MEMORANDUM

FROM Madel ei ne Strum Coating and Consuner Products G oup
Em ssions Standards D vision
U.S. Environnental Protection Agency

DATE: January 15, 1997

SUBJECT: Summary of Findings fromthe Boat Manufacturing
Presunptive MACT Process: Styrene Em ssion Control

Opt i ons

1.0 | NTRODUCTI ON AND PURPGCSE

Under section 112(d) of the Cean Air Act (the Act), the EPA
i s devel opi ng national em ssion standards for hazardous air
pol lutants (NESHAP) for the boat manufacturing source category.
The EPA is required to publish final em ssion standards for the
boat manufacturing source category no | ater than Novenber 15,
2000. In order to neet this schedule, it is expected that the
EPA will need to publish proposed standards by Novenber 15, 1999.

The Act requires that the em ssion standards for new sources
be no less stringent than the |Ievel of control achieved by the
best controlled simlar source in the source category. For
exi sting sources, the level of control can be less stringent than
the | evel of control for new sources, but it can be no |ess
stringent than the | evel of control achieved by the average | evel
of control achieved by the top 12 percent of existing sources.
In categories or subcategories with fewer than 30 sources,
exi sting sources nmust neet a level of control no | ess stringent
than the average | evel of control of the best performng 5
sources. The NESHAP that are required to neet these criteria
have cone to be known as maxi num achi evabl e control technol ogy
(MACT) st andards.

The MACT st andards devel opnent for the boat manufacturing
i ndustry began with the identification and assenbly of
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st akehol der representatives fromindustry, State and | ocal
regul at ory agenci es, and EPA regional offices to develop what is
known as a presunptive MACT or P-MACT. (The EPA also solicited
participation fromenvironnmental groups, but no representatives
el ected to participate in the P-MACT process.) The P-MACT is an
estimate of MACT based on readily avail able information that can
be collected and analyzed in a short tinme frame. The goals of
P- MACT are to (1) ldentify industry, State, |ocal, and regional
EPA st akehol ders early and get theminvolved in the standards
devel opnent process; (2) To assenble and anal yze readily
avail abl e informati on on em ssions and control technologies in a
short tine franme; (3) Determ ne P-MACT for new and exi sting
sources based on the avail able data and the collective judgenent
of the stakeholders; and (4) ldentify technical and policy issues
that need to be addressed in the rule making and enlist the help
of the stakeholders in resolving those issues. Finally, the
i nformation coll ected during P-MACT can be used by States that
may have to make case-by-case MACT determ nati ons under Sections
112(g) or 112(j) of the Act. The P-MACT phase of the boat
manuf act uri ng NESHAP was begun in Cctober 1995 and focused
primarily on the production of boats made from fi ber reinforced
plastic (FRP), also known as "fiberglass”. This nenorandum
represents the conclusion of that phase of rule devel opnment.
Thi s menorandum presents the results of the P-MACT phase of
t he Boat Manufacturing NESHAP. This nmenorandum incl udes a
description of the em ssion control technol ogies that were
identified that are currently used in practice by the industry
and that could serve as the basis of MACT. Wthin the short
time-frane intended for P-MACT, however, the stakehol ders could
not agree on specific technol ogies for P-MACT for either new or
exi sting sources. In particular, the stakehol ders coul d not
agree on whether sufficient data had been collected to assess
whet her some control technol ogies were feasible for all boat
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manuf acturers wi thin each subcategory and to support a specific
P- MACT recommendati on. The stakehol ders could al so not agree on
how regul atory flexibility could be incorporated into a P-MACT
recommendation. The EPA determ ned that the issues that have
been rai sed during P-MACT should be resol ved through further data
coll ection and anal ysis as MACT standards are devel oped.

The information summarized in this nmenorandum was col | ected
prior to October 1996. Additional information has been collected
since that tinme and nore information will be collected and
consi dered before the boat manufacturing em ssion standards are
promul gat ed.

The i ndustry nmenbers that participated in the P-MACT process
were nearly all nmenbers of the National Mrine Manufacturers
Associ ation (NMVA) and a representative of the NMVA was al so
active in the P-MACT process. The States that participated in
the process were California, Florida, Illinois, Mryland,
Washi ngt on, and Wsconsin. The South Coast Air Quality
Managenent District (California) and the Lincol n-Lancaster
(Nebraska) Health Departnment also participated. The U S. EPA was
represented by EPA Region 4, EPA Region 7, EPA Region 9, the EPA
Ofice of Alr Quality Planning and Standards (EPA/ QAQPS) and the
EPA O fice of Research and Devel oprent.

Questions or coments on this menorandum shoul d be directed
to Madel ei ne Strum (EPA/ QAQPS) at 919-541-2383 or at
st rum madel ei ne@panai | . epa. gov.

Section 2.0 of this nenorandum descri bes the boat
manuf act uri ng source category and its em ssions. Section 3.0
descri bes the em ssion reduction technol ogies that are applicable
to boat manufacturing and identifies technical and econonc
i ssues raised by the P-MACT participants that are associated with
t hese technol ogies. Section 4.0 presents the EPA' s anal ysis of
the best controlled facilities with regard to resin use based on
their utilization of em ssion reduction nmeasures for resin use.
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Section 5.0 summari zes the issues that were unresolved at the end
of the P-MACT phase of rule devel opnent and descri bes how t he EPA
pl ans to resolve those issues in devel opi ng the boat
manuf acturing NESHAP. Finally, section 6.0 lists the printed
resources fromwhich information used in this docunent was taken.
2.0 THE BOAT MANUFACTURI NG SOURCE CATEGORY AND EM SSI ONS
2.1 SOURCE CATEGCRY DESCRI PTI ON

Boats can be manufactured frommany different material s,
i ncluding FRP, alum num rotationally nolded (rotonol ded)
pol yet hyl ene or other thernoplastic materials, and wood. The
boat manufacturing source category, for the purposes of P-NMACT,
i ncludes those facilities that manufacture boats from FRP because
nost boats are produced from FRP and nost of the avail abl e data
are fromthese sources. The types of boats produced include
sai | boats, powerboats, yachts (both power and sail), persona
wat ercraft, and m scell aneous small boats (e.g., canoes, kayaks,
rowboats). The nmajority of boats produced (about 100,000 units
per year) are small fiberglass power boats 14 to 25 feet |ong.
However, personal watercraft (PW) are a rapidly expanding
segnent of the boat manufacturing market.

The nost comon material used in boat manufacturing is FRP
Boats made from FRP are typically manufactured in a process known
as open nolding. Separate nolds are typically used for the boat
hul |, deck, and m scell aneous snall FRP parts such as fuel tanks,
seats, storage |ockers, and hatches. The parts are built on or
inside the nolds using glass roving, cloth, or mat that is
saturated with a thernosetting liquid resin such as unsaturated
pol yester or vinylester resin. The liquid resinis mxed with a
catal yst before it is applied to the glass. The catalyzed resin
hardens to forma rigid shape consisting of the plastic resin
reinforced wwth glass fibers.

The FRP boat manufacturing process generally follows the
fol |l owi ng production steps:
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. Bef ore each use, the nolds are cl eaned and polished and
then treated with a nold rel ease agent that prevents
the part fromsticking to the nold.

. The open nmold is first spray coated with a pignented
pol yester resin known as a gel coat that will becone
the outer surface of the finished part. The gel coat
is mxed with a catalyst as it is applied so that it
wi Il harden. The catalyst can be m xed either inside
the spray gun (internal mx) or imrediately after
| eaving separate orifices on the spray gun (externa
m x). The gel coat is applied to a thickness of about
18 mls (0.018 inches).

. After the gel coat has hardened, the inside of the gel
coat is coated with a skin coat of polyester resin and
short glass fibers and then rolled with a netal or
plastic roller to conpact the fibers and renove air
bubbl es. The fibers are applied in the formof a
chopped strand mat or chopped roving froma chopper
gun; the skin coat is about 90 mls (0.09 inches) thick
and is intended to prevent distortion of the gel coat
(known as "print through") fromthe subsequent |ayers
of fiberglass and resin;

. After the skin coat has hardened, additional glass
reinforcenent in the formof chopped roving, chopped
strand mat, woven roving, or woven cloth is applied to
the inside of the nold and saturated with catal yzed
pol yester resin. The resin is usually applied with
ei ther spray equi pnent or by hand using a bucket and
brush or paint-type roller.

. The saturated fabric is then rolled with a metal or
plastic roller to conpact the fibers and renove air
bubbl es.

. More | ayers of woven glass or glass nat and resin are
applied until the part is the desired thickness; the
part is then allowed to harden while still in the nold.
As the part cures it generates heat fromthe exothermc
reactions that take place as the resin hardens; very
thick parts may be built in stages to allow this heat
to dissipate to prevent heat damage to the nol d.

