6/ 21/ 94 Ver si on
from Master Diskette

EPA 453-D-94-011a

Surface Coating Operations at Shipbuilding
and Ship Repair Facilities--Background
Information for Proposed Standards

Emission Standards Division

U. S. ENVIRONMENTAL PROTECTION AGENCY






This report has been reviewed by the Emission Standards Division of the Office of Air Quality Planning and
Standards, EPA, and approved for publication. Mention of trade names or commercial products is not intended to
constitute endorsement or recommendation for use. Copies of this report are available through the Library Services
Offices (MD-35), U. S. Environmental Protection Agency, Research Triangle Park, N.C. 27711, or from National
Technical Information Services, 5285 Port Royal Road, Springfield, Virginia 22161.



2.

3.

4.

5.

[T

= O

0

0

0

TABLE OF CONTENTS

SUMVARY

STATUTORY AUTHCRITY .o

1.2 NMAXI MUM ACHI EVABLE CONTRCL TECHNCLCEN (NACT)
1.3 ENVI RONMENTAL | MPACT . . . . . .
1.4 COST AND ECONOM C | MPACTS .

NTRODUCTI ON . . .
BACKGROUND AND AUTHORITY FCR STANDARDS

PROCEDURE FOR DEVELOPMENT OF NESHAP .
CONSI DERATI ON OF COSTS . . .
CONSI DERATI ON OF ENVIRCNNENTAL INPACTS

I

2
2
2.
2
2
2 RESI DUAL RI SK STANDARDS

U WNPEF

PROCESSES AND POLLUTANT EM SSI ONS
3.1 GENERAL . . . .
3.2 SHI PYARDS AND THEIR EM SSIONS
3.2.1 Marine Paints .
3.2.2 Thinning Solvents
3.2.3 deaning Solvents
3.3 BASELI NE EM SSI ONS .
3.3.1 Existing Regulatlons
3.3.2 Selection of Baseline
3.4 REFERENCES

EM SSI ON CONTROL TECHNI QUES

4.1 | NTRODUCTION . . .

4.2 PAINTING OPERATI ONS . . .
4.2.1 Paints As Supplied
4.2.2 Paints As Applied

4.3 SOLVENT CLEANING . . .
4.3.1 Work Practices .
4.3.2 Substitute Solvents |n

Cl eaning Materials

4.4 REFERENCES FOR CHAPTER 4

MODI FI CATI ON AND RECONSTRUCTION . . .

5.1 PROVI SI ONS FOR MODI FI CATI ON AND RECONSTRUCTICN
5.1.1 Modification
5.1.2 Reconstruction

5.2 APPLI CATI ON TO SHI PBUI LDI NG AND SHI P
PEDAI D CEACI T T TI EFQ

SELECTI ON OF POLLUTANTS AND SOURCE CATEGORI ES .

Page

cEReRe
ORANPE PR

N0 n

NN
o R !
R OO U R

@ oo
SCO~NOR R

-b-b-b-l}-h-b-h
~NOoOWR R R, R

12y
©

o1 g1 01 O
WkR PR

&
N



6.

7.

8.

0

0

TABLE OF CONTENTS (conti nued)

5.2.3 Addition of a New Product Line
5.3 REFERENCE FOR CHAPTER 5 .

MODEL SHI PYARDS AND REGULATORY ALTERNATI VES
6.1 GENERAL . . . :
6.2 MODEL SHI PYARDS . . e
6.2.1 New Construction vs Repai r
6.2.2 Shipyard Size . . . . . .
6.3 MODEL SHI PYARD PARAMETERS . . .
6.3.1 HAP Content of Paints and Sol vents
6.3.2 Application Point Profile
BASELI NE EM SSI ONS

oo
[o2 &2 B8N

REFERENCES FOR CHAPTER 6

ENVI RONMENTAL | MPACT . . . .
7.1 AR PCOLLUTION I MPACTS . . .
7.1.1 Primary Air Pollution Irrpacts
7.1.2 Secondary Air Pollution |Inpacts
WATER POLLUTI ON | MPACTS . . e
SCLI D WASTE DI SPCSAL | MPACT S
ENERGY | MPACTS : :
OTHER ENVI RONMENTAL IIVPACT S .
OTHER ENVI RONMENTAL CONCERNS :
7.6.1 Irreversible and Irretrievabl e
Commi t ment of Resources
7.6.2 Environnental |npact of
Del ayed Standard .
7.7 REFERENCES FOR CHAPTER 7

NNNANAN
ouhwN

COSTS OF CONTROLS
8.1 MACT LIMTS .
8.2 ASSUMPTIONS . .
8.2.1 Solids (Nonvol atlles)
8.2.2 Thinning . .
8.2.3 Equi prment and W)rk Practlces
8.3 RESULTS OF THE ANALYSIS . . .
8.4 RECORDKEEPI NG AND REPORTI NG REQJI REMENTS
8.4.1 Assunptions and Inputs . .
8.4.2 Costs of Recordkeeping and Reportl ng
8.5 COST EFFECTI VENESS OF MACT . .

8.6 TOTAL | NDUSTRY COST FOR MACT
R 7 RFFFRFNCFS FOR CHAPTFR R

MAXI MUM ACHI EVABLE CONTROL TECHNOLOGY (I\/ACT)

[e2N(e)]

?
Y

Page

(I)'IU'I
(28]

B
1 1 1 [ B BN !
GQWONOOORWNERERE

NN N NN
CORDBRNNRERE

D
3

N~
g

OOCOOOOOCO(?O&OOWOOCOOO
NDNOOON~NOORRARANNERE



TABLE OF CONTENTS (conti nued)

9.1 PROFILE OF THE U. S. SH PBU LDl NG AND
REPAI R | NDUSTRY .
9.1.1 Introduction .
9.1.2 Industry Structure .
9.1.3 First-Tier Shipyards
9.1.4 Second-Tier Shipyards
9.2 ECONOM C | MPACT ANALYSI S
I ntroduction . .
Quantifying The Industry
Defi ni ng Market Segments
Model Plants Co
Control Costs .o
Mar ket Segnent | npacts
Facility-Level Inpacts
Smal | Busi ness | npacts

Loovoovvoo
NN
O~NOUTRWN R

9.3 REFERENCES FOR CHAPTER 9

APPENDI X A EVOLUTI ON OF THE BACKGROUND | NFORMATI ON
DOCUMENT . .

APPENDI X B | NDEX TO ENVIRONNENTAL INPACT
CONSI DERATIONS . .

APPENDI X C PRELI M NARY ANALYSI S CF ABRASIVE BLASTING
AND PAI NT (SOLI DS) OVERSPRAY

APPENDI X D HAP TEST METHOD o

APPENDI X E. COST ANALYSI S



1-1

1-2

1-3

3-2

3-3

3-4

3-6

3-7

3-8

3-9

3-10

TABLE OF CONTENTS (conti nued)

Page
LI ST OF TABLES

Page
PROPOSED VOLATI LE ORGANI C HAP ( VOHAP) CONTENT
LIMTS FOR MARI NE COATING CATEGORIES . . . . . . . . . 1-3
MACT NATI ONW DE EM SSI ONS REDUCTI ON
AND NATI ONW DE Al R, WASTEWATER, SOLI D WASTE, AND
ENERGY | MPACTS FOR EXI STING MAJOR SOURCES . . . . . . 1-5
NATI ONW DE MACT COST | MPACTS FOR EXI STI NG
MAJOR SOQURCES . . . . . . . . . o s 1-6
U S. SH PYARD LOCATIONS . . . . . . . . . . . . .. 3-4
AREAS OF APPLI CATI ON FOR MARI NE PAI NTS
(RESI N TYPES) e e s e 3-10
MARI NE COATING (RESIN) TYPES . . . . . . . . . . . . 3-11
TYPI CAL SCLVENTS USED I N MARI NE PAI NTS
AND I N THEI R ASSOCI ATED CLEANING . . . . . . . . . . 3-18
PETROLEUM SCLVENT BLENDS SOLVENTS AND
ASSUVED HAP COVPONENTS . . . . . . . . . . . . . . . 3-20
ADOPTED MARI NE COATI NG CATEGORIES . . . . . . . . . 3-26
ADVANTAGES AND DI SADVANTAGES OF SPRAY
PAI NT APPLI CATION METHODS . . . . . . . . . . . . . 3-31
HAP CONTENT OF SOLVENTS ( BASED ON PROQJECT
DATA BASE) . . . . . . . . . . ..o 3-33
EXI STI NG STATE MARI NE COATING vOC LIMTS . . . . . . 3-35

AVERAGE HAP CONTENT OF "AS SUPPLI ED"

MARI NE PAINTS . . . . . . . . . . . ... 3-39
SUMVARY OF VOC ( HAP SO_VENT) ADD- ON
CONTROLS EVALUATION . . e 4-6
MYFEI  SHI PYARD NESCRI PTI ONS A-2



6-3

6-4

6-5

6-6

6-7

6-8

6-9

7-2

7-3

8-2

8-3

8-4

8-5

TABLE OF CONTENTS (conti nued)

VEEI GHTED AVERAGE VOC AND HAP CONTENT OF
PAI NTS AND SOLVENTS AS SUPPLI ED

EXAMPLE CALCULATI ON FOR DETERM NI NG THE

VEEI GHTED AVERAGE HAP CONTENT FOR ALL MARI NE
PAI NTS

MODEL SHI PYARD PAI NT OPERATI ONS

ANNUAL HAP EM SSI ONS FROM EM SSI ON PO NT 1A:
AS- SUPPLI ED COATI NGS USED AT OUTDOOR PAI NTI NG
OPERATI ONS .

ANNUAL HAP EM SSI ONS FROM EM SSI ON PO NT 1B:
THI NNI NG SOLVENT USED AT QUTDOCR PAI NTI NG
OPERATI ONS .

ANNUAL HAP EM SSI ONS FROM EM SSI ON PO NTS 2A
AND 2B: | NDOOR PAI NTI NG OPERATI ONS

TOTAL HAP EM SSI ONS FROM MODEL SHI PYARDS .

MAXI MUM ACHI EVABLE CONTROL TECHNCOLOGY (MO\CT)
FOR HAP EM SSI ONS PO NTS . .

