Internationa Paint Company, Hougon, TX
Proline Paint Company, San Diego, CA
Seaguard Inc., Portsmouth, VA
Sigma Coatings, Inc., Harvey, LA
Valspar Corp., Minneapolis, M N
01/21/92 Newport News Shipbuilding (NNS), Newport News, VA Plant (shipyard) visit
01/22/92 Norfolk Shipbuilding and Drydock Cor poration Plant (shipyard) visit
(NORSHIPCO), Norfolk, VA
01/23/92 Metro Machine Corporation, Norfak, VA Plant (shipyard) visit
01/23/92 General Dynamics Corporation (Electric Boat Division), Section 114 information
Groton, CT request sent by theU. S. EPA
Ingalls Shipbuilding, Pascagoula, M S (as part of the CT G project)
National Steel and Shipbuilding Company (N ASSCO),
San Diego, CA
Newport News Shipbuilding (NNS), Newport News, VA
Norfolk Shipbuilding and Drydock Cor poration
(NORSHIPCO), Norfolk, VA
Southwest Marine, Inc., San Diego, CA
02/19/92 Department of the Navy, Secretary of Navy, Request from U. S. EPA for
Washington, DC assistance in the regulation of
the shipbuilding and ship repair
industry
03/12/92 Trinity Marine Group, New Orleans LA Section 114 information
Atlantic Marine, Jacksonville, FL request sent by theU.S. EPA
Jeffboat, Jeffersonville, IN
Bath Iron Works, Bath, ME
MARCO Shipyad, Seattle, WA
Portland Ship Repair, Portland, OR
Todd Peacific Shipyard Corporation, Seattle, WA
Campbell Industries, San Diego, CA
Eagern Shipyards, Panama City, FL
03/30/92 Department of the Navy, Naval Sea Systems Command Section 114 information
(NAVSEA), Arlington, VA request sent by theU. S. EPA
Portsmouth Navd Shipyard, Portsmouth, NH
Norfolk Navad Shipyard, Norfalk, VA
Philadd phia Naval Shipyard, Philadelphia PA
Charleston Naval Shipyard, Charleston, SC
Pugent Sound Naval Shipyard, Bremerton, WA
Pearl Harbor Navd Shipyard, Pearl Harbor, HI
Long Beach Navd Shipyard, Long Beach, CA
Mare Island Navd Shipyard, Valejo, CA
04/01/92 Hall-Buck Marine, Inc. (HBM), Baton Rouge, LA Plant (shipy ard) visit




TABLE A-1. (continued)
Date Company, consultant, or agency/location Nature of action
04/02/92 Acadian Shipyard, Inc., Bourg, LA Plant (shipyard) visit
04/02/92 Bourg Dry Dock and Service Company, Houma, LA Plant (shipyard) visit
04/02/92 Detyens Shipyards, Inc., Mt. Pleasant, SC Section 114 information
Texas Drydock, Inc., Orange, TX request sent by theU.S. EPA
Southern Oregon Marine, CoosBay, OR
Fraser Shipyards, Superior, WI
Al Lasen Boat Shop, Terminal Idand, CA
Dorchester Industries, Inc., Dorchester, NJ
Duwamish Shipyad, Inc., Seattle, WA
Internationd Ship Repair, Tampa, FL
Marine Industries NW, Inc., Tacoma, WA
04/03/92 Bollinger Machine Shop and Shipyard, Inc., Lockport, LA Plant (shipyard) visit
04/17/92 U. S. Environmental Protection Agency and Naval Sea Meeting to discuss the
Systems Command (NAV SEA) representatives shipbuilding and ship repair
project and VOC rules
02/22/93 U. S. Environmental Protection Agency, Naval SeaSysems [Industry meeting
Command (NAVSEA), and Industry (shipyards and marine
coating manufacturers) representatives, Norfolk, VA
06/07/93 Mailed to industry members, selected vendors and trade Letter requesting comment and
associations additional information on
lower-HA P coatings
06/29/93 Mailed to industry members and selected vendors Request from U. S. EPA for
comment on draft BID
Chapters 3 through 6
09/01/93 U. S. Environmental Protection A gency, Naval Sea Systems |Industry meeting
Command (NAVSEA), and Industry (shipyards and marine
coaing manufacturers) representatives Durham, NC
09/16/93 Department of the Navy, Naval Sea Systems Command Information from NAVSEA on
(NAVSEA), Arlington, VA VOC compliant paints
09/28/93 Mailed to member s of the Work Group Work Group mailout
09/29/93 Department of the Navy, Naval Sea Systems Command Information from NAVSEA on
(NAVSEA), Arlington, VA military specifications and
paint data base
10/01/93 Baker and Daniels, Indianapolis, IN representing Jeffboat, Information on recommended
Jeffersonville, IN thinning allowances for coating
operations
10/07/93 Bath Iron Works, Bath, ME Information on cold weather
usage of solvents for coating
reduction (thinning)
10/26/93 Norfolk Shipbuilding and Drydock, Corp. (NORSH IPCO), Information sent from plant

Norfolk, VA

regarding recor dkeeping and
reporting




TABLE A-1. (continued)

Date Company, consultant, or agency/location Nature of action

11/08/93 Inorganic Coatings, Inc., Malvern, PA Information sent regarding
inorganic zinc specialty
coatings category

11/08/93 Newport News Shipbuilding (NNS), Newport News, VA Information sent from plant
regarding recor dkeeping and
reporting

01/07/94 Mailed to Industry Members, Selected Vendors, and Trade |Letter requesting comment on

Associations

Inorganic Coatings, Inc.
response paper
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APPENDI X B
| NDEX TO ENVI RONMENTAL | MPACT CONSI DERATI ONS

Thi s appendi x consists of a reference systemwhich is
cross-linked wth the Cctober 21, 1974, Federal Register

(39 FR 37419) containing the Agency gui delines concerning the
preparation of environnmental inpact statenents. This index can
be used to identify sections of the docunent which contain data
and information germane to any portion of the Federal Register
gui del i nes.




