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C F A  Comments Regarding the NRMIU (EPA) ''m Model version 1.0" 

-ilitv to Verifv thel\lodel: 

According to the EPA text provided with the model (under the task bar button labeled "About EPA FRP 
Model"): 

"EPA's APPCD, in cooperation with Research Triangle Institute (RTI). has developed a 
mathematical model to provide better styrene emission estimates for selected open moldingfiber- 
reinforced plastics (FRP)manufacluring processes. The model highlights &elmant parameters 
impacting styrene emissions in FRPprocesses and helps identify future areas of FRPpallution 
prevention (PZ) research. Seven diferent emission studies were evaluated and used as model 
inputs. " 

The EPA text does not identify these referenced seven emission studies, so the CFA cannot verify the basis 
of the model algorithms. 

Conmarison to Model: 

The following table compares the single-factor CFA Model with the FRP Model at the baseline conditions, 
This is appropriate because the CFA Model has no assigned "baseline" values. 

PROCESS 
Gel coating 
Resin spray up 

NVS 
VS 

Hand lay up 
NVS 
VS 

Flowcoater 

Pressure-fed roller 

Emission Rate (as % avaiIable styrene) c ,  
single-factor CFA Model I FRP Model at baseline conditions ES 

MONOMER CONTENT 
34 % -3.83.- ~ --42 % 46 % 

46.2 152.0 52.4 154.8 51.1 1 5 1 7  .. 61.3160.3 - L _  

18.5 115.3 23.91 18.9 28.6 122.8 32.2 127.1 1 
31' ' 11.5 I 9.8 15.01 12.1 11.6 I 14.6 20.0 I 17.4 

- . . -. L - . 
&4! - 11.6 12.3 - I12 . i j7  -. . 14.61 13.6 16.5 114.6 

I 

I - the CFA Model is significantly more conservative (higher estimates) than the FRP Model 
at all monomer content levels. 

J Hand lav - the CFA Model is significantly more conservative (higher estimates) than the FRP Model for 
non-vapor-suppressed resin at higher monomer content levels, and draws close to the FRP Model at 34% 
content. For vapor-suppressed resin. CFA Model is significantly more conservative (higher estimates) at 
lower monomer content levels. 

/ \  - .-/ . Ebwcoater - the CFA M o y l  doeswt.disnngulsh between the two processes. The 
FRP Model is more conservative (higher estimates) than the CFA Model in both cases. The difference 
between the two models is insignificant at 34% content, but increases for higher monomer levels. Overall, 
the two models are about the same. 
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Very slick "Windows-style" presentation - The model program installed without any problems and ran the 
first time. The model screens follow the standard Windows 9STM format, and are simple and easy to 
understand. The input of data by mouse and keyboard is also very easy. Overall, the presentation of the 
model is very slick and professional-looking. 

alculations are Allowed Ou-: 

If, as the model suggests, results outside the acceptable input ranges may not be reliable, one might 
reasonably ask why are such results even allowed? The model was self-described by the EPA as a tool to 
provide better emission estimates and directions for future P2 research It is difficult to &stand what is 
gained by developing an unreliable tool. A more reasonable approacGould be to limit such a tool to) 
reliable inputs. Presumably. one uossible reason for allowine out-of-ranee calculations would be the - ~~~ ~~~. ~ _._.._.. 

for permits or emissions reporting, where a 
However, such a use could easily, and often 

The Mode I is Not Pract i& 

In the real world, it is difficult to conceive how a source could reliably and consistently measure spray gun 
distance. This is also true of part thickness and over spray ratio. The model does not offer methodologies 
regarding where or how the air temperature and air velocity should be measured. Sources would 
apparently be free to measure at the surface of the part, above the surface, at some set distance from the 
part, or averaged throughout the work area. This would allow for exbaordinary variations in the estimated 
emissions from fundamentally similar plants. If the parameters cannot be measured, the model cannot be 
reliably used in the real world. 

Not enforceable 

If the model isn't practical, then it simply isn't enforceable. If this model were to be offered as guidance to 
the states, then the limitations on the practical enforceability of the model parameters must be clearly stated 
in the model text, or in the EPA guidance to the states, to avoid potential misapplication by state or local 
agencies. 

. .  Qverlv corn0 . lex and 

The only algorithms provided in the EPA text were for resin spray lay up, and they took the following 
forms: 

PARAMETER 
Styrene content 
Styrene suppressant 
Distance spray gun to mold 
Ratio of dry material off mold 

Thickness 
Gel time 
Application rate 
Air temperature 
Air velocity over mold 

to material sprayed 

EQUATION FORM 
second-order polynomial AXZ + B X + C (C= 0) 
linear equation A X + B if suppressant is used 
linear equation A X + B 

second-order polynomial AX' + B X + C 
step-wise linear equations A X + B, with step at 40 mils 
linear equation A X + B 
linear equation AX + B if less than 4 Ib/min 
linear equation A X + B 
step-wise linear equations AX -t- B, with step at 38 fpm 



. s , I '  

No specific comments can be offered because the underlying data and assumption were not provided by the 
EPA. However, based upon the industry's knowledge, so far, of the available data, we are skeptical that 
such complex and sophisticated equations could have been developed with any reasonable confidence. 

I m o o s s i b l e r e s u l t s s s i b l e  with accentable mode I innuts; 

This model can result in physically impossible emission rates while using acceptable input values. A 
simple exercise in repeated application of the model gave the following factor range& the a c c w  1 
&uLumggranpe: 

PARAMETER 
Styrene content 
Styrene suppressant 
Distance spray gun to mold 
Ratio of dry material off mold 

Thickness 
Gel time 
Application rate 
Air temperature 
Air velocity over mold 

to material sprayed 

FACTOR RANGE 
0.64 - 1.68 
0.64 for unfilled resin 
0.94-  1.51 

0.91- 1.16 
1.04 -0.84 
0.98 - 1.07 
1.30 - 1.00 above4 
0.83 - 1.22 
0.94 - 1.04 

The model assumed that these factors were independent, so the factors were simply multiplied together. 
This could lead to an extremely unrealistic emission rate that would still be judged acceptable under the 
model conditions. For example, a 50% monomer, non-suppressed, 40" gun distance, 10% overspray, 50 
mil thick, 1 I b h ,  50 minute gel time, 9YF, 200 fpm condition would yield a modification factor of 5.46 
that is then applied to the baseline emission rate of 18.9%. These factors result in an absurdly high 103.1% 
emission rate, which is ghvsicallv impossible. 

On the other hand, a 30% monomer, vapor-suppressed, 12" gun distance, 1% overspray, 150 mil thick, 4 
I b h ,  5 minute gel time, GOOF, 20 fpm condition would yield a modification factor of 0.23 that is then 
applied to the baseline emission rate of 18.9%. This factor results in a very low 4.3% emission rate, which 
is equally unlikely. 

Conclusions: 

The CFA is not confident that the NRMRL (,EPA) "FRP Model version 1.0" for estimating styrene 
emissions from composites facilities is either appropriate, or consistently accurate. 

Respectfully submitted, 

Stephen McNally 
Director of Government Affairs 
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We would appreciate it, if you have access to this information, that you could forward it to us at 
your earliest convenience, as it will greatly assist us in developing our evaluation of the ORD 
model. 

The above information is information which the CFA had been careful to include in the paper 
describing the derivation of the CFA model. We feel that this information is a very important 
tool for anyone who would seek to provide critical review of an emissions model another 
meeting. 

We are looking forward to working together with the Emissions Modeling and Analysis Division 
in the development of a new AP-42 emissions model. We look forward to meeting with you on 
this issue in the near future. 

Sincerely, 

' *  7 

" /a+f$kZZv~ Stephen McNally 

Director of Govdrnment Affairs 

Cc: John Schweitzer 
Rob Haberlein 
Carlos Nunez 



National 
Marine. 

Manufacturers 
Rssocia t ion 

1819 L ST., N.W. SUITE 700 WASHINGTON, D.C. 20036 (202) 861-1180 FAX (202) 861-1181 

September 9,1998 

Mr. Ron Ryan 
USEPA-Emissions, Monitoring and Analysis Division 

Research Triangle Park, North Carolina 27711 

Re: 

MD-13 

Review of EPA FRP Model for Emission Factors 

Dear Ron, 

The National Marine Manufacturers Association (NMIvlA) appreciates the opportunity to 
provide the U.S. Environmental Protection Agency @PA) with comments on the emission 
factor model developed by its Office of Research and Development (Om) in collaboration 
with Research Triangle Institute @TI). The FRP Model (vesion 1.0,1998) attempts to 
provide a multi-variable model for estimating emissions of styrene from fiberglass 
manufacturing operations. 

Although we applaud these worthy efforts, we find that the model does not adequately reflect 
all data available. In particular, the NMMA believes that the best available data for the boat 
manufacturing industry were generated in its study conducted in 1997. The data specific to 
this industry generated under operational conditions in a boat manufacturing plant are the 
most representative for this industry. NMMA believes that our data should be used for boat 
manufacturing plants, as more representative of our industry practices and emissions than a 
iiiodc! that x t e q t s  tn characterize any and all fibexglass manufacturing operations. 

Further, NMMA finds that the model, as developed is not valid for estimating emission 
factors. We believe that it is a tool to assess the relative effects of various parametes on an 
emission factor. However, it is not a true multivariable model, taking into account the 
interactions of these parameters on the emission factos. This is vividly seen in the limitations 
of the model where parametes can be selected which result in estimated emission factos 
g:lc.itei :!iz !X! pe'~ce"+ nf the available styrene in the resin. Finally, NMMA does not 
believe that sufficient data exist to generate a reliable multi-variable model at this tune. 

NMMA has detailed comments on the model and its development in the enclosure. As you 
are aware, NMMA has been involved in discussions with Region IV in an effort to educate 
them as to the problems associated with using a multi-factor model for determining 

&%%fl 
&QOd 



emissions. It is NMMA’s hope that these comments will highlight the obvious problems 
with this model and spur a concerted effort to provide the boat building industry with 
updated emissions factors based on representative data. We would be happy to discuss these 
comments with you . Please feel free to call me at 202-721-1604. 

- 

Environmental and Safety Compliance 

cc: Doug Neeley, Region IV 
Leonard0 Ceron, Region IV 



INTRODUCTION 

The Office of Research and Development (ORD) of the U.S. Environmental 

Protection Agency (EPA) released in 1998 version 1.0 of a model for estimating emissions of 

styrene from open molding of fiberglass-reinforced plastic (FRP) parts. The FRP Model was 

developed by the EPA/NRMRL/APPCD in collaboration with Research Triangle Institute 

@TI) in Research Triangle Park, North Carolina. These notes provide comments on the 

model, the paper accompanying the model, and the results achieved using the model. 

We applaud the efforts of the EPA in attempting to develop a model for such a 

broad source category as the FRP manufacturing industry. There has been significant effort 

by the EPA and industry to generate reliable and meaningful data, representative of various 

subsets of the industry in the past several years. Using them in a coherent way to develop a 

general tool for estimating emissions from any FRP process is a worthy endeavor. We are 

convinced, however, that the data available, although significant, cannot be used to generate a 

true multi-variable model that yields accurate representations of emissions according to 

numerous parameters. (For example, selection of parameten at boundary conditions of the 

model yields unrealistic results of emission factors.) Further, we think that developing a 

generic model of this type may undesirably dilute the quality of the end result when it is used 

in lieu of actual data that exist for a specific source category such as boat manufacturing. 

The model as developed provides useful insight into some factors that affect 

emissions. Although not a true multi-variable model, we believe the FRP model is genedy 

useful in assessing the relative influence of a single parameter on emissions. The model, 

however, is inappropriate for assessing the synergistic effects of more than one parameter. 

The model was developed using data collected from general testing, not from testing done to 

assess the effect of a single parameter, holding a l l  other parameters constant. So the results 

obtained from testing represents the effects of several parameters. The model evaluates the 



influence of each parameter (which may be valid) and then combines the individual effects 

into a single correction or adjustment factor (which is not a valid, precise measure of emission 

factor). Although the model has apparently been constructed to yield "correct answers" in 

some cases (in the context of emission factors and measurement accuracy); it does not 

necessarily follow that the model is correct and universally applicable. There are cases where 

the model does not provide correct answers. The model also fails to address materials that 

contain more than a single volatile reactive constituent, for example the presence of methyl 

methacrylate (MMA) in marine gel coats. 

Finally, the model is written to run on personal computers running under a 

Windows95' operating system, or better. This is a serious limitation for many users. For 

many boat manufacturing operations, the personal computers in use are not the latest 

Pentiurn'-based machines. Also, many of these machines operate on older operating systems, 

such as Windows 3.1 or even Windows 3.11 for Workgroups. The model Cannot even be 

installed on these machines, making it impossible to use. As a practical matter, the model 

should be available in formats used throughout the industry if it is to be available to general 

user in the industry. 

NMMA DATA 

The testing conducted by the National Marine Manufacturers Association 

(NvfMA) in March and April 1997 and reported in August 1997 provides the best available 

data for FRP manufacturing for the marine industry. We have not prepared a computer 

emission model from these data, but instead provide our data in a number of formats to allow 

our members the ability to use the results to reflect their operations appropriately. Some 
----*:-e= mq-1 -=lam tn lice rhe most generic aooroach, that is, one of the discrete emission 

factors published in our summary report. Others may use a l l  the data to generate an emission 

factor for their operation through interpretation of the data on styrene content in the resin, 

distance from the mold during application, and application technique. 

., - -  "p... LIVW -, -_-- ~ . - ... . 
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We have continued to evaluate our results and hereby present a further 

refinement of the results. In the following figure we present the emission factors for each test, 

segmented by the two phases of operation: resin application and curing. We believe that this 

presentation is useful in assessing factors affecting emissions, and in comparing the NMMA 

data and estimates of emission factors obtained using the FRP model. 
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FIGURE 1: NMMA EMISSION FACTORS BY CONTRIBUTION OF SPRAY AND CURE 

60% 

50% 

40% 

n 

MODEL APPROACH 

The FFU' model proposed by the EPA is an empirical model, based solely on 

the available data, which interpolates the data using various equation formats. The model 

extrapolates beyond the bounds of the available data using these same equations. (The bounds 

of each variable are not dearly defined in rhe model. They can be determined, but the model 

does not provide the user a clear sense of the bounds of the base data.) There is no clear 

rationale for selecting various formats of the equations to describe the relationship between 

the independent variables and emissions. 