. After the resin has cured, the part is renoved fromthe
mol d and the edges are trimed to the final dinensions.
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. The different FRP parts of the boat are assenbl ed using
smal | pieces of woven glass or glass mat and resin,
adhesi ves, or nechanical fasteners.

. Flotation foamis typically injected into cl osed
cavities in the hulls of smaller boats to nmake the boat
unsi nkabl e and capable of floating if swanped.

. After the assenbly of the hull is conplete, the
el ectrical and nmechani cal systens and the engine are
installed along with carpeting, seat cushions, and
ot her furnishings and the boat is prepared for
shi pnent .

. Some manufacturers paint the topsides of their boats to
obtain a superior finish or the bottons to prevent
marine grow h.

. Larger boats generally also require extensive interior

woodwor k and cabi n furnishings to be install ed.

During the P-MACT phase, the EPA identified two
subcategories in this source category. One subcategory is
personal watercraft (PWC); these are defined as vessels |less than
4 nmeters (13.1 feet) in length that use an internal conbustion
engi ne powering a water jet punp as its primary source of
propul sion, and is operated by a person sitting, standing, or
kneeling on, rather than within the confines of the hull. These
i nclude boats often referred to by the brand nanme "Jet Ski" that
are manufactured by Kawasaki, although several other conpanies
(i ncludi ng Yanaha, Mastercraft, and Polaris) manufacture boats in
this subcategory. A separate subcategory was created for PWC
because they are snmall boats (less than 4 neters) and are
sonetimes built using techniques that are not utilized for other
types of larger boats. During P-MACT, the EPA coll ected
information on 6 facilities in the PW subcategory. Al of these
are probably major sources of hazardous air pollutant (HAP)

(i.e., each facility has the potential to emt nore than 10 tons
per year of a single HAP or 25 tons per year of a conbination of
HAP) based on the amount of resin they consune.

8198-30-09\pj\1-15-97 6



The second subcategory includes all other types of boats and
yachts, including sail boats, powerboats, and mi scel |l aneous snal
boats. During P-MACT the EPA has collected information on 90
boat manufacturing facilities in this second subcategory and the
EPA estimates that 77 of these are mmjor sources of HAP

In sonme cases, the FRP hulls and decks of PWC or boats are
manuf actured by a contractor for the PW or boat nmanufacturer.

In these cases, the EPA considered these contractors to be in the
PWC or non- PWC boat manufacturing subcategory. The manufacturer
t hat assenbl es the PWC or boat, but does not use any pol yester
resin, is not presently considered in the source category that
was the subject of this P-MACT since this P-MACT addressed only
em ssions from pol yester resins.

2.2 HAZARDOUS Al R POLLUTANT EM SSI ONS

The principal HAP enmitted from boat manufacturing are
styrene and nethyl nethacrylate (MVA). Styrene is a volatile
conmpound that is used as a cross-linking agent for connecting the
nmonomers of pol yester resins; polyester resins used in |amnating
contain between 30 and 50 percent styrene by weight. Methyl
net hacrylate is used as a cross-linking agent in addition to
styrene in the polyester resins that are used as gel coats in the
boat manufacturing industry. Cel coats have about 30 to 50
percent styrene and 5 percent MVA by wei ght.

Sonme fraction of the avail able styrene and MMA in the
| am nating resins and gel coats evaporates during application and
curing. Not all of the styrene and MVA evaporates because the
conmpounds are bound up in the cross-linking reaction between
pol yester nol ecules in the hardened resin and becone part of the
finished product. The data currently available to the EPA
indicate that em ssion factors (pounds of em ssions per pound of
avai |l abl e HAP) are higher for gel coat application than for resin
application. Emi ssion factors are hi gher because gel coat is
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applied in a thinner layer than resins and evaporation is higher
fromthinner |ayers.

The total HAP em ssions fromthe boat manufacturing industry
were 3,830 tons in 1993 according to the EPA's Toxic Rel ease
I nventory (TRI) database. This estimate was obtai ned by summ ng
the total HAP reported by 158 facilities in SIC code 3732
(Boat bui I di ng and Repair). About 91 percent of these em ssions
are styrene and MVA. The renai nder of the HAP em ssions are
primarily toluene and xyl ene, which are used as solvents in
pai nting al um num boats, and nethyl ene chloride, which is used as
a solvent in many cleaning operations. 1,1,1-Trichloroethane
(methyl chloroform was fornmerly used in large quantities as a
cl eanup and adhesi ve sol vent, but is being discontinued because
it is an ozone depl eting substance.

The HAP emi ssions reported in the TRl database are generally
cal cul ated using the EPA's em ssion factors docunented in EPA
Publ i cati on No. AP-42. However, nore recent data collected in
separate | aboratory studies by the EPA's Ofice of Research and
Devel opnent (ORD) and t he Conposite Fabricators Association (CFA)
indicate that the EPA's AP-42 enission factors may under-estimate
styrene em ssions fromopen nolding. The ORD and CFA data
i ndi cate that actual em ssions nay be twice as high as estimated
using AP-42 em ssion factors. |If these data are supported by
addi tional studies, the total em ssions fromthe industry nay be
as high as 7,000 tons per year of HAP and there may be about 111
maj or sources.

The ORD and CFA em ssion studies were performed under
closely controlled conditions using small (about 20 square feet)
mal e nolds in totally enclosed spray booths. The two studies
i ndi cated that several variables affect em ssions, such as
styrene content, resin application nethod, |am nate thickness,
and resin gel-tinme, but enmi ssions are generally about tw ce as
hi gh as those predicted by AP-42. However, these test results
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must be interpreted with sone caution because the small mal e
nol ds used in the tests are not representative of sone of the
nol ds found in nost boat manufacturing facilities.

Most boat hull nolds are large fenal e nolds and em ssions
may be different when using these types of nolds. However, boat
manuf acturers use a variety of nolds having different shapes and
sizes. Deck nolds and the nolds for many of the smaller
m scel | aneous parts that go into a boat nay be flat nolds or nale
molds with features and surfaces very simlar to the ones used in
the em ssion studies. QOher paraneters that affect em ssion
factors are the gel tinmes and | am nate thicknesses.

For the reasons noted above, not all of the P-MACT
st akehol ders agreed that these data should be used for conparing
em ssion reduction potential. The NMVA will performtesting
usi ng actual boat nolds to collect additional em ssions data
specific to boat manufacturing. The EPA is planning to use these
data along with the ORD and CFA data to devel op a better
under standi ng of the effectiveness of em ssion reduction
t echnol ogi es and to devel op nore accurate nmethods for estimating
em ssions fromthe boat manufacturing industry. However, the EPA
used the ORD sponsored testing data to conpare and rank em ssion
reducti on technol ogies for the P-MACT process because they were
the nost applicable and readily avail able data that conpared the
relati ve em ssion reduction potential of various pollution
prevention options for FRP boat manufacturing.

3.0 EM SSI ON REDUCTI ON TECHNOLOGQ ES APPLI CABLE TO BOAT
MANUFACTURI NG

The foll owi ng sections describe the techniques that are
currently being used by PW and non- PWC boat nanufacturers to
reduce em ssions fromresin application and, if applicable, gel
coat application. |In each section, the technique is described,
foll owed by a discussion of potential em ssion reductions and a
di scussion of the benefits of that technique conpared to other
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nmol di ng technol ogies or to other em ssion control options.
Finally there is a list of issues that were identified with each
control option during the P-MACT process.

The information presented in the follow ng sections is a
summary of the information collected during P-MACT in the EPA s
dat abase for the boat manufacturing source category. Most of the
information is froma survey sponsored by the NVMA and al so
i ncludes information collected fromcase studies of well-
controlled facilities that were identified by equi pnent vendors,
in magazine articles, by P-MACT participants, and fromthe EPA s
reinforced plastic conposites NESHAP (which is a separate rul e-
maki ng i ncl udi ng products other than boats). Although the EPA
W Il update the database with new information before the final
standards are promrul gated, this nmenorandum pertains only to the
data col |l ected during P-MACT.

3.1 CLOSED MOLDI NG

Closed nolding is the name given to fabrication techniques
in which reinforced plastic parts are produced between the hal ves
of a two-part nold or between a nold and a fl exi bl e nenbrane,
such as a bag. There are four types of closed nolding methods
that are being used in boat manufacturing operations: vacuum
baggi ng, vacuum assisted resin transfer nolding, resin transfer
nol di ng, and conpression nolding with sheet noldi ng conpound.
These four technol ogies are discussed in the follow ng sections.
3.1.1 Vacuum Baggi ng

Vacuum bagging is a partially closed nolding technology. It
uses techniques simlar to open nolding but with a nodification
in the resin curing stage. After resin has been applied (either
by hand |l ay-up or spray lay-up), a flexible, clear plastic sheet
is placed over the wet |am nate and seal ed al ong the edge of the

mold to forma "bag. A porous material called a bl eeder sheet
is also placed under the bag and a hose connected to a vacuum

punp is seal ed under the edge of the bag. The vacuum punp is

8198-30-09\pj\1-15-97 10



used to draw the air out fromunder the bag and press the bag
down onto the part. The pressure of the vacuum renoves any
trapped air and excess resin fromthe part and presses the |ayers
of lam nated material together. This technique is used to
increase the fiber-to-resin ratio, which generally increases the
strength of a part, and also to obtain a good bond between FRP
skins and non-FRP core materials, such as wood or foam Core
materials are often sandw ched between | ayers of FRP to nmake a
thicker and stiffer part wthout significantly increasing the
part's weight.