TABLE B-1. CRCOSS-

| NDEXED REFERENCE SYSTEM TO HI GHLI GHT

ENVI RONVENTAL | MPACT PORTI ONS OF THE DOCUMENT

Agency guidelines for preparing
regulatory action environmental
impact statements (39 FR 37419)

L ocation within Background Information Document

1. Background and summary
of regulatory alternatives
Summary of the regulatory |The regulatory aternative(s) from which standards will be chosen
aternatives for proposal are summarized in Chapter 1, Section 1.1.
Statutory basis for The statutory basis for proposing standards is summarized in
proposing standards Chapter 2, Section 2.1
Relationship to other The relationships between EPA and ather regulatory agency
regulatory agency actions |actions are discussed in Chapter 3.
Industries affected by the |A discussion of the industries affected by the regulatory
regulatory alternatives aternatives is presented in Chapter 3, Section 3.1. Further
details covering the bug ness and economic nature of the industry
are presented in Chapter 9, Section 9.1.
Specific processes affected |The specific processesand fecilitiesaffeded by the regulatary
by the regulatory aternatives are summarized in Chapter 1, Section 1.1. A
aternatives detailed technical discussion of the processes affected by the
regulatory alternatives is presented in Chapter 3, Section 3.2.
2. Regulatory alternatives
Control techniques The alternative control techniques are discussed in Chapter 4.
Regulatory alternatives The regulatory alternative selected as MACT is defined in
Chapter 6, Section 6.4. A summary of MACT isaso included in
Chapter 1, Section 1.1.
3. Environmental impact of
the regulatory alternatives
Primary impacts directly [ The primary impacts on mass emissions and ambient air quality
attributable to the due to MACT is discussed in Chapter 6, Section 6.4 and Chapter
regulatory alternatives 7, Section 7.1. Tables summarizing the environmental impacts
are included in Chapter 1.
Secondary or induced Secondary impacts for MACT are discussed in Chapter 7,
impacts Sections 7.1, 7.2, 7.3, 7.4, and 7.5.
4. Other considerations A summary of the potential adverse environmental impacts

associated with MACT isincluded in Chapter 1, Section 1.2, and
Chepte 7. Potential socioeconomic and inflationary impactsare
discussed in Chapter 9, Section 9.2. Irreversible and
irretrievable commitments of resources are discussed in Chapter
7, Section 7.6.
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APPENDI X C.

PRELI M NARY ANALYSI S OF ABRASI VE BLASTI NG AND
PAI NT (SCOLI DS) OVERSPRAY

Thi s appendi x typically contains emn ssion source test data,
but no test data were avail able (exists) for outdoor surface
coating operations conducted within the shipbuilding and ship
repair industry. In the absence of any emni ssion source test
data, this appendi x provi des the docunentati on devel oped as a
prelimnary anal ysis of HAP em ssions generated by abrasive
bl asting and paint (solids) overspray. Three nenps fromthe
project file dated May 27, 1992, June 26, 1992, and Cctober 28,
1992 have been included as attachnents to Appendix C. These
menos provi de estimates of the nagnitude of (potential) HAP
em ssions resulting fromblasting and pai nt overspray, as well as
cost effectiveness of various control options.

As an overview sunmary, the estinated airborne em ssions of
i norganic HAP's from bl asting and paint (solids) overspray are on
the order of a few kilograns (or pounds) per year (kg/yr
[Ib/yr]). Conbined with the cost of the control options such as
alternative blast media or vacuum bl asting, the cost
ef fectiveness was cal culated to be several mllion dollars per
megagram (Mg [ton]) of reduced HAP em ssions. Based on this
i nformation, the decision was made not to include abrasive
bl asting or paint (solids) overspray as part of standard.

When these nenps were prepared, the Agency planned to
recommend the best avail able control neasures for States to
i ncorporate into their rules. Subsequently, the Agency i nstead
provi ded a report (EPA 453/ R-94-032) that presented infornmation
on control technology for this industry that States could
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eval uate in developing their individual rules. Now as part of
this proposal, the Agency is requesting public comment on its
recomendation for BACMincluded in the Preanble. The proposed
BACMis identical to the proposed MACT for coatings and sol vents.



Attachment 1

Dat e:
May 27, 1992

Subj ect :
Shi pbui I di ng and Shi p Repair NESHAP
Abr asi ve Bl asting Operations and HAP Em ssi ons
EPA Contract 68-D1-0115 : Wrk Assignnment No. 25
ESD Project No. 91/53B ; MRl Project No. 6500-25

From
Dave Reeves

To: Laurel Driver
ESD/ CPB/ CAS ( MD- 13)
U. S. Environnental Protection Agency
Research Triangle Park, N.C. 27711

This meno provides a prelimnary estimte of the magnitude
of (potential) HAP em ssions from abrasive bl asting operations.
The information on abrasive blasting has been conpiled fromthe
CTG Section 114 information requests, site visit questionnaires,
avai lable literature, and phone conversations with industry
representatives. Both the abrasive nedia and the surface being
abraded may emt HAP's. Sone marine paints contain small anmounts
of heavy netals such as | ead and chrom um as pignent or as a
trace contamnant wwth other netals |like zinc.

Model shipyards fromthe East and West Coasts (NORSH PCO and
NASSCO, respectively) were chosen for HAP em ssion conpari sons.
Total HAP em ssions (el enent specific) are cal cul ated and
presented for each of the nodel shipyards. NORSH PCO s Berkl ey
facility and NASSCO were chosen based on the anmpbunt of blasting
and painting done, as well as the availability of HAP "solids"
data on the paints applied. Both facilities represent |arge
shi pyards with 3,000 to 4,000 enpl oyees and maj or painting
operations. Actual data fromthe CIG Section 114 responses were
used for HAP eni ssion cal cul ati ons.

For purposes of this meno, each of the HAP eni ssion sources
(bl ast nedia and abraded paint) will be discussed separately.
Combi ned em ssion estinates were cal culated for each facility and
a summary table is provided for conparing the two shipyards.

BLAST MEDI A

Bl ack Beauty™seens to be the medi um of choice for severa
| ar ge shi pyards, especially those on the East Coast. Bl ack
Beauty™consi sts of crushed slag fromcoal -fired utility boilers
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and is relatively cheap (around $35 to $58 per ton) compared to
other nedia. It is usually recovered on-site and then
land-filled as a non-hazardous wast e.

The first data we reviewed canme fromthe virgin and spent
(used) nedia anal yses provided in three test reports from
NCORSHI PCO. These data were based on analysis of the | eachate and
showed only trace anounts (0.005 to 0.97 ppn) of toxic chem cals.
Based on this data, the blast nedia is considered non-hazardous
material by the state of Virginia (for a disposal determ nation
only; leachate tests are usually specific to waste di sposal
considerations). However, the | eachate test nethod does not give
an accurate analysis of the actual conposition of the material as
it would be released into the air.