-. ,, - J--t?--J I La- --e- ,---nlov rhqn mq-nrprl hv , ~ n e  mouei, a C U I I C U L L ~  UI.LILCU, G I_  ...uLL cv-,,.-.. _I- .. - 

amount of data available. Not all the model parameters are truly independent variables; others 

have little effect on emissions. The data for other parameters is insufficient to warrant the 

degrees of weighting given in the model. 



PARAMETERS 

Variable 
Styrene content (%) 
Dktance from spray gun to mold (in) 
Dried material off mold (%) 
Laminate (gel coat) thickness (mil) 

The technical basis of the list of parameters (or variables) evaluated for use in 

the model is unclear (Table 1). A research effort such as the development of a model would 

typically use the technical description of the problem as the starting point in d e f i i g  the 

independent model parameters and expected ranges. We do not see evidence that this type of 

technical foundation has been established. 

Type Observed Effect 
Independent Signitlcant 
independent Larger 
Dependent 

Independent Larger 
Not a large effect on emission factor 

TABLE 1: VARJABLES IN THE PRP MODEL 

Air velocity (Wmln) Independent I No significant effect observed 

Cup gel time (min) I Independent I No significant effect observed 
Application rate (Ib/hr) Independent 1 No signilkant effect observed 

Styrene Content 

Styrene content has long been recognized as having a significant influence on 
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the emission factor for open molding using unsaturated polyester resins. Historically, the 

relationship has been assumed to be linear, as suggested in the existing guidance 

documentation (AP-42). The FRP model assumes a non-linear quadratic relationship. The 

data on emissions do not appear to be sufficient to warrant use of the higher level model, 

especially given the absence of data for resins containing less than 31-32 percent styrene. 

While a non-linear relationship may fit the data, there is insufficient data to indicate that the 

relationship should be quadratic or that it should represent styrene contents in resin much 

less than a reasonable range, much less representing a zero styrene content resin. To 

characterize the relationship in these regions, additional data on emissions from use of resins 

containing less than 30 percent styrene should be collected. 

Case 
18-ft Deck 
18-ft Hd 
28-ft H d  

Realistically, the styrene content in unsaturated polyester resins will have a 

natural floor, a content below which the resin cannot be effeqively formulated. It is that 

range of realistic formulations that should guide the development of the model. Also, it is 
perfectly sound to use a relationship between resin styrene content and emission factor that 

either is linear or does not traverse the origin. In this case, the selection of model format 

should be based on fit of available data (all available data) to the candidate formats, taking 

into consideration the realistic limitation of the actual resins used. Our results indicate that 

for certain shapes and application techniques, there is good linearity in the emission factor as 

a function of styrene content over the range of conditions found in the boat manufacturing 

industry. The slopes of emission factor as a function of resin styrene content for the three 

mold shapes evaluated indicate this linearity (Table 2). Although the 184% deck moid showed 

slight differences from the other two molds evaluated, this difference can be attributed to the 

combination of spray and hand application necessary on this complex shape. 

Slope of Emission Factor v. Resin Styrene Content 
1.14 
0.83 
0.84 
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Distance from Application Equipment to Mold 

An observation from the NMMA testing was a perceived relationship between 

emission factor and distance between the operator and the mold. Our brief 8-page paper 

(provided to the EPA in late 1997) summarizing the results of the study presented a figure 

illustrating the emission factors for spray chopper application of glass and 35.lpercent 

styrene content resin. The distances observed from the testing were about 18 inches for the 

18-ft deck, 36 inches for the 18-ft hull, and 60 inches for the 284  hull. We anticipated some 

relationship between emission factors and distance between operator and mold; this is 

consistent with mass transfer theory. For greater distance between operator and mold, the 

residence time for resin while in droplet form (i.e., at maximum surface area) will be greater, 

providing increased opportunity for evaporation before reaction. We evaluated our emission 

data, generating emission factors for two periods: application and cure. The application 

period included those times when the spray equipment was actually operated. Cure periods 

included roll-out of the glass and resin, as well as the conventional resin curing cycle. This 

assessment showed a linear relationship between distance and emission levels for the limited 

cases and distances tested (Figure 2); a nearly identical trend was seen for application of both 

resins, however. We also considered the emissions during cure; these emissions were seen to 

be relatively constant for the tests conducted (Figure 3). Only the tests for 42-percent styrene 

resin applied to the 184  deck yielded results slight greater than those for hulls. This could be 

attributed to differences in part shape, although we did not see this same sort of difference 

with the 35-percent styrene resin. 

FIGURE 2: EFFECT OF &'PLICATION DISTANCE ON bfISSION FACTOR - SPRAY 
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FIGURE 3: EFFECT OF APPUCATION DISTANCE ON Eh4ISSION FACTOR - CURE 

We compared the results obtained from our testing to the results of the FRP 

model using our inputs (Figure 4). The results shown compare the emission factors for 

applying 35 percent styrene resin from three distances. We believe that the 60-in application 

distance observed during lamination of the 28-ft hull is at the greater end of the expected 

distances. The FRP model does indicate the appropriate direction of change in emission factor 

with distance, that is decreasing emission factor with decreasing distance between operator 

and mold surface. However, we believe that the FRP model will under-predict the actual 

emission factor at closer distances. This difference from actual emissions may be attributed to 

the impression of the distances used as the model inputs, which is an inherent problem with 

the multi-variable approach. 

While we can see some obvious trends in the data, the use of these scant data in 

developing an exact correlation does not seem justified. Nor do we believe that most 

operations using open molding techniques can actually use this parameter as a precise 
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measurement. Rather, we feel that the base data (such as our graphical presentation) can be 

used in making judgments about the selection of appropriate emission factors. 

FIGURE 4: COMPARISON OF ACTUAL (NMMA) A N D  PROJECTED (m MODEL) EFFECT 
OF APPLICATION DISTANCE ON EMISSIONS 

%% 8% 0 10 m ?4 40 50 M m 

Dbuoce from O ~ c m o r  to Mold lia) 

Dried Materid off Mold 

The amount of dried material off the mold (as a percentage of total dried 

material applied) .. is really a dependent variable, related more to article size, application 

equipment, and application technique. It is true that the amount of material off the mold (call 

it overspray) can affect total emissions but the influence on emission factor is not well 

described, especially for production circumstances. Over-spray is costly and is really less of an 

issue with larger parts like boat hulls. This variable was not measured during the NMMA 
. ' ' ' - --- -L _- -L- ----.-c .d - .+ ,4 -1  nnt 3nnl;eJ f~ fhP surface was testlllg, DUt lt U Sille lu say ~ u d i  LUC UV-L VI -I---- -.._ - rr----- - - 

less than 0.5 percent. This is really an insignificant factor and should therefore not be 

included in this model. Certainly, the amount of material in over-spray must be included in 

the total amount of material used when calculating total emissions. 
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The effect of oversprayed material on emission factor would be *, 
compared with the emissions measured from applied resins. The over-sprayed material is 
likely much less than that applied to the mold, meaning a much thinner laminate. This might 

lead to greater emissions, except that the thickness is undoubtedly too s m a l l  to cure quickly. 

Also, the material would not be rolled out, a process that will increase actual emissions. 

We did review the data used in developing the correction for over-spray 

presented in an earlier draft of the FFU' model. From the draft material, the correction is 
based on only two data points, insufficient to provide reliable results for all possible 

scenarios. Certainly for a factor that as presented can have equal weight to the final result as 

laminate thickness and distance to mold, and greater importance than styrene content in the 

neat resin, the underlying data is inadequate for a reliable model. Until better information is 

generated, this factor should not be included in the model. 

Laminate (Gel Coat) Thickness 

Observing the data available on FRP manufacturing makes it clear that there 

can be a significant influence on emission facton from laminate thickness. Thinner laminates 

yield greater emissions per unit mass of resin (or gel coat) applied than thicker laminates. This 

can be explained simply by the actual polymerization process wherein the free styrene cross- 

links with the polyester resin as the resin cures. In thinner laminates, more styrene can be 

released from the surface of the iaminatr; in thicker laiiikatcs, :he free styreze io &e l ~ a t e  

matrix (and not on the surface) is available within the thicker laminate and cross-links with 

other free styrene and polyester. Evaporation is mot possible and migration to the surface is 
unlikely before the styrene is reacted. 

In boat manufacturing the laminates are much thicker than had been 

previously tested. The NMMA study used representative boat molds and representative 

laminate schedules. The skin coats used during the NMMA study were 90 mil thick and the 
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full build-up layers were approximately 340 mil thick (on average). In some cases, such as the 

keel of the larger boat hull, the laminate thickness was greater than 400 m i l s  thick. The test 

plan for the NMMA study projected that the laminate thickness would affect the results. Less 

styrene would be available as emissions for each pound of resin applied. Also, the material 

was applied in a time schedule that built up the laminate schedule without waiting for 

complete cure between incremental layers. Again, this was to mirror actual production 

practices. The emission tail (is., those emissions during cure after resin has been applied) was 

cut off, reducing the total emissions per pound of material applied. 

In evaluating the FRP model, it is evident that the NMMA data were not 

incorporated in the development of this modification factor. Laminate thickness greater than 

70 mils is considered outside the range of the model inputs. We were unable to assess the 

correlation developed for laminate thickness because the data were not presented. This is 
surprising, given the apparent importance of this parameter as suggested by the aggregate 

modification factor. Further, the model modification factor for laminate thickness greater 

than 40 mils (..;in spray operations) is 1.14-0.002x, where x is the laminate thickness in mils. 

Under this scenario, a laminate thickness of 250 mils (reasonable from our study) would have 

emissions 64 percent of the baseline. This seems to be too great a correction when actual data 

are available for this relationship. This model assumes a linear relationship, which appears 

invalid at the thickness tested during the NMMA study. 

Our data indicate that there is an increase in emission factor of 9-11 percent 

from the 90 mil skin coat to the 250 mil bulk coat. We can rely upon this as a quantitative 

measure only to the extent that it represents the data from this series of tests. For practical 

purposes, these results can be considered equal. The emission tail of the skin coat had not 
---J -- --:--:..-* -++Jw*o,i tn rhe hrrlk application could actually represent compieiely CUCU; 3" cllyJIIlvlu .....-- -___ _ _  - 

skin coat. 

* ,  
. .  

These results do raise a question about the relationship between laminate 
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thickness and emission factor. It can be inferred from these results, that the emission factor 

will decrease with increasing laminate thickness to a point, dictated by the geometry of the 

part, application equipment, and midcatalyst system. The NMMA study does show that the 

thinner laminates, such as those applied to the CFA mold and those applied during gel 

coating, contribute to greater emission factors than those laminate schedules that are thicker 

(representing structural production parts). For the boat manufacturing industry, the 

structural parts making up the vast majority of resin consumption have thicker laminate 

schedules where thickness has not further effect on emission factor. Those effects are already 

seen in the data generated during our study. 

Although we have produced data for boat manufacturers, it is clear from the 

data that there is some effect of laminate thickness on the emission factor. Additional data 

could be generated to define this relationship more conclusively and to define that point at 

which the effect is no longer noted. However, the utility of incorporating this factor may be 

less than the benefit of recognizing the effect. Multiple laminate thicknesses may be used 

manufacturing the same boat. In this case, numerous calculations would be necessaxy to 

describe the emissions from the manufacture of a single boat design. This procedure would be 

nearly impossible to track for each boat manufactured and more resource intensive than 

warranted for the data. 

Cup Gel Time 

This variable is included as a parameter in the model but is not discussed in the 

paper. The model uses a correlation for spraying resin and gel coat that is most nearly 1 

(unity). This indicates little effect on the emission factor. We recommend that this parameter 

not be included in the model as adding complexity that is unwarranted based on the model 

equations. Typically in a production environment, a variety of gel times will be used to 

compensate for various climatological factors and for the specific equipment used that day. 

Also, the cup gel time might be varied over the course of a day to account for changes in these 
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climatological factors. 

The model uses a completely different equation for the modifcation factor for 

hand lay-up, pressurefed rollers, and flow coaters. Again, the data are not presented, making 

an assessment of the relationship impossible. 

The NMMA study included testing of flow choppers for two parts: 184% deck 

and 18-ft hull. Cup gel time was not varied from those gel times used during spray chopper 

experiments. There was no compelling reason to expect any different trend with respect to 

cup gel time for the flow choppers, however, because the effect of cup gel time would be seen 

on emissions from the cure portion of the application cycle. Emissions from the cure portion 

should not vary significantly from hand lay-up, to spray chopper, to flow chopper 

application, because the mechanisms for emissions from the mold surface would be the same, 

regardless of how the resin and glass had been applied. 

Application Rate 

Application rate was not evaluated as part of the Nh4MA study. The resin 

application evaluation was conducted at basically a 6.5-1b/hr resin application rate. So, our 

data do not permit testing of this factor. And, the model actually indicates no effect at  resin 

application rates greater than 4 lb/hr. The application rate might have some influence on the 

emission factor but it is expected to be an insignificanr faaor rompxed ~ k h  other fztoE 

(e.g., resin styrene content, distance between operator and mold, and laminate thickness). The 

influence of this parameter is probably incorporated in the distance algorithm, because the 

closer distance to the mold would preclude greater application rates. Therefore, we 

recommend elimination of the parameter as unnecessary. 

Air Temperature 

We do not believe that air temperature is a parameter affecting emissions. Mass 
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transfer theory would indicate that this parameter would have minimal impact on the rate of 

mass transfer. The temperature of the material applied and the temperature of the resin in the 

mold would have a bearing on the emission generation and mass transfer characteristics, 

including vapor pressure and mass transfer coefficients. Even so, the temperature can 

represent two competing factors. Increasing temperature increases vapor pressure (the driving 

force for mass transfer), but also increases the reaction rate (which removes the styrene as 

polymer). This balance of competing factors is not known and has not been defined through 

a defined testing program. We believe air temperature (presumably ambient air temperature) 

would only have an influence as it relates to the temperature of the materials being applied. 

The paper states that there will be a modification factor change of about 1 

percent for every 1°F above or below the 75°F baseline temperature. Our assessment of the 

model indicates that the effect is slightly less than this value for gel coat application (an 

increase of approximately 0.6 percent of available styrene), and much less for resin application 

using spray and flow chopper application (an increase of only 0.1-0.2 percent of available 

styrene). The validity and strength of this relationship cannot be assessed because the data are 

not presented in either this version of the model or the previous version released to NMMA 

last year. Unless compelling data are presented that clearly demonstrate the relationship, this 

influence should be considered minor and deleted from consideration. 
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Data collected from the various test programs are inconclusive. The model uses 

a disconnected function, two straight lines. The data indicating reduced emissions at air 

velocities less than 30-35 ft/min were for testing at pultrusion operations and for Dynatron- 

Bondo resins (filled resins). Other data from this range of air velocities (RTI bench-scale 

studies using Ashland resins) show little or no change from typical emission factors. Data 

from the NMMA studies essentially held the air velocity constant; however, comparing the 

data with other reported emission factors for FRP operations indicate that there is little 

influence at nominal air velocities that might be expected at production facilities where 

workplace air must be changed with a degree of regularity mandated by OSHA. 