In the EPA P- MACT dat abase, 13 facilities use vacuum
bagging. One facility, Corsair Mrine, vacuum bags all parts in
the construction of high performance nmulti-hull sailboats
(trimarans) including hulls as large as 31 feet. A manufacturer
of | arge notor yachts uses vacuum bagging in the construction of
i nternal decks, bul kheads, and stringers that have PVC foam
cores. In this case, the vacuum bagging is used to conpress the
FRP | am nates and foam core together. The EPA believes that nost
facilities in the EPA P-MACT dat abase that perform vacuum baggi ng
use it only for fabricating small parts and not for hulls, decks,
and superstructures.

Em ssion reductions: The ORD and CFA testing program

results indicate that about 50 percent of styrene em ssions occur
after the resinis applied, i.e., during roll-out and curing.
Since a part is covered by a plastic bag after resin application,
the EPA estimtes that vacuum baggi ng nay be able to reduce

em ssions by up to 50 percent, conpared to allowing a part to
cure in an open nold, if the vacuumbag is placed over the part

i nmedi ately after the resin has been applied. A small anount of
styrene will be emtted fromthe vacuum exhaust and sone off-
gassing may occur after the bag is renpved, but these em ssions
are believed to be small because vacuum exhausts have been tested
for simlar processes and very little styrene has been detected.
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In addition, it is believed that the styrene is incorporated into

the cross-linking reactions and beconmes part of the cured resin.
Benefits: Vacuum bagging offers the foll ow ng advant ages

over conventional open nolding, in addition to em ssion

reducti ons:

. M ni m zed worker exposure to styrene curing enm ssions;

. Stronger and |ighter parts with | ess voids and hi gher
glass to resin rati os;

. Better bondi ng between FRP skins and non-FRP core
mat eri al s; and

. Reduced | abor and rolling equi pment needs because
rolling to renove air bubbles and excess resin is not
needed.

| ssues: Several issues have been raised with respect to
vacuum baggi ng as a control option:

. Unl ess a reusable silicone bag is constructed, the
vacuum bag, seal ant, and bl eeder sheets generally
becone solid waste after each part is nmade;

. The nol ds need a w der flange, conpared to conventi onal
nmol ds, for sealing the vacuum bag to the nol d;

. I ncreased | abor and skill is required to fit and seal
the bag to the nold;

. The bag nust be fitted and the vacuum applied before
the resin starts to cure; this can be difficult for
very large parts requiring |arge anmounts of resin and
gl ass.

. Vacuum baggi ng can be difficult for conplicated shapes
unl ess a custom zed bag is fabricated; and

. Vacuum baggi ng requires the purchase and nai nt enance of
a vacuum punp; purchase costs woul d be between about
$1, 800 and $7, 500, depending on the size of the
facility.

3.1.2 Vacuum Assi sted Resin Transfer Ml ding
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Vacuum Assi sted Resin Transfer Ml ding (VARTM is a closed
nmol di ng technol ogy that uses a vacuumto pull resin into dry
fiberglass reinforcenents that are placed into a cl osed nol d.
The cl osed nold may be forned using a flexible plastic sheet or
"bag" as in vacuum bagging, or by a rigid or sem-rigid cover
that matches the shape of the nold. 1In all variations, the bag
or cover is sealed to the nold and vacuum pressure is used to
draw resin froman outside reservoir into the sealed nold through
a systemof distribution tubes and channels placed under the bag
or cover.

One VARTM process that has been used by several boat
manufacturers is a patented technol ogy called the Seeman
Conposites Resin Infusion Ml ding Process (SCRIMP) which is
licensed by SCRIMP Systens, LLC. Oher VARTMtechni ques have
been devel oped but were not explored during P-MACT devel opnent
and it is not known how wi dely they are used in boat
manuf act uri ng.

In the SCRIMP process, the nold is coated with a gel coat
finish and a skin coat is applied using conventional techniques.
Dry reinforcenents and core nmaterials are then placed in the
nmol d. The resin distribution systemand the bag are then pl aced
over the nold and sealed to the edge of the nold. The vacuumis
then applied to pull the bag against the nold and the
rei nforcenents and the bag is checked for |eaks. Valves to the
resin supply systemare then opened and the resin is pulled into
the reinforcenments by the vacuum \When the reinforcenents are
t horoughly saturated with resin, the resin supply is shut off and
the part is allowed to cure under a vacuum After curing, the
bag is renoved and is either discarded or reused, depending on
the material fromwhich it is nade. Disposable bags are nmade
fromplastic film whereas reusable bags are nade fromsilicone
rubber. A silicone bag can be used for nore than 500 parts.
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The SCRI MP process has been used by one manufacturer (TPl
Conposites, Inc.) to build small (13 foot) sail boats and | arge
sai |l boats up to 90 feet. TPl builds about 400 boats per year
using SCRIMP and al so uses the process to manufacture other
reinforced plastic parts, including windm || blades and exercise
pools. Several other smaller boat manufacturers that are not
maj or HAP sources are also using the process to build both power
and sail boats of a variety of sizes including notor surf
lifeboats for the U S. Coast Guard. Wllcraft announced in
August 1996 that it will also begin using the process to produce
power boats. Wellcraft will be building about 4 hulls per week
for 26 and 29 foot high performance powerboats. About 60 percent
of the total resin used in these boats wll be applied by the
SCRI MP process. |In 1997, Wllcraft plans to build | arger boats
with the SCRI MP process.

Em ssion Reductions: Significant em ssion reductions are

possi ble with VARTM because the resin is pulled froma bul k
container to a closed nold and very little surface area is
avai l able from which styrene can evaporate. Measurenents
performed by TPI, Inc. indicate that |ess than 0.02 percent of
the avail able styrene is emtted during the VARTM process. This
represents about a 99 percent em ssion reduction conpared to
resin applied by open nolding. However, the VARTM process cannot
be used for the whol e boat building process because the gel coat

and skin coat nust still be applied by conventional nethods, so
the total em ssion reduction achieved wll be |ower than 99
percent .

The skin coat is about 0.09 inches thick and will represent

about 10 to 30 percent of the thickness of a finished | am nate,
depending on the size of the boat and the function of the part
whi ch determ ne its necessary thickness. Taking the em ssions
fromthe skin coat into account, VARTM can achieve a 90 to 70
percent emni ssion reduction; the reduction will be greater on
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t hi cker parts for which the skin coat represents a smaller
fraction of the total part thickness. The VARTM process does not
control any of the em ssions associated with gel coat
appl i cation.

Benefits: The VARTM process has the foll ow ng advant ages
over conventional open nolding, in addition to em ssion
reducti ons:

. M nim zes worker exposure to resin and styrene; this
makes for a cleaner and nore confortable work
envi ronnent and reduces the need for personal
protective equi pnent such as respirators, gloves, and
coveralls;

. Reduces the need for ventilation nmake-up air (and
associ ated el ectrical and heating costs) to nmaintain
styrene concentrations w thin acceptabl e exposure
| evel s;

. Reduces the | abor needed to apply resin and perform
detail rolling of the |am nate;

. Reduces the need for clean-up solvents for resin
appl i cation equi prnent;

. Reduces the need for resin application equipnent (e.g.,
spray guns, punps, and detail rollers) and associ ated
mai nt enance costs;

. Produces parts with a higher glass-to-resin ratio and
fewer voids, which generally results in stronger and
nore durabl e parts;

. Can produce lighter parts if a core material is
incorporated into the lamnate in place of sone of the
fiberglass; and

. Produces nore consistent parts because the fiberglass
reinforcenents are placed into the nold dry and can be
precisely |located before resin is applied and because
resin application is nore controlled and predictable.
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| ssues: Several issues have been raised with respect to the

use of the VARTM process as an em ssion control option:

Unl ess a reusable silicone bag or cover is constructed,
t he vacuum bag, sealant, and resin distribution system
general ly becone solid waste after each part is nade;

The nol ds nmust have a wi der flange, conpared to
conventional nolds, for sealing the vacuum bag or cover
to the nol d;

I ncreased skill and training is required to cut and fit
the reinforcenments into the nold, assenble the resin
distribution system and fit and seal the bag or cover
to the nol d;

The VARTM process can be difficult for conplicated
shapes unl ess a custom zed bag or cover is fabricated,

The VARTM process requires the purchase and mai nt enance
of a vacuum punp;

The vacuum pressure that conpresses the | am nates nmay
cause print-through of the gel coat (this is a cosnetic
problemthat is not [imted to VARTM and may require
the part to be painted after it is renoved fromthe
nmol d; print-through is being studied by the SCRI MP
patent holders in conjunction with resin suppliers);

The vacuum pressure al so produces thinner parts because
the fiberglass is conpressed before the resinis
applied; this may require that the |am nate be
redesigned to incorporate a core material to maintain
the sanme part thickness and stiffness;

Proper resin and catal yst chem stry is needed to
prevent excessive heat build-up in thick parts, to
prevent print-through, and to achieve the working tine
needed to infuse large parts with resin; and

The SCRI MP process is patented and users nust purchase
a license and pay a royalty on each part made; the
current license fee is $25,000 (which includes training
and engi neering support in how to use the process).