After receiving some of the CIG Section 114 responses,
Virginia Materials Corporation was identified as a major supplier
of Bl ack Bl ast ™abrasive nedia to several East Coast shi pyards.
Upon request, a technical data sheet and an el enental anal ysis
report on Bl ack Bl ast ™Mwas provi ded--see attached sheets.
Chromumwas identified at a 20 ppmlevel and |lead at 10 ppm
These concentrations multiplied by the annual Bl ack Bl ast ™usage
result in total HAP amounts (I b) used as part of the abrasive
bl asti ng operati ons.

Many of the West Coast shipyards use copper slag for
abrasive blasting operations. NASSCO in San Diego, California
identified Mnerals Research and Recovery, Inc. of Tuscon,
Arizona as a nmmjor supplier of Sharpshot M- 60™ copper sl ag.
Techni cal data sheets were provided and a total netal analysis
(TTLC) test report shows chromumat 100 ppm (ng/ kg) and | ead at
20 ppm

Both types of abrasive nedia (Bl ack Bl ast ™and
Shar pshot M60™ are on the Navy's Qualified Products List:
QPL-22262. The allowable limt for chromumis 2,500 ppm and
1,000 ppmfor lead, per the Navy's mlitary specification,
M L- A- 22262A.

An area of great uncertainty is how nuch of the nedia
actual |y becones airborne as a result of the surface blasting.
Sonme small percentage of the nmedia is expected to becone airborne
dust particulate. Since we have heard 90 to 95 percent of the
used nedia is typically recovered at the shipyards, we decided to
use a range of 1 to 10 percent for our em ssion cal cul ations.
This is believed to be a conservative estimate based on nost
comments on what is thought to becone airborne and actually
carried beyond the drydock or fenceline boundary of the shipyard.

Chrom um and | ead were chosen for exanpl e cal cul ati ons since
t hey have the hi ghest concentrations of the HAP conponents in the
abrasive nmedia. Fromthe data supplied by the nodel shipyards
(in the CTG Section 114 responses), the HAP usage/ em ssions were



cal cul ated and summari zed--see attached table. Using the 1 and
10 percent em ssion (airborne) factors, annual chrom um and | ead
em ssions fromthe nodel shipyards are:

Chromum Ib Lead, Ib Total HAP, Ib

1% 10% 1% 10% 1% 10%
NORSHI PCO, % 2.8 28 1.4 14 17 175
NASSCO 4.7 47 0.9 9 8.4 84

ABRADED PAI NT

In order to estimate HAP em ssions fromthe abraded paint
renmoved during abrasive bl asting operations, an assunption
i nvol ving the anmount of HAP's contained in the "ol d" coatings
must be made. W decided to base our estinate on the HAP data
provi ded by the nodel shipyards on the marine paints (total
gal lons) applied in 1991, as reported in the Section 114
responses.

Most of the paints containing HAP-solids material were
ei ther inorganic zincs used for corrosion resistance or yell ow
striping (safety marking) paint which contains | ead chromate as
the primary pignent. |In recent phone conversations with two of
the major marine coating manufacturers (International Paint and
Ameron), the technical managers indicated that |ead is being
elimnated fromtheir manufacturing processes. The replacenent
material for the pignent use is a synthetic organic material that
IS nore expensive.

At NORSHI PCO, there were 120, 148 gal |l ons of mari ne paint
applied - which contained a total of 189 |b of HAP-solids
material. Lead accounted for 94 percent and chrom um 6 percent
of the HAP-solids. The average HAP-solids content of all narine
pai nts used at NORSHI PCO in 1991 is 0.0016 | b/gal (189/120, 148).

NASSCO reported 58,357 gallons of paint applied with a tota
HAP-sol ids content of 856 Ib. Lead accounted for 85 percent,
chrom um 11 percent, and antinony conpounds 4 percent. The
average HAP-solids content of all marine paints applied at NASSCO
in 1991 is 0.015 I b/gal (856/58357).

Anot her assunption was nmade to correlate the anount of "ol d"
pai nt renoved by abrasive blasting. Using the Navy's M - Specs
as a reference, we assuned an average dry filmthickness (dft) of
15 mls was renoved. Mst interior and exterior surfaces of a
Navy ship have 6 to 10 m| (dft) specs. Antifoul ant coatings
used on the underwater hulls of surface ships and submarines are
t he exception and can have coating thicknesses of 20 to 25 mls
(dft) - depending on service life requirements. W chose 15 mls
to be conservative on our estinmates and present a worst case
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scenario. It should be noted sone industry representatives
estimated as nmuch as 50 percent of the original coating can wear
of f during service in the harsh nmarine environment.

The next assunption involved estimting an average surface
coverage (square feet per gallon [ft?/gal]) for all marine
coatings. Mst narine paint product data sheets |ist coverages
of 100 to 400 ft?/ gal, with a dft of 3 to 6 mils. W chose an
average coverage of 125 ft?/gal (with a dft of 5 mils) for our
em ssion cal culations. Using the above assunption, 1 gal of
"ol d" paint solids material is renoved for every 42
(125/15 mls/5 mls) sq ft of surface bl asted.

Annual HAP contents of the abraded paint were then
cal cul ated using the prepared (abrasive blasted) surface area
data provi ded by the nodel shipyards. NORSHI PCO reported
2,339,000 sq ft prepared which renoved 55,690 gal of paint.
NASSCO reported 291, 250 sq ft prepared which renoved 6,935 gal
of paint. Annual HAP-solids content of the abraded paint for
each facility were determ ned to be:

NORSHI PCO - 55,690 gal * 0.0016 Ib/gal = 89 Ib

NASSCO - 6,935 gal * 0.015 Ib/gal = 104 Ib

Using the sanme range of 1 to 10 percent to estimte how nmuch
of the material becones airborne, annual chrom um and | ead

em ssions fromthe abraded paint renoved during abrasive blasting
operations for each of the nodel shipyards are:

Chromium Ib Lead, |Ib Total HAP, IDb
1% 10% 1% 10% 1% 10%
NORSHI PCO, % 0.05 0.5 0.84 8.4 0. 89 8.9
NASSCO 0.11 1.1 0. 88 8.8 1.04 10. 4

CONCLUSI ONS

The foll owi ng summary tabl e presents individual/conbined
chrom um and | ead em ssions fromthe abrasive nedia and the
abraded paint for both NORSH PCO and NASSCO shi pyards. Using the
1 percent em ssion (airborne) factor, annual em ssions ranged
fromapproximately 2 to 5 I b; using the 10 percent eni ssion
factor, the range was 19 to 47 |b.