Theoretical projections from mass transfer theory indicate an increase in 

emissions with an increase in the air velocity across the material surface. However at some 

point, the effect of air velocity over the surface ceases to result in increased or reduced 

emissions. Empirical data indicate little influence on emission factor by this parameter. 

Further, it would be extremely difficult and impractical to measure air velocity at each point 

of a complex part, which is implied to be necessary to apply the model to obtain “accurate” 

results. Accordingly, we recommend eliminating this variable from the model as (1) having an 

insignificant effect and (2) being impractical to implement. 

LIMITATIONS OF THE MODEL 

We evaluated the effects of using the parameters at their extreme values. We 

found that we could yield emission factors of greater than 100 percent of available styrene 

[%AS). Clearly this cannot be possible. This is a limitation of the model that should have 

been tested before release, or at least those bounds should have been assessed before release 

and proper warnings made. This clearly indicates the potential for users to “game” the model 

(i.e., to obtain the desired results through clever selection of inputs), which surely is not one 
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of the EPA's objectives. 
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TABLE 3: ASSESSMENT OF MODEL LMITATIONS 

PAPER 

The paper would be better served as an assessment of trends noted in the data 

collected from testing at various FRP manufacturing sites instead of a tool for estimating 

emission factors. The paper provides a description of the current state of the science of 

emission measurements for styrene emissions from FRP industries. It describes the approach 

used in developing the model and provides practical examples. The descriptions above 

indicate technical issues with individual aspects of the model. The paper itself is lacking in 

some of its explanations. 

The paper, however, is slightly confusing with the use of the term "emissions." 

Because the paper describes a model used to estimate factors for use in inventory 

development, the term "emissions" would be assumed to mean emission factor, emissions per 

unit of material used. (In the case of FRP manufacture, this factor has traditionally taken the 

format of styrene emitted as a percentage of available styrene, or free styrene in the 

monomer.) The term "emissions" in the paper, however, is also used to mean total emissions. 
Alnllvugu A 'A ----I. *I.--- LYVd.. & - w ; n n c  UII" ---_ are -. . interesting. I and perhaps even germane to inventory 

assessments, they appear inappropriate for the initial description, presentation, and 

explanation of the model. 

- 
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The model itself brings together "all" of the data available from FRP 

manufacturing operations in the hopes of representing the widest portion of the industry. 

The results do not appear to have been used across all of the assessments, though. For 

example, the data generated by the National Marine Manufacturers Association (NMMA) 

indicated a relationship between emissions and distance from the mold. These data were 

reported used in the development of the modification factor in the FRP Model for distance 

from the mold, although this study is not listed in Table 3 of the paper showing the studies 

used in developing inputs for the model. 

As an explanation on the development of the model, the absence of the data 

used in developing the relationships is significant. Also, not all variables used in the model are 

described. 

CONCLUSION 

We appreciate the efforts of the EPA in striving to present a model that can be 

used to estimate emission factors. Unfortunately, this approach to the model is not adequate 

to the task. It is useful in indicating trends of relative effects of individual parameters, but not 

for combining those effects in estimating the emission factor. 

Any future model efforts should keep in mind that only those factors with 

sigdcant influence on emission factor should be included. Models should be as simple as 

possible so that obfuscation does not become the result of the model. Simplification is 

particularly needed for the widespread use by the industry segment. 

We wouid be happy to wwk wkh j - ~  iz &-;e!+ig I kt ef nntenrial I -  

parameters and helping reduce the number of parameters to a reasonable, workable number. 
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ne*< UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
RESEARCH TRIANGLE PARK, NC 27711 

OFFICE OF ~ 

AIR OUALIM PLANNING 
AND STANDARDS 

MEMORANDUM 

SUBJECT: Response to your Request for Comments on Website Documents Regarding 
Emission Estimation for Fiber-Reinforced Plastics (FRP) Processes 

FROM: Madeleine Strum, Environmental Engineer $ih4Ltk 
Coatings and Consumer Products Group, ESD (MD-13) 

TO: Ron Ryan, Environmental Engineer 
Emission Factors & Inventory Group, EMAD (MD-14) 

This memorandum is in response to your March 18, 1998 request for comments on the 
reports entitled: CFA Emission Models for the Reinforced Plastics Industries, and Baseline 
Characterization of Emissions from Fiberelass Boat Manufacturing, You posted these under the 
heading “Potentially Useful for Emissions Estimation” as part of your efforts to revise the AP-42 
section for fiber-reinforced plastics (FRP) operations. You requested comments on the materials 
“...while we begin drafting a replacement AP-42 section based largely on the two reports.” The 
following five items contain my comments. 

( I )  
parameters that affect emissions. 

An AP-42 section based on the two reports would ignore known and measurable 

The available data shows that emissions from the FRP process are influenced by known 
and measurable parameters (such as thickness and gel time) that are not taken into account in the 
mode! proposed by the Composite Fabricators Association (CFA) nor in the Boat Manufacturing 
report. An emission factor that ignores known and measurable parameters that affect emissions 
can potentially result in an __i,.~.~ underestimation _..--.. of emissions for facilities with certain values of these 
parameters. The CFA had several multi-variable models that took into account other parameters, - , ~ $ d c  

condensation reduces the accuracy of the model, because it does not reflect the effects of these 
other parameters. For example, at a styrene content of 42 percent by weight, the emissions from 
the CFA’s h?sc!ix st-dy zp ~ i i c k d  Lui112Z4 io ja.u’percent ofavailable styrene i- L-.- : t i .  

depending on the thickness (which varied from 40 thousand& of an inch to 80 thousandths of an t ’  , ’ ’ 

inch), gel time (which varied from 15 to 30 minutes), resin flow (which varied from 2 to 4 
pounds per minute) and air flow accross the part (which varied from 50 to 100 feet per minute). 
At 35 percent by weight styrene, hand lay up emissions varied from 9.8 percent to 17.7 percent of 

or< -VER . 

but their proposed model condensed these parameters into a one-variable model. This 2fGd 

f 
- 3- 

’ 
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available styrene. The effects of these parameters ar--at specific facilities in 
which the values of the parameters are outside the tested range. For a spray or hand lay up 
process with a 1-hour gel time, for example, the CFA model would potentially greatly 
underestimate the emissions. 

One possibility to correct the above-stated problem is for AP-42 to use the EPA’s Office 
. of Research and Development (ORD) model, which utilizes the available test data to account for 
the effects of various parameters on emissions. The ORD put forth a substantial effort to develop 
an accurate model based on available data that would account for all parameters known to effect 
FRP fabrication emissions. It should be considered for use as an emission estimation tool for the 
FRP processes. -yr it ws*d ,$e r/,,‘rs. 

and to explain the ranges as ways to take into account t h o w m e t e r s  that were measured, but 
not quantified by the model in terms of their effects on emissions. Also, an explanation of how 
these parameters affect emissions should also be included. The range of the parameters used 
during the testing should be a part of the explanation, and it should be encouraged that facilities 
whose parameters lie outside the range tested should attempt to take into account the effect of the 
parameters on emissions. 

(2) 

/ -~\ 
Another possibility would be for AP-42 to present ragges at the various HAP contents, 

-.- - .- - 
\ I  ? r h  I:, , 

An unbalanced, arbritrary set of data were chosen to perform the linear regresssion 

Another issue regarding the condensation of the parameters are the data the CFA used to 
perform the linear regression. Zhe~ data used for the four variable and one variable . - . ___- regression are L - e ,,+I, 
variable model. For example, they added 44.4 styrene content runs in the resin spray up linear 
regression which were associated . with athicksr ---. laminat:. . -  These data were also associated with 
the testing of a different mold. This additional unbalanced data ( i t . ,  there were no ‘‘pairs’’ of 
highs and lows of the parameters which were condensedlmld haTe skewed the linear fit a 
certain way. In addition, there was no explanation of why the 44.4 runs were added and-no other< I 

,cliffere&, The CFA added more data in the one variable regression than they had in the four- 

--.... 

spray up data were added. It would appear that since known effects of other parameters on % . > ~  , f&?,,f 
emissions were to be condensed that only balanced values (i.e., both highs and lows) of those o & e q  
parameters should be used in the condensation. 

(3) The CFA emission model’s quantification of controlled spraying could produce highly 
inaccurate emission estimat;ons because the controlled spraying program is based on 
ab&q and nonmeasurable techniques and the emission reductions are uncertain. 

Tirg CFA riiudei iiiciudcs iiic suljeciive arid arrlbiguuus ierm, “coniroiied spraying” ana 

-- - -- 

provides a 23;percent \ emission reduction for any facility claiming to participate in this program. */ While I agree that improvements in spray technique can result in lower emissions, I do not think 



_. 
c by\: ’’SO ba 

4 ulc e ,I ,;.’..? :r)w 7 c. *y“’ bJ t :$ .Sf> , ,I O ’  
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that the controlled spraying program can be assigned zpecific emission reduction quantity from 
the “baseline” testing. First, the model does not contain objective parameters that can be used to 
estimate emissions. In addition, the 23 percent across both resin andge&@ d m g r e e  with 
other available data utilizing a controlled spray technique. For example, when Research Triangle 
Institute (RTI) used such a technique for gel coating, they achieved less than half of that. 
reduction (for resin they achieved more than that reduction). Individual test comparisons show 
significant differences in the effects of c o n t r o l w y i n g .  

/ .  - 
Furthermore, not all facilities have the ability to achieve the controlled spraying emission 

reductions achieved in the CFA tests because of differences in mold shape and size. For 
example, an operator conducting the controlled spray program, who is physically limited in how 
close helshe can get to the mold, the program may not achieve the “control factor” of 0.77 
suggested by the CFA. 

The problems identified with the controlled spraying emission estimates may be resolved 
by the ORD model. The ORD model has incorporated spray technique in the model by 
containing objective parameters that can be linked to spray technique. The ORD model replaces 
this term with objective and measurable parameters: “distance from spray gun to mold” and 
“amount of dry material off the mold, divided by total material sprayed.” Further, the ORD 
model recognizes that emissions increase continuously as “distance from the gun to the mold” 
and “dry material off the mold” increase. This can be compared with the discontinuity in the 
CFA model, in which “controlled spraying” produces a “step” reduction in emissions (ix., no 
variations in the amount of “control” are accounted for). - GlrP w ’ l /  ,pr-9Jb,Lf .  A -*?cy 

.‘+ /, I 
4*s.cu( m ( r - t h l c  ChA),‘,+l AFGLC f*, 

Another resolution is to acknowledge controlled spraying as an emission reduction 
technique in the text of AP-42, but not assign an emission reduction factor to it. 

(4) The CFA proposed model has several inaccuracies when compared to available test data. 

The CFA model assumes a linear relationship between styrene emissions per mass of 
resin used and styrene content. A problem with this is the linear extrapolation for styrene 
cmten:s witside of the iiieasiiicd iange. inis iinear extrapoiation results in a large under- 
prediction of emissions from low monomer resins and gel coats. For example, the model 
predicts negative emissions for resin spray up when the resin monomer content is below 
25 percent by weight and for gel coat when the gel coat monomer content is 18 percent. There 
are presently resins containing as low as 28.2-percent monomer in the EPA MACT database. 
There are existing emission data at low styrene gel coats (25 percent by weight styrene) for which 
the CFA model underestimates emissions by 64 percent. (See Table 1 in the memorandum from 
Carlos Niinw tn you dated Iu!y 17, !99g). 

-. . 

The ORD model contains a more accurate relationship between styrene content and 
emissions, and accurately predicts emissions at the known “boundary” condition of zero styrene 
content. 
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In addition to the inaccuracies in the model when the model is extrapolated outside the 
measured range of data, there is also a serious inaccuracy within the measured range pertaining to 
the treatment of vapor suppressants. The proposed CFA model includes a fixed reduction factor 
for styrene suppressants, regardless of whether the resin is unfilled or filled. However, both RTI 
and CFA testing have shown that the emission reductions from styrene suppressants are 
significantly smaller with filled resins (i.e., suppressant effectiveness approaches zero, as filler 
content approaches 60 percent). In addition, while working on the MACT project, I have heard 

EPA are working on a laboratory-based test method that would assist us in estimating the 
effectiveness of different residsuppressant formulations. The results of the test method s+ 
assist emission estimation as wel l . a s . a s s i s t_wi th . compl i~~~~th~~ .~MACT standard.-However, 
a more immediate fix to this situation is to use the ORD model, which contains a more accurate 
estimation of emissions for the case in suppressant is used with filled resins. 

that not all suppressants are equally effective in all resin formulations. As a result, the/CFA an 

hL.i Jdov ad 
C C W J ~ ’ ~ & ~ ~  

- 
Another inaccuracy involves emissions estimation from flow coater and pressure fed 

roller resin application. The CFA model contains a fixed “control factor” (0.51) for the use of 8jmi;e c,, 
non-atomizing application, but avail&le d&show that-rene content of the resin has an 
effect on the amount of r e d s a c h i w e d  by non-atomizing application. For example, the data 
obtained in the boat study showed-a-significantly _ _ ~  -_ - larger - .. . emission .-.-__-.-A reduction - for the higher styrene 
resin than the lower styrene resin. 

( 5 )  

B fGC+ 

I am concerned that the data contained within the National Marine Manufacturers 
Association (NMMA) report (Baseline Characterization of Emissions from Fiberelass 
Boat Manufacturing) are not representative of the FRP operations that occur across the 
Nation’s boat manufacturing facilities, and I question separating FRP boat operations - ;: . ~ ‘ 7  ’ 

from non boat FRP operations. 

I am in agreement that the boat manufacturing emissions test program at U.S. Marine was 
well done, and the results are accurate for the specific conditions that occurred during the 
testing. However, I am concerned that the results of the NMMA test report may be 
inappropriately used for other boat manufacturing situations which are not similar to the 
conditions at U.S. Marine. In particuiar, the resin spray up testing at U.S. Marine was performed 
by a spray gun operator who is the corporate trainer for U.S. Marine Corporation. In addition, 
the molds at U.S. Marine were on a rotating frame, which not all boat facilities have. It was 
observed that there was very little over spray (material off the mold) during the testing on boat 
molds at U S .  Marine. In situations where more material is deposited off the mold (such as with 
a less experienced spray gun operator, and the use of molds that do not rotate), emissions would 
be higher. 