The royalty is negotiable and is a maxi num of $0. 20 per
pound of the part made, or 5 percent of the licensee's
cost to produce the part, including materials, |abor,
and manufacturing overhead. However, the royalty
decreases as a manufacturer's volune increases so that
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a facility conparable to TPl Conposites woul d only be
payi ng a royalty of about $0.04 to $0.05 per pound of
part nade.

3.1.3 Resin Transfer Mol ding
Resin transfer nolding (RTM uses two rigid nold halves to

provi de the shape for fabrication of FRP boat parts. 1In a
typical resin transfer nolding (RTM operation, gel coat is spray
applied to the inside surface of both halves of the nold so that
the part has two finished sides, instead of one as in open

mol ding. After the gel coat cures, the dry reinforcenent is laid
inside the nold and the nold is closed with clanps. Wen cl osed,
the two halves of the nold mate together with a narrow space

bet ween them equal to the thickness of the finished part.

Catal yzed resin is injected into the closed nold where it
saturates the fiberglass. Wile the part is still in the nold,
the resin cures. After the resin has cured, the nold is opened
and the finished part is renoved.

The RTM process i s nost econom cal for maki ng many copi es of
smal | parts, especially when a snooth finish is desired on both
sides of the part. Typical applications of RTMin boat
manuf acturing are for making hatch covers, doors, and seats. Six
boat manufacturers in the EPA P-MACT dat abase are using RTM One
manuf acturer is using RTM for producing PWC hulls and decks. No
manuf acturers are currently using RTMto fabricate boats | arger
than a PWC.

Enmi ssion Reductions: No enmissions data are available from

the RTM process; however, because the resin is not exposed to the
air during application or curing, the EPA predicts that little
styrene is emtted during fabrication by RTM conpared to
conventional hand and spray processes. Any styrene that is
emtted is released during off-gassing when the nold is opened.
The RTM process does not control any of the em ssions associ at ed
with gel coat application.
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Benefits: The RTM process has several advantages conpared

to conventional open nolding in addition to em ssion reductions:

RTM is nore econom cal than open nolding for producing
many copies of relatively small parts such as hatch
covers and seats because of reduced | abor during resin
application; the use of pre-formed fiberglass
reinforcenents can add to these | abor savings;

M nim zes worker exposure to resin and styrene; this
makes for a cleaner and nore confortable work

envi ronnent and reduces the need for personal
protective equi pnent such as respirators, gloves, and
coveralls;

Reduces the need for clean-up solvents for resin
appl i cation equi prment;

RTM produces nore consistent parts than open nol di ng;

RTM can produce parts with two snooth finished sides;
and

Parts can be produced nore quickly with RTM because the
heat of injecting the resin accelerates the resin
curing and allows for faster nold cycle tines.

| ssues: Several issues have been raised with respect to the

RTM process as an em ssion control option:

RTM nol ds are nore costly than open nol ds because they
must be built to wthstand the pressure of the injected
resin and, therefore, nust have a significant steel
reinforcing structure that also increases the weight of
t he nol d;

The cost difference between open nolds and RTM nol ds

i ncreases as the nolds becone | arger and nore conpl ex;
smal|l nmolds (such as a hatch cover) can be 4 tinmes the
price of open nolds and | arge nolds (such as a PW) can
be 10 tinmes the price of an open nold; and

Parts made with RTM may still require painting to
achieve the sane finish as with an open nold and pai nt
sol vent em ssions may of fset sonme of the em ssion
reducti ons achi eved by cl osed nol di ng.

3.1.4 Conpression MIding using Sheet Ml di ng Compound
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Conpr essi on nol di ng i nvol ves the use of a prepared conpound
such as sheet nol ding conpound (SMC) and a | arge hydraulic press
to produce FRP parts. The prepared SMC sheet is conposed of
resin and fiberglass fibers. To create a FRP part with
conpression nol di ng, SMC sheets are cut to the proper size and
put into a matched nale and female nold. The two nolds are
pressed together in the hydraulic press under several tons of
pressure. The SMCis forced into all areas of the nold and cures
in the closed nold under high heat and pressure in a matter of
m nut es.

Several facilities are currently using conpression nol di ng
wth SMC to produce hulls, decks, and other parts for PW.  These
facilities are producing parts on the order of tens of thousands
per year.

Em ssion Reductions: No enmissions data are avail able from

the conpression nolding with SMC process; however, because the
resin is not exposed to the air during application or curing, the
EPA predicts that little styrene is emtted during fabrication
with SMC conpared to conventional spray and hand |lay up
processes.

Benefits: The conpression nolding process with SMC has the
foll owi ng advant ages conpared to other nol ding technologies in
addition to em ssion reductions:

. The rapid curing of the parts under high heat and

pressure permts rapid nold cycle tinmes and high
production vol unes;

. The automated process and the use of SMC reduces | abor
costs conpared to open nol ding; and

. M nim zes worker exposure to resin and styrene; this
makes for a cleaner and nore confortable work
envi ronnent and reduces the need for personal
protective equi pnent such as respirators, gloves, and
coveralls;
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. Reduces the need for clean-up solvents for resin
application equi pnent; and

. There is no need to apply gel coat to the nold prior to
nmol di ng.
| ssues: Several issues have been raised with respect to
conpression nolding with SMC as an em ssion control option:

. The nolds required for SMC nust be fabricated from
metal to withstand the nol ding pressures and are very
expensive; e.g., the cost of nolds to build a PW may

be as much as $1 mllion;
. The hydraulic press is also very expensive and can cost
several mllion dollars for one | arge enough to handl e

a part the size of a PWC hul | ;

. Because of these high capital costs, conpression
mol ding with SMC may only be feasible for |arge
production runs of identical parts (e.g., tens of
t housands of units per year); and

. A "Class A" finish cannot be obtained from SMC so the
parts nust be painted after nolding; this is an added
cost and paint solvent em ssions nmay offset sone of the
em ssion reductions achieved by using closed nol ding
dependi ng on the HAP em ssions from paint conpared to
gel coat.

3.2 NON SPRAY RESI N APPLI CATI ON

Non-spray resin application includes 4 different techni ques
for applying resin: bucket and brush application, resin rollers,
flow coaters, and resin inpregnators. Al four of these
t echni ques reduce em ssions conpared to resin spraying techni ques
by elimnating the atom zation of resin. These four techniques
are discussed in the foll ow ng sections.
3.2.1 Bucket and Brush Application

The bucket and brush technique is the ol dest nethod of

applying resin to fiberglass reinforcenents. |Individual batches
of resin are mxed with a catalyst in a bucket or pail and
applied to the part using a brush or paint roller. This

techni que was the first nmethod used in fiberglass boat
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manufacturing until spray equi pnent and chopper guns were
devel oped for applying resin. Currently, it is used only in
[imted cases for |ow volune production or customwork or for
fabricating and bonding small parts at |arger production
facilities.

Em ssion Reductions: According to the results of the ORD

testing program non-spray resin application, including resin
rollers and fl ow coaters, achieved about a 45-percent eni ssion
reduction (based on percent avail able styrene) conpared to resin
sprayi ng. Bucket and brush application will probably achieve a
simlar em ssion reduction because it is also a non-spray
application net hod.