ENVI RONMENTAL | MPACT OF MACT ON MODEL
SHI PYARD

NATI ONW DE | MPACT OF MACT ON EXI STI NG MAJOR
SOURCES

COATI NG PARAMETER

ANNUAL COATI NG AND THI NNER COSTS FOR
| MPLEMENTI NG MACT, $/ YR

RECORDKEEPI NG AND REPCRTI NG COSTS

HOUR AND LABOR RATES FOR RECORDKEEPI NG
AND REPORTI NG

COST EFFECTI VENESS FOR MACT

Page

6-7

6-7

6-9

6- 10

6- 10

6-11

6-12

7-4

7-4

8-3

8-6

8-9

8-9

8-11



TABLE OF CONTENTS (conti nued)

Page



3-2

3-3

3-5

TABLE OF CONTENTS (conti nued)

LI ST OF FI GURES

437 active U S. shipbuilding facilities
(by State) C e e e e e

General areas of ship structures with
speci al coating needs

Shi pyard paint usage (by overall category)
Shi pyard sol vent usage .

Pai nt category usage .

Page

Page

3-3

3-8
3-25
3-32

3-38



1.0 SUMVARY

1.1 STATUTORY AUTHORI TY

The requirement for devel opnent of national em ssion
st andards for hazardous air pollutants (NESHAP) is established
under Section 112 of the Cean Air Act (42 U . S.C. 7412), as
anended in 1990. Em ssion standards under section 112 apply to
new and exi sting sources of hazardous air pollutants (HAFP s)
listed in section 112(b). Section 112(c) directs the
Adm ni strator to use the HAP list to develop a |ist of source
categories (industries) for which NESHAP wi |l 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 informati 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 contro
techni ques that represent the best avail able control neasures
(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) docunent (EPA Publication No. 453/R-94-032). The docunent
contains informati on on em ssions, controls, control options, and
costs. It does not contain the recomrended limts which

renr esent BACM These are renresented for comments in the



Since the mgjority of all volatile HAP s are also VOC s, it
was i nmperative that the NESHAP and identification of BACM be
devel oped concurrently to ensure their conpatibility.

1.2 MAXI MUM ACHI 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 | 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 nmany of the resulting conpliant
coatings had already 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 examined in their normal nultiple year studies.
However, this does not nmean that coatings with | ower em ssions
than these listed in Table 1-1



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 commercial 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 weapons systems 340 2.83

®\Volatile organic HAP limits are expressed in units of mass of VOHAP per volume of coating 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).



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
nmodel 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 nodel s have been distinguished on the
basis of relative size of the yard and whether it does new ship
construction or repair: (1) large/construction;

(2) large/repair; (3) nedium construction; (4) mediumrepair;
(5) small/construction; and (6) small/repair. Size is based on
annual vol une of paint and sol vent usage. The distinction

bet ween sizes is based on annual VOC em ssion |evels (ton/yr),
which are critical to the ACT project, so that sinilar node

shi pyards can be used for devel opi ng em ssions and inpacts for
both the ACT and NESHAP

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



data sheets (MsSDS), were far too high. Using the new data
em ssions fromthe small "nodel shipyards” are too | ow for them
to qualify as major sources. Although all six nodels were
retained to describe the industry, only nodel plants one through
four were used for calculating 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 linits shown in
Table 1-1, are expressed in units of volatile organi c hazardous
air pollutant (VOHAP). The anmount 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 RONMENTAL | MPACT

Table 1-2
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sumari zes the nati onwi de environnmental inpacts of MACT. For
the 25 shipyards that are believed to be subject to the rule,
conmpliance with MACT will reduce volatile HAP's by 24 percent
fromthe 1990 ("baseline"”) level. Included in Table 1-2 are

sol vent HAP eni ssion reductions and the inpacts of conpliance

wi th MACT on secondary air pollution, wastewater, solid waste and
energy requirenments. Since MACT does not include add-on
controls, there are no secondary pollutants (particulate matter
[PM, SQ, and NQ) that would otherw se result fromthe burning
of fuel oil to generate steam for carbon adsorbers or from

coal -fired power plants generating electricity to run add-on
control equipnent. For the same reason, there are no secondary
em ssions of carbon nmonoxide (CO, PM SQ, and NQ from
incineration of solvent HAP's. As shown in Table 1-1, conpliance
with MACT will reduce solvent HAP eni ssions from existing mgjor



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 sunmari zed
in Table 1-3. It should be noted that no new sources are
expected in this industry within the next 5 years. The econonic
anal yses indicate that the worst-case nmaxi num i ndustryw de price
i npact for existing nmajor sources is less than 0.3 percent.
Det ai |l 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) $/Mg ($/ton)
MACT $1,720,280 272 6,325
(300) (5,734)

®Calculations for 25 major sources.



2.0 | NTRODUCTI ON

2.1 BACKGROUND AND AUTHORI TY FOR STANDARDS

According to industry estimtes, nore than 2.4 billion
pounds of toxic pollutants were enmitted to the atnosphere in
1988 (lnplenentation Strategy for the Cean Air Act Anendnents of
1990, EPA O fice of Air and Radiation, 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 Air
Act provides the tools for controlling em ssions of these
pollutants.? Emi ssions fromboth large and small facilities that
contribute to air toxics problens in urban and other areas wl|
be regul ated. The primary consideration in establishing national
i ndustry standards nust be denonstrated technol ogy. Before
national enission standards for hazardous air pollutants (NESHAP)
are proposed as Federal regulations, air pollution prevention and
control methods are examined in detail with respect to their
feasibility, environmental inpacts, and costs. Various contro
options based on different technol ogi es and degrees of efficiency
are exam ned, and a determ nation is nmade regardi ng whet her the
various control options apply to each enissions source or if
dissimlarities exist between the sources. |n npst 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 ronnent, the econom cs and wel |l -being of the industry, the
nati onal econony, and energy and other inpacts. This document
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 opi ng the proposed standards.

Nati onal em ssion standards for hazardous air pollutants for
new and existing sources are established under Section 112 of the
Clean Air Act as anmended 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 Administrator to
promul gate standards that "require the maxi mnum degree of
reduction in em ssions of the hazardous air pollutants subject to
this section (including a prohibition of such em ssions, where
achi evabl e) that the Admi nistrator, taking into consideration the
cost of achieving such em ssion reductions, and any nonair
qual ity health and environnental inpacts and energy requirenents,

determ nes is achievable ... The Act allows the Adm nistrator
to set standards that "distinguish anong cl asses, types, and
sizes of sources within a category or subcategory.™

The Act differentiates between nmajor sources and area
sources. A mmjor source is defined as "any stationary source or
group of stationary sources |located within a contiguous area and
under conmon 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
combi nati on of hazardous air pollutants.” The Adm nistrator,
however, may establish a |l esser quantity cutoff to distinguish

bet ween nmaj or and area sources. The level of the cutoff is based



stationary source of hazardous air pollutants that is not a nmjor
source." For new sources, the anendnents state that the "nmaxi mum
degree of reduction in em ssions that is deened achi evabl e for
new sources in a category or subcategory shall not be |ess
stringent than the em ssion control that is achieved in practice
by the best controlled sinmilar source, as deternined by the

Adm ni strator."” Em ssion standards for existing sources nmay be

| ess stringent than the standards for new sources in the sane
category or subcategory but shall not be less stringent, and may
be nore stringent than--

(A) the average emission linmtation achieved by
the best performing 12 percent of the existing
sources (for which the Adm nistrator has em ssions
i nformation), excluding those sources that have,
within 18 nmonths before the em ssion standard is
proposed or within 30 nonths before such standard
i s pronul gated, whichever is later, first achieved
a level of emission rate or em ssion reduction

whi ch conplies, or would conply if the source is
not subject to such standard, with the | owest

achi evabl e em ssion rate (as defined by

Section 171) applicable to the source category and
prevailing at the tine, in the category or

subcat egory for categories and subcategories with
30 or nore sources, or

(B) the average emission limtation achieved by
the best perforning five sources (for which the
Adm ni strator has or could reasonably obtain

em ssions information) in the category or

subcat egory for categories or subcategories with
fewer than 30 sources.

The Federal standards are al so known as "MACT" standards and
are based on the maxi num achi evabl e control technol ogy previously
di scussed. The MACT standards apply to both major and area
sources, although the existing source standards nmay be |ess
stringent than the new source standards, within the constraints
presented above. The MACT is considered to be the basis for the



cases. For exanple, a stricter standard may hel p achi eve

| ong-term cost savings by avoiding the need for nore expensive
retrofitting to neet possible future residual risk standards,
whi ch may be nore stringent (discussed in Section 2.7). A
stricter standard rmay | ead to devel opnent of new superi or

t echnol ogi es and Congress was clearly interested in providing
incentives for inproving technology. Sonetinmes it is necessary
to adopt a stricter standard to reduce the health and
environnental risk of an emi ssions of one or a group of toxics.

For area sources, the Administrator may "elect to pronul gate
st andards or requirenments applicable to sources in such
categories or subcategories which provide for the use of
general ly avail able control technol ogi es or nanagenent practices
by such sources to reduce enissions 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 may be
applied at the Admi nistrator's discretion, as alluded to
previously.

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
other regulatory 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
regulations 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



source may be inpossible or at |east inpracticable due to
technol ogi cal and economic limtations. Section 112(h) of the
Act allows the Administrator 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, enissions of volatile
organi ¢ conmpounds (many of which may be HAP's, such as benzene)
fromstorage vessels for volatile organic |iquids are greatest
during tank filling. The nature of the emi 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
impractical. Therefore, the MACT or GACT standards may be based
on equi prment specifications.

Under Section 112(h)(3), the Act also allows the use of
al ternative equival ent technol ogi cal systens: "If, after notice
and opportunity for comment, the owner or operator of any source
establishes to the satisfaction of the Administrator that an
alternative nmeans of emssion [imtation” will reduce em ssions
of any air pollutant at |east as nuch as woul d be achi eved under
t he design, equi pnent, work practice, or operational standard,
the Administrator shall permit 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,
which allow a 6-year conpliance extension of the MACT standard in
exchange for the inplementation of an early emi ssion reduction
program The owner or operator of an existing source mnust
denmonstrate a 90 percent em ssion reduction of HAP' s (or
95 percent if the HAP's are particulates) and neet an alternative
em ssion limtation, established by permt, in lieu of the



period of 6 years fromthe conpliance date for the otherw se
appl i cabl e standard. The 90 (95) percent early em ssion
reduction nust be achi eved before the otherw se applicable
standard is first proposed, although the reduction may be
achi eved after the standard' s proposal (but before January 1,
1994) if the source owner or operator nmakes an enforceable
comm tment before the proposal of the standard to achi eve 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 nmay 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 (ngjor
and area sources) for which em ssion standards will be devel oped.
Wthin 2 years of enactnment of the anmendnents (Novenber 1992),
the 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 follow ng
criteria:

(A) The known or anticipated adverse effects of such

pol lutants on public health and the environment;

(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 enmtted or
the 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 will
apply must be determ ned. A source category nmay have severa
facilities that cause air pollution, and em ssions fromthese
facilities may vary in nagnitude and control cost. Economc



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 sane reasons,
the standards may not apply to all air pollutants emtted. Thus,
al though a source category may be selected to be covered by

st andards, the standards nmay not cover all pollutants or
facilities within that source category.