Air velocities over the mold during NMMA testing at U.S. Marine were well below 
40 feet per minute. These low velocities may not be typical for boat manufacturing, especially 
in situations where personnel fans are used. These low velocities may produce lower emissions 
than would occur with higher velocities over the mold. Temperatures at the testing facility were f ?, 
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significantly lower than the temperatures where most of the boat facilities are located 
(Southeastern United States) and may also gesult in producing lower emissions than may be seen 
at a different facility. -0sfcp o#&? 

Furthermore, I question distinguishing between boat and non boat FRP processes for 
emission estimation purposes. The processes and raw materials at boat and non boat reinforced 
plastic facilities are similar. Because diversity within non boat reinforced plastics is as great or 
even greater than the difference between the boat and non boat reinforced plastics manufacturing, 
it would make sense to have the same estimation technique for boat and non boat parts. The 
ORD model accomplishes this in that it is not part specific. 

In conclusion, I appreciate the opportunity to provide comments on the above reports with 
regard to their use in developing an updated AP-42 section for polyester resin operations. As you 
know, I have new emissions data for continuous lamination operations and pultrusion operations, 
which will be helpful as you review the emission factors for these operations. If you have any 
questions on the above comments or the emissions data please contact me. 



Status of Emission Estimation Tools for Fiber-Reinforced Plastics 

C W N T L Y  AVAILABLE 

report documenting the development of both the 4 and 1-variable models has been made available 
via the FYI page of CHIEF since March 1998. 

CFA developed both a 4-variable and a 1-variable model. The 1-variable model and a 

NMMA produced a report documenting the results of parametric testing on boat 
production. No model or analysis done to suggest what to do for situations “in-between”. The 
test report has been made available via the FYI page of CHIEF since January 1998. 

ORD has produced a 9-variable model. Documentation is a draft paper submitted to a 
peer-reviewed journal, not yet published. Region 4 has made the software available to their State 
agencies. EFlG has sent copies of the draft paper to the two trade associations, and refers callers 
to the RTI web page for the software. 

Region 4 sent a letter dated 9-16-98 to their State agencies recommending use ofthe 
ORD model. 

ESD has used their own variation of a 1-variable model for determining the MACT floor 
A point system has been proposed for determining compliance with MACT(?) 

ESD and the Office of Compliance jointly issued a letter dated 12-30-97 to the CFA 
ststing that “controlled spraying” cannot be used as an option to meet the MACT level of 
emissions. 

ONGOING WORK 

about 10 tests from actual plants that corroborate their model. They have mentioned revising 
their model to incorporate some of this data, and possibly the NMMA data. 

. CFA has performed some additional lab testing on multi-control cases, and claims to have 

Neither NMMA nor ORD has performed any work beyond what is shown as Currently 
kvaikibk, abwoiie. 

COMMENTS ON THE MODELS 

NMMA boat-building data into a single model with all of the other data. This would answer the 
question of what emission factor to use when you are building boats at conditions between test 
data points. The ORD model also allows for varying levels of “controlled spraying”, rather than 
_ I - ~  iliqt en fin_ nr ne’ &nice, EX! ztt-zp!~ !S ~bjecf:.~!;. + d F j  GT d & i i ~  ‘‘cljiiiiuiid spraymg via 
two of the variables. However, to use the model someone must determine which values to use for 
each of the variables. “Baseline” values are included in the model. 

The additional variables in the ORD model potentially provide a way to integrate the 

. 1. . “ 

The CFA model would be easy for facilities to use in that it requires only one variable, the 



%styrene in the resin, to be specified, However, it does not account for differences in amount Of 

overspray, and so it does not predict the NMMA emissions test results very well. The CFA 
model also includes a %reduction for “controlled spraying”, but there is no criteria provided for 
what constitutes “controlled spraying”. 



I. ISSUES SURROUNDING ALL EMISSIONS ESTIMATION MODELS 

Issue #1: Number & Type of Independent Variables / Process Parameters 

Issue: There is a large difference in the number and type of independent variables (process 
parameters) used in CFA, NMMA, and EPNORD models. Table 1 below indicates the 
independent variables present in each model by process. 

Table 1: Independent Variables Used in CFA, NMMA, and EPAlORD models 

Manual Resin Application (Hand Lay-up/Bscket & Tool Ap ilicatinn) a 
Amblenl Air Flow Dblanee Mold 

HAP Laminate CupGel Mnlerinl Air Across From Mnlerinl Controlled S h e &  
Model Canlrnt Thickness T h e  Flow Rnle Temo. 

CFA I I I I I I I 
N M M A  X X 

CFA 1 X I I 
N M M A  I X I  I I X 

X I  X 1 x 1  X I x  I X I  X I  X I 

aNMMA did not propose .an emiwiotis model for mMunl resin application (hmd layup) or filament winding. 

bEPMOR0 did not propose an emissiom model for filamenl windink 



Issue #I: Number & Type of Independent Variables / Process Parameters (Continued) 

The use of different independent variables in the models is primarily a result of differing views on 
the required degree of accuracy for emission estimates, the importance of certain process 
parameter with respect to emissions, the practicality of measuring certain process parameters in a 
production environment, and the enforceability of the final emission estimation. The stakeholder 
views are summarized in the table below for the following: 

1 .) Does the process parameter significantly affect H A P  emissions from one or more open 
molding processes? 

2.) Is the process parameter measurable in a production environment for use in an enforceable 
emissions estimation model? 

3.)  Should the process parameter be included as an independent variable in an enforceable 
emissions estimation model? 

Table 2: Stakeholder Views Concerning Process Parameters /Model Variables a 

a B I d  spacer indicale no definitive view WLU exppressed. Cehlin model parametm overlap intheir effe'en on Rnissions and rrpresrnt d i f f m t  ways 
of characterizing the same phenomenon. For example, controlled spraying distance from spray gun to mol4 m o u n t  of over spray, and mold she & 

shape, all related to Ihe effects ofspraying technique and mold she A shape on HAP emissions. 

bEPNORD views were all assumed lo be yes ifths independent model variable was included in the EPNORD model. 



rodunion paramctm ofm?de"al flow rak, mbienl temperature. air flow, disooce rrom spny gun to mol4 and mount ofover spray, 
EPNESO o iden these parameters to be possible 10 measure but not necessarily prasticnl to measure 

dEPA/ESD nsidm that cehzin ofthse panmeters may not be pmnical to include in 811 model fomafs. but perhaps could be included in another 8 way suc zs picking wane case values far these paramcten. 

Issue #1: Number & Type of Independent Variables /Process Parameters (Continued) 

In addition to the differing views above, there is also disagreement on the validity of assuming 
that the effect of each process parameter is independent from the another. Specifically, both the 
CFA and EPNORD models assume that each independent variables in their multi-variable (or 
multi-factor) models is independent and does not affect the other independent variables effect or 
contribution to emissions. In reality, though, each independent variable in the CFA and 
EPNORD models is not independent and will interact with and affect the other model variables to 
some degree. This interaction will result in reduced accuracy of the given model, with the degree 
of inaccuracy produced dependent on the total number of model variables, the strength of the 
interaction and the model input parameters selected. As such, the effect of interaction between 
model variables (process parameters) will affect the number and type of independent variables 
selected for an emissions model. 

The possibilities for variable interaction and the subsequent effect on the emissions estimate in the 
nine-variable EPNORD model are very obvious and can occur for any combination of variable 
inputs. For the CFA "one-variable'' model, the effect can appear due to the presence of a fixed 
reduction factor for implementing a controlled spray program for atomized mechanical resin 
application or gel coating. In other words, the CFA model assumes that the effect of the control 
spray variable is independent of any of the other process parameters that effect HAP emissions for 
atomized mechanical resin application or gel coating. Similarly, the CFA model assigns a fixed 
reduction factor for the use of vapor suppressants for atomized mechanical resin application and 
filament winding. Thus, the CFA model assumes that the effect of the vapor suppressant variable 
is independent of any of the other process parameters that affect HAP emissions from mechanical 
resin application or filament winding. The CFA model also assigns a fixed reduction factor for 
non-atomized mechanical resin application. Finally, the CFA fixed reduction factors for 
controlled spraying and non-atomized mechanical resin application can be used in conjunction 
with the fixed reduction factor for vapor suppressants. 

The CFA has commented that the EPNORD model assumption of variable independence "could 
lead to an extremely unrealistic emission rate that would still be judged acceptable under model 
conditions." Both the CFA and NMMA provided examples where the EPNORD model provided 
physically impossible emission results (>loo% of available styrene) for inputs judged acceptable 
by the EPNORD model. (Acceptable in that the model inputs did not generate a warning 
message from the model program indicating that the model inputs were outside normal values), 

The converse of this issue is that reducing the number of independent variables in an emissions 
estimation equation can also reduce the accuracy of that model since the emissions from the 
resulting model will not change with varying process parameters unless those process parameters 
are included as independent variables in the emissions estimation equation. 



d EPNORD noted that the CFA model ignores process parameters that 
HAP emissions (such as laminate thickness, gel time and temperature) and the 

resulting inaccuracy of the model can result in a significant underestimation or overestimation of 
HAP emissions depending on the process parameters used by a particular facility. 
Issue #1: Number & Type o f  Independent Variables/Process Parameters (Continued) 

Questions: For each open molding process, which process parameters significantly affect HAP 
emissions? 

For each open molding process, which process parameters must be included in an emissions 
estimation model to produce the re uired le 

For each open molding process, does the assumption of variable independence in the CFA and 
EPNORD models adversely affect the accuracy of those models? 

For each open molding process, which process parameters must be excluded in an emissions 
estimation model to produce the required level of accuracy? 

For each open molding process, which process parameters can reasonably be measured in a 
production (as opposed to laboratory) environment? 

For each open molding process, if an emissions model serves as the basis for a permit limitation 
and as a basis for compliance with the same permit, which process parameters can be included in 
this emissions model such that the permit in question is federally enforceable? 

How does prior EPA rulings on the enforceability of the CFA controlled spraying program affect 
this issue? 

of accuracy? 
%e-,> rn v./e,,~ 

Is this EPA ruling also pertinent to the process parameters used by the EPNORD model to 
evaluate the affects of spraying technique on emissions? 

Note: The enforceability of the CFA Controlled Spraying Program was addressed in a December 
30, 1997 letter from Bruce Jordan (EPNOAQPSESD) and John B. Rasnic (EPA/OOC/METD) 
10 Steve IvicNaIiy (CFA'). 

Issue #2: Applicable Ranges o f  Independent Variables / Acceptable Model Inputs 

Issue: Once the independent variables of a model have been selected, the range of acceptable 
model inputs for each independent variable must be decided. For example, if a model input is the 

CU(IL, W I I ~ ~  ale aw+&ie iripuis for ihat moaei parameter'? ZU% 
to 50% HAP? 0% to 60% HAP? An alternative way to approach or express this issue is over 
what range of model inputs for each independent variable must be model be of the required 
accuracy. 

U A  D -....tn-i -C&h- -- - -I  ---A ... 8 . .  .. cIv.ILcIIIL vL ,,A 



The acceptable range of model inputs is very important, because models are generally designed to 
be the most accurate for the most probable set of model inputs, with lesser degrees of accuracy 
for less probable model inputs. In short, the emissions model must be able to  handle the range of 
model inputs that will be present in actual use and still maintain a certain minimum level of 
accuracy. 
Issue #2: Applicable Ranges of Independent Variables I Acceptable Model Inputs 
(Continued) 

This issue has been widely discussed (debated) for the process parameter of resin 
HAP content, particularly with respect to the lower bound of the parameter. Bo 
EPNORD have indicated their view that the CFA model seriously under predicts P 
at lower resin and gel coat HAP contents that are currently available and does not take into 
account that new resins and gel coats with even low HAP contents are currently being developed. 
Both of these organizations have indicated in order for an emissions model to  be acceptable, it 
must accurately predict HAP emissions at currently available low HAP resins and gel c 
must allow for the development and use of even lower HAP resins and gel coats. Bot EPA/ESD 
and EPNORD have indicated that the EPNORD model successhlly meets those requ ements. 

content). 
The CFA and NMMA have indicated that it is not possible for resins and gel coats to  function 
adequately below a certain HAP content because a certain amount of HAP is required to 
successfblly complete the chemical reaction that results in a cured resin or gel coat. In other 
words, unlike a surface coating, some of the HAP contained in the resin is used as a reactive 
diluent to form chemical bonds and a certain minimum HAP content is necessary for the required 
number of these chemical bonds to be formed. As such, creating an emissions model that 
attempts to predict HAP emissions below a certain HAP content is attempting to create a model 
that will address resins or gel coats that are not currently in existence and may not be possible to 
develop given the realities of resin chemistry. The CFA has also indicated in the past that 
attempts to create models at very low resin and gel coat HAP contents results in interpolating 
significantly beyond the available emissions data, and these attempts are therefore questionable. 

Questions: 
Assuming a process parameter is an acceptable independent variable in an emission model as 

gel coa 
EPA/ESD a 

(The EPNORD model assumes that 0.0% HAP is the lower bound for resin and gel coat 0 

ir L :-- ~ S S U C  - $1, what are the acceptable ranges of model inputs? 

Issue #3: Requirements for and Development of an Emissions Estimation Model 

Once the number and type of independent emission variables (and the acceptable range of model 
inputs) have been determined for each open molding process, the next step is to derive an 
emissinns cst!mi!!on mcde! thzt -vi!! x c . ~ a : d y  c;:iiiiate :X eiiiissiuiis ?om ihar process tor all 
acceptable model inputs. There are several considerations that must be addressed in the 
development of this emissions estimation model. 

The first consideration is the selection of a data set or data sets from emission studies that are 

I 

. .  . .  



representative of the process being modeled and the end-use of the model. In other words, the 
process parameters used during the emission study the data was obtained from should be process 
parameters that are representative of the industry for the process in question. If this is not the 
case, the emissions estimation model will not produce emission results representative of the 
process and industry (or industry segment) in question. 
Issue #3: Requirements for and Development of an Emissions Estimation Model 
(Continued) 

The next consideration is the use of balanced data sets t o  derive the emissions estimation model. 
Once a data set that is representative of the industry is selected, is the data set balanced (or can it 
be balanced) in such a fashion that the emission model is not unnecessarily biased toward any 
particular combination of process parameters? In certain cases (for certain processes) it may not 
be possible to obtain balanced data sets. 