Based on these cal cul ati ons and assunptions, it appears that
the | evel of HAP emi ssions fromblasting is very m nor conpared
to the anobunt of HAP's associated with paints and sol vents.

Al so, when em ssion rates are conpared with the najor source
cutoffs of 10 tons per year of a single HAP or an aggregate of



25 tons per year of all HAP's, em ssions from bl asti ng operations
appear insignificant.

W propose the foll owi ng options for your consideration
i nvol ving regul ati on of blast media HAP em ssions under this
NESHAP: (1) narrowy define the source category so that abrasive
bl asting operations are specifically excluded; (2) determ ne or
define sonme de mnims |evel of em ssions bel ow which regul atory
action will not be considered; or (3) include abrasive blasting
operations as an em ssion point within the major source
shi pyards, and therefore, include all followup effort
(e.g., background discussion, nodel plants, controls, and
costing) involving abrasive blasting. This decision will also
provi de precedence on how ot her HAP-enmitting shi pyard operations
such as wel ding, gas freeing, and netal cutting/fabrication are
to be handl ed.

Before a decision is reached, particularly one involving
establishing a de mnims exenption, PAB probably should be
consulted regarding the health hazard associated with netal s
em ssions of this magnitude and the issue of industry-specific
| esser quantity cutoffs.



TABLE 1. SUMVARY OF ANNUAL HAP EM SSI ONS FROM

ABRAS| VE BLASTI NG OPERATI ONS

Facility

NORSHIPCO

NASSCO

Location

(Berkley yard)

Norfolk, Va.

San Diego, Ca.

Abrasive media (type)

Black Blast™(coal slag)

Sharpshot M-60™ (copper slag)

Media cost, $/ton 58 64
Annual usage, tons 7,011 2,330
Area blasted, ft2 2,339,000 291,250
HAP content of media

- Chromium, Ib/ton 0.04 0.03
- Lead, Ib/ton 0.02 0.21
Annual HAP emissions from media

(udng 1% emission factor)

- Chromium, Ib 2.8 4.6
- Lead, Ib 1.4 1.0
(udng 10% emission factor)

- Chromium, Ib 28 46
- Lead, Ib 14 10
Annual paint usage, gal 120,148 58,357
Total HAP-solids (Ib) in paint 189 856
Avg HAP-solids content, Ib/gal 0.0016 0.015
- % Chromium 94 85
- % Lead 6 11
"Old" paint removed, gal 55,690 6,935
Annual HAP emissions from paint

(usng 1% emission factor)

- Chromium, Ib 0.05 0.11
- Lead, Ib 0.84 0.88
(udng 10% emission factor)

- Chromium, Ib 0.5 1.1
- Lead, Ib 8.4 8.8
Annual combined HA P emissions

from blast media and paint

(udng 1% emission factor)

- Chromium, Ib 2.84 4.71
- Lead, Ib 1.96 1.88
(udng 10% emission factor)

- Chromium, Ib 28.4 47.1
- Lead, Ib 19.6 18.8




Attachment 2

Dat e: June 26, 1992

Subj ect: Shipbuil ding and Ship Repair NESHAP Pai nt (Solids)
Overspray and HAP Em ssi ons
EPA Contract 68-D1-0115; Wirk Assignnment No. 25
ESD Project No. 91/53B; MRl Project No. 6500-25

From Dave Reeves

To: Laurel Driver
ESD/ CPB/ CAS ( MD- 13)
U S Environnmental Protection Agency
Research Triangle Park, N.C. 27711

This meno provides a prelimnary estimte of the nmagnitude
of (potential) HAP em ssions from paint (solids) overspray. The
informati on on painting operations has been conmpiled fromthe CIG
and NESHAP Section 114 information requests, site visit
guestionnaires, available literature, and phone conversations
with industry representatives. The follow ng definition of
overspray em ssions has been adopted for the shipbuilding and
ship repair NESHAP. paint naterial/conponents emitted to the air
during application and estinated to cross the "plant" (shipyard)
boundary while still airborne. This definition is a subset of
transfer efficiency estimtes involving coating operations.

| . | nt r oducti on

Marine painting operations at shipyards involve | arge
guantities of HAP's, but nobst of the HAP's are solvents
(e.g., xylene, toluene, and nethyl isobutyl ketone) and are
assurmed to be 100 percent enmitted to the air. Sonme marine paints
contain small amounts of heavy nmetals such as | ead and chrom um
as pigment or as a trace contam nant with other nmetals |like zinc.
The solids portion of marine paints can be emtted to the air as
pai nt overspray. The purpose of this nenpo is to discuss and
estimate HAP solids em ssions from paint overspray in shipyards.
The HAP solids portion of marine paints is an active part of the
refornmul ation efforts already underway. Marine coating
manuf acturers and shi pyards are very aware of the problenms and
costs associated with HAP solids.

Spray painting produces |arge quantities of wasted paint
caused by turbul ence of the high-velocity air inpacting and
rebounding fromthe surface and carrying paint with it. This
wasted paint is referred to as "overspray.” The skill of the
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pai nter has a significant inpact on the transfer efficiency
because angl e of spray and di stance fromgun to surface, both of
whi ch affect efficiency, are at the control of the operator. Many
ot her vari abl es such as equi pnment (gun/nozzle) design and
climatic conditions (w nd, tenperature, and hum dity) can affect
t he amobunt of overspray.

Most ship exterior surfaces (particularly the hull) are
very large and relatively flat and, therefore, have | ess
overspray conpared to snmall conponents with irregul ar shapes.
Ship interiors and i ndoor painting operations also have m ni nal
overspray em ssions of solids material since they are encl osed
and there is nore time for the overspray paint solids to settle
out. Interior painting usually involves sone type of exhaust
ducting to renove overspray fromthe work area.

In order to estimate HAP em ssions from paint overspray,
an assunption involving the anount of HAP' s contained in the
mari ne coatings nust be made. W decided to base our estimte on
t he HAP data provided by two exanpl e shipyards on the narine
paints (total gallons), as reported in the Section 114 responses.