2.3 PROCEDURE FOR DEVELOPMENT OF NESHAP

Standards for mmjor and area sources nust (1) realistically
reflect MACT or GACT; (2) adequately consider the cost, the
nonair quality health and environmental inpacts, and the energy
requi rements 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 contro
em ssions to the | evel achievable according to the MACT or GACT
gui del i nes. The standard-setting process involves three
princi pal phases of activity: (1) gathering informtion,

(2) analyzing the information, and (3) devel oping the standards.

During the informtion-gathering phase, industries are
guesti oned through 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 informati on 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 emnissions from
wel | -controlled existing facilities.

In the second phase of a project, the information about the
i ndustry, the pollutants enmitted, and the control options are



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
regulatory 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 study.

In the third phase of a project, the selected regulatory
alternative is translated into a standard. The Federal standard
limts em ssions 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 Air
Pol I uti on Control Techni ques Advisory Committee, which is
conposed of representatives fromindustry, environnental groups,
and State and local air pollution control agencies. Oher
interested parties also participate in these nmeetings.

The information acquired in the project is summarized in the
background i nfornmati on docunent (BID). Conpleted portions of the
Bl D and proposed standards, are widely circulated to the industry
bei ng considered for control, environmental groups, other
government agencies, and offices within the EPA. Through this
ext ensive revi ew process, the points of view of expert reviewers
are taken into consideration as changes are nade to the
docurent ati on.

A "proposal package" is assenbled and sent through the
of fices of the EPA Assistant Administrators for concurrence
before the proposed standards are officially endorsed by the EPA
Adm ni strator. After being approved by the EPA Admi nistrator,



The public is invited to participate in the standard-setting
process as part of the Federal Register announcenent of the

proposed regulation. The EPA invites witten comrents on the
proposal and also 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. All
i nformation reviewed and generated in studies in support of the
standards is available to the public in a "docket” on file in
Washi ngton, D.C. Comrents fromthe public are evaluated, and the
standards may be altered in response to the conments.

The significant comments 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 refinement until it is approved by the
EPA Adm nistrator. After the Adm nistrator signs the regulation,

it is published as a "final rule" in the Federal Register
2.4 CONSI DERATI ON OF COSTS
The requirenents and guidelines 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" economc inpacts. An econonic inpact is
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 mmjor increase in costs or prices for consuners;
i ndi vidual industries; Federal, State, or |ocal government
agenci es; or geographic regions; or
3. Significant adverse effects on conpetition, enploynent,
i nvestnent, productivity, innovation, or on the ability of



An RI A describes the potential benefits and costs of the
proposed regul ation and explores alternative regulatory and
nonr egul atory approaches to achieving 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. 1In 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 naxin zed.

The RFA requires Federal agencies to give special
consideration to the inpact of regulations on small businesses,
smal | organi zations, and small governnental units. |If the
proposed regulation is expected to have a significant inpact on a
substantial nunber of snmall entities, a regulatory flexibility
anal ysis nust be prepared. 1In preparing this analysis, the EPA
takes into consideration such factors as the availability of
capital for small entities, possible closures anong snal
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 ncremental economic inpacts associated with conmpliance with the
st andards based on each regulatory alternative conpared to
baseline. Oher environnental regulatory costs may be factored
into the anal ysis wherever appropriate. Air pollutant em ssions
may cause water pollution problens, and captured potential air
pollutants may pose a solid waste di sposal problem The total
envi ronnental 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



made for proposed standards. It is also essential to know the
capital requirenents for pollution control systens already pl aced
on plants so that the additional capital requirenents
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 equipnent needed to
neet the standards.

2.5 CONSI DERATI ON OF ENVI RONVENTAL | MPACTS

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

In a nunmber of |egal challenges to standards for various
i ndustries, the United States Court of Appeals for the District
of Colunbia Crcuit has held that environnmental 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
that the best system of em ssions reduction requires the
Adm ni strator to take into account counterproductive
environnental effects of proposed standards as well as econom ¢
costs to the industry. On this basis, therefore, the Courts
establi shed a narrow exenption from NEPA for the
EPA det ernm nati ons.

In addition to these judicial determ nations, the Energy
Supply and Environnmental Coordination Act of 1974 (PL-93-319)
specifically exenpted proposed actions under the Clean Air Act
from NEPA requirenents. According to Section 7(c)(1), "No action
taken under the Clean Air Act shall be deenmed a mmj or Federa



Policy Act of 1969" (15 U.S.C. 793(c)(1)).

Nevert hel ess, the EPA has concl uded that preparing
envi ronnental inpact statenments could have beneficial effects on
certain regulatory actions. Consequently, although not |egally
required to do so by Section 102(2)(C) of NEPA, the EPA has
adopted a policy requiring that environnmental inpact statenents
be prepared for various regulatory actions, including NESHAP
devel oped under Section 112 of the Act. This voluntary
preparation of environnental inpact statements, however, in no
way | egally subjects the EPA to NEPA requirenments.

To inplement this policy, a separate section is included in
this docunent that is devoted solely to an analysis of the
potential environmental inpacts associated with the proposed
st andards. Both adverse and beneficial inpacts in such areas as
air and water pollution, increased solid waste disposal, 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 environnmental 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 mumindividual 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 Admi nistrator may al so consi der whether a nore stringent
standard is necessary to prevent--considering costs, energy,
safety, and other relevant factors--an adverse environnental
effect. In the case of area sources controlled under GACT
standards, the Adninistrator is not required to conduct a



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 establishments that build and repair ships
with metal hulls. This industry also includes the repainting,
conversion, and alteration of ships. Subcontractors engaged in
ship painting, blasting, or any other operations within the
boundaries of a shipyard are considered to be part of the
shi pyard, and resulting enissions are considered shipyard
em ssions. The definition for Standard Industrial Cassification
(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. Emission limts from coatings
used on such platforns 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
subject 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 conmercial operations, including self-

propel |l ed vessels and those towed by other craft

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

to, all mlitary vessels, commercial cargo and
passenger (cruise) ships, ferries, barges, tankers,



included in the definition and are not typically built or
serviced in |large-scal e shipyards. As would be expected, there
is some overlap with the pleasure craft industry. Sone of the
smal | er shi pyards work on both ships and pl easure craft.
Approximately 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 mmj or sources based on HAP em ssions. A mmjor 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 shipyards, there are eight Naval shipyards and one Coast
GQuard facility. The shipyards are |ocated al ong the east, west,
and Qulf coasts as well as at sone inland | ocations along the
M ssissippi River (and its tributaries) and the Great Lakes.
Many of the small bargeyards are concentrated in Louisiana and
Texas. The majority of these do not qualify as nmmjor sources
with regard to hazardous air pollutant (HAP) em ssions. A nore
detailed statistical source category profile is presented in
Section 9.1. Figure 3-1
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shows the geographical |ocation of active U S. shipyards, and
Table 3-1



TABLE 3-1. U. S. SH PYARD LOCATI ONS

No. of Esti mat ed No. of
State shi pyards maj 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
W sconsin
Massachusetts
Mai ne
New Jer sey
Chio
| ndi ana
I1linois

North Carolina
Sout h Carolina

M chi gan
Rhode | sl and
Tennessee

M ssouri
Hawai i

CGeorgi a
Mar yl and
Puerto Rico
Al aska

Ar kansas

Connecti cut

M nnesot a

Ckl ahonma

New Hanpshire
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lists individual States, with the nunber of shipyards and the
esti mat ed nunber of mmjor sources |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 nava
and commerci al 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 shipyards. 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 Governnent - owned shi pyards, which do not
engage in new construction, but rather in the overhaul
and repair of Navy and Coast CGuard shi ps.

Anot her inportant sector of the shipbuilding and
ship repair industry is one conposed of snall-size and
medi um si ze facilities, or "second-tier shipyards."”
These shipyards are primarily engaged in supporting






i nl and waterway 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 snall
mlitary and Governnent-owned vessels.?

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 comercial and mlitary
shi pyards have nore enpl oyees and can handl e a wi de variety of
ships and repairs.

Al types of vessels are built or repaired in shipyards in
the United States. Many of the ships are foreign-owned/ operated.
Gover nment owned (Navy, Arny, and Coast Guard) vessels account
for a significant portion of all shipyard work. Steel is the
nost comon naterial used in the shipbuilding and ship repair
i ndustry, but wood, aluminum 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 ntenance.

Maj or shi pyards usually conbine repair, overhaul, and conversion
wi th shi pbuil ding capabilities, and enploynment usually nunbers in
the thousands. It is difficult to draw a sharp |ine between
yards that build ships and those that repair/mintain ships; nmany
facilities engage in both activities to various degrees. The m X
of work varies widely 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

lk'nnwwn ac t nneci Ada ranair varde and rfran narfnrm t ha vari niile ranairc



rendered by these yards may vary froma sinple repair job to a
maj or topside overhaul. |In general, not much painting is
conducted in topside yards so they have | ow HAP emi 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 si ze.
Repainting is an integral part of nobst repair jobs, and the
underwater hull is a significant part of the painted area of a
shi p.
3.2 SHI PYARDS AND THEI R EM SSI ONS

Wil e several shipyard operations use and enit HAP's, the
vast majority of HAP em ssions cone from organic solvents
contained in marine paints and sol vents used for thinning and
cleaning. Oher operations that enit small quantities of HAP' s,
such as welding, netal formng/cutting, abrasive blasting, etc.
will be included to deternmine if a facility qualifies as a major
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
regulatory focus of this NESHAP (listed under surface coating

operations in the source category listing in the Federal Register
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 pnent .

Some shi pyard operations such as part cleaners (degreasers),
cooling towers, and asbestos renoval are covered by existing or
upcom ng Federal regulations. |In these cases, the existing or
upconi ng regul ati ons have precedence. This NESHAP i s 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.



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 severa
stages at various |ocations throughout the shipyard.