Benefits: The advantages of this technique conpared to
spray application in addition to em ssion reductions are:

. Reduced worker exposure to styrene because the resin is

not atom zed; and

. No special equipnment is needed so this process can be
used by small shops or in situations in which other
application equi pnent is not available, such as for
assenbly outside a | am nating shop or for repair of
exi sting boats.
| ssues: Most boat manufacturers, except those nmeking very
smal | boats such as canoes and kayaks and a few ot her specialized
types of boats, have switched to other resin application
t echni ques because m xi ng batches of resin and catalyst is |abor-
i ntensive and inefficient conpared to other nethods. 1In
addi tion, the buckets and excess resin can becone a significant
anount of solid waste and al so wasted nmateri al s.
3.2.2 Resin Rollers

Resin rollers consist of a fabric roller that is fed a

conti nuous supply of catalyzed resin froma nechanical fluid
punp. The fluid punp draws resin froma drum or bul k
distribution line. The resin punp is nechanically linked to a
separate catal yst punp. These two punps supply the resin and
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catalyst in a predeterm ned but adjustable ratio to a static

m xer located in the handle of the roller. The static m xer then
feeds the catalyzed resin to the roller head through the handl e
of the roller. Since atom zation is not required with resin
rollers, resin delivery pressures are below the delivery pressure
of nost resin spraying systens [i.e., |less than 100 pounds per
square inch (PSI)].

A valve controlled by the operator regul ates the anount of
resin flowng to the roller head and to the part being
fabricated. The resin flowis distributed to the roller head by
a mnifold within the roller head. A typical roller head is
about 9 inches wde by 1.5 inches in dianeter and has about 150
hol es that are about 1/32 inches in dianmeter. The roller head is
covered with a disposable fabric cover simlar to a standard
paint roller cover. This arrangenent distributes the resin
uniformy around the circunference of the roller. Resin roller
systens are simlar in principle to the Wagner-brand Power Roll er
Systens avail able to consuners in hardware stores.

Resin rollers are intended to be operated nore or |ess
continuously during a shift to prevent the resin from hardening
between the static m xer and the roller cover. At the end of the
shift, the roller cover is discarded and the m xing unit, handl e,
and roller manifold are flushed with a solvent. Non-HAP, non-VOC
sol vents can be used for solvent fl ushing.

Resin rollers are used to nanufacture a range of boats from
12 to 40 feet in length, including both sail and power boats. In
t he EPA P- MACT dat abase, there are 11 boat nanufacturing
facilities (including one that makes both PWC and power boat s)
using resin rollers for some or all of their resin application.
One facility builds as many as 3,000 power boats (19 to 21.5
feet) and 3,500 PWC per year using only resin rollers. Another
facility builds about 80 |arge sail boats per year with only resin
rollers. Those facilities that use both resin rollers and spray
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equi pnent generally use the rollers for the hulls and the spray
equi pnent for the decks and small parts that have nore
conpl i cated shapes.

Em ssion Reductions: The ORD testing program neasured

em ssions fromresin rollers and found that resin rollers
achi eved approximately a 45-percent em ssion reduction (based on
percent available styrene) conpared to resin spraying. The ORD
testing program neasured styrene em ssions fromresin rollers
that were equal to 15 percent of the avail abl e styrene.

Benefits: Resin rollers have the foll ow ng advant ages
conpared to resin spray application systens and as an emn ssion
control option.

. A higher transfer efficiency than spray systens with
nore resin going onto the part and | ess resin being
| ost as overspray;

. Reduced need for personal protective equi pnent,
including respirators and coveralls;

. A cl eaner and nore confortable work environnment,
i ncl udi ng reduced consunpti on of di sposable fl oor
coveri ngs;

. More control over final part weight and reduced

variability anong parts; and

. As a control option, resin rollers can be conbined with
| ow- styrene resins for additional em ssion reductions.
| ssues: Several issues have been raised with respect to
resin rollers as an em ssion control option.

. Switching to resin rollers fromspray equi pnent wl |
require capital costs to purchase the resin rollers and
possi bly nodify the existing resin distribution and

punpi ng equi pnent ;

. Resin rollers may have hi gher nai ntenance costs
conpared to spray equi prment;

. Resin rollers can be difficult to work into narrow
spaces and tight corners and small parts may require
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that the fabric is inpregnated wth resin before it is
pl aced in the nold;

. The | onger handles on resin rollers may be difficult to
maneuver around the scaffolding used for working inside
| arger hulls;

. Work nust be scheduled to keep the roller in nore or
| ess continuous use throughout a shift to prevent resin
from hardening inside the handle and roller head;

. Resin rollers may require nore cleaning solvent and
generate nore waste solvent than external m x spray
equi pnent; and

. Resin rollers may dispense resin at a slower rate than
resin spray equipnment and this may | ead to sl ower
pr oducti on.

3.2.3 Flow Coaters
Fl ow coaters are simlar to standard resin spraying

equi pnent except that the resin | eaves the tip of the flow coater
in continuous consolidated streans rather than as an atom zed
spray. Wereas the tip of a spray gun is a single snmall orifice,
the tip of a flow coater has a dozen or so precisely drilled

hol es that produce steady streans of resin, simlar to a snal
shower head. At |east one manufacturer produces an internal-mx
resin spray gun that can be converted to a flow coater sinply by
swtching the nozzle froma single orifice tip to a flow coater
nozzle. Flow coaters can also be fitted with a chopper head to
apply chopped fiberglass roving in the sane way as a conventi onal
at om zed chopper gun.

The fl ow coaters use the sane resin and catal yst punps that
are used with catal yst-injected spray equi pnent or resin rollers.
The fluid punp draws resin froma drumor bulk distribution Iine.
The resin punp is mechanically linked to a separate catal yst
punp. These two punps supply the resin and catalyst in a
predeterm ned but adjustable ratio to a static mxer located in
the handl e of the flow coater. The static m xer then feeds the
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resin to the flow coater head through the handl e of the flow
coater. A valve controlled by the operator regul ates the anount
of resin being applied to the part being fabricated. Flow
coaters are operated at a lower fluid pressure than resin spray
equi pnent .

Like resin rollers and other internal m x equi pnent, flow
coaters are intended to be operated nore or |ess continuously
during a shift to prevent the resin from hardening inside the
applicator. At the end of the shift, the mxing unit, handle,
and nozzle are flushed using a solvent recirculated in a cl osed
system

Thirteen boat manufacturers in the EPA P- MACT dat abase use
flow coaters for sone or all of their resin application. Flow
coaters and chopper flow coaters are used to manufacture both
power and sail boats up to about 40 feet in |ength.

Em ssion Reductions: The ORD testing program neasured

em ssions fromflow coaters and found that flow coaters achi eved
a 45-percent em ssion reduction conpared to resin spraying. The
ORD testing program neasured styrene em ssions fromflow coaters
that were approximately 15 percent of the available styrene.

Benefits: Flow coaters have the follow ng benefits over
resin spray application systens and as an eni ssion control

opti on.

. A higher transfer efficiency than spray systens with
nore resin going onto the part and | ess resin being
| ost as overspray;

. Reduced need for personal protective equi pnent,
including respirators and coveralls (one manufacture
has noticed that the enpl oyees are able to work cl oser
together and faster than if using spray guns);

. A cl eaner and nore confortable work environnment,

i ncl udi ng reduced consunpti on of di sposable fl oor
coverings; and
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As a control option, flow coaters can be conbined with
| ow styrene resins for additional em ssion reductions.

| ssues: Several issues have been raised with respect to

using flow coaters as an em ssion control option:

Fl ow coaters may di spense resin at a slower rate than
resin spray equipnment and this may | ead to reduced
producti on;

Swi tching or converting spray equipnment to flow coaters
will require capital expenditures; however, these costs
can be relatively nodest depending on the spray

equi pnment currently used;

Hi gher mai nt enance costs conpared to spray equi pnent
(Thor oughbred Powerboats reported that flow coaters

i ncreased val ve mai ntenance costs approximately 5 tines
conpared to spray gun systens);

Sone industry representatives have stated that flow
coaters may not be able to shoot as far as conventi onal
spray equi pnent and it may be harder to | am nate from
outside large nolds with flow coaters;

Wor k must be schedul ed to keep the flow coater in use
nore or |ess continuously throughout a shift to prevent
resin from hardening inside the application equi pnent;
and

Fl ow coaters may require nore cleaning solvent and
generate nore waste solvent than external m x spray
equi pnent .

3.2.4 Fabric | npregnators

Fabric inpregnators use resin covered rollers to saturate

fiberglass fabric, simlar to an ol d-fashioned winger washer in

reverse.

Dry fabric is fed down through a pair of finished-netal

rollers that hold a reservoir of resin to inpregnate or saturate

the fabric. The gap between the rollers can be adjusted to

achieve a predetermned fiber-to-resin ratio. Catalyzed resin

can be manually m xed and poured into the machine or continuously

m xed and fed to the machine by fluid punps that are simlar to

those used for resin spray equi pnent.
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Resin inpregnators are available in a variety of sizes.
Smal | table top units are available for inpregnating narrow
reinforcing tapes. Larger inpregnators can be nounted on nobile
bridge cranes so that inpregnated fabric can be | owered directly
fromthe inpregnator into a | arge open nold.