Actual shipyards fromthe East and West Coasts (NORSH PCO
and NASSCO, respectively) were chosen for HAP eni ssion
conparisons. Total em ssions of HAP solids (el enent-specific and
conbi ned) were cal cul ated and presented for each of the exanple
shi pyards. NORSHI PCO s Berkley facility and NASSCO were chosen
based on the anobunt of painting done as well as the availability
of HAP solids data on the paints applied. Both facilities
represent |large shipyards with 3,000 to 4,000 enpl oyees and maj or
pai nting operations. Actual data fromthe Section 114 responses
for the shipbuilding CTG were used to cal cul ate HAP em ssi ons.

Most of the paints containing HAP solids material were
ei ther inorganic zincs used for corrosion resistance or yell ow
striping (safety marking) paint, which contains |ead chromate as
the primary pignent. In recent phone conversations with two of
the major marine coating manufacturers (International Paint and
Ameron), the technical managers indicated that |ead is being
elimnated fromtheir manufacturing processes. The replacenent
pigment material is a non-HAP synthetic organic material that is
nor e expensi ve.

. HAP Solids Content and Eni ssi ons

According to the Section 114 response, in 1991 at
NCORSHI PCO, there were 120, 148 gallons (gal) of marine paint
applied, which contained a total of 189 pounds (lb) of HAP solids
material. Lead accounted for 94 percent and chrom um 6 percent of
the HAP solids material. NASSCO reported 58,357 gal of paint
applied with a total HAP solids content of 665 | b. Lead
accounted for 94 percent and chrom um 6 percent.
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For a first estimte of HAP solids em ssions, we
considered all HAP solids material as actual HAP's (emtted to
the air and carried beyond the "fenceline" boundary of the
shipyard). A range of 10 to 50 percent overspray was chosen
based on the EPA SARA Title Il Section 313 Rel ease Reporting
Qui dance Docunent Estinmating Chem cal Rel eases From Spray
Application of Organic Coatings. The follow ng HAP solids
em ssions from paint overspray for the shipyards are believed to
be worst-case estinmates:

Facility NORSHIPCO NASSCO
Location (Berkley yard) Norfdk, VA San Diego, CA
Annual paint usage, gal 120,148 58,357
Total HAP solids (Ib) in paint 189 665
HAP solids content, Ib
Chromium 11 39
Lead 178 626
Total HAP's 189 665

Annual HAP solids emissions
(udng 10% overspray factor)

- Chromium, Ib 1.1 3.9
- Lead, Ib 17.8 62.6
- Total HAP' s, Ib 18.9 66.5
(udng 50% overspray factor)

- Chromium, |b 55 19.5
- Lead, Ib 89.0 313.0
- Total HAP's, Ib 94.5 332.5

An area of great uncertainty is how much of the paint
solids material actually remains airborne as a result of the
pai nt overspray and is carried beyond the fenceline boundaries of
the shipyard. This is particularly difficult to estimte since
nost ship painting operations are perforned on vessels in or near
the water/shoreline. Sone small percentage of the nedia is
believed to remain airborne particulate. Since we have heard
sonme industry representatives estimate that 90 to 95 percent of
the paint solids material in overspray is confined (falls to the
ground) within the shipyard property, the follow ng anal ysis was
performed assumng 1 to 10 percent of the paint solids naterial
beconmes and remai ns airborne HAP particulate for the em ssion
esti mat es.

Usi ng the above range of 1 to 10 percent to estinmate how
much of the material stays airborne, annual chromum |ead, and
total HAP em ssions fromthe paint overspray for each of the
nodel shi pyards are:
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Chromium |b Lead, Ib Total HAP, |Ib

1% 1% | 1%  10% | 1% 10%
NORSHI PCO 0.11 1.1 1.78 17. 8 1.89 18.9
NASSCO 0. 39 3.9 6. 26 6. 26 6. 65 66.5
[11. CONCLUSI ONS

The above HAP solids em ssion estimates present chrom um
| ead, and total HAP em ssions fromthe paint overspray at both
NCRSHI PCO and NASSCO shi pyards. Using the 1 percent em ssion
(airborne) factor, annual em ssions of |ead and chrom um ranged
fromapproximately 0.1 to 6.3 | b; using the 10 percent eni ssion
factor, the range was 1 to 63 | b.

Based on these cal cul ati ons and assunptions, it appears
that the |Ievel of HAP solids em ssions from paint overspray is
m nor conpared to the anmount of HAP emi ssions associated with
pai nt solvents and cl eanup solvents (which is on the order of
200 tons/yr for each of the two facilities). Also, when em ssion
rates are conpared with the major source cutoffs of 10 tons/yr of
a single HAP or an aggregate of 25 tons/yr of all HAF' s,
em ssions of HAP solids from paint overspray appear
insignificant. Paint manufacturers have reported the trend for
HAP solids in marine coatings is decreasing, particularly for
| ead.

We propose the follow ng options for your consideration
i nvol ving regul ati on of paint overspray and HAP em ssi ons under
this NESHAP: (1) redefine the source category so that HAP solids
from paint overspray are handled differently than the solvents or
per haps specifically excluded; (2) determ ne or define sone de
mnims |level of em ssions bel ow which regulatory action will not
be considered; or (3) include paint overspray solids as part of
the painting em ssion point(s) wthin the major source shipyards,
and, therefore, include all followp effort (e.g., background
di scussion, nodel plants, controls, and costing) involving paint
over spray.

Before a decision is reached, particularly one involving
establishing a de mnims exenption, the Pollutant Assessnent
Branch probably should be consulted regarding the health hazard
associated with netals em ssions of this magnitude and the issue
of industry-specific |l esser quantity cutoffs.
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Attachment 3

Dat e: Cct ober 28, 1992

Subj ect:  Shipbuil ding and Ship Repair NESHAP
Cost Effectiveness of Reduci ng HAP Em ssions from
Abr asi ve Bl asting Operations at Shipyards
EPA Contract 68-D1-0115 : Wrk Assignment No. 50
ESD Project No. 91/53B ; MRl Project No. 6501-50

From Davi d Reeves

To: Laurel Driver
ESD/ CPB/ CAS ( MD- 13)
U. S. Environnental Protection Agency
Research Triangle Park, N.C. 27711

This meno provides a prelimnary estimte of the cost
ef fectiveness of reduci ng HAP em ssions from abrasive bl asting
operations used in the shipbuilding and ship repair industry.
The two control options evaluated for this cost conparison are
alternative blast nedia (containing no HAP material) and vacuum
bl asting (where the blasting dust is captured at point of use and
therefore not emtted to the air). In the initial analysis, both
t he abrasive nedia and the surface being abraded were thought to
emt HAP's. Based on the testing done at NORSHI PCO earlier this
year, it is now believed that only a small (insignificant for
pur poses of this nmeno) anmount of the abraded marine paints
becones airborne and woul d be considered HAP materi al .