The typical ship construction process begins with steel
plate material. The steel is formed into shapes, abrasively
cl eaned (bl asted), and then coated with a preconstruction primer
for corrosion protection during the several nmonths it may lay in
storage before it is used. This is typically done indoors at the
bi gger shipyards, and sone facilities have automated these steps.
Smal | er shi pyards usually have no indoor facilities, and all work
is done at or near the waterfront. Using the prefornmed pl ates,
smal | subassenblies are then constructed and again a priner coat
is applied. This step is often preceded by renoval (bl asting)
of f the preconstruction prinmer. 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 term corrosion protection.
Larger subassenblies are simlarly put together and prined to
protect the steel substrate nmaterial and provi de whatever speci al
properties are needed. At some point in the construction, even
t hose conponents fabricated i ndoors are noved outdoors to work
areas adjacent to the drydock. Final assenbly (and painting) can
only be done at the drydock for large 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 nmarine
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;



5. Underwater hull.*
Each of these areas is diagrammed in Figure 3-2
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to aid with sone of the term nology used later in this chapter.®

3.2.1 Mrine Paints

The basic conmponents 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



protective, functional or decorative (aesthetic) applications or
bot h. ©

Mari ne coatings are vital for protecting the ship from
corrosive and biotic attacks fromthe ship's environnent. Many
marine paints serve specific functions such as corrosion
protection, heat/fire resistance, and antifouling (used to
prevent the settlenent and growth 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
different concentrations. Specific paint selections are based on
the intended use of the ship, ship activity, travel routes,
desired time between paintings (service life), the aesthetic
desires of the ship owner or commandi ng officer, 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.
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* These marine coatings are usually applied on top of one

another. A typical coating systemconprises (1) a thin prinmer
coat that provides initial corrosion (oxidation) protection and
pronot es adhesi on of the subsequent coating, (2) one or nore

i nternmedi ate coats that physically protect(s) the prinmer and nay
provi de additional or special properties, and (3) a topcoat that
provi des long-term protection for both the substrate and the
underlying coatings. The primer is usually a zinc-rich materi al
that will provide galvanic corrosion protection if the overlying
pai nt systemis danaged but woul d qui ckly be consuned by
sacrificial corrosion without a protective topcoat. A good
coating system can enhance the beneficial properties of

i ndi vidual coatings. Each coating is






typically a different color to help the applicators ensure that
each | ayer provides conpl ete coverage.

3.2.1.1.1 Alkyds.” A kyd resins are pol yester conpounds
that are formed by reactions between pol yhydric al cohol s
(e.g., ethylene glycol or glycerol) and a pol ybasic acid
(e.g., phthalic anhydride) in the presence of a drying oil
(e.g., linseed or soybean oil). The specific oil used determ nes
the curing properties of the resin and its ultimte chem cal and
physi cal properties. Alkyds are frequently nodified chemcally
to inprove their physical properties or their chem ca
resistance. Modified alkyds are formed by reacting other
chem cal conpounds (such as vinyl, silicone, and urethane
compounds) with the al kyd. Al kyd coatings require chem ca
catalysts (driers) to cure. Typical catalysts are m xtures of
zi rconium cobalt, and nmanganese salts. Depending on the
catalysts and the anbient tenperature and humdity, 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. Alkyd coatings are
primarily used for habitability spaces, storeroons, and equi pnent
finishes. Fire-retardant al kyd paints are sone of the nost
common interior coatings used on Naval ships. Modified al kyds,
particularly silicone al kyds, have excell ent weathering
properties and are good decorative and marki ng coati ngs.
However, al kyds are not recomended 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 | eads to early coating failure.
Al so, al kyds shoul d not be applied over zinc-rich priners because
they are attacked by the al kaline zinc corrosion products.



rubbers by thenselves are not suitable for use as coatings and
must be bl ended with other conpounds to produce good coati ngs.
Coatings made from chl ori nated rubbers that have been bl ended

wi th highly chlorinated additives provide tough, chemically
resistant coatings. These coatings cure by solvent evaporation.
These coatings are normally partially dry within 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 solvents. They forma filmby evaporation of the
solvent, and the filmcan be redissolved in solvents. Coal tar
films provide very good corrosion protection. However, the dry
filmis damaged by direct exposure to sunlight, which causes
rapid, severe cracking. Coal tars are normally blended with
other resins to inprove their light stability and to increase
their chenical resistance. Common bl ending resins include vinyl
and epoxy materials. Coal tar coatings are widely used in highly
corrosive environnents such as ship bottons, where inperneability
is inportant. They are also applied as anticorrosive coatings in
bal | ast tanks and | ockers used to store anchor chai ns.

Coal tar epoxy paints are packaged with the epoxy portion in
one container and the curing agent (either am ne or pol yan de
type) in a second container. The coatings nust be thoroughly



evaporation and conti nued chem cal reaction between the epoxy
resin and the curing agent. The "pot life" is different for each
uni que fornulation. Comonly used coatings have pot |ives that
range from2 to 8 hr at 25°C (77°F). Coal tar epoxy filnms have

hi gh chem cal resistance, easily formthick filnms, and have a
high dielectric strength. The high dielectric strength makes
them particularly suitable for use near anodes in cathodic
protection systens, where the high current densities can danmage
ot her 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 linits the use of coal tar and
coal tar epoxy coatings to protect workers fromthe possibility
of low | evels 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 chemical reaction of a
bi sphenol - A-type epoxy resin with a "curing agent"” (e.g., am nes,
am ne adducts, or polyam de resins). The coatings are packaged
with the epoxy portion in one container and the curing agent in a
second container. As with coal tar epoxy systens, the coatings
must be used within their pot life. Comonly used epoxy coatings
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 tine to cure depends on the
anbi ent, coating, and surface tenperature during the curing
period. The curing reaction slows down markedly at tenperatures
bel ow 10°C (50°F).

Epoxy coating films are strongly resistant to nost chemcals
and nmake excellent anticorrosion coatings. They are one of the



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 formed by the pol ynerization of sodi um
silicate, potassiumsilicate, lithiumsilicate, or hydrolyzed
organic silicates. The liquid coating forns a filmby the
evaporation of the solvent (water and/or VOC s), followed by the
chem cal reactions between the silicate materials, zinc dust, and
curing agents. lnorganic zinc coatings use water or organic

sol vents.

A variety of curing mechani sms are used to formthe fina
inorganic zinc coating film The coatings are frequently
packaged as nulticonponent paints. Al parts nust be m xed
t horoughly before being applied. After mxing, inorganic zinc
coatings have a pot life of 4 to 12 hr. The solvent nust
evaporate fromthese coatings before they can forma film For
sol vent based, self cure inorganic zincs, sonme water is needed to
allow the binder to cure. Low humidity 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.” Organic zinc coatings use zinc as

a pignent in a variety of organic binders. The primary feature
of organic zinc coatings is that the coating filmis

el ectrochem cally active and reacts to provide cathodic
protection to the steel substrate. These coatings are not as



conmpati ble with organic topcoats. Cenerally, these coatings are
nmore 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 recomrended for inmersion service in salt water
for the same reason given for inorganic zinc coatings, nanely,
that they can be corroded by the sane environnments that danage
zi nc.

3.2.1.1.7 Polyurethane.” Polyurethane marine coatings are

made fromresins that contain conplex nononers that incorporate
i socyanate chenistry, which is highly reactive wth hydroxyl
groups (e.g., water and al cohols), which are commonly used as
curing agents. Coating films are formed 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 nobst commonly
used pol yuret hane mari ne coatings are packaged as two- or three-
component 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 compounds) to accel erate curing.
Pol yur et hane coatings formtough, chenically-resistant
coatings and nake particularly good high-gloss cosnetic finishes.
They have good abrasi on and inpact 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 nbst commonly used as topcoats,
e.g., in a coating systemconsisting of one coat inorganic zinc,
one coat high-build epoxy, and one coat aliphatic pol yurethane.



3.2.1.1.8 Spray-netallized coatings.” Spray-netallized

coatings are formed by nelting a netal 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 conmonly used netals for
spray-nmetallizing. Aluminumis generally favored for narine
service 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 metalized coating to gain the
maxi num 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 fornmed by the

pol ynerization of vinyl conpounds and are used in paints for
several applications (categories). The nbst comopn resins are
based on pol yvinyl chloride (PVC) copolyners. These resins form
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 inmersion
situations and are frequently used to protect subnerged
structures such as the underwater hull of a ship. These coatings
have excellent resistance to many chenicals 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 prinmer
(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



Thus, solvents play an inportant role in filmformtion 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 basic performance properties nust 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 sol vency of the
solvent deternine initial coating viscosity. Evaporation is
subsequently 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 solvent nust
evaporate relatively quickly during initial drying to prevent
excessive flow, but in later stages it nust evaporate slowy
enough to give sufficient |eveling and adhesion. Different
sol vent conponents are typically used to achi eve such evaporative
per f or mance.

Approximately one third of all solvent conponents used in
the ship-building and ship repair industry are HAP's. Table 3-4
lists the nbost comon sol vents (both HAP and non- HAP) used at
shi pyards based on the collected Section 114 information in the
data base.® The predom nant solvents used in marine paints and
in their associated cleaning are obtai ned from petrol eum (crude
oil). Mny of the comonly known solvents are actually petrol eum
distillation fractions and are conposed of a number of conpounds.
Distillation fractions are typically distinguished as aliphatic
or aromatic.



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

HAP sol vent s Non- HAP sol vents

Tol uene But yl al cohol

Et hyl benzene Et hyl al coho

Met hyl et hyl ketone Met hyl anyl 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

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

Aliphatic petrol eum solvents are distillation products from
crude oil and are characterized by relatively | ow sol vent power,
relatively low specific gravities, and bland 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 ker osene.

Aromatic petrol eum sol vents may be produced from aliphatic
compounds as follows. An aliphatic distillate fromcrude oil is
processed through a catalytic reformer, and the resulting
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
naphtha. Aromatics are stronger solvents than are aliphatics;
they dissolve a wider variety of resins.

Usi ng information provided by both the shipbuilding and ship



and the various solvents used in nmarine coatings.®' Mny
sol vents containing significant HAP conmponents such as mnera
spirits and high-flash naphtha were not reported as HAP' s because
t he generic solvent name 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 |ist 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 solvents 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 manufacturers.!® 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 concentrations:
xyl ene - 8 percent, toluene - 1 percent, and ethyl
benzene - 1 percent. Table 3-5



TABLE 3-5.