At | east one manufacturer is using a crane-nounted resin
i npregnator to lay up the hulls and other large parts of |arge
custom notor yachts. At least three other builders of smaller
custom boats are using inpregnators.

Em ssion Reductions: No em ssions data are avail able for

resin inpregnators, but they are probably conparable to other
non-spray resin application nmethods. That is, they are probably
capabl e of achieving a 45-percent em ssion reduction conpared to
resin spray application.

Benefits: Resin inpregnators have the foll ow ng advant ages
over resin spray application systens in addition to reduced

em ssi ons:

. M nim zes worker exposure to styrene and resin and
makes for a cl eaner shop environnment because resin is
not bei ng spray-applied,

. | npregnators may be faster and require less labor in
situations in which many | ayers of fabric need to be
applied over a large part; and

. The buil der has nore control over the fiber-to-resin

rati o than nost other systens so inpregnators nmay
i nprove the quality and consistency of the | am nate.

| ssues: There are several issues associated with using
fabric inpregnators over other types of resin application

syst ens.
. Fabric inpregnators are generally not very nobile
unl ess they are nounted on a cart or a bridge crane;
. It is necessary to nove the saturated fabric fromthe

i npregnator to the part and this may offset sonme of the
initial |abor savings;
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. Fabric inpregnators can be difficult to clean and nust
be operated continuously to prevent resin from
har deni ng on them and

. Switching to fabric i npregnators would invol ve sone
capital expenditures; basic units start at about
$10, 000.

3.3 CONTROLLED SPRAYI NG AND SPRAY GUN OPTI M ZATI ON

Controll ed spraying is the operation of spray equi pnent to
m nimze the anmount of overspray and the distance between the
spray tip of the applicator and the nold surface. According to
the Conposite Fabricators Association (CFA) Open Ml ding Styrene
Em ssions Test Project, the follow ng characteristics are typical
of industry application of resin with spray equi pnent:

. The operator normally carries the spray gun stroke

approximately 6 inches off the edge of the nold;

. The spray gun tip is held approximately 18 or nore
inches fromthe surface of the nold; and

. The fan of resin being sprayed onto the nold will be
directed to intercept the nold at angles ranging from
90 degrees to 45 degrees.
Under control |l ed-spraying conditions, the operator takes the
follow ng steps to mnimze overspray:
. The spray gun stroke is stopped earlier to contain the
overspray within the flange of the nold;

. The spray gun tip is held approximately 12 inches from
the nold surface; and

. The fan intercept angle at the nold surface is
mai nt ai ned cl oser 90 degrees and is not allowed to be
| ess than 80 degrees fromthe nold surface.
According to the CFA study, spray gun optim zation is the
process of setting up a spray gun to mnimze em ssions by
sel ecting the appropriate spray tip (including orifice size and
orifice angle) so that the gun can be held 12 to 18 inches or as
cl ose as reasonably possible fromthe nold surface and by
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adjusting the gun's tip pressure to the | owest possible pressure
t hat produces an acceptable fan pattern.

Controll ed spraying and spray gun optim zation can reduce
em ssions fromboth resin and gel coat spray application. It is
not known how many boat manufacturers that use spray equi pnent
practice controlled spraying or spray gun optim zation as defined
in the CFA em ssions study. |In the EPA P-MACT dat abase, 26 NVVA
survey respondents stated that they perfornmed sone sort of
operator training; however, it is not known if this included
either controlled spraying techniques or spray gun optim zation.
During site visits to several boat manufacturers that use resin
or gel coat spray equi pnent, the EPA has not seen operators using
controll ed spraying as defined in the CFA test program During
the visits, the EPA did not determine if any spray guns were
optim zed.

Em ssion Reductions: In the ORD test program controlled

resin spraying achieved a 35-percent em ssion reduction conpared
to normal spraying (i.e., the emssion factors as a percent of
avai |l abl e styrene decreased from 27.1 percent to 17.5 percent).
Controll ed gel coat spraying achieved a 10 percent em ssion
reduction (the em ssion factors decreased from 62.5 percent to
56. 0 percent of avail able styrene).

In the CFA emi ssion test program controlled resin spraying
achi eved on average a 21.4 percent em ssion reduction based on
avai l abl e styrene (em ssion factors decreased from21.9 to 17.2
percent with controlled spraying). Controlled gel coat spraying
achi eved on average a 41.6 percent em ssion reduction (the
em ssion factors decreased from54.0 percent to 31.5 percent of
avai |l abl e styrene).

The CFA testing programfound that resin spray gun
optim zation (wthout controlled spraying) yielded on average a
9.1 percent decrease in enissions (em ssions decreased from
21.9 percent to 19.9 percent of avail able styrene). Gel coat
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spray gun optim zation yielded on average a 21.1 percent decrease
in em ssions (em ssion factors decreased from54.0 percent to
42.6 percent of available styrene). The CFA study found that
there is no additive effect in em ssion reductions if spray gun
optim zation is conbined with controlled spraying.?

Both the CFA and ORD testing were perfornmed with small nmale
nol ds; the em ssion reductions achieved for controlled versus
uncontrol |l ed spraying may be different for |arger nolds and nol ds
of different shapes. |In addition, different operators nay al so
achieve different results.

Benefits: Controlled spraying and spray gun optim zation
have two advantages as em ssion control options:

. The potential to achieve significant em ssion
reductions with no capital investnments and few changes
in wrk practices; and

. Can be conbined with other em ssion reduction
techni ques, such as |ow styrene gel coats and resins
(note, however, that reductions are not additive for
all techniques).

| ssues: Several issues have been raised with respect to
controll ed spraying and spray gun optim zation as em ssion

control options:

. Facility operators would need to retrain their workers
in how they operate spray equi pnent and this training
woul d need to be periodically repeated to maintain
t hese practices;

The CFA testing program neasured the effect of several
vari abl es on em ssions, including part thickness (40 to 41 mls
or 80 to 88 mls); resin styrene content (35 or 42 wei ght
percent); resin cup gel time (15 or 30 m nutes); gel coat
t hi ckness (18 or 24 mls); gelcoat styrene content (35 or
40 wei ght percent); and gel coat cup gel tine (10 or 20 m nutes).
The average em ssion reductions reported for the CFA study
represent the average result of several tests conparing different
conbi nati ons of these variables; sonme conbi nati ons achi eved
em ssion reductions that deviated significantly fromthe average.
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. Wth gel coat application, controlled spraying could be
counter to the techni ques spray gun operators use to
achieve a good quality finish, especially at the edge

of a nold;

. Em ssion reductions wll be a function of part size and
shape, and operator technique may not be easily
quanti fi ed.

. For ergonom c reasons, facilities may not be able to

conply with controlled spraying requirenments on parts
with conplicated surfaces or on large parts that are
not easily accessible by the spray gun operator; and

. Control |l ed spraying and spray gun optim zation could be
difficult (perhaps inpossible) for regulatory agencies
to nonitor and enforce between inspections.

3.4 LOWSTYRENE RESI NS AND GEL COATS

The EPA has no definition at this tinme of what is considered
a "low styrene" resin or gel coat, but, for exanple, the South
Coast Air Quality Managenent District in California has
establi shed a 35-percent styrene limt for general purpose
pol yester resins in Rule 1162. However, Rule 1162 has an
exenption for corrosion-resistant materials that includes
pol yester resins used in boat hulls; the nononmer content limt
for corrosion-resistant materials is 48 percent by weight. Rule
1162 establishes a 45 percent nononer limt for pignented gel
coat. The resin styrene contents in the EPA P- MACT dat abase
generally range from 30 to 50 percent styrene by weight. About
25 percent of the facilities in the EPA P- MACT dat abase use bul k
resins with styrene contents of 35 percent or below The gel
coat conbi ned styrene and MVA contents in the EPA P- MACT dat abase
range from 30 to 45 percent by weight. However, it is not
possi ble to use these gel coat data for conparison because gel
coats vary significantly in density and pound-per-gall on HAP
contents are needed to accurately conpare potential em ssions
anong gel coats.
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Em ssion Reductions: |In the CFA em ssions study, a

35-percent styrene resin emtted an average of 27.6 percent |ess
styrene than a 42-percent styrene resin in a hand | ay-up
operation. In a spray |ay-up operation, the 35-percent resin
emtted an average of 48.6 percent |ess styrene than the
42-percent styrene resin.

Also in the CFA study, a 35-percent styrene gel coat
achi eved a 22.1-percent reduction conpared to a 40-percent
styrene gel coat. The ORD study neasured a 36. 4-percent
reduction switching froma 38.7-percent HAP gel coat to a
25. 4-percent HAP gel coat. The pound per gallon HAP content was
not recorded in either the CFA or the ORD test reports.