The next consideration is whether or not the accuracy of the derived model is acceptable for all 
possible combinations of model inputs (within the range of acceptable model inputs). 

There has been extensive commentary by all stakeholders on the three considerations discussed 
above. Each stakeholder has criticized one or more of the currently developed emission models 
(or approaches) for failure to use representative data sets, the lack of balanced data sets, or the 
lack of an acceptable level of accuracy for what the stakeholder considered to be acceptable 
model inputs. 

Ouestions: 
GPNORD Model 
Does the EPNORD model produce acceptable levels of accuracy for all possible inputs? 

Is the EPNORD model based on representative data sets for the processes modeled? 

Is the EPNORD model derived using "balanced" data sets that do not bias emission results 
unnecessarily toward any particular combination of process parameters? 

CFA Model 
Does thc CFA Model produce accapidbie ieveis of accuracy for all possible inputs? 

Is the EPNORD model based on representative data sets for the processes modeled? 

Is the EPNORD model derived using "balanced" data sets that do not bias emission results 
unnecessarily toward any particular combination of process parameters? 

M A  A n n m n r h  
Does the NMMA approach produce acceptable levels of accuracy for all possible inputs? 

Is the NMMA approach based on representative data sets for the processes modeled? 



Is the NMMA approach derived using "balanced" data sets that do not bias emission results 
unnecessarily toward any particular combination of process parameters? 



Issue #4: Units of EF Equations (% Available Styrene, %Available MMA, % of Resin 
Weight) 

Issue: The CFA model presents emission factor information for all open molding processes on 
the basis of styrene emissions per amount of resin consumed ("A of resin weight consumed). For 
example, an emission factor of 5.0% in units of % of resin weight would represent 5 grams of 
styrene emitted per 100 grams of resin consumed. The EPNORD model presents emission factor 
information on the basis of emissions per amount of available styrene (YO of available styrene). An 
example of this set of units is an emissions factor of 5.0% would represent 5 grams of H A P  
emitted per 100 grams of available HAP. The NMMA model presents EF information in terms of 
% of available styrene or % of available MMA, depending on the H A P  in question. 

In the past, HAP emissions for reinforced plastics fabrication have been expressed in '3'0 of 
available styrene and the EPNORD and NMMA models follow this historical pattern. The CFA 
has indicated that the best statistical fit of emissions data occurs when emissions are expressed on 
a emissions per amount of resin consumed basis and therefore more accurate emission estimation 
models can be created when emissions models are derived using emissions expressed on this basis. 
(The resulting models express the emission factor information in % of resin consumed.) 

Questions: 
Should emission models be derived from emission data expressed as % of resin weight or % of - 
available styrene? 

Should emission models provide emission factors that are expressed in % of resin weight or % of 
available styrene? (or % of available M A ? )  



Issue #5: Development of EF's for Vapor Suppressants 

Issue: There are several issues with respect to the development of EF's for resins and gel coats 
with vapor suppressants. The current EF's in AP-42 for manual and mechanical resin application 
were derived from laboratory tests and facility source tests, respectively. In recent years, there 
have been a number of studies that have tested vapor suppressed resins applied using manual and 
mechanical resin application. These studies have indicated widely varying degrees of effectiveness 
for vapor suppressants depending on the set of process parameters present and the amount of 
filler present in the resin system. (One large study indicated that the effectiveness of vapor 
suppressants is virtually zero when filler loadings approach 50% - 60%). 

Using the data from these studies both the CFA and EPNORD have developed models that 
estimate emissions from vapor suppressed resins applied using manual or mechanical resin 
application. The CFA model uses an equation and a fixed control factor to estimatevapor 
suppressant effectiveness for manual resin application and mechanical resin application, 
respectively. The CFA model does not take into account the effect of filler on vapor 
suppressants. The EPNORD model uses equations to estimate the effectiveness of vapor 
suppressants for manual and mechanical resin application and these equations do incorporate the 
amount of filler contained in the resin. Neither of the models take into account the effect of resin 
chemistry on the effectiveness of vapor suppressants. 

In recognition of the data that demonstrates that resin chemistry 
significant effect of the emissions from vapor suppressed resin EPAESD i 

test that can be conducted in a laboratory setting. In order to  obtain compliance credit for the use 
of a vapor suppressed resin, the tentative (still under development) MACT standard for the Plastic 
Composites source category will require that a facility conduct a vapor suppressant effectiveness 
test for each vapor suppressant/resin/filler combination used by the facility. This test value will be 
used in conjunction with an equation that takes into account the emission profile of the process 
used to apply the vapor suppressed resin (i.e. the emission profile of either manual or mechanical 
resin application.) The emissions profile of the fabrication process is important because the vapor 
suppressant is assumed to reduce emissions only during curing (and not application) and the 
percent of total emissions emitted during curing is different for manual and mechanical resin 
appiiediion. 

These developments lead to several different areas that need to  be addressed. Once the VSR 
effectiveness test method has been approved and the MACT standard for the plastic composites 
source category is in place, failure to use its results to predict emissions may also constitute 
failure to use "best available information" to estimate emissions. Failure to use the results of the 
VSR effectiveness could also result in forcing a facility or regulatory agency to use an emissions 
es!im~!ti~ m ~ ! d  tk-t either :,'e: s: ;ndcic.;:im~tc;~ t:ie 112 &ssiuus Sum the application of 
the vapor suppressed resin in question (a lose-lose situation). It is important to note, though, that 
the the MACT standard in question is not scheduled for promulgation until November 15, 2000. 
Facilities will not have to comply with the new standard (or conduct the VSR effectiveness test) 
until up to three years after promulgation. Thus, there is an approximately four year period of 

ding can have a 
orking with the 

CFA and several resin manufacturers to develop a vapor suppress Q sin (VSR) effectiveness 

.. . 



time where 
VSR effectiveness test results will not be available for use. Since the current EF's can probably 
no longer be assumed to represent "best available data" in light of the recent emission studies, it 
would 
Issue #5: Development of EF's for Vapor Suppressants (Continued) 

appear that an intermediate or alternative model is necessary to estimate emissions from 
application of vapor suppressed resins. 

Questions: 
For vapor suppressed manual and mechanical resin application, should an alternative emission 
model be presented in AP-42 that does not utilize results from the VSR effectiveness test? 

Should this alternative emission model take into account the effects of resin chemistry and/or 
filler? 

For vapor suppressed manual and mechanical resin application, should an intermediate emission 
model be presented in AP-42 that does not utilize results from the VSR effectiveness test? 

Should this intermediate emission model take into account the effects of resin chemistry andlor 
filler? 

For vapor suppressed manual and mechanical resin application, should the emission model be 
presented in AP-42 that utilizes results from the VSR effectiveness test? 

Should treatment of vapor suppressed resins by EPA be consistent between the different sections 
of the EPA in order to avoid confusing EPA regional ofices, state and local regulatory agencies, 
and the members of the regulated community or are the mission requirements and goals of 
different sections of the EPA distinct enough to justify differing treatment of vapor suppressed 
resins? 

Filament Winding (See also Issue #10 
The next issues concerns the use of vapor suppressants with filament winding. The current EF's 
in hp-42 f ~ r  vapor suppressed filament winding were derived from a "technology transfer 
estimation" and not actual emissions data. xhere is now emissions d- 'lable for v a w  
suppressed filament winding from an emissions study conducted by DOW Chemical. Using this 
data, the CFA has created a model that estimates emissions from vapor suppressed filament 
winding for different resin monomer contents. This model is subject to  the same problems as the 
models for vapor suppressed manual and mechanical resin application in that it does not address 
the vary effectiveness of vapor suppressants due to differences in resin chemistry and the possible 
prewnce nf filler. 

It is possible to conduct the VSR effectiveness test on a filled or unfilled vapor suppressed resin 
used for filament winding. However, unlike manual and mechanical resin application, there is no 
clear delineation between the application and curing stages of filament winding. The resin is 



applied to the reinforcement in the resin bath at the same time that previously wound resin and 
reinforcement is curing on the mandrel. Thus, both resin application and curing can occur at the 
same time during the fabrication of a part with filament winding. Therefore, it is difficult to  relate 
the results of the VSR effectiveness test to an emissions profile in same manner as manual and 
mechanical resin application. 



lssiie #5: Development of EF's for Vapor Suppressants (Continued) 

Questions: 
Should a model for vapor suppressed filament winding be present for those facilities that have not 
conducted a vapor suppressed resin effectiveness test? 

What limitations or explanations (if any) should accompany the presentation of this model? 

How can the results of the vapor suppressant effectiveness test be incorporated in a model to 
estimate emissions from vapor suppressed filament winding? 

Centrifugal Casting (See also Issue #11) 
The next issue concerns the use of vapor suppressants with centrifugal casting. The tentative 
MACT standard for the Plastic Composites source category groups centrifugal casting with 
filament winding and considers vapor suppressants a control option for centrifugal casting. There 
is no data for the use of vapor suppressants with centrifugal casting. 

Questions: 
Should these EF's for centrifugal casting assume that vapor suppressants work during centrifugal 
casting in the same fashion as filament winding? 

/qhould  the complete lack 
result in only the inclusio 

vapor suppressants with centrifugal casting 
ppressed centrifugal casting? 

Gel Coat Application 
The next issue concerns the use of vapor suppressants with gel coat application. There are 
currently EF's on AP-42 for the application of vapor suppressed gel coats by manual r 
application (hand lay-up) and mechanical resin application (atomized spray lay-up). 

due to 

emissions ,,om these gel cuais and recommenaed removai of the vapor suppressed gel coat 
emission factors from AP-42. The CFA has indicated that vapor suppressants cannot be used 
with gel coat application. The EPNORD does not consider vapor suppressants as a control 
option or model variable for gel coating. 

Note: The VSR effectiveness test under development is only for use with vapor suppressed 
resins. It is not designed for vapor suppressed gel coats. 

PAESD 
has indicated that vapor suppressed gel coats are used in certain instances in boat ma 0 
e t c . 0  - nce of wax in the enamel gel coats used to coat engine covers, interior of closets, 

so pointed out that there is no data on the effectiveness of the wax in reducing PA/ESD 

Questions: 
Should the revised AP-42 section contain EF's for vapor suppressed gel coats applied using 
manual or mechanical application? 



IfEF's for vapor suppressed gel coats are necessary, how should these EFs be derived? 
Issue #6: Separate EF EquationshVodel for Boat Manufacturers 

Issue: The NMMA has stated ",.. NMMA believes that the best available data for the boat 
manufacturing industry were generated in its study conducted in 1997. The data specific to this 
industry generated under operational conditions in a boat manufacturing plant are the most 
representative for this industry. NMMA believes that our data should be used for boat 
manufacturing plants, as more representative of industry practices and emissions than a model that 
attempts to characterize any and all fiberglass manufacturing operations." 

The hblM.4 also indicated that "We have not prepared a computer emission model from these 
data, but instead provide our data in a number of formats to allow our members the ability to use 
the results to reflect their operations appropriately. Some operations may elect to use the most 
generic approach, that is, one of the discrete emission factors published in our summary report. 
Others may use the data to generate an emission factor through interpretation of the data on the 
styrene content of the resin, distance from the mold during application, and application 
technique." 

Note: These comments were provided by the NMMA in part to contrast the NMMA data and 
approach with the EPNORD model which had been reviewed by the NMMA. 

icated a general concern that the NMMA test results, while accurate for the specific 
test site, "may be inappropriately use oat manufacturing situations 

which are not similar to the conditions at U.S. Marin 

the concern that the amount of over spray (material off the mold) was atypically low due to the 
fact that the spray operator for the testing was a very experienced spray operator (the corporate 

rovided several specific 
reasons why the NMMA data may result in the 

trainer for U.S. Marine) a 
application more 
study were well 
especially where 
testing facility 

emissions. The first was 

a rotating frame (hence making resin 
the air velocities at the U.S. Marine 
typical for boat manufacturing facilities, 
commented that temperatures at the 

where most of the boat 
manufacturing facilities are located (Southeastern United States). 

o questioned distinguishing between boat and non boat FRP processes for emission 
due to the similarity of the processes and raw materials used for both. 
that "the diversity within non-boat reinforced plastics is as great or even 

greater than the difference between the boat and non boat reinforced plastics manufacturing" and 
as such it would make sense to use the same emission estimation technique for both t 
manufacturing (Le. to have an emissions estimation approach that is not part .. *!SO p&!d e:! th.t ncn-b-!?'co~ .'cc!: p;t; (juch iis ?a;ic:i cljvci s, sirower sidlls, erc) a- 
considered part of boat manufacturing and as such data from the NMMA study may not be 
representative for these types of parts. n, 
EPNORD indicated many of the same concerns s EPNES . EPNORD also indicating their u 



belief that the process parameters present at the NMMA testing could not possibly represent the 
range of process parameters present at boat manufacturing facilities. 
Issue #6: Separate EF EquationsModel for Boat Manufacturers (Continued) 

Questions: Should boat manufacturing have a separate emissions estimation model from other 
types of reinforced plastic composites manufacturing? 

Should the emission results of the NMMA Study and the facility-specific interpretation approach 
suggested by the NMMA be used as the HAP emissions estimation approach for boat 
manufacturing? 

Should the emission results of the NMMA Study and the facility-specific interpretation approach 
suggested by the NMMA be used as the H A P  emissions estimation approach for the types of boat 
molds/parts used in the NMMA study (i.e. decks and hulls) with another approach used for 
non-hullhon-deck molds/parts? 

If the emission results of the NMMA Study and the facility-specific interpretation approach 
suggested by the NMMA is used as the H A P  emissions estimation approach for the types of boat 
molds/parts used in the NMMA study or even FRP activities related to boat manufacturing, who 
will decide how to interpret the NMMA study results? The facility? The relevant regulatory 
agency? What guidance will (should) be provided to  the facilities and regulatory agencies on how 
to interpret and use the NMMA study results 

If the NMMA approach is adopted, how will emissions from non-hull/non-deck parts that are 
constructed entirely or in part with manual resin application be determined? 

If the NMMA approach is adopted, how will emissions from gel coating be determined for gel 
coats that do not contain MIMA? (The NMMA study tested one gel coat containing 32.0% 
styrene and 5.0% MMA). 