PETROLEUM SOLVENT BLENDS SCLVENTS
AND ASSUVMED HAP COVPONENTS'®

Sol vent HAP' s
Concentration
Type Nane Nane (W9
Aliphatic M neral spirits
Li groi ne Xyl ene
VM&P napht ha Tol uene
St oddar d Et hyl
sol vent benzene
140°F sol vent Hexane 1.0
Pai nt thinner 4-Total HAP' s
Thi nner
Hexane n- Hexane 50
Aromatic Xyl ene Xyl ene 100
Tol uene Tol uene 100
Medi um f | ash
napht ha Xyl ene
Tol uene
H gh-fl ash Et hyl Benzene
napht ha
10- Total HAFP' s




sumari zes the above assunptions regarding all major petrol eum
sol vent bl ends and their HAP concentrations used in marine
pai nts.
3.2.1.3 Coating Systens. 1In general, the coating systemns

described in this section are based on those used by the



U.S. Navy and nmay not be representative of those used by
commerci al vessels with different service requirenents. Coating
system sel ection requires consideration of many different
factors, including:

1. Service requirenents of the coated surfaces;

2. Materials and application costs;

3. Tenperature and hum dity during application and
dryi ng/ curing;

4. Surface preparation requirenents;

5 Desired service life;

6. Accessibility of the area for maintenance;!* and

7 Li fe-cycl e costs.

Coating systemrequirenents can be broken down into severa
general i zed categories based upon the ship's structura
components. 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 follow ng discussion were taken
froma letter fromS. D. Rodgers of the Naval Sea Systens Conmand
to A Bennett of the EPA invol ving protective coatings for
U.S. Naval ships.® The renmminder of this section provides
i nformati on on coating systens that have been identified to
provi de optinum 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, extrenme 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



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
use either a two-coat epoxy with a two-coat silicone alkyd or a
one-coat, zinc-rich primer 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 chenica
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 help avoid uncontrolled notion of the crew and
machi nery on wet, slippery decks. Antislip coatings need to be
sel ected for both their mechani cal roughness and their resistance
to lubricants and cl eani ng conpounds used on the decks. The nost
durabl e antislip coatings are based on epoxy coatings that
contain coarse alum numoxide grit. A typical antislip coating
system nmay consi st of one coat of epoxy priner 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 intunmescent
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
polyners. |Intunmescent coatings contain materials that expand
(foanm) when heated and create a thick insulation film (char) that
retards danage to the surface. Typical applications involve the
use of al kyd priners under chlorinated al kyd or waterborne



3.2.1.3.4 Tanks. Often cargo spaces and tanks are in a

nmore varied, and in sone cases, nore aggressively chenmically
reactive environnent than the hull. The cargo/tank coatings nust
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
fromthose for fuel or ballast tanks. Fuel tank coatings nust
prevent contam nation of the fuel by corrosion products or by
materials in the coatings. They mnmust al so prevent corrosion
damage to the tank and be resistant to aliphatic and aronmatic
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 nust prevent contam nation
of the potable water by corrosion products and nust not
contribute objectionable snell or taste to the water. The
coatings nust not react with hal ogen conpounds (e.g., bromine or
chlorine) used to disinfect the water. Care mnmust 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
compounds in concentrations as low as 1 part per trillion can
make drinking water unfit for use.

Bal | ast tanks are exposed to both total inmmersion and
partial imersion in seawater, but marine fouling is typically
not a problem The upper parts of the tank are constantly
exposed to high hum dity, condensation, and salt, while the | ower
portions are constantly i mersed. However, the continually
i mrer sed areas can be protected by a conbination of cathodic
protection and barrier coatings. Oher portions of the tanks can



3.2.1.3.5 Underwater hull areas. The underwater hull is in

constant contact with seawater and nust resist the ravages of
i npact abrasion, galvanic corrosion, and cavitation. Exterior
underwat er areas al so need protection fromthe attachment of
mari ne organi sns, known as fouling. This portion of ships and
structures are inaccessible for routi ne mai ntenance, and the
coatings chosen mnmust give reliable performance for extended
periods of tinme. Corrosion control for underwater areas usually
i ncl udes cathodic protection using sacrificial anodes (zinc or
al um nun) or inpressed current cathodic protection systens.
Cat hodi ¢ protection systens generate strongly al kaline
envi ronnents near the anodes and in areas where danage exposes
metal to the water. Both corrosion control and antifouling
coatings nust be resistant to the environnment created by cathodic
protection. Three-coat epoxy systenms are suitable for use in
this area. In the |last 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 narine
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
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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/chenistries may be used. Therefore, the paints in a
specialty category nmay not be easily substituted for one another.
The whol e paint system may have to be changed to ensure
compatibility.

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
nmeeting the performance requirenents for marine vessels.'*1®
H gher VOC limts 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.



TABLE 3-6. ADOPTED MARI NE COATI NG CATEGORI ES"?

SPECI ALTY
1. Air flask
2. Antenna
3. Antifoul ant
4. Heat-resistant
5. High-gl oss
6. Hi gh-tenperature
7. lnorganic zinc (high build)
8. Wl d-through (Shop) primer
9. Mlitary exterior
10. M st
11. Navigational aids
12. Nonskid
13. Nucl ear
14. Oganic zinc
15. Pretreatnment wash prinmer
16. Repair and mai ntenance thernopl astic
17. Rubber canoufl age
18. Seal ant coat for wire-sprayed al um num
18. Special marking
20. Specialty (fire-retardant) interior
21. Tack coat
22. Undersea weapons systens
GENERAL USE
23. Al nonspecialty coatings




A description of each of the adopted specialty paint categories
i s given bel ow.






3.2.1.4.1 Ar 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 pment which is used to receive or transnit el ectromagnetic
signal s.

3.2.1.4.3 Antifoulant coatings. Antifoulant coatings are

applied to the underwater portion of a vessel to prevent or
reduce the attachnment of biological organisnms. 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 machi nery and ot her substrates that during normal 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 High gloss coatings. High-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 saf ety equi pnent on mari ne vessels.

3.2.1.4.6 Hi gh tenperature coating. High tenperature

coatings are coatings which during nornal use nust w thstand
tenperatures of at |east 426°C (800°F).
3.2.1.4.7 lnorganic zinc (high build) coating. A coating

that contains 8 pounds or nore elenmental zinc incorporated into
an inorganic silicate binder that is applied to steel to provide
gal vani ¢ corrosion resistance. These coatings are typically
applied at nore than 2 m| dry filmthickness.

3.2.1.4.8 Weld-through (shop) preconstruction prinmer. A

coating that provides tenporary corrosion protection of stee
during inventory, typically applied at less than 1 m| dry film
t hi ckness, does not require renoval prior to welding, is



filmbuilding prinmers including inorganic zinc high-build
primers.
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 m epoxy

coatings up to 2 ml (0.002 in.) thick (dry) applied to an
i norgani c or organic zinc primer to pronote adhesi on 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 mediately returned to the water.

3.2.1.4.11 Nonskid coatings. Nonskid coatings are
specially fornulated 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 herwi se be subject to intrusion of radioactive
materials. These coatings nust be resistant to long-term
cumul ati ve radi ati on exposure, relatively easily to contamn nate
and resistant to various chenicals 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 binder
which is used for the express purpose of corrosion protection.
3.2.1.4.14 Pretreatment wash prinmer coatings. Pretreatnent

wash prinmer coatings contain a mninumof 0.5 percent acid by
wei ght and are applied directly to bare nmetal surfaces to provide



Repai r and mai nt enance thernopl astic coati ngs have vinyl,
chl orinated rubber, or bitum nous (coal tar)-based resins and are
used for the partial recoating of in-use non-U S. mlitary
vessel s, applied over the sanme type of existing coatings. Coa
tar epoxies are not included in this category even though they
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 canpufl age

coatings are specially fornul ated epoxy coatings, used as a
canmouf |l age topcoat for exterior submarine hulls and sonar dones
lined with elastoneric material, which provide resistance to
chi ppi ng and cracki ng of the rubber substrate.

3.2.1.4.17 Sealant coat for wire sprayed alum num A

seal ant coat for wire sprayed alum numis a coating of up to one
ml (0.001 inch) in thickness of an epoxy material which is
reduced for application with an equal part of an appropriate
sol vent used on wire-sprayed al um num surfaces.

3.2.1.4.18 Special marking coatings. Special marking

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 extreme-performance coatings with fire-retarding
properties that are required in engine roonms 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 allow adhesion to a subsequent coating
where the existing epoxy coating has dried beyond the tinme limt
specified by the manufacturer for the application of the next
coat .

3.2.1.4.21 Undersea weapons systens coatings. Undersea



weapons system i ntended for exposure to a marine environment and
intended to be launched or fired undersea.

3.2.1.5 Application Equipnment. This section discusses the
pai nt application nethods generally used to apply coatings to
mari ne vessels. These methods incl ude:
Conventional air-atom zed spraying;
Airl ess spraying;
Air-assisted airless spraying;
H gh-vol ume, | ow pressure (HVLP) spraying;

ok DN

In-l1ine heaters (hot spraying) in conjunction with other
spray equi pnent;

6. Brushing; and

7. Rolling.

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

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



TABLE 3-7.

ADVANTAGES AND DI SADVANTAGES OF SPRAY PAI NT

APPL| CATI ON METHODS!

Advantages

Disadvantages

Conventional air-atomized spray

Low equipment and maintenance costs
Excellent material atomization
Excellent operator control

Quick color change capabilities

Uses high volume of air
Does not adapt to high-volume material output
Low transfer efficiencies
Can cause contamination and worker visibility

Coating can by applied by syphon or under pressure problems
Airless spray
Most widely used Develops excessive spray dust and overspray fog
Low air usage (uses hydraulic pressures) Expensive fluid tips
High-volume material output High equipment maintenance
Limited overspray fog Difficult to spray some high viscosity materials
Large spray patterns and high application speeds Minimum operator control during application
Application of heavy viscous coatings System not very flexible
Excellent for large surfaces Not suitable for high-quality surface appearance
Good transfer efficiency on large surfaces Pressurized system can cause injuries to operator if
not used with adequate caution
Air-assisted airless spray

Low coating usage

Fair to good operator control on air pressure
Few runs and sags in painted surface

Good atomization

High equipment maintenance

Expensive fluid tips

Poor operator control on fluid pressure

Not suitable for high-quality surface appearance

High-volume, low-pressure (HVLP) spray

Low blowback and spray fog

Good transfer efficiency

Portable (totally self-contained equipment)
Easy to clean

Overall time and cost savings

Can be used for intricate parts

Good operator controls on the gun

High initial cost

Slower application speed (controversial)

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

High cost for turbine maintenance

Requires more operator training than conventional

Still relatively new on the market

Some very high solids products not sprayable by HVLP

In-

line heaters

Reduces the need for solvent additions for viscosity
reduction

Application viscosity is not altered by ambient temperature
and weather conditions

High film build with fewer coats; smoother surfaces

Potential for improved transfer efficiency

Several designs available

Can be used in conjunction with most types of spray
equipment

Additional maintenance and equipment costs

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

Requires additional fluid hose to spray gun for
recirculating

Not recommended for premixed two-component
coatings

Not intended for water-based coatings

Brushing

Primarily used for touch-up jobs and in small work
areas

Labor-intensive

Rolling

Manual application used on larger areas where
overspray presents cleaning difficulties

May not be appropriate for some primers (does not
penetrate surface)