Benefits: Wth low styrene resins and gel coats, facility
operators can achi eve em ssion reductions w thout significant
capi tal expenditures or changes in work practices. Low styrene
materials can al so be conbined with other em ssion reduction
techni ques, such as non-spray resin application, for additional
em ssion reductions. For regulatory agencies, a | owstyrene
material requirenent is easy to nonitor and enforce; it is also
relatively easy for a facility to denonstrate conpliance on a
conti nuous basis.

| ssues: Industry representatives have argued that there are
several issues associated with | ow styrene resins and gel coats.

. Low styrene nmaterials may have reduced physical
performance because there is | ess styrene avail able for
cross-linking polyester nolecules in the cured resin or
gel coat;

. Low styrene materials may have higher viscosity, which
may meke them harder to apply;

. Low styrene resins have | ess styrene available to
di ssol ve the binder in chopped strand mat; it nay be
harder to wet-out these types of reinforcenents unless
bi nderl ess mat i s used;
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. Sone | ow styrene resins and gel coats are nore
perneable to water and, therefore, nore susceptible to
osnotic blistering if used on boats that are intended
to be kept in the water for extended periods of tineg;
and

. It may be nore difficult to achi eve good secondary
bonds because | ow styrene resins are |l ess forgiving of
dust and contam nates on the | am nate surface.

3.5 VAPOR SUPPRESSED RESI NS AND CEL COATS

Vapor suppressed resins and gel coats have an additi ve,
typically a wax, that reduces styrene evaporation by formng a
filmon the surface of the resin or gel coat as it cures. There
is only one facility in the EPA P- MACT database (Catalina Yachts)
using a significant quantity of vapor suppressed resins; this is
a sail boat manufacturer producing 600 to 800 boats per year in
the 8 to 42 foot range. There are other manufacturers in the EPA
P- MACT dat abase that are using vapor suppressed gel coats, but
these are in relatively small quantities and only for coating
finished parts that will not have additional fiberglass |am nated
onto them

Em ssion Reductions: The ORD study neasured a 40 percent

em ssion reduction froma vapor suppressed resin conpared to a
conventional resin; both resins were applied by spray equi pnent.
No data are avail able for vapor-suppressed gel coats.

Benefits: Vapor suppressed resins can be used to achieve
em ssion reductions wthout significant capital expenditures.
They can al so be conbined with other em ssion reduction
techni ques, such as spray gun optim zation or non-spray resin
application, for additional em ssion reductions.

| ssues: Adding a vapor-suppressing wax to a resin my
present significant technical problens. |In order to achi eve good
secondary bonds between parts nmade with vapor suppressed resins,
the wax fil mon the bonding surfaces nust be renpved before the
parts can be bonded. This additional surface preparation can be
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| abor intensive; one California manufacturer estimtes that
switching to vapor-suppressed resins caused a 25-percent | abor
increase in the nolding shop. The ultimate strength of those
secondary bonds nmay al so be reduced.

3.6 ADD ON CONTRCL DEVI CES

The EPA is currently aware of only one manufacturer,
Bonbardier in Benton, Illinois, that is using an add-on control
device to limt em ssions from boat manufacturing. Bonbardier
manuf actures small jet boats that are 14 to 18 feet |ong and up
to 8 feet wde. The facility is using a thermal oxidizer to
control the exhaust fromthe spray booths in which both gel
coating and lamnating are perforned. Only the spray booths on
one of two production |ines are controlled by the device.
Bonbar di er uses managed air flow to maxi m ze the concentration of
styrene in the exhaust while mnimzing worker exposure to
styrene. (Managed air flow includes practices such as directing
styrene vapors away from workers' breathing zones rather than
diluting the vapors.)

Two other facilities in the EPA P-MACT dat abase indicated
that they were using carbon adsorbers to linmt styrene eni ssions.
However, based on foll owup contacts with those two facilities,
the EPA is not considering those devices in further control
option analyses. One facility was circulating building air
t hrough carbon beds, but has discontinued the practice. The
second facility has carbon beds on their gel coat spray booth
exhaust and on the exhaust from drop-down hoses in the |am nating
area. However, no data are avail able on the performance of these
controls or on how frequently the carbon beds are regenerated or
repl aced, which is inportant for maintaining em ssion control
ef ficiency.

In the United States, add-on controls have been applied nore
frequently in the fiber reinforced plastics/conposites industries
than in boat manufacturing. Five facilities that perform gel
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coating or resin spray up processes have installed thermal or
catal ytic oxidizers. Another facility manufacturing bat hware has
installed a Pol yad™pol ynmeric concentrator/oxidizer system A
concentrator that converts styrene em ssions froma dilute high
vol une streamto a | owvolunme concentrated streamis the nost
likely type of add-on control technology to be applicable to a
boat manufacturing facility because the em ssions are normally
too dilute for conventional oxidizers.

Em ssion Reductions: No em ssions data are currently

avai l able for the thernmal oxidizer at the Bonbardier facility.
Ther mal oxi di zers and ot her add-on controls are capable of 95 to
98 percent destruction efficiency. However, the overall control
efficiency of the Bonbardier facility is also dependent on the
capture efficiency of the nmanaged air system For the Bonbardi er
facility, the EPA assuned in the P-MACT analysis that if

50 percent of the resin is applied and cured in the spray booths
that are vented to the oxidizer and if those booths have a

90- percent capture efficiency, then the overall control
efficiency for this facility is about 40 percent.

Benefits: An add-on control device, such as a therm
oxi di zer, allows the manufacturer to control em ssions w thout
having to limt the styrene content of the resin being applied or
the way it is applied. WII| designed systens can achi eve upwards
of 95 percent em ssion reductions.

| ssues: Add-on controls generally have significant capital
and operating costs conpared to avail abl e pol |l ution-prevention
t echnol ogi es.

4.0 THE EPA'S RANKI NG OF VELL- CONTROLLED FACI LI TI ES

To determ ne which boat manufacturers in the EPA P- MACT
dat abase are the best controlled facilities, the EPA ranked the
facilities using an estimted ton of em ssions per ton of resin
applied (ton/ton) factor to reflect the extent that em ssion
reducti on neasures were used by each facility. The ORD test
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results and other data were used to conpute a ton/ton val ue for
each resin used by a manufacturer, depending on the styrene
content and resin application nethod. |f a manufacturer used
nmore than one type of resin or nore than one application nethod,
then the ton/ton value was prorated according to the anmount of
each resin applied with each nethod.

The ton/ton em ssion factors were used to rank facilities
fromthe best-controlled facility (low ton/ton em ssions) to the
| east-controlled facility (high ton/ton em ssions). The analysis
i ncluded only lam nating resins and did not include gel coats
because appropriate data on gel coat styrene contents were not
avai |l able. (Because gel coats vary in density, styrene and MVA
contents anong gel coats nust be conpared on a pound per gallon
basi s, but these data were not avail able.)
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TABLE 1. STYRENE EM SSI ON FACTORS USED | N THE
RANKI NG ANALYSI S

Em ssi on Fact or

Process (Percent Avail abl e Styrene) Ref er ence
Cl osed nol di ng 1.0 TPI, Inc.
(RTM SMC, VARTM
Vapor suppressed 10. 6@ ORD Test
resin, controlled Resul ts
sprayi ng
Non- spray resin 15. 3b ORD Test
application (flow Results

coaters, resin
rollers, hand
appl i cation)

Normal resin 27. 1€ ORD Test
sprayi ng Resul ts

a Test conditions: 43.5 percent styrene, 17 minute cup gel tine;
average | am nate thickness was 95 mls.

b Test conditions: 38.3 percent styrene, 20 minute cup gel tineg;
average |l am nate thickness was 79 to 89 mls.

C Test conditions: 38.3 percent styrene, 20 minute cup gel ting;
average | am nate thickness was 90 mls.

The styrene em ssion factors used in the ranking anal yses
are listed in Table 1. The em ssion factors for spray resin
application and non-spray resin application were taken fromthe
results of the ORD testing program For closed nol di ng
(i ncluding RTM conpression nolding with SMC, and VARTM the EPA
assunmed an em ssion factor of 1 percent of avail able styrene.
This em ssion factor was based on the results of testing at TPI
Conmposites, Inc. that denonstrated that styrene em ssions during
t he VARTM process are |less than 0.02 percent of avail able
styrene.