U. PROCESS-SPECIFIC EMISSION E S T M A T I O N  ISSUES 

Issue #7: Separate EF for Resin Application with Flow-Coaters and Pressure-Fed Rollers 

Issue: For the case of non-atomized resin application, the CFA, NMMA, and EPNORD models 
differ in their treatment of flow-coaters and pressure-fed rollers. The EPNORD model uses 
different emission factor equations depending on whether the resin is applied using a flow-coater 
or pressure-fed roller. The CFA model assumes the use of flow-coaters and pressure-fed rollers 
results in the same level of HAP emissions when all other factors (process parameters) are equal. 
The NMMA study did not test pressure-fed rollers (only flow-coaters) and the estimation of HAP 
emissions when resin is applied using pressure-fed rollers is not addressed in their test report. 

Note: The tentative MACT standards for the plastic composites and boat manufacturing 
industries that are currently being developed by EPA assume that pressure-fed rollers and 
flow-coaters produce an equal level ofHAP emissions (and provide an equal emission reduction 
when used as a control technique for atomized spray lay-up) when all other factors (process 
parameters) are equal. 

Questions: Should pressure-fed rollers and flow-coaters be assigned separate EF equations to 
reflect the differences in these resin application technologies or are these technologies (or their 
resulting HAP emissions) similar enough to warrant the use of the same EF equation for both 
technologies? 

Will assigning separate EF equations for these technologies produce more accurate estimates of 
HAP emissions or will separate EF equations simply add an additional level of complexity to 
estimating emissions from these industries without producing a significant improvement in 
accuracy? 

Should treatment of these technologies by EPA be consistent between the different sections of the 
EPA in order to avoid confusing EPA regional offices, state and local regulatory agencies, and the 
members of the regulated community or are the mission requirements and goals of different 
sections of the EPA distinct enough to justify differing treatment of these resin application 
technologies? 

Issue #8: Separate EF Equations for Gel Coats Containing Methyl Methacrylate 

Issue: The use of gel coats containing the HAP methyl methacrylate (MMA) is increasing as 
reinforced plastic fabricators attempt to increase the performance of their products. The NMMA 
study tested a white gel coat containing 32.0% styrene and 5.0% MMA. The results of the 
M - 4  te$!!ng !.?dicked th-t yp:~xkizi;c!y 75% d t k  tivaiiabit: TvLiviA conrained in the white 
gel coat was emitted (compared to approximately 45% of the available styrene). The CFA and 
EPNORD models do not attempt to address the difference in HAP emissions that occurs when 
gel coats contain MMA in addition to styrene. Therefore, these two models may significantly 
underestimate the amount ofHAP emissions when these types of gel coats are used. The NMMA 



approach does address this issue with the limitation that the NMMA approach provides an 
emission factor for these types of gel coats does not change with increasing HAP content. 

Issue #8: Separate EF Equations for Gel Coats Containing Methyl Methacrylate 
(Continued) 

Note: The tentative MACT standards for the plastic composites and boat manufacturing 
industries that are currently being developed by EPA treat gel coats that contain both styrene and 
MMA in the same manner as gel coats that contain styrene only. 

There are several negative consequences attached to  this issue. Under Title TII of the 
Clean Air Act, a facility is a major source if has the potential to emit, considering controls, more 
than 10 tons per year of any single HAP or more than 25 tons per year of any combination of 
HAP. In order for regulatory agencies and the regulated community to determine if a facility 
meets the major source definition (considering controls) by emitting more than 10 tpy ofMMA or 
if the facility crosses the 25 tons per year threshold due to emitting MMA in addition to other 
HAP, a method of estimating emissions of MMA from gel coat application must be available. If 
such a method is not available, regulatory agencies and facilities may used widely varying and 
inaccurate methods to determine MMA emissions. 

Another negative consequence is that a facility may attempt to reduce HAP emissions by 
moving to a gel coat that has a lower HAP content (by weight) but fail to reduce HAP emissions 
due to being unaware of the results of the Nh4MA testing noted above. For example, if a facility 
moves from a gel coat that contains 32.0% HAT’ by weight (32.0% styrene, 0.0% MMA) to a gel 
coat that contains 30.0% HAP by weight (22.0% styrene, 8.0% M A ) ,  the facility may actually 
emit more total HAP due to the greater emission potential of MMA discussed above. The 
negative aspects ofthe failure to actually reduce the HAP emissions from the gel coating would 
be compounded by the very likely possibility that the facility incurred various costs to select and 
test the new gel coat. 

Questions: Should gel coats containing both MMA and styrene be assigned a separate EF 
equation to reflect the fact that gel coats containing h4MA emit a greater amount oftotal HAP for 
the same initial HAP content than gel coats that contain styrene only? 

Should EF equations for gel coating contain terms or be structured in such a fashion as to allow 
regulatory agencies and the regulated community to estimate both the amount of styrene and 
MMA emitted by a particular gel coat? 

If the answer to either of the above questions is yes, how should these EF equations be derived? 

Should treatment d g e !  rnitr rnctzkkg ?.!?.SA. k c~ii:k:eiit ~ ~ W C C I I  ihe diiYerenr sections of the 
EPA in order to avoid conhsing EPA regional offices, state and local regulatory agencies, and the 
members of the regulated community or are the mission requirements and goals of different 
sections of the EPA distinct enough to justify differing treatment of these gel coats? 



Issue #9: Development of a n  Emission Factor for Vacuum Bagging 

Issue: The use of vacuum bagging has been accepted (tentatively) as a control option for manual 
resin application and mechanical resin application (both atomized and non-atomized) in the 
MACT standard under development for the plastic composites source category. There are a small 
number of facilities that use some form of vacuum bagging in the database of facilities EPA is 
using to develop the plastic composites MACT standard. Vacuum bagging is not typically used 
for boat manufacturing. The use of vacuum bagging is expected to reduce HAP emissions while a 
part is curing since the bag is made of a material impermeable to styrene and functions as a barrier 
to prevent H A P  from being emitted during curing. Note that vacuum bagging decreases HAP 
emissions essentially in the same fashion as vapor suppressants, i.e. by forming a barrier over the 
part during curing that acts as a barrier to escaping HAP emissions. In the case of vapor 
suppressants the barrier is the film created on the surface of the part by the vapor suppressant and 
in the case of vacuum bagging the barrier is the bag that is impermeable to styrene. Vacuum 
bagging does not affect HAP emissions that occur during application of the resin or during roll 
out. 

The magnitude of the emission reduction will depend on the process (manual or mechanical resin 
application) since more emissions are emitted during the application stage of atomized mechanical 
resin application than during the application stages of non-atomized mechanical resin application 
or manual resin application. The magnitude of the emissions reduction will also depend on 
whether the resinheinforcement mixture was rolled out prior to the application of the bag and 
vacuum and the speed the bag is applied to the mold following application of the resin. 

Since vacuum bagging has tentatively been accepted as a control option for manual and 
mechanical resin application and since there are currently facilities that use vacuum bagging, EF's 
for vacuum bagging (with and without roll out) are needed for manual and mechanical resin 
application. 

The current section of AP-42 describes vacuum bagging as a closed molding process and 
indicates an EF  of 1-3% of available HAP. However, since vacuum bagging can only reduce 
HAP emissions that would occur during the curing stage and not the application stage, the current 
closed molding EF's in AP-42 may greatly underestimate HAP emissions when the vacuum 

I study for manual resin application was 9.6% of available styrene to 21.2% of available styrene, 
Assuming that approximately 1/2 of the HAP emitted during this run was emitted during the roll 
out and curing stages (and the remaining half during the application stage), the maximum 
emissions reduction the application of a vacuum bag (with no roll out) could produce is 50%. 
Applying a 50% emission reduction to the measured HAP emissions range yields an emissions 
range of 4.8% to 10.6%. These emissions values are approximately two to five times greater 
th;ln the  HAP em?ssicr.s -e!-? tk-t x x ! d  bc p:c&c;cd by the 2 - 4 2  IIkipuint for ciosed molding. 

This effect is present to an even greater degree for mechanical resin application (atomized spray 
lay-up). The range of HAP emissions data for mechanical resin application (atomized spray 
lay-up) from the CFA Phase I study was 16.1% of available styrene to 38.0% of available styrene. 

h-.. ,,ging prcicess is employed. Fur exampie, the range ofHAP emissions data from the CFA phase 

. .. 



Using 
Issue #9: Development of an Emission Factor for Vacuum Bagging (Continued) 

the same assumptions as above, this yields a H A P  emissions range for vacuum bagging of 8.05% 
to 19.0%. These emissions values are approximately four to eight times greater than the HAP 
emissions value that would be predicted by the AP-42 midpoint for closed molding. 

Questions: 
Are the current EF's for closed molding acceptable for vacuum bagging, or do these EF's greatly 
underestimate the HAP emissions from a vacuum bagging process due to  the mold being open 
during the application of the resin? 

If the current EF's for vacuum bagging are unacceptable, how can EF's be derived for the above 
mentioned vacuum bagging applications? 

Issue #IO: Discrepancies in the Filament Winding Data Sets 

Issue: Some of the data for vapor suppressed and non-vapor suppressed filament winding are 
different in the documents "Filament Winding Emission Study, Craigie, L.J., Webster, G.L., 
February 1997" and "CFA Emission Models for the Reinforced Plastics Industries, Haberlein, 
R.A., February 1998", even though both documents cite the same study conducted by Dow 
Chemical. In order to develop accurate EF's for filament winding, the correct data must be 
ascertained. 

The first document above lists data from 18 test runs while the second document lists data from 
20 test runs. The first document indicates that the styrene content for the vapor suppressed resin 
used in run #3 is 33% styrene, while the second document indicates that the styrene content for 
the vapor suppressed resin used in run #3 is 48%. 

Questions: What is the actual styrene content for the vapor suppressed resin used in run #3? 

Are the two additional test runs in the second document valid test runs? Duplicates? 

Issue #11: Development of an Emission Factors for Centrifugal Casting 

Issue: Centrifugal Casting is a fabrication technique commonly used to make products that are 
surfaces of revolution such as pipes and storage tanks. There are two different sources of HAP 
emissions data for centrifugal casting and these two sources indicate greatly differing levels of 
HAP emissiong The reescm fr)r this ! ~ g e  . ' iffe:~~~c is thzt thcie tiie 5 iiuiiiLei 01 uurerences in 
the way centrifugal casting is conducted that can result in large differences in HAP emissions, 
These differences include whether or not a facility pumps air through the center of the mold, 
whether the air is heated, and the degree of closure of the mold. 

r ..- 



Issue #11: Development of an  Emission Factors for Centrifugal Casting (Continued) 

There are currently a small number of facilities that use centrifugal casting in the database of 
facilities EPA is using to derive the plastic composites MACT standard. None ofthese facilities 
reported the use of vapor suppressants with centrihgal casting. 

Note: The tentative MACT standard for the plastic composites source category that is currently 
being developed by EPA groups filament winding and centrifugal casting together in a 
process/product grouping and does not distinguish between the two processes. 

Questions: How should EF's for centrifugal casting be developed or assigned? 

Should treatment of centrifugal casting be consistent between the different sections of the EPA in 
order to avoid confusing EPA regional offices, state and local regulatory agencies, and the 
members of the regulated community or are the mission requirements and goals of different 
sections of the EPA distinct enough to justify differing treatment of centrifugal casting? 

I 
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C o m m i t t e d  t o  S t r e n g t h  T h r o u g h  A U n i f i e d  i n d u s t r y  

August 25, l99X 

MI. Ron I<yan 
EI’A-OAQI’S 
lhi issioi is Moni tor ing and  Aiialysis Division 
Research Commons 
19 T.W. Alexaiider Dr ive 
Ihtilding 4201 
Research ‘I‘rianglt. i’ark, Nor111 Carclina 211 I I 

Ilear R<)ll: 

‘l‘l~e Cotnposites Fabricators Association rccogiiizes and suppnrls tl ie IJS 131’A’s p iA  hi ~ir i iv i ( le  
coi iserwtive mtl acciiraie estimiilinn o l ’er i i iss io i i~  iron1 sources o t u r  pullutitm. 

We arc pleased that E1’A lias pro\4ed i t s  an i ippor t i~n i ty  to review ant1 cii i i i isieii l  (111 diu FRI’ Mudcl which 
has been i lcwloped for llie IYA Office o f  l leseaicli a i d  I>eveloprnent. 

Wc liave h n e  ii coniprelieiisive evaluation i i f t l i i s  iniidel, and liave eticIosed our cotiitiien1s. 

We would r e y e s t  tliat you pay special alteiilion lo the “C:oniparisoii lo l l ic CI‘A hlodel” ~ i n r l i o i i  o l o ~ ~ r  
cointiienls. We realize that EPA is itilercstcd in achieving a n  acciiiale esliiiiale ~ ~ l e i i i i s s i o i i s  limi 
composites facililies. We agree willi this goal. I n  that rcgar‘d. we woi i ld  Ipoiiil nu1 l l iat  CI’A Ma>dcl 
coin1i:ircs vciy fiwosably, with regard Io deriving ii coiiscrvalive rst imalioi i  of soiircc cinissioiis. 

Again \ve \\‘niilil slsess tlie inipGnrluncc of the “enfnrccahiliiy” :Isliects uT any eiiiissioiis 1ii~idu1 wl i ic l i  i s  
nfkred IO the stales a i d  lo indiislry soiirces. Since a n  cni issiot is model w i l l  ol ict i  servc as a Ixisis liir ii 
perii i i t limit, the ernissioiis model w i l l  mos~ often be presiinied as the basis for the peri i i i l  cut i ip i iawc 
de~ern i i t~a t i i i n  If inmiel paranickrs are not “liractically cnf~xceulilc”. tlicii iiiajor as lxc~s  olllic i)i.riiiil w i l l  
not be kderally enforceable. 

Fiiially, we would cal l  your altentiun to l l i e  fact Ilia1 I l l is I R I ’  Muck1 can h i v e  “iinpussihle” eiidpitiiics. 
Tliis \voiild indicate to 11s that there are practical l ini italioiis to tlie iise o f t l i i s  niodel tu ilerive ti ieanii igfi i l  
eniissioiis estimates f rom facilities. 

\hie wish to Iliank you agaiii for llie opportitnily 10 coninlent i in this ciiiissioiis ninrlel. 

We look fiisu~aril l o  additional opporhinities to discuss tlicse tiratters wi th  your oflice. 

Siiicerely, 

A 

Tel: 703/525-0511 F&Z%Z’?..%- Fax: 703/525-0743 
E-mail: cfa-info@cfa-hq.org In ternet :  http://w.cfa.org 



CFA Comments Regarding the NRMRL (EPA) "FRP Model version 1.0'' 

General Inabilitv to Verifv the Model: 

According to the EPA text provided with the model (under the task bar button labeled "About EPA FRP 
Model"): 

"EPA's APPCD, in cooperation with Research Triangle Institute (RTI), has developed a 
mathematical model to provide better styrene emission estimates for selected open moldingfiber- 
reinforced plastics (FW)manufacturing processes. The model highlights a re l evan t  parameters 
impacting styrene emissions in FRPprocesses and helps identih future areas of FRPpollution 
prevention (P2) research. Seven different emission studies were evaluated and used as model 
inputs. " 

The EPA text does not identify these referenced seven emission studies, so the CFA cannot verify the basis 
of the model algorithms. 