3.2.2 Thinning Solvents

Solvents are frequently added to coatings by the applicator
just prior to spraying to adjust viscosity. The volunme of
HAP em ssions from"paint thinning" is second only to that from
pai nt solvents. Thinning is done at nost shipyards (regardl ess
of size) even though the paint manufacturers typically state it
is usually unnecessary. Wather conditions play a big part in
thinning, especially at the northern |ocations during the w nter
nmont hs when the cold tenperatures increase paint viscosity.
There are ot her issues involving thinning where autonated paint
systens require a quick-drying primer coating. Sone high-vol une
construction shi pyards have aut onated paint operations and use a
50 to 60 percent thinning rate wit preconstruction prinmers to
mai ntain a just-in-tinme (JIT) inventory of steel plate to be used
in construction work. %
3.2.3 deaning Solvents

Solvents used to clean spray guns and ot her equi pnment and to
prepare surfaces for painting are referred to as cl eani ng
sol vents. These solvents will be addressed by the Industrial
Cl eanup Solvents Alternative Control Techni ques (ACT) documnent
bei ng devel oped by the EPA. { eaning sol vents nmust be conpatible
with solvents in the various nmarine paints to be effective. A



wi de range of practices and/or systens are used for equi pnent
cleaning activities. Methods range from spraying 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. Several
shi pyards recycle used sol vents in-house, and many ot hers

(especially the najor yards) are required to di spose of the used
solvent as a hazardous material.
Figure 3-4
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and Table 3-8 give the breakdown of solvent usage and the
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average HAP content of each solvent type. Solvents used for
surface preparation have been included with cleaning 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 eani ng, and surface preparation) are the sanme in
terns of the HAP's used. Approxinmately 30 percent of al
sol vents used for thinning are HAP sol vents, 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

Basel i ne 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 emi ssion level is established to
facilitate conparison of the econom c, energy, and environnental
i npacts of the regulatory alternatives presented in Chapter 6.
3.3.1 Existing Regulations

No existing regulations limt HAP em ssions from ngj or
source shipyards. O the 189 conmpounds currently on the
EPA's HAP |ist, a handful of chem cals are addressed by various
State and local air pollution codes. Sone State air toxics
regulations Iimt certain of these pollutants, but these
typically are based on nodel ed anmbi ent concentrations at the
fencel ine boundary. To date, no shipyards have had to contro
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 linits are sunmarized in Table 3-9
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and are












br oken down by paint category. Additionally, the CTG docunent
Control of Volatile Organic Em ssions fromExisting Stationary
Sources, Volune VI: Surface Coating of Mscell aneous Metal Parts
and Products was published in June 1978. This CTGis applied by
some States in VOC nonattai nment areas. |t does not cover
out door painting of ship's hulls, but sone 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 correl ation between
HAP's and VOC s in marine paints, but many specific paints'
VOC/ HAP contents were found to be contrary to the general
rel ationship.®'* Any control of HAP's is incidental to VOC
control, including higher-solids fornulations. Mst paint
formulations (i.e., mlitary) have specific VOClimts but do not
speci fy which solvent(s) can be used. Therefore, it is possible
for paints nade to identical generic formulations to have a w de
range of HAP contents. Enmission control techniques are discussed
in nmore detail in Chapter 4.
3.3.2 Selection of Baseline

In selecting the baseline, no add-on control was consi dered
since none was reported by this industry. Therefore, the current
m x of paints and solvents reported by the 33 shipyards that
responded to the information collection request (ICR) in the
proj ect data base was used to approximate the nationwide mx to
establ i sh basel i ne.

Wth regard to marine paints, 100 percent of the sol vent
content was assunmed emitted to the air upon application
Figure 3-5
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shows the annual usage breakdown of all marine paints in the
data base. The weighted (by volune) average HAP content of
paints in each category (g HAP/L of coating |less water and | ess
"exenmpt solvent” [Ib HAP/gal of coating | ess water and | ess
exenpt solvent]) was calculated and is presented in Table 3-10.
Total HAP enissions from painting operations at a shipyard equals
the sum of the annual usage (volune of each paint category used)
mul tiplied by average HAP content.

TABLE 3-10. AVERAGE HAP CONTENT CF "AS SUPPLI ED
MARI NE PAI NTS®

Weighted average total HAP
content
Paint category 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 nning solvents are al so assuned 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
chem cal reference data.®!® Thinning solvent emnm ssions froma
shi pyard equal annual usage multiplied by the HAP content.

Cl eani ng solvents were not included in enission estinate
calculations. Industry reported that nost cleaning solvents used
are collected and di sposed of as hazardous waste.

In Chapter 6, baseline em ssions are calculated for a range
of nodel plants using information fromthe data base and the
previously nmentioned assunptions involving HAP em ssions from
pai nts and solvents. The baseline is used to estimte nati onw de
em ssions fromall major source facilities. It will also be used
in the cost analysis of regulatory alternatives, as well as in
the eval uation of environnental and econom c inpacts.
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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

California VOC limits

Louisiana VOC limits

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

General limits 340 340 2.8 2.8 420 3.5
Antenna 530 340 4.4 2.8 490 4.1
Antifoulant 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-activation 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 weapons 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
(DODN-P-15144)




TABLE 3-9 (continued)

California VOC limits

Louisiana VOC limits

g/L Ib/gal g/L Ib/gal
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)




4.0 EM SSI ON CONTROL TECHNI QUES

4.1 | NTRODUCTI ON

Em ssions of HAP' s from shipbuilding and ship repair
facilities result primarily from painting operations and the
associ ated cl eaning solvents. Enissions fromthese sources are
several orders of magnitude greater than those from any ot her
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
cleaning activities. This chapter discusses control techniques
that are denonstrated and those for which technol ogy transfer is
strongly indicated to control HAP em ssions from painting and
cl eaning at shipyards. Section 4.2 discusses the control options
avail able to reduce em ssions from painting operations, and
Section 4.3 discusses options that apply to cleaning.
4.2 PAI NTI NG OPERATI ONS

Em ssions of HAP' s from painting operations result from
three 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 beconmes part of the paint "as applied”
and (3) any additional volatile organics rel eased during cure.
Al'l the organic solvents from both conponents, including the

HAP solvents. are emtted as the annlied naint 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
and cost of various solvents. Beginning in the late
1970's, manufacturers began to react to progranms for reducing
tropospheric ozone, and many manufacturers altered coating
formul ations to reduce the ampbunt of VOC s contained in the
coati ngs.

The 1990 Clean Air Act Amendnments not only extend concern
for the emi ssions of solvents frompaints used in the
shi pbui I 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 formulating coatings using present resin systens.

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

Traditional paint fornulations are a consequence of many
i nfluences that vary by nmanufacturer. Lower-HAP formulations 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 sel ected solvents for the
forrmul ation that are not on the Iist of HAPs. O the solvents
used in marine paints used by the shipyards surveyed, nobst are
VOC s, and approxi mately 36 percent of the VOC s are HAP' s.!



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
i s decreasing the solvent-to-solids (nonvol atiles) ratio. These
"hi gher solids" coatings reduce solvent em ssions per surface
area painted. Both refornmulation strategies are useful for
reduci ng HAP enissions as well. Still a third avenue is
available to control HAP' s: substituting a non-HAP sol vent
(e.g., nmethyl n-anyl ketone [ MAK]) for a HAP sol vent

(e.g., glycol ether). Several coating manufacturers have marine
paints with [ittle or no HAP solvents. Although these
(re)formul ated coatings contain little or no HAP' s conpared to

t he equival ent HAP-based paints, they may have the sane

VCOC content because the organic solvent content usually remains
the same. |In fact, in sone solvent substitutions it could be
possi ble for the VOC content to increase even though the HAP
content decreases.

To identify |lower-HAP paint fornulations, information
(1990-1991) was conpiled froma survey of paint use at
shipyards.! Lower-HAP coatings were examined for 3 of the
23 paint categories described in Chapter 3: antifoulant and
i norgani ¢ 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 individua
limts to naintain existing HAP/VOC contents. The four
categories previously nmentioned were cl osely exam ned because
they nmake 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 amount of HAP's emitted frompaints as

applied may include (1) using | ower-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 atnobsphere. Lower-
HAP formul ati ons are di scussed in Section 4.2.1. The options to
reduce or elimnate HAP's fromthinners are (1) changing the
thinners to those with less HAP's and (2) reducing the anount 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 emi 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.

4.2.2.1 Lower-HAP Thinners. Lower-HAP thinners may be used

in conjunction with sone | ower-HAP paint formulations. Paints
formul ated with non-HAP sol vents can be thinned with the sane
non- HAP solvents. Oher paints with I ess forgiving fornul ations
may not tolerate sone of the | ower-HAP thinners. The thinning
sol vent rnmust 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 enment |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
industrial and autonotive paint applications.? These heaters
appear adaptable to any paint spray systembut are npst often



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/nmn), and 6°C (43°F) at

3.0 L/mn (0.8 gal/mn).? The effect of heating on the viscosity
of the paint varies sonmewhat between coatings and depends on the
physi cal properties of the paint.

Pai nt heaters reportedly are not a panacea for viscosity
problens. Representatives of shipyards in colder clinmates have
conpl ai ned that applying heated paint to cold surfaces in w nter
months 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. Al though none are known to be used in this industry,
t hese devi ces have potential applications for controlling

HAP em ssions (which are in many cases also 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 device.

Enmi ssi ons from outdoor painting operations are presently
difficult to control since there is no cormercially avail able
technol ogy for enclosing the painting area and capturing the
em ssions. Only one outdoor painting process, painting (storage)
t anks, was eval uated 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 may be
effective during hull blasting operations and nay al so be useful



this reason, add-on controls have not been evaluated for hul
painting.® Enmissions fromindoor painting operations are nore
easily contained; it is technically feasible to capture emni ssions
fromindoor painting operations and route the em ssions to a
control device.

For control of indoor painting (such as wthin tanks)
em ssions, the add-on devices evaluated are thernal and catal ytic
i ncinerators and carbon adsorption systens. Incinerators are
control devices that destroy VOC contanm nants using conbustion
converting themprimarily to carbon dioxide (CQ) and water.
Carbon 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. Sunmmaries of these add-on contro
devices, their associated costs, and their performance
characteristics can be found in Table 4-1 and in References 4, 5,
and 6, respectively.