Separate ranki ng anal yses were perfornmed for PWC
manuf act urers and boat manufacturers. The results are descri bed
in sections 4.1 and 4.2 for PWC manufacturers and non- PWC boat
manuf acturers, respectively. The Act requires that new sources
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meet the |evel of control achieved by the best controlled simlar
source in a category or subcategory. Existing sources can neet a
| evel of control less stringent than that achi eved by new
sources, but no less stringent than the | evel of control achieved
by the average of the top 12 percent of sources. |If there are
fewer than 30 sources in a category or subcategory, then existing
sources nust achieve a |level of control no less stringent than
the average of the top 5 sources. The rankings presented in the
follow ng sections represent the EPA's prelimnary anal ysis of
the data col |l ected during P-MACT according to these criteria.
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4.1 RANKING ANALYSI S RESULTS FOR PWC MANUFACTURERS
Tabl e
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2 lists the results of the PW ranking analysis. There are 6
facilities in the EPA P-MACT database. The best controlled
sources use closed nolding to manufacture PWCs with either resin
transfer nmolding (RTM or with conpression nolds and sheet

mol di ng conpound (SMC). One facility (Kawasaki Motors
Manufacturing of Anerica) is an integrated facility that

manuf act ures over 30,000 units per year from SMC and al so
assenbl es the finished PWCs. The other well-controlled
facilities build PW parts from SMC on a contract basis for the
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end manufacturers that actually assenble, distribute, and narket
the PWCs. The EPA assuned that these end manufacturers do not
use polyester resin, except possibly for assenbly, but assenbly
operations were not included in this ranking anal ysis.

It should be noted that the best-controlled PAC
manuf acturers that use closed nolding all have very high
production vol unes (greater than 20,000 units per year). Severa
i ndustry representatives have indicated that closed nolding using
RTM and SMC i s not feasible for producing | ow vol unes of PWC
(e.g., fewer than 15,000 units per year for each nodel) because
of the significant capital costs for nolds and presses. Sone of
t hese costs can be defrayed, however, by having an outside
contractor nmake the parts from conpany-owned nol ds.

During MACT devel opnent, an alternative |evel of control for
smal | er PWC manufacturers that could be nmet w thout RTM or SMC
technology will be investigated. At these |ower production
| evel s, the best controlled facility uses non-spray resin
application techniques to manufacture PWC. This investigation
will also exam ne the costs of SMC and RTM t echnol ogi es and ot her
cl osed nol di ng technol ogi es, such as VARTM or abatenent (add-on)
controls that are equivalent to closed nolding. In addition, if
a separate |level of control based on production is warranted, the
analysis will determ ne at what production | evel closed nolding
is a cost effective control option and nore stringent standards
shoul d apply. Finally, the analysis will consider how PWC
manuf acturers should be regulated if they are | ocated with other
sources with which the control costs could be shared.
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4.2 RANKING ANALYSI S RESULTS FOR NON- PWC BOAT MANUFACTURERS
Tabl e
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3 lists the results of the ranking analysis for non- PWC boat
manufacturing facilities. The table lists the top 11 facilities
in the EPA P- MACT dat abase; these also represent the top 12
percent of facilities. For the non-PW boat manufacturing

subcat egory, the best controlled source (TPI, Inc.) uses the
patented SCRI MP version of the VARTM process to manufacture
smal |, md-size, and |large sail boats, including both racing and
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cruising sailboats. This facility also nmanufacturers |arge
wi ndm || blades and exercise pools, anong other things, using the
VARTM pr ocess.

O her well-controlled facilities in the non-PWC boat
manuf act uri ng subcat egory use a conbi nation of |ow styrene resins
and non-spray resin application techniques, such as resin roller
or flow coaters or by bucket and brush. One facility al so uses
vacuum baggi ng in conjunction with non-spray resin application.
Styrene contents range from30 to 44 percent and the percent of
resin applied with non-spray application technol ogy ranges from
50 to 100 percent. (Those resin styrene contents that are marked
by a question mark are assunmed.) In those cases where a facility
does not use 100-percent non-spray resin application, they are
still in the process of shifting over to non-spray resin
application or they prefer to use spray application for sone
parts, such as decks and small parts.

It is inmportant to keep in mind that additional facilities
may have adopted pollution prevention techniques, such as non-
spray application and | owstyrene resins, since the NMVA survey
was conpleted (early 1995) and these facilities nay affect the
MACT | evel of control
5.0 NEXT STEPS I N DEVELCPI NG THE BOAT MANUFACTURI NG NESHAP

The EPA and the P-MACT participants have identified several
significant issue areas that need to be resolved in devel opi ng
t he boat manufacturing NESHAP. To address these issues, the
P- MACT participants have agreed to formsmall groups to address
each issue area. These "issue groups” wll be collecting and
anal yzing the information needed to resolve these issues.
Separate groups have been forned to address the issues described
in sections 5.1 through 5.8 of this nenorandum The bullets
under each issue category briefly describe the scope of each
i ssue. These issues were provided to the issue group
participants as an initial |ist of questions and conments. These
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i ssues may be refined as additional information is collected and
each group further develops its m ssion.
5.1 CONTROLLED SPRAYI NG

How will "controll ed" spraying be incorporated into the MACT
st andar d?
. If the standard allows resin spraying, should

controll ed spraying be an alternative nmeans for
conpliance or should it be a mandatory requirenent?

. How shoul d controll ed spraying be defined in a
regul atory framework?

. VWhat | evel of emnm ssions reductions can be achi eved and
on what do they depend?

. I ndustry has agreed to develop a controlled spray
gui deline that manufacturers nust follow in order to
recei ve em ssion reduction credit.

5.2 EM SSI ONS DATA

What em ssions data are needed for the MACT standards
devel opnent? The NMVA has volunteered to fund additional
em ssions testing using a full-sized boat hull nold.

. How nmuch em ssion reduction credit should be given for
non-spray techni ques, closed nol di ng, vacuum baggi ng,
and gel coating?

. How shoul d the NMVA test program be used for MACT
devel opnment ?

. Shoul d the test program exam ne the various aspects of
spray and non-spray (rollers and fl ow coaters)
equi pnent usage to define the |level of transfer
efficiency and recomended [imtations of such
equi pnent? (May be a cross cutting issue with
control |l ed spraying issue group.)

5.3 CLOSED- MOLDI NG FOR PWC
At what |evel of production is it feasible for industry to
use cl osed nol di ng, such as RTM or conpression nolding with SMC?

. Shoul d there be a separate | evel of control for |ow
volunme, entry level major sources in PWC manufacturing?
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. A cost analysis wll be needed for closed nolding PWC

pr oducti on.

Shoul d PWC manufacturers (parts vendors) that are coll ocated
in the reinforced plastics parts source category be eval uated
separately from other PW manufacturers?

Parts nade with SMC or RTM nay need painting in place of,
or, in addition to gel coat application. Wuld the em ssions
frompainting offset the em ssion reductions fromcl osed nol di ng?

. What are the relative em ssions from painting and gel
coat application conpared to open versus closed
nmol di ng?

. Are em ssion standards needed for the painting

oper ati ons?

. Data are needed on current post-nold coatings for SMC
and other closed nold coatings with sim/lar uses.

5.4 CLOSED MOLDI NG FOR NON- PWC BOAT MANUFACTURI NG

I s closed nolding feasible for hulls, decks, and
superstructures considering costs, cosnetics, production vol une,
solid waste, and structural perfornmance issues?

What em ssion reductions can be achi eved using cl osed
nmol di ng, such as VARTM (i nfusion nolding) and how applicable is
it to small and | arge parts?

. Can reliabl e em ssion neasurenents or estimtes be
obt ai ned?
. Shoul d cl osed nol ding em ssions be addressed in the

NVMA em ssions testing progranf

5.5 LONER HAP CGEL COATS AND RESI NS
How shoul d gel coat em ssions be regul at ed?

. How shoul d HAP content data for gel coats on a pound-
per-gallon basis be collected (i.e., to conpare the
em ssion potential of one gel coat to another)?

. Shoul d gel coat em ssions be part of the NMVA test
pr ogr anf
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5.6

5.8

How can | ow HAP gel coats be used to reduce em ssions?

VWat are the performance limtations, if any, of |ow
HAP gel coats?

How can | ow HAP resins be used to reduce eni ssions?

VWhat are the performance limtations, if any, of |ow
HAP resins?

MATERI AL SUBSTI TUTI OV FORVAT OF THE STANDARD

Shoul d material substitution be allowed as a regulatory
option to reduce HAP em ssions (e.g., replacing
pol yester resins with | ower or zero HAP naterials)?

No credit should be given for material substitution
w thin exenpt activities.

What woul d be the format of the material substitution
option and how would it be enforced?

VWhat are the life-cycle costs of the substituted
material and would this material be shifting pollution
to other industries or nedia?

Enforcenent costs need to be accounted for when
considering the cost effectiveness of materi al
substitution.

Case studies need to be perfornmed of facilities
presently using material substitution.

The record keeping and reporting requirenents need to
be devel oped.

EXEMPT SOURCES AND APPLI CABI LI TY

Shoul d any processes in fiberglass boat manufacturing
be exenpt because they are insignificant HAP em ssion
sources? (The NMVA has provided a |ist of sources they
reconmmend exenpting.)

VWhat are the HAP em ssions fromthese sources?

SMALL PARTS

What should be the definition of small parts?
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. Shoul d small parts be regul ated separately from hulls,
decks, and superstructures?
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