-ison to CFA Mod el; 

The following table compares the single-factor CFA Model with the FRP Model at the baseline conditions. 
This is appropriate because the CFA Model has no assigned "baseline" values. 

PROCESS 
Gel coating 
Resin spray up 

N V S  
vs 

Hand lay np 
NVS 
vs 

Flowcoater 

Emission Rate (as % ovoilnble sfyrene) 
single-factor CFA Model I FRP Model at baseline conditions 

MONOMER CONTENT 
34 % 38 % 42 % 46 % 

46.2 152.0 52.4 154.8 57.1 157.5 61.3 160.3 

18.5 115.3 23.9 I 18.9 28.6 122.8 32.2 127.1 
11.51 9.8 15.01 12.1 17.6 I 14.6 20.0 I 17.4 

12.9 I 11.3 14.7 I 12.3 16.01 13.3 17.2 114.3 
8.2 15.7 7.916.1 7.61 6.6 7.2 I 7.1 
9.4 I 10.4 12.3 111.3 14.6 112.2 16.5 / 13.1 

Pressure-fed roller 9.4111.6 12.3 112.6 14.61 13.6 16.5 114.6 

Gel coating - the two models are about the same. The CFA Model i s x c o n s e r v a ?  ( h h t e s t i m a t e s )  
than the FRP Mode! he!nw 42% content, rin-d)jdconsirvative above. Nul much dirrerence until below 

w 

34% content. * 
e - the CFA Model is significantly more conservative (higher estimates) than the FRP Model 

at all monomer content levels. 

Hand lav up - the CFA Model is significantly more conservative (higher estimates) than the FRP Model for 
non-vapor-suppressed resin at higher monomer content levels, and draws close to the FRP Model at 34% 
content. For vapor-suppressed resin, CFA Model is significantly more conservative (higher estimates) at 
!..v.r ?%fl"rneT ccztc2: :r:c:s. 

Flowcoater and Pressure -fed roller - the CFA Model does not distinguish between the two processes. The 
FRP Model is more conservative (higher estimates) than the CFA Model in both cases. The difference 
between the two models is insignificant at 34% content, but increases for higher monomer levels. Overall, 
the two models are about the same. 



Overall Imnlementation and Use: 

Very slick "Windows-style'' presentation - The model program installed without any problems and ran the 
fust time. The model screens follow the standard Windows 9S" format, and are simple and easy to 
understand. The input of data by mouse and keyboard is also very easy. Overall, the presentation of the 
model is very slick and professional-looking. 

Emission Ca lculations are Allomd Outs ide the Accentable R e: 

If, as the model suggests, results outside the acceptable input ranges may not be reliable, one might 
reasonably ask why are such results even allowed? The model was self-described by the EPA as a tool to 
provide better emission estimates and directions for future P2 research. It is difficult to understand what is 
gained by developing an unreliable tool. A more reasonable approach would be to limit such a tool to 
reliable inputs. Presumably, one possible reason for allowing out-of-range calculations would be the 
regulatory application of this model to establish emission rates for permits or emissions reporting, where a 
source may well operate outside the typical parameter ranges. However, such a use could easily, and often 
lead to a serious abuse of the model. 

The Model is Not P ractical: 

In the real world, it is difficult to conceive how a source could reliably and consistently measure spray gun 
distance. This is also true of part thickness and over spray ratio. The model does not offer methodologies 
regarding where or how the air temperature and air velocity should be measured. Sources would 
apparently be free to measure at the surface of the part, above the surface, at some set distance from the 
part, or averaged throughout the work area. This would allow for extraordinary variations in the estimated 
emissions from fundamentally similar plants. If the parameters cannot be measured, the model cannot be 
reliably used in the real world. 

Not enforceable: 

If the model isn't practical, then it simply isn't enforceable. If this model were to be offered as guidance to 
the states, then the limitations on the practical enforceability of the model parameters must be clearly stated 
in the model text, or in the EPA guidance to the states, to avoid potential misapplication by state or local 
agencies. 

Overlv comnlex and sophistica 

The only algorithms provided in the EPA text were for resin spray lay up, and they took the following 
forms: 

PARAMETER EQUATION FORM 
Styrene content 
Styrene suppressant 
Distance spray gun to mold 
Ratio of dry material off mold 

Thickness 
Gel time 
Application rate 
Air temperature 
Air velocity over mold 

second-order polynomial AXZ + B X + C (C= 0) 
linear equation A X + B if suppressant is used 
linear equation A X + B 

srcond-order poiynomial AX' + B x + c 
step-wise linear equations A X + B, with step at 40 mils 
linear equation A X + B 
linear equation AX + B if less than 4 Ib/min 
linear equation A X + B 
step-wise linear equations AX -t- B, with step at 38 fpm 

tn ." ....,+o-:..l ...-.-.. ".*y.l,'" "..-"....A 



No specific comments can be offered because the underlying data and assumption were not provided by the 
EPA. However, based upon the industry's knowledge, so far, of the available data, we are skeptical that 
such complex and sophisticated equations could have been developed with any reasonable confidence. 

Imuoss ible results are possible w ith acceptable model inouts; 

This model can result in physically impossible emission rates while using acceptable input values. A 
simple exercise in repeated application of the model gave the following factor rangefor the acce.p& 
input range: 

PARAMETER 
Styrene content 
Styrene suppressant 
Distance spray gun to mold 
Ratio of dry material off mold 

Thickness 
Gel time 
Application rate 
Air temperature 
Air velocity over mold 

to material sprayed 

FACTOR RANGE 
0.64 - 1.68 
0.64 for unfilled resin 
0.94 - 1.51 

0.91- 1.16 
1.04 -0.84 
0.98 - 1.07 
1.30 - 1.00 above4 
0.83 - 1.22 
0.94 - 1.04 

The model assumed that these factors were independent, so the factors were simply multiplied together. 
This could lead to an extremely unrealistic emission rate that would still be judged acceptable under the 
model conditions. For example, a 50% monomer, non-suppressed, 40" gun distance, 10% overspray, 50 
mil thick, 1 I b h ,  50 minute gel time, 95"F, 200 fpm condition would yield a modification factor of 5.46 
that is then applied to the baseline emission rate of 18.9%. These factors result in an absurdly high 103.1% 
emission rate, which is physicallv imuossible. 

On the other hand, a 30% monomer, vapor-suppressed, 12" gun distance, 1% overspray, 150 mil thick, 4 
Ib.ihr, 5 minute gel time, 60"F, 20 fpm condition would yield a modification factor of 0.23 that is then 
applied to the baseline emission rate of 18.9%. This factor results in a very low 4.3% emission rate, which 
is equally unlikely. 

Conclusions: 

The CFA is not confident that the NRMRL (EPA) "FRF' Model version 1 .I" for estimating styrene 
eiiiissions [rum composites facilities is either appro?riate, or consistently accurate. 

Respectfully submitted, 

Stephen McNally 
Director of Government Affairs 

b 



Composites Fabricators Associa tion 
7998 Annual Convention 

‘r San Antonio, Texas 
October 23, 1998 

The ORD*/RTI Styrene Emission 
Factor Model, Version 7.0 

Mark Bahner 
and C. Andrew Clayton, 

Research Triangle Institute (RTI) 

Carlos Nuiiez and Geddes Ramsey 
U. S. Environmental Protection Agency 

National Risk Management Research Laboratory 
Air Pollution Prevention and Control Division 

ORD = EPA Office of Research and Development 



Rob Haberlein, Engineering Environmental 

w Composites Fabricators Association (CFA) 
J 

I ,,I I National Marine Manufacturers Association (NMMA) 
1, I 

I I - -  

ORD/RTI model predicts emission factors 
from “open mold processes. 
Mode! is mainly et~pirim!. 
Input data from many studies: 

Model Form 
ORD/RTI, CFA, NMMA, and others. 

Emission Factor = Baseline (Mod. Factors), - 



Styrene content of neat resin (%, by weigh6 

Distance from gun to mold (inches) 
Dried material off mold (as percentage of total 

w Thickness (each laminating session, mils) 
w "Cup" gel time (minutes) 
w Application rate (pounds per minute) 

Air temperature p f )  
Air velocity over mold (feet per minute) 

material sprayed) 

il n 



I /  Comparison 01 model predictlonr tor sprayup with non-vapor. 
suppressed resin 



rn Can be downloaded from internet: 
http://www..rti. o@units/ese/pMrp-soff. html 

E-mail address: bahnerarti. org 
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MEMORANDUM 

TO: Mr. Ron Ryan 
U.S. Environmental Protection Agency 

FROM Robert Jemison 
Pacific Environmental Services, hc. 

DATE: September 12,1998 

SUBJECT Developmcnt of Emission Factors for Open Molding Processes 

I. INTRODUCTION 

Pumooe 
-Summarize & Discuss Issues 

e o f A  cc- * ion Facton 
-Title V, Synthetic Minor Permits. Permit Compliance 

-Misallocation of Financial & Human Resources 
-community Right to Know 

II. OPEN MOLDING EMISSION STUDIES 

Becent 0oe-m . ission S w  
-Manual Resin Application (Hand Lay-Up) 
Summary Graph (In YO of Resin & % of Available Styrene) 

-Mechanical Resin Application (Atomized Application) 
Summary Graph (In % of Resin & % of Available Styrene) 

-Mechanical Resin Application won-Atomized Application) 
Summary ctraph (h % of Resin & YO of Avaiiabie Styrene) 

-Filament Winding 
Summ;ny Graph (In % of Resin & % of Available Styrene) 

-Gel Coat Application 
Summary Graph (In YO of Resin & YO of Available Styrene) 

I 
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III. RECENTLY DEVELOPED EMISSION MODELS 

General Dwcuss- 
CFA Emission Model (Manual, Mechanical, Filament Winding, Gel Coating) 
NMMA Emission Model (Mechanical, Gel Coating) 
RTI/ORD Emission Model (Manual, Mechanical, Gel Coating) 

IV. ISSUES SURROUNDING ALL EMISSIONS ESTIMATION MODELS 

Issue #1: Number & Type of Independent Variables (Process Parameters) Used In Model 
- Enforceability & Measurability & Model Complexity & Effect on Accuracy 

Issue #2: Applicable Ranges of Independent Variables I Acceptable Model Inputs 
-CFA: Styrene Content 
-NMMA: Styrene Content & Mold Type 
-RTI/OW: All 8 Pammeters 

Issue #3: I).pe of Equation (Linear, Power, Polynomial) 
-CFA Linea (Y=mx+b) 
-NMMA: L i n e ~ ( Y = m ~ + b )  

Issue #4: Units of Dependent Variable (% AS or % of Resin Wt) 
-CFA: Yo of Resin Wt. 
-RWORD & NMMA: %AS 

Issue #5: Representativeness o f  Data Sets Used to Derive Models 
-Pullnuion Study for Air Flow of RWORD Model 

Issuc #6: ?“ne Use of Baianced Data Sets 
-None of the CFA Models Use Balanced Data Sets 

Issue #7: Interaction Between Model Variables 
-Problem the more variables are present 

Issue. #8: Accuracy of Models for Applicable Ranges of Independent Variables/ Model h p u t ~  
-T11,,cfTiltP! *:nb.l+& E d  k;..’. +&: :=-.,=2 =z&c;;c; 
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Ism #9: EF for Vapor Suppressants 
-Model after MACT standard by using Results of VSR test 
-lntemediate model while test is being developed 
-Pied vs. Unfilled, CFA model does not account for difference 
-Interaction w/ VS’s and resin type, models do not account for 
-VSR for gel coats, CFA says no, O W /  RTI says no, NMMA does not say, 
EPNCCPG VSR test will not be used for gel coats, rc~mmeilds Whg factors 
out of AP-42, although some gel coats used in boat manufactuxiag use VS. 

Issue #lo: Separate Model for Boat Manufacturers 
-Mold types may be more representatiw, although CCPG would disagree 
-Other parts made for boats that are not decks & h a  such as hatch covers 
-How to account for Hand Lay-up which the “MA did not test 
-Only one gel coat tested 
-Experienced Spray Operator 
-Low Air Flow Rates 

V. PROCESS-SPECIFIC EMISSION ESTIMATION ISSUES 

Issue #11: Separate EF for resin application with Flow-Coatefs and Pressure-Fed Rollers 
-EP close, all esssentially non-atomized distribution of resin 
-CFANo, RII/ORD:Yes, NMIvlA: Did not test PFR 

Issue # 1 2  Separate EF for Gel Coats Containing Methyl Meth~n‘hte 
-NMMA testing reveals greater HAP emissions 
-CFA acknowledges problem in publications 
-No Models address problem in equations 

Issue #13: Development of an Emission Factor for Vacuum Bagging 
-Control technique for open molding for standard, not considered by any model 

Issue #14: Discrepancies in the Filament Winding Data Sets 
-Additional Ciiplicz*ks and E& Trzs&pte~  or 

Issue #15: Development of an Emission Factor for C e n m g d  Casting 
-Temtively considered part of open molding under standard (grouped with 

-Emissions information varies greatly due to differences in process 
Filament Winding) 

3 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
RESEARCH TRIANGLE PARK. NC 2771 1 

DEC 3 0 IW 

OFFICt Of 
AIR QUALITY PUNNING 

AND STANDARDS 

M r  Stephen McNally 
Director of Government Affairs 
Composites Fabricators ASsOGi8tiOn 
1625 North Fort Myer Drive, Suite 510 
Arlington, Virginia 22209 

This is in response to your lctter of November 11, i997 regarding the incorporation of a 
controlled spray program in the maximuin'achicvable control technology (MACT) standard for 
1.einforced plastic composites manufacturing. M e r  discussion with our staffs, we have concluded 
that rhe controlled spray piui:rani cannot be used as an option to ofRet or reduce thc MACT floor 
lcvel of emissions control to be determ1ined by your proposed averaging concept. The remainder 
ofthis letter provides the rationale for our conclusion, addresses several points raiscd in your 
letter, and presents a pruposrd for promoting the concept of better spraying prtctices in the 
rrandard. 