A nodel shipyard fromthe East Coast (NORSH PCO was chosen
for HAP em ssion/cost effectiveness conpari sons. NORSH PCO s
Berkley facility was chosen based on the anobunt of blasting and
pai nting done, as well as the availability of HAP contents data
on the abrasive nedia used. This facility was also the site of
the Ambient Monitoring Test for Total Suspended and PMLO
Particul ate Em ssions During a Ship Sandbl asti ng Operation
conducted on July 14 and 15, 1992.

BLAST MEDI A

Bl ack Beauty™seens to be the medi um of choice for severa
| arge shi pyards, especially those on the East Coast. Bl ack
Beauty™consi sts of crushed slag fromcoal -fired utility boilers
and is relatively cheap (around $35 to $58 per ton) conpared to
other media. It is usually recovered on-site and then
land-filled as a nonhazardous waste. Total HAP contents were
calculated to be 0.25 | b per ton
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GVA Garnet is a natural mxture of almandite garnet and
contains no HAP materials. It is considered a low free silica
bl ast media and the sales literature states that it perforns
three tines better (reduces usage) than coal slag. The cost used
in GWA's cost nodel is $340 per ton.

An area of great uncertainty is how nuch of the nedia
actual |y becones airborne as a result of the surface blasting.
Sonme small percentage of the nmedia is expected to becone airborne
dust particulate. Since we have heard 90 to 95 percent of the
used nedia is typically recovered at the shipyards, we decided to
use 10 percent for our em ssion calculations. This is believed
to be a conservative estinmate based on nbst coments on what is
t hought to becone airborne and actually carried beyond the
drydock or fenceline boundary of the shipyard.

COST COVPARI SON OF REDUCI NG ANNUAL HAP EM SSI ONS
FROM ABRASI VE BLASTI NG OPERATI ONS

Facility NORSHIPCO (Berkley yard) Norfolk, Va.
Abrasive media (type) Black Blast™(coal slag) GMA Garnet
Media cost, $/ton 58 340
Annual usage, tons 7,011 2,337
Total media cost 406,638 794,580
HAP content of media, Ib/ton 0.25 0.00
Total HAP content of media 1,753 # O#
Annual HAP emissions from media 175 # 0#
(udng 10% emission factor) (0.0875 tons) (0 tons)
$794,580 - $406,638 $4,433,623

Cost effectiveness: =
0.0875 tons ton of HAP’s reduced

*Assumi ng performance is 3 times better than coal sl ags.

VACUUM BLASTI NG

The other control option used for cost conparison in
reduci ng HAP em ssions was vacuum bl asting. Several industry
representatives have comrented that existing vacuum bl asti ng
systens are too slow for shipyard applications. The tinme a ship
is in drydock is expensive for the ship owner and for the
shi pyard. Servicing as many ships as possible in as short anount
of tinme as possible is vital to nost shipyards.

Since service tine is such a key factor, the follow ng
assunptions were made for our prelimnary cost cal cul ations:
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1. Alarge industrial vacuumblast unit can achieve an
equi val ent rate of surface preparation as an operator using coal
sl ag abrasi ve nedi a,

2. Cost of such a unit, LTC 2000, is $75,000 (price quoted
fromLTC International, Inc., on 10/28/92),

3. Disregard operational costs, and
4. Capital costs annualized over 10 year peri od.

Usi ng the NORSHI PCO test set-up as a basis, 32 blasters
usi ng coal slag abrasive worked sinultaneously and averaged
58.3 ft? during the 12 hour test. The LTC sales representative
quoted rates of 60 to 110 ft? per hour with one nman (nozzle) per
unit. The initial capital investnent would be 32 * $75,000 =
$2, 400, 000, which woul d reduce 0.0875 tons of total HAP's. To
reduce 1 ton of total HAP em ssions, the cost woul d be:

$2, 400,000 = $27,428, 571

0. 0875 tons ton of HAP' s reduced
Di sregardi ng operational costs and annualizing the capital

costs over a 10 year period, the cost effectiveness is stil
greater than $2.7 nmillion per ton of HAP' s reduced.
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APPENDI X E.
COST ANALYSI S

Appendix E is a conpilation of the background information
and net hodol ogy used to devel op em ssion reductions in Chapter 7
and costs in Chapter 8. The devel opnent of coating paraneters
(approxi mate solids content, VOC content, and thinning
requi renments) is discussed in Section E. 1, and cal cul ati ons of
em ssion reductions and costs associated with the use of
| ower - VOC coatings are described in Section E. 2.
E.1 COATI NG PARAVETER DEVELOPMENT

The information requests sent to shipyards and coating
manuf acturers were the primary source of coating information.*?
Based on this information and influenced sonmewhat by rul es of
sone States, VOC rules, all reported coatings used in marine
coating operations within U S. shipyards were categori zed.
There are 21 special use ("specialty") categories and any coating
not neeting one of the specialty category definitions was
categorized as "general use." There are only two specialty
categories which each accounted for at |east 10 percent of the
total reported coating used in the industry: inorganic zinc and
antifoulant. Wth general use coatings (nostly epoxies and to a
| esser extent al kyds) representing approxi mately 70 percent of
the total reported usage, together the three primary categories
account for about 90 percent of total reported coating use. For
sinplicity, and because of resource |linmtations, the analysis in
this report was limted to the three primary coating categories:
i norgani ¢ zinc, antifoulant, and general use.