TABLE 4-1. SUMVARY OF VOC ( HAP SOLVENT)
ADD- ON CONTROLS EVALUATED

Add-on control @ Advant ages Di sadvant ages

Ther mal i ncinerator >98% destruction efficiency Hi gh operpting cost
for | ow concentration

streans

Catal ytic incinerator [>98% destruction efficiency; Heavy netal 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% r enoval / destructi on - Capital cost high
incineration efficiency; smaller

i nci nerator can be used

aNote:  An enclosure. such as a buildina or travelina sealed work area. would be



4.3 SOLVENT CLEANI NG

Equi prent 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 equipnment, 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 prinmary control options are available to reduce HAP
em ssions fromcleaning: (1) work practices to reduce amount of
sol vent used and the anmount 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 enissions fromsolvents. The first
consi sts of a solvent accounting programtracking the use, fate,
and costs of all cleaning solvents. The second el ement consists
of actions managenent nmay take to reduce or control em ssions
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 w ping a surface with rags and
di sposing of the rags in a covered container to help reduce
sol vent evaporation.’
4.3.1 Wbrk Practices

Many yards are changing their work practices to save used

solvent for reuse and to reduce solvent disposal costs (used
solvent typically nmust be di sposed of as hazardous waste).
Certain work practices mnimze the amount of solvent used and



di spl aced as nore solvent is added. The extent of evaporation is
af fected by novenment of air across the opening. When |eft
uncovered, solvent will evaporate constantly. Em ssions also
occur when solvent is poured fromone 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 mninm ze evaporative emni ssions.
For instance, self-closing funnels on 55-gallon waste sol vent
barrels. These screw into the bung hole on the barrel and

m nim ze evaporative enissions fromthe barrel because the barre
is normally closed when solvent is not being added. They al so
reduce spillage and evaporative | osses fromspill age.

O her work practice changes can be nmade rel ated to spray
equi prent. Enptying the spray gun of paint prior to cleaning
(i.e., spraying the equipnment 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
systens, solvent transfer, and sol vent storage.

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

4.3.2 Substitute Solvents in Ceaning 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 anbi ent tenperatures).
Enmi ssi ons are reduced because | ess sol vent evaporates over a



refornul ated 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
the application

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

Li nonene 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 eani ng 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
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5.0 MODI FI CATI ON AND RECONSTRUCTI ON

Nat i onal emi ssion standards for hazardous air pollutants
(NESHAP) apply to both new and existing major source facilities.
The degree of enission 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 maxi 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
st andards for new sources but cannot be | ess stringent than the
average | evel of control achieved by the best perform ng
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 emission linmtation for existing sources. A ngjor
source that undergoes a reconstruction, however, nust neet the
MACT emission |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 SI ONS FOR MODI FI CATI ON AND RECONSTRUCTI ON
5.1.1 Mdification
Section 112(a) (1Y of the Aean Air Act defines modification




[ A] physical change in, or change in the

nmet hod of operation of, a nmajor source which
i ncreases the actual enissions of any
hazardous air pollutant emtted by such
source by nore than a de m nims anmount or
which results in the em ssions of any
hazardous air pollutant not previously
emtted by nore than a de minins anmount.

The EPA has not yet issued regulations to inplenent the anended
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 nmaintenance, repair, replacenment of
worn parts, or an increase in the hours of operation will not be
consi dered nodi fications.

Certai n changes, even though they result in an increase in
HAP em ssions greater than a de minims anount, are not
consi dered nodifications. Section 112(g)(1) of the Act
establi 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 equa
or greater decrease in the quantity of emi 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 pollutant.

Modi fications that are not subject to the offset provision
must nmeet the MACT emission |imtation for existing sources.
However, existing major sources are subject to the NESHAP in any
case. As aresult, 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 made to a nmmjor source until such
nodi fication is approved by the EPA (or the State, if an approved

narm t nNnrnanramic in of fart)



nmodi 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 em ssion rate may be determ ned by em ssion factors as
specified in the |atest issue of Conpilation of Air Pollution
Eni ssion Factors, otherwi se known as AP-42, or other em ssion
factors deternined by the EPA to be superior to AP-42 eni ssion
factors.® In cases where using these em ssion factors does not
clearly denmponstrate that em ssions increase or decrease, other
nmet hods such as naterial bal ances, continuous nonitoring data, or
manual eni ssion tests nay 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
af fected source to such an extent that:

1. The fixed capital cost of the new
conmponents 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
econom cally feasible for the reconstructed
source to nmeet the promul gated eni ssion
standard(s) established by the Adm nistrator
pursuant to section 112 of the Act.

Upon reconstruction, an affected source is
subject to relevant standards for new

sour ces, including conpliance dates,
irrespective of any change in em ssions of



For this definition, "fixed capital cost" means the capital
needed to provide all the depreciable conponents of an existing
sour ce.

If the owner or operator of a mmjor 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 conparabl e new source, the owner or operator nust apply
to the Admi nistrator (or, if an approved permt programis in
effect, to the permtting authority in the State) for approval of
the reconstruction. This application nmust be nade at | east
180 days before the reconstruction is planned to conmence and
must 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 emission 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 naj or sources
are subject to the NESHAP for a source category. For sonme 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 exi sting surface coating operations are expected
to be identical. The standards will also apply to nodifications
or reconstructions at a nmjor source. However, if an area source
(which is not subject to the NESHAP) becomes a mmjor source by
virtue of increased em ssions associated with a nodification or
reconstruction, the newly created najor source beconmes subject to
t he standards.

Shi pbui I ding and ship repair coating operations typically
occur at l|ocations throughout the shipyard, and changes in any of



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 |l ed spray booths for applying coatings

general ly 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 booths
to relieve this production bottleneck. The em ssions then
i ncrease on a nass-per-tinme basis (kg/hr) because nore coating
can be acconplished per hour with the additional spray booths
than before the nodification.
5.2.2 Addition of a New Operation

A shipyard may add an operation not previously performed at

that facility, resulting in an increase in em ssions. The
operation may be added to satisfy the requirenents of a new
mat erial/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 prinmers
to steel plates that are later used in fabricating ships.
5.2.3 Addition of a New Product Line

Addi ng a new product |ine 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 nvolve relocating or constructing raw material storage, process
operations, offices, and utilities.



added to the existing product lines already in existence at the
facility. This usually involves the npbst extensive physica
changes to the facility and would nost likely increase em 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 Iine with a new product line. 1In this case, the physica
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. Environnmental Protection Agency. Conpilation of Air
Pol I utant Em ssion Factors (AP-42). Fourth edition and
Suppl enrents A-E.  Septenber 1985.



6.0 MODEL SHI PYARDS AND REGULATORY ALTERNATI VES

6.1 GENERAL

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 individua
shipyard can fall in and out of a given nodel yard description
The nodel yards are nmeant to represent variations in the industry
as a whole; they do not represent every existing shipyard. This
chapter describes the nodel shipyards, identifies the em ssion
poi nts associated with each nodel shipyard, and presents the
basel i ne eni ssions fromthe nodel shipyard em ssion points.

Model shipyards will also be used to estinmate nati onw de

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

alternatives renresent various courses of action that the EPA



Regul atory alternatives are limted to those control nethods that
meet or exceed the maxi num 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
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 scussi on 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 enission
estimtes are described in Section 6.4. The MACT for this
industry is presented in Section 6.5, along with estinated
HAP emi ssion reductions. Myre 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 emi ssions were estimated using information
suppl i ed by shipyards and manufacturers of marine paints. There
are some unresol ved 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
the (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 linits 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 6-9.

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 narine coating manufacturers, responses to



both the BACM and t he NESHAP were gat hered during
the site visits. Rather than issue a separate draft CTG the
EPA is using the NESHAP to request public comment on a draft
reconmended BACM The draft recommended BACMis the proposed
MACT for coatings and sol vents.

The nodel
shi pyards were defined based primarily on

I nformation for

shi pyard descriptions are presented in Table 6-1.

These nodel
two paraneters: (1) the type of work perfornmed (construction

versus repair) and (2) the relative size of the shipyard (snall

medium or large) in terns of annual paint and sol vent usage.
Mar ket segnents involving mlitary versus comercial work were
al so evaluated and determ ned not to be significant in ternms of

HAP emi ssion differences. The rationale for selecting these

primary paraneters is presented bel ow.

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 (galfyr)’ | (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 (galfyr) | (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.
®Coating usage volumes are less water.

6.2.1 New Construction vs. Repair

The type of work perforned 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 perfornmed indoors at construction yards than at repair

yards. It was later determined that this is only true for |arge



fabricated starting with the small est conmponents. 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,
Control of Volatile Oganic Em ssions fromExisting Stationary
Sources, Volune VI: Surface Coating of Mscell aneous Metal Parts
and Products, published in 1977. 1In many of the shops, painting
and bl asting areas are specially contained and vented to protect
the workers. These conditions and existing enclosures |end

t hensel ves nore readily to the application of add-on contro

devi ces than do outdoor coating and blasting activities. (At
repair facilities, nearly all the work is performed in place on
the ship; relatively little painting and bl asting occurs inside
buildings.) |In addition, the scope of activities at a typica
construction yard is broader than at a repair yard. A snaller
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 nay have different econom c inpacts at
construction yards than it does at repair yards. Mdel shipyards
representing these two types of operations are expected to prove
useful when the econom c inpact analysis is perfornmed.

Some yards perform both construction and repair, but one
busi ness area typically predomi 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 |east 70 percent fromrepair.

6.2.2 Shipyard Size

Size is an inportant nodel plant paranmeter because cost and
econom ¢ inpacts of control are often nore severe for smaller
operations. At the sane tinme, the emission reductions



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 sonme snmall bargeyards
where several hundred barges requiring nmininmal repairs can be
serviced 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 large
shi pyards and nore nunerous nmedi um and snal | shi pyards.

The sizes are defined based on the annual volunme 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 differentiati on 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 help
define nedium and small shipyards. Based on an analysis of the
survey data, paint usage at the various nodel shipyards ranges
from70,511 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 volune units are presented in ternms of |ess
wat er.)

6.3 MODEL SHI PYARD PARAMETERS

The nodel shipyards were defined based on the two prinmary
paranet ers di scussed above. |n 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



sol vent use profiles for the nodel shipyards are presented in
Tabl e 6-2



TABLE 6- 2.

MODEL SHI PYARD PAI NT/ SOLVENT USE PROFI LE
(Percent of tota

gal | ons)

Model shipyard No.

Paint/solvent category 1 2 3 4 > 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
Cleaning® 50 80 80 80 60 97
TOTAL 100 100 100 100 100 100

®Sums may not add to 100 due to rounding.
PIncludes cleaning of equipment, parts, and surfaces.




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 thinning and that
used for equi pnent cl eaning.

6.3.1 HAP Content of Paints and Sol vents
Data on the HAP content of paints in each paint category from

the 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 nake up 80 percent or nore of the tota
pai nt used in each category). A similar calculation was nmade to
obtain the wei ghted average VOC content. The wei ghted average
HAP and VOC contents of the paint categories are presented in



Table 6-3. The VOC contents are included for conparison/



TABLE 6-3. WEI GHTED AVERAGE VOC AND HAP CONTENT OF

PAI NTS AND SOLVENTS AS SUPPLI ED!