Those coatings categorized as "general use" were initially
examned to see if rules could be devel oped based on resin type.
As part of the initial cost analysis, there was sone conpari sons
made using an al kyd resin and epoxy resin breakdown of the
"general use" coatings. This proved to be less than satisfactory
because the coating characteristics and i ntended use of even a
single resin type vary considerably. To elimnate confusion to
t he reader, any nention of al kyd or epoxy coatings in this
appendi x shoul d be considered part of the category referred to as
"general use." The coating paraneters for this category were
cal cul ated from al kyd and epoxy information contained in the
coatings data base. The devel opnent of the coating paraneters
for al kyds and epoxies individually is discussed in this
appendi x, as well as that of the conbined "general use" category.
E.1.1 Solids (Nonvolatiles) Content

As discussed in Chapter 7, the approximate solids content of
the coatings was estimated assum ng that a coating is conprised
of solids and solvent and their volunes additive. (Cearly, this
is not a rigorous approach but was deened sufficient for purposes
of this work.) The solids content of a coating was cal cul ated by
assum ng that everything in the coating that is not solvent is
solids. An exanple calculation used to aid in estinmating conpany
pai nt costs foll ows:

Solids (gallon [gal]) + Solvent (gal) = coating volunme (gal)
Assunming 1 gal of coating:
Solids (gal) = (1 gal coating) - Solvent (gal)
Divide by total gallons of coating

Solids (gal) 1 - Solvent (gal)
1 gal coating gal coating

Solvent (gal)
gal coating

Solids (% by volume) = |1 - x 100



Solvent content of coating (lb VOC/gal coating)

x 100
density of solvent (lb solvent/gal solvent)

Solids (% by volume) = |1 -

Assum ng the density of the solvent is 7.0 |Ib/gal, and that
t he solvent content of an exanple coating is 4.0 I b sol vent/gal
Solids (%volune) = [1 - 0.57] x 100 = 43 percent

The solids content of several high-usage al kyds and inorganic
zincs was provided by the manufacturers based on various test
nmet hods. These val ues were used by the Agency rather than
estimating the solids volunme in the manner described above.
E.1.2 Oher Coating Paraneters

The wei ghted average VOC content and price of the three
primary coating categories were calculated for the 1990 baseli ne
and the coatings determned to be conpliant wwth the MACT [imts.
The VOC content of all the coatings in the shipyard data base was
provi ded by the shipyards and/or the coating suppliers.>? The
price of nbst but not all of the coatings was al so provided by
t he shipyards. The weighted average VOC content at baseline for
each of the primary coating categories was cal cul ated by
mul ti plying the VOC content of each coating by its correspondi ng
usage (volune), sunming this product, and dividing by the total
coati ng usage.

To cal cul ate the wei ghted average VOC content for the
MACT- conpl i ant coatings, all coating VOC contents exceeding the
limts were assuned to be |lowered (to cone into conpliance) so
that the VOC contents of the coatings were equal to the weighted
average VOC of the set of existing conpliant coatings. The
wei ght ed average VOC contents for the | ower-VOC scenari os were
then cal culated in the same manner as described for the 1990 data
(basel i ne).

The wei ghted average price of coatings used for the baseline
and MACT was calculated in a simlar manner. However, those
coatings for which price was not avail able were not included in
this calculation. It was calculated as the wei ghted average

E-3



price of existing coatings with VOC contents equal to or |ess
than the MACT Iimt for each category.
E.1.3 Solvent Usage

Sol vent is used in shipyards for two primary uses--cl eaning
and thinning. For the |ower-VOC cost analysis, it was necessary
to know only the portion of total solvent used for thinning. It
was cal cul ated based on information fromthe shipyard data base
for each nodel

Based on total coating usage and the type of work perforned
(construction versus repair), each shipyard in the data base was
"put" into a nodel yard category. The total solvent usage and
t hi nni ng sol vent usage were cal cul ated for each of the plants,
and average usages were devel oped for each of the nodel plant
cat egori es.
E.2 EM SSI ON REDUCTI ONS AND COSTS

The HAP em ssion reduction and costs associated with the use
of coatings considered conpliant with MACT limts were estinmated
for each of the nodel yards. Reductions in HAP em ssions were
determ ned as part of the environnmental inpact presented in

Chapter 7. In addition, the cost of recordkeeping and reporting
associated with rul es based on conpliant coatings was esti nated.
Section E. 2.1 discusses em ssion reduction estimates,
Section E. 2.2 discusses costs associated with conplaint coatings,
and Section E. 2.3 discusses recordkeeping and reporting costs.
E.2.1 Em ssions Reductions

As presented in Chapter 7, the HAP em ssions associated with
MACT are based on the assunption that the use of solvent for
thinning is a constant percentage of coating use, and that no
additional in-line heaters are required. The reduction in HAP
em ssions which would result fromthe rule is attributable to
three factors: (1) less paint will be used due to the greater
solids content of conpliant material; and (2) less thinner wll

be requi red because fewer gallons of coating will be sprayed.
The HAP emi ssions fromthinning solvent were estinmated based on
average HAP content and the total used at each nodel yard.



E.2.2 Cost of Using Conpliant Coatings

Costs associated wth using conpliant coatings include any
differential in the cost of the coatings, thinning solvent, and
any auxiliary equi pnent, such as in-line paint heaters. The cost
of conpliance was cal cul ated as the product of these costs and
usage rates, Usage rates of conpliant coatings and thinning
sol vent were cal cul ated as described in Section E. 2.
E. 2.3 Recordkeeping and Reporting Costs

Recor dkeepi ng and reporting costs have been estinmated for
basel i ne and conpliance with MACT. Additionally, because there
is no obvious difference for construction yards versus repair
yards, these costs were estimated based only on the size of the
shi pyard

The two nmj or cost conponents are | abor and equi pnent.
Labor costs are discussed below in Section E.2.3.1, and equi pnent
costs in Section E.2.3.2.

E.2.3.1 Labor Hours and Costs. The estimated |abor hours
and costs for baseline and maximumlimts are discussed bel ow.

E.2.3.1.1 Baseline. "Baseline" recordkeeping and reporting
is that required of shipyards |ocated in areas w thout nmarine

coating regulations. It is assuned that only the |arge and
medi um nodel shipyards are required to prepare annual enission
reports to conply both with their permt conditions and with
section 313 of the Superfund Anendnents and Reaut hori zation Act
of 1986 (SARA 313). The small nodel shipyards are assuned to
have em ssions bel ow the cutoff for such reporting requirenents
and considered too small to be required to submit annual enission
reports.

Based on information fromtwo | arge shipyards, it is assuned
that | arge and nedi um yards already track paint and sol vent use
t hrough inventory records.””® These inventory records are
el ectronically coupled with data on the VOC content (for permt
reporting requirenments) and toxics content (for SARA 313 reports)
of the individual paints and sol vents.