Average VOC content® Average HAP content’
Category g/L | Ib/gal g/L | Ib/gal
SPECIALTY PAINTS
Antifoulant 388 3.23 268 2.25
Repair and Maintenance Thermoplastics 493 4.11 271 2.28
Fire retardant 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 activation interior) 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.
PLess water and exempt solvents.
TABLE 6-4. EXAMPLE CALCULATI ON FOR DETERM NI NG THE
VEI 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

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

PLess water and exempt solvents.




correl ati on purposes and to show the rel ati onshi p between average
VCOC contents and existing State (California and Loui siana) marine
coating VOC limts (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 ghted average HAP content was determ ned and
illustrates the general nethod for cal cul ati ng averages wei ght ed
by paint usage (volune). Wighted averages were al so used in
cal cul ati ng em ssi ons based on various approaches for determ ning
MACT. 2

The average HAP contents of solvents used for both thinning
and cl eaning were determined simlarly. Survey responses were
used to derive the average HAP content of all solvents in each of
these 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 eaning.
Approximately 36 percent of all solvents are HAP's. Based on
conmposition data for solvents, xylene was assuned to represent
70 percent of the HAP sol vent 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



construction shipyards (nodel shipyard No. 1) and 10 percent at
all other shipyards (nodel shipyard Nos. 2 through 6) (see



Tabl e 6-5).® Based on comments from sone of the paint

manuf acturer representatives, the paint used in spray booth
applications at shipyards is usually sonme type of inorganic zinc
(preconstruction) priner, alkyd, or pretreatnent priner.?

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 analysis of indoor painting operations.

TABLE 6-5. MODEL SHI PYARD PAI NT OPERATI ONS
Model shipyard No.

Location 1 2 3 4 5 6
PERCENT OF TOTAL USAGE

Outdoor (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 deternmined for all node
shi pyards. Baseline em ssions were cal cul ated for each eni 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 all outdoor painting
(ship exteriors and interiors), and em ssion point No. 2 was



as part of the "as applied" fornulation of the various marine
coatings and are therefore included in the em ssions. Each of
the two enission 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 sol vents
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



TABLE 6-6. ANNUAL HAP EM SSI ONS FROM EM SSI ON PO NT 1A:
AS- SUPPLI ED COATI NGS USED AT OUTDOOR PAI NTI NG OPERATI ONS
My/ yr (tons/yr)

Model shipyard No.
Coating category 1 2 3 4 5 6
SPECIALTY PAINTS
Antifoulant 3.8 23.7 1.5 6.9 0.6 3.7
(4.2) (26.7) (1.7) (7.7) (0.8) (4.1)
Inorganic zinc 14.2 1.0 5.6 0.3 2.5 0.2
(17.4) (1.2) (6.9) (0.4) (4.0) (0.5)
All others 5.2 7.1 2.1 2.0 0.9 1.1
(combined) (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) (2.1) (2.5)
TOTAL 56.1 49.8 22.4 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) (0.4) (0.2) (0.2) (<0.1)
Methyl ethyl ketone (8) 1.4 0.1 0.2 0.1 0.1 <0.1
(1.5) (0.1) (0.2) (0.1) (0.1) (<0.1)
Other (6) 1.0 <0.1 0.1 <0.1 <0.1 <0.1
(1.1) (<0.1) (0.1) (<0.1) (<0.1) (<0.1)
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)




through 6-8 present the resulting HAP em ssions fromeach of
TABLE 6-8. ANNUAL HAP EM SSI ONS FROM EM SSI ON
PO NTS 2A AND 2B: | 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 2.5 2.0 1.2

(31.9) (7.2) (2.8) (2.2) (1.3) (1.1)

8Using 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
Mg/ 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 1.1 1.2 <0.1
solvents) (18.7) (1.4) (2.6) (1.2) (1.3) (<0.1)

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) (1.1) (1.1)
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) 0)
emissions®

Baseline (combined) HAP emissions from 25 major sources = 1,155 Mg/yr (1,272 tons/yr).



the primary emni ssion points.

The foll owi ng assunptions were used in cal culations involving
HAP emi ssions from paints and solvents: (1) all 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 enission
points as part of the shipbuilding and ship repair industry.
Operations activities such as equi pnent cl eani ng, wel ding, gas
freeing (purging residual gas vapor fromtankers and barges),
nmetal fabrication, fuel conbustion, flame cutting, asbestos
renmoval, chrom um plating, and netal part cleaning (degreasers)
emt varying quantities of VOC s and HAP's. Such eni ssions
shoul d be aggregated in deternmining if a facility is a mjor
source. However, they were not considered primary in determning
em ssion points for this study and were not eval uat ed.

Tabl e 6-9 provides a sunmmary of total HAP enissions by
em ssion point for each nodel shipyard. Baseline HAP eni 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 anounts 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 al so be directly
correlated to the differences in paint and solvent use. The
cal cul ated average HAP contents of all marine paints is 141.0 g/L






(less water) (1.18 Ib/gal [less water]) and ranges fromb56 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 fromlarge construction shipyards (nodel No. 1) and
2 percent of large repair yard (nodel No. 2) HAP emissions. Data
fromthe other nodel shipyards indicate that thinning solvent
accounts for 7 to 10 percent of HAP em ssions.

6.5 MAXI MUM ACHI EVABLE CONTROL TECHNOLOGY ( MACT)

The shipbuilding and ship repair industry is basically
uncontrolled in terns of HAP's. No add-on control devices were
used by any of the shipyards surveyed.® Reformulating paints to
| ower - VOC coati ngs, which has been underway for sone tine, could
indirectly reduce HAP's as well 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 tota
reduction mandated by VOC |linmts. 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
si ze of ships and available technol ogy). Such controls were,
however, evaluated for spray booths. Because of the linited data
certain assunptions regarding the total air flow were nade.

Consi dering the sporadi c nature of painting operations, an
overstimation of the air flow nmay have contributed to the very
hi gh costs per ton of HAP's calcul ated. Cost details are
provided in Chapter 8 for spray booth add-on controls and paint
heat er s.



to reduce HAP's. Sonme narine paints have a | ower HAP content
than others. The MACT floor is based on these paints with
relatively low HAP contents. It is presuned that once the |eve
is established, other manufacturers will refornmulate to conply.
Ref ormul ati on can take any of several avenues: solvent-
substituted coatings (as defined in Chapter 4), higher-solids
(nonvol atiles) coatings, and waterborne coatings. Use of
thinners 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 refornulation scenarios. Approximtely one third of the
VOC s used as solvents in marine paints are also HAP's, as
described in Chapter 3. The data show, however, that reducing
VOC s does not necessarily nean that HAP's will be reduced in a
specific paint. Many of the paints have nmultiple solvent
conmponents, and if the paint manufacturer chooses to reduce or
elimi nate the non-HAP solvent(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 lower-VOC). |Indeed, concerns have
been raised that VOC limts currently inposed by sonme States (and
the proposed BACM will drive industry to use stronger solvents,
many of which are HAP's.® \While there is no direct correlation
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 determining 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 nmjor-source shipyards is estimted to be



(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 ronnental inpacts, costs, and economic inpacts are fairly
straightforward. Any HAP limts on marine paints will also

af fect VOC emni ssions from shipyards |ocated in VOC attai nnent
areas. The inpact(s) of conbined HAP and VOC linits nust be
considered in all analyses to ensure conpatibility with the CTG
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7.0 ENVI RONMVENTAL | MPACT

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

Since MACT for this industry involves reformulation or
sel ection of |ower-VOC paints, environnmental and energy inpacts
for each of the enission 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 eni ssi on points

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

HAP |imt on BACM

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

Some paints and solvents used by this industry contain



[imt the maxi num al | owabl e HAP eni ssions for each category of
paint. The primary and secondary air pollution inpacts are
descri bed bel ow.

7.1.1 Primary Air Pollution |Inpacts

Primary inpact will be the HAP and VOC em ssion 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 sane proportion. Overall reductions in
both HAP and VOC emni ssions, however, will result with the use of
| ower - VOC pai nts. Because sol ventborne coatings with | ower-VOC
equate to a higher volunme of solids per volune of coating,
em ssion reductions are obtai ned because there is |l ess solvent in
the paint and, of course, less paint is needed to provi de enough
filmformng nmaterial to coat a given area of substrate.

The annual HAP sol vent em ssion |level (including any
contained in thinning solvents) that would result from
i npl emrentation of VOC |imts on "as applied" basis is presented
in Table 7-2. The HAP em ssion reduction from baseline was
cal cul ated for each nodel shipyard. It ranged from1l1l.4 to
27.6 My/yr (1.5 to 30.4 tons/yr). The estinmated em ssions
reduction resulting frominplenentati on of MACT ranged from
around 10 to nearly 32 percent by nmass for the range of Mde
shipyards (Nos. 1 to 4).
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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 estimated to be
1,155 My/yr (1,272 tons/yr). The inpact of inplenenting 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 estinated
i npacts for the existing sources represents the total inpact in
the fifth year after the standards are proposed.
7.1.2 Secondary Air Pollution |Inpacts

Secondary em ssions of air pollutants result from generation
of the energy needed to conmply with the standard. Since
reformul ati on/ sel ection of | ower-VOC paints does not involve any
type of control device or equipnent, the shipyards will produce
no secondary air pollution. Sonme shipyards, however, may need to



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 from
reformul ati on or selection of |ower-VOC paints. Wen higher-
solids coatings are utilized, less paint is used and the total
anount of associ ated overspray would al so be expected to be
reduced since the sane total volume of paint solids will be
applied. Since spray painting usually occurs at the dock or near
the 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
available with which to estinmate current water pollution inpacts
fromoverspray or the reduction in water pollution that would
result frominplenentation of MACT.
7.3 SCLI D WASTE DI SPOCSAL | MPACTS

No additional or new types of solid or hazardous waste wil|
be generated by inplenentation of MACT. The | ower-VCOC (higher-
solids) products will result in fewer paint cans being used to
apply the sanme solids volune. 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 mentioned previously in Section 7.2, there is a chance
that sone shipyards may choose to use additional paint heaters in



those located in cold clinmates. The energy inpact from any
addi ti onal heaters being used as a result of inplenenting MACT
cannot be quantified with certainty, but since each paint heater
uses only 2.3 kilowatts on average, their total energy
consunption is mnuscule. ™2
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
responsible for the majority of the noise in the existing
operations. These delivery systens are not expected to require
change.
7.6 OTHER ENVI RONMENTAL CONCERNS
7.6.1 |Irreversible and Irretrievable Comnitnent of Resources

| mpl ementing MACT will not result in an irreversible or
irretrievable conm tnent 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 Environnmental Inpact of Del ayed Standard

Because there are no significant water pollution, solid
w