At baseline, the technical |abor for tracking paint and
sol vent use at large and nediumyards is estimated at 75 hours

E-5



per year (hr/yr) in excess of the | abor necessary for nornal

busi ness inventory procedures, based on 50 weeks (wk) per yr and
1.5 hr/wk. (The 1.5 hr/wk is a standardi zed factor for "records
of all measurenents and information required” fromthe Em ssion
St andards Division (ESD) Regul atory Procedures Manual.'®) An
additional 40 hr/yr is estimated for entering data on the VOC and
HAP contents of new paints into the paint data base. Preparation
of the annual HAP emi ssion report is also estinated to be

40 hr/yr. Finally, refresher training on proper tracking
procedures is estimated to total 4 hr/yr (2 hr/yr each for two
enpl oyees) .

Based on these | abor requirenents, the total baseline
techni cal |abor for recordkeeping and reporting at the | arge and
medi um nodel plants is estimated to be 159 hr/yr. There is no
cost for small plants, where it is assuned that no reporting is
required.

As presented in Chapter 8, the cost of baseline
recordkeepi ng and reporting was cal cul ated using factors fromthe
ESD Regul atory Procedures Manual (see Table 8-4). Unless
ot herwi se determ ned, managenent and clerical |abor hours are
assunmed to be 5 percent and 10 percent of technical hours,
respectively. Technical l|abor, including fringe benefits and
overhead, is charged at a rate of $33/hr, managenent |abor is
$49/ hr, and clerical labor is $15/hr.* Using these factors, the
basel i ne recordkeepi ng and reporting cost for |arge and nedi um
nodel yards was cal cul ated as foll ows:

159 hr/yr x[$33/hr + (0.05 x $49/hr) + (0.1 x $15/hr)] = $5,875/yr

E.2.3.2 MiximumlLimts Under MACT. Table E-1 presents a
spreadsheet devel oped to cal culate the technical |abor hours and
costs for the reporting and recordkeeping required by a rule that
i nposes maxi mum never to be exceed HAP Iimts. The val ues used
in the spreadsheet were derived primarily frominformation
recei ved from shi pyards and the ESD Regul atory Procedures Mnual
Addi tional information on the spreadsheet can be found in
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Ref erence 12, Table E-2 repeats the spreadsheet with al
cal cul ated val ues inserted.

Thi s met hodol ogy assunes that the amount of each paint and
thinner that is used nmust be recorded on a daily basis in
sufficient detail that a conpliance determ nati on can be nmade for
each day. Each painting area at the shipyard is assuned to have
a storage area fromwhich paint and thinner are issued; the
enpl oyees who oversee the storage areas record the required
information for each painting shift. (A painting shift is
defined as a work shift during which painting is perfornmed at any
single painting area. Thus, for each work shift, the nunber of
pai nting shifts can be |l ess than but no greater than the nunber
of painting areas at the yard.) The matrix presunes daily
records are conpiled periodically, and quarterly reports nust be
prepared. The cost of initial training for the recordkeepers in
the first year of inplenentation, and refresher training in
subsequent years is included. Because of this variation in
training costs, the total technical |abor hr/yr were cal cul ated
for the initial year and subsequent years, and the average for
the first three years was cal cul ated, as well.

Based on the estimated total technical |abor hr/yr, the
associ ated costs for each nodel plant were cal cul ated as
present ed above for the baseline cost calculations. Estinated
average cost per yard for the first 3 years range from about
$10, 000/ yr for the small nodel plant to about $40,000/yr for the
| ar ge nodel plant.

E.2.3.3 Equipnent Costs. A conputer is assuned necessary
for recording and conpiling the records and mani pul ating the data
to generate reports. Information on equi prent presently used by
this industry came froma | arge shipyard subject to baseline
requi renents and a medi um shi pyard al ready subject to maxi mum VOC
limts.”* The data received fromthese two yards and the
anal ysis perfornmed to determ ne annual costs are summarized in




TASLE E-2. NESHAP RECORDKEEPING AND REPORTING LABOR AND
COST FOR MAXIMUM LIMITS--CALCULATED VALUES

Cost
Component Large Medium Small
Paint usage (gal/yr) 128,000 39,000 19,000
Operating schedule (wk/yr) 50 50 50
Operating schedule (day/wk) 6 6 5
Total facility shifts/day 3 3 1
Painting areas 10 3 2
Painting shifts/day (pt shift/day) 10 3 2
Field records (hr/wk/pt shift) 1.5 1.5 1.5
Compiling field data (hr/wk) 4 3 1.3
Total recordkeeping (hr/wk) 19 7.5 43
Reports per year (1st year) 4 4 4
Reports per year (later years) 2 2 2
Hours per report 16 16 16
initial 1-time training(hr/yr) 60 18 12
Refresher training (hr/yr) 40 12 8
Total R&R, 1st year (hr) 1,114 469 299
Total R&R, later years (hr/yr) 1,022 419 255
Average R&R over 3 yr (hr/yr) 1,053 436 270
Cost for R&R, 1st year ($) 41,162 17,330 11,048
Cost for R&R, later years ($/yr) 37,763 15,482 9,422
Avg cost for R&R over 3 years ($/yr) 38,896 16,098 9,964




Tabl e E-3. The average annual equi prment cost for each of the
yards is about $1,400. (As discussed previously, it is assuned
that small yards will not be subject to the NESHAP so they incur
no equi pment cost.)

Under a rule that inposes a maximumlimt, it was assuned
that all yards are subject to nonthly recordkeepi ng and
sem -annual reporting. The sane baseline equi pnent costs were
used to evaluate increnental costs that would result fromthe
rule. Since one of the yards that supplied information on the
cost of equipnent is already subject to maximumlimts, it is
assunmed no additional costs are incurred.
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TABLE E-3. SUMMARY OF DATA ON EQUIPMENT COSTS

Cost
Component NORSHIPCO| NASSCO
Capital Costs
Hardware - $2,600
Software
Base price $4,000 $500
Customizing (a) -- $1,320
TOTAL $4,000 $4,420
Annual Costs
Annualized capital costs (b) $1,055 $1,166 |AVERAG
Annual software maintenance $600 - | ANNUAL
COST
TOTAL $1,655 $1,166 $1,411

(a) NASSCO software customizing: 40 hr x $33/hr (technical labor rate,

including fringes and overhead)

(b) Total captital costs x 0.2638 (capital recovery factor based on

a 10-percent interest rate and 5-year useful life)
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