The controlled spray progain was designed by industry to minimize spraying emissions by 
using berm spray practices. It was presented as part of the averaging approach that you and 
other industry representatives proposed for determining the MAC1 floor and establishing 
compliance with thc m C T  standard. You pi-oposed a 0.77 cmission reduction factor be applied 
IO !.he averaging approach for those facilities choosing to adopt a conuolled qxay. program. This 
would offset one or more control options in thc standard currently under consideration, such as 
material specifications on thc resin, equipment specifications for the application technique, and/or 
abatement equipment, The reawns we concludcd that the controlled spray prngrani cannot bc 
tr&d with the other options are that the pi'ogram is considerably morc difficult to entbrce and 
cannot be assured tu achiec qmtii&!e and conrinuous emission reductiuiis. 

With regard to cnforceability and continuous compliance, the program docs not contain 
objective parameter-s which would allow a pnson to distinguish between B facility thal is 
performing (that is, achieving the reduc.r,ions associatcd with) controlled spraying and one that i s  
not. For cxample, establishing thc lowest pressure setting that provides an adequate fan pattern 
is subjective, Further, it is liot only pressure setting that affectsthe fan pattern, hut materials, tip 
c i 7 r ,  cal.alyst ratio. and perhaps even other parameters that would make it difficult for 
enforcement personnel to objectively dctermine compiiance wirh iiic XXCT & d i x L  Thr 
photographic images suggested in your letter would aid in the demonstration that the pressure 
setring procedure was carricd out; however, they would not guarantec that the lowest pressure 
setting that provides an adequate fan pattern was found. Issues arise in other parts of the 

Interne! Address (URL) - hdp:/hrm(.ep.gav 
RecydcladiaasycQbla -PHnteQ wnh Vc~oiahlm 011 5-4 Inm on Rscfckd Pwor (Mlnlmurn 2 5 1  Postennunsr) 
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program RS well, such as thc \.erification of proper operator technique. A flange could well limit 
thc spray on some’ molds, but for convex and complicated shapes, it would not guard against 
spraying past the mold pcrimeter. Imagine a hemisphere-shaped mold, for exmyle. A flange on 
the edge of the mold will not ,g:uai.d against the operator spraying over the top or past the right or 
left side of thc mold. Even with parts where the flange will serve as a guard. there i s  no 
procedure that assures continuous compliance, Le., that the operator is always spraying within the 
flange distances. 

Your letter indicated ihat tlicre was close agrccment in the results of the controlled spray 
testing donc by the Composites Fabricators Association (CFA) and the Research Triangle 
1nptin;re (RTI) under cooperation wirh the Environmental Protection Agency (EPA). Our 
analysis ofrhe results indimtss that the agreemcnt was not as statcd in your letter. For the gel 
coat opcration tested, RTl achieved 3 ’3 percent reduction in emissions in t e r m  of percent 
available styrene (%AS) for a high air velocity situation and a 17 percent reduction for a low ail- 
velocity situation, as compared to the CFA’s result of 42 perceilt rcduction in %AS cmissions. 
For the resin operation, RTI achieved a 36 percent emission reduction of %AS emissions as 
compared to the C F A s  restill. of 20 percent einisaion reduction in %AS emissions. These results 
are not i11 close agrement; however, they do indicate that spray technique influences the amount 
of emissions r.hat result from polyester resin spray operations. This has been a longstanding point 
of agreement between t,he EPA and industry represenlalives. 

The EPA recupizes controlled spraying as a best management pollution control practice. 
The operation of an emission source in a manner consistent with guod air pollution practice is 
required by Subpan A orPart 63 (which applics to all MACT standards). In  particular, tinder 
Section 63,6(e)(l)(i), “At all times, including periods of startup, shutdown, and malfunction, 
nwners or operators shall opcratc and maintain any affected source, including associated air 
pollution controi equipment, in a manner consistent with good air pollution control practices for 
nlinimizing emissions at least to the levels required by dl relevant standards.” To encourage 
sources lo use controlled spraying techniqucs, we are considering inclusion of a requiretnent for 
an operator training program that addresses better spraying practices in thc MACT standard. This 
requirement would be consistent with the provision of Section 63,6(e)(l)(i). A facility could 
demonstrate cornpliar1ce by keeping records of its training program and records demonstrating 
that operators applying resin have taken this tia.il\ing. This concept was incorporated in Subpart 
&National Emission Standards for Wood Furniture Manufacturing Operations. The training 
program (and other work pr:%ctices) was required in addition to emission limitations, equipment 
standards. and matciial requirements. Your efforts on the controlled spray program would be 
valuable to facilities that choose to expand upon or develop new operator training programs to 
mcct such a requirement, if cstablished. 

In summary, wc suppori cnr;uuin&ug ’ - -  YCLL-, --+--.----+;-PI ap.y, vL--..--‘. 4 t h  ..__.. thb .___ c t ~ n c i m - r l  _.__ _ _ _ ~  _, hiti we .. . 

not plan to allow them to be used to offset the other emission reduction techniques that were used 
in determining the level of the MACT standard. Due to the lack of enforceability of the program 
designed by the industry, it cannot be used to generate credits which would bc traded with the 
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orher emission reduction tcchruques to meet the MACT standard Our current thinking is to add 
o requuernent for operator tramirlg which would cncourage betrer spray praclices We apprcciatc 
your efforts to develop a program to prornote better splny practices and your ongoing work to 
make y w r  members aware of the importance of operator technique nn reduci% eiuissions 

Sincerely, - 

ector 
Emission dandards Division 

Director 
Manufacturing. Energy, and 

Transportation Division 
Otfice of Compliance 
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of information on emissions from open molding. During the course of the project, 

wc identified four types of variables, which & the measurement process, or the dncr 

mination of emissions: 

1. Variables that influenced the testing accuracy, such as capture efficiency, backgroun 

emissions, stack airflow fluctuations and skill with the instrumentation calibration 

We took atcnsivc steps to conml  these variables in our study. Because it’s unlike1 

that these factors can be controlled in acrual in-plant srack tests, an emissions deter 

mination model will produce mote accurate mulu than stack tests performed undc 

less rigorous conditions. 

2. Variables that influenccd emissions but can’t practically be used as pan of an ove 

emissions determination. This includes gel time, laminate thickness, ambient ai 

remperature and material flow rate. These variables w e  measured in great detail, an 

are encapsulated within the emissions model in the form of averages. These aver 

produce accurate results for an overall estimation of unissions. 

3. Variables that influence emissions, can 

arc wi wideiy useiui as “conrrois.” 

content, these are widely employed 

certain imitations. 

accuracy of i20%. In certain cases. the 

ne emissions. unless 

By Bob Lacovara 
Composites Fabricators Associa tion 
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' Emission Rate = Resin Usage x (0.00714 x % styrene - 0.180) 
x [Suppressant Factor 1 .OO <or> 0.621 
x [Controlled Spray Factor 1.00 <or> 0.771 
<or> [Non-spray Factor 1.00 <or> 0.511 

Figure 1. 

performed using the most rigorous test 
methods, and under the most favorable 
conditions. It is unlikely these conditions 
can be arranged for most on-site testing. 
In addition, stack testing is usually a 
'snapshot" of a given set of parameters, 
taken over a relatively short time. These 
conditions may or may not be representa- 
tive of overall conditions. Stack resting is 
expensive, requires specialized skills, a 
detailed understanding of the industry, 
and may not produce an accurate overall 
assessment of emissions. 

Mathematically Speaking 
A primary result of the CFA Emissions 
Test Project has been the development of a 
Styrene Emissions Model for open 
molding. The model is an arithmetic state- 
ment of the influence of the process 
variables, like application technique and 
sryrene content, on the resulting 
emissions. For example, emissions from a 
spray lay-up operation are given by the 
equation shown in figure 1. 

Process Variable Factors 
The open molding models are comprised 
Jf a number of variables, which contribute 
to and influence emissions from the 
molding process. Nine possible variables 
rould be considered in the models, 
iowever the CFA emissions model uses 
bur variables. These four variables encom- 
>ass and encapsulate all the variables in the 
)pen molding process in a way that is 
idaptable to both regulatory considera- 
:ions, and is accurate over a wide range of 
)perations and conditions. This discuision 
ietails model variables that are included 

I 

Ca I c u I at i ng You r Em i ss i on s 
For over a decade the composites industry has used EPA AP-42 

emission factors to calculate styrene emissions. In April 1998 the "old" 

(located on CFA's website, www.cfa-hq.org). This 

model has been published on the EPA CHIEF website, and has been 

EPA Region IV, in an action inconsistent with the Federal EPA, has 

released an emissions model based on misappropriated CFA data. This 

model is seriously flawed, both mathematically, and from the lack of 

understanding of practical model variables. It is not recommended that 

the Region I V  model be used by the composites industry or other 

, 

Mechanical Spray Appiicatlon - Emissions 
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Emissions Model Variables 

Mechanical Resin Application: 
U n m n b o l l e d ~ n p n ~ .  No soraymn 
pressure calibration, no mold coniahment 
flanges. no swcfic owramr tramp. 
Please note: Spray app/icatmn IS aimized 
fluid delNev onlv. 
Controlled Spiy ing - Sprai’gun pressure 
gun calibration d i e d ,  mold contarnment 
flanges in place, ana operator banning 
aocumentw as outlined IO the CfA 
Controllea Sprayin# nanabwx All tnree 
elemenk must be In place and 
documented to qualib as Controki Spray 
Application. 
Non-Atomizeddpplication - Includes Row 
coaten, flow choppen. pressure fed rollers. 
or other non-spa/ apphcanons. Please 
note flow coaten and fl0.v ChODws are 
?onsidered non-spray application methods 

excluded in the CFA model. 

4 Model Variables 

‘ene Content 
1 molding emissions are influenced 
sin styrene content. However, styrene 

content is a limited control factor. I, 
many cases, resin styrene content can on1 
be manipulated within a limited range, ii 
order to produce a finished product wid 
properties suitable for the intendea 
purpose. For example, corrosion resistan 
products may require a high molecula 

Emissions Model Variables 

anual Resin Application 
inual Resin Application - Bucket and tool 
plication, with resin being hand mixed in a 
m h e r  and manually applied to the laminate 
S brush, paint rnlle4 or other fool. 

ht resin with very specific chemic 
physical properties. High molecul: 

. . ~ .  . .  Content 

0’ or N) 
Vapor supp~ssant’ N 

Non-Atomized N .  

% Add-on Control 0% 

Current Emission 21 1 
Factor (Iblton! 

Current hission 10.6% 
Factor (% resin) 

New Emission 108 
Factor (Iblton) 

New Emission 5.4% 
Factor (% resin) 

Application 0’ or N) 

. .  



.Neigh[ resins typically require a higher styrene level than 
:eneml-purpose resins. 

Because of this, the range of acceptable styrene content 
nay vary, according ro the specific resin formulation, and the 
rquired end-use properties of the finished product. While 
,tyrene content is a contributing factor to overall styrene 
:missions, styrene content limitations are strictly a function of 
he requirements of specific resin formulations. These formula- 
ions are driven by finished product property requirements. The 
~ u l t  of this is that low styrene resins can be used in some appli- 
xions, and are not acceptable for others. Therefore, styrene 
:ontent is a limited control factor, and not an acceptable regula- 
o'y control limitation. 

:ontrolled Spraying 
:ontrolled Spraying is a method to increase transfer efficiency 
n atomized spray application. Surface area is a major factor in 
tyrene emissions. Atomized spray application contributes to 
ncreased surface area in two ways: First, a higher the level of 
itomization results in greater the surface area from the spray 
an pattern. Second, overspray (off-mold spray) contributes to 
ncreased surface area, The goal of controlled spraying is to 
ninimize surface area by reducing atomization and overspray. 

Controlled spraying consists of three elements which 
I"Emissionr Modrl.. "continued on p. I67 

Emissions Model Variables 

Gel Coat 
Application: 
Gel Coat Application - 
The application ofgel 
coat products using 
atomized spray with 
conlrolled or uncon- 
trolled application 
method. 

iiiarneni Winding: 
filament Winding - The 
wet wrapping of a 
continuous filament 
around a mandrel. 

APPLICATION m 

[*] 

APP'Y 

And Here. 

And Here. 1 

No matter what shape your 
product's in, ElfoamO polyiso- 
cyanurate closed-cell foam 
can add strength and rigidity 
without adding a lot of weight. 
It's so versatile that you can 
use it for your most complicat- 
ed shapes and demanding 
applications. Specify Elfoam 
for: 

Tank tops, sides, and 
bottoms - including pre-cut 
tapered designs 

Wall panels, roof panels, 

Refrigerated cabinets 

waik-in cooiers and freezers 
9 Environmental test chambers 

Dry kilns and proofing ovens 
Truck and trailer bodies 
Other applications 

For complete details, contact 
Elliott today. We'll send you 

Elfoam in your application. 

and doors 

and equipment 

CCZ~!;::" L!G& i h i  usiiig 

9200 Zionsville Road * Indianapolis. IN 46268-1081 

Phone: 317-291-1213 *Fax: 317-291-1219 
Toll Free: 1-800-545-1213 

W e  fi on the Rudcr Service 6rd 
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Non-atomizing mechanical application consists of 

flow applicators (flow choppers), pressure fed rollers 

or other mechanical fluid delivery systems, which 

do not atomize the fluid stream. 

RESINFUSIOP 

Ciba Speaalty Chemicals‘ 
new Resinfusion” Epoxy 
Systems offer excellent 
cured performance 
characteristics for 
composite part or tooling 
applications using the 
VARTM, RTM or other 
infusion processes. 

* consistent cloth wet 
out with minimal void 
content, resulting in 
“aerospace quality” even 
on parts or tcols as large 
as Zoo0 square feet, 

a range of performance 
charxteds?ic t3 match 
your production 

our new epoxy systems iequuements 
offer: . excellent dimensional 
stability, 
*high temperature 
performance- 180’F Tg 

TO learn more 
about Resinfusion- 
Epoxy Systems, cail 
800 759-7165. 

kthout postcure. 

I 
with 
r 

.. ... 
A*... .*.*.*.. ...*.*.-. . ..... ... .... I _.. . .. 4.:. ::.: .*.* . ::A:::!.. ..*.*.*. . For more information, contact: ::::. . :.:<.>. :::q.:.*.:::::p: 

Ciba Ciba Spmialty Chemicals 
Nonh Arne* 

491 7 Dawn Avenue 
performance East Lansing. MI 48823 
Polymers Tel: 51 7-351-5900 
Adhesives & Tacling Fax: 51 7-351-6255 Value beyond chemistry 

(“Emissions Mode L.. ” continuedfrom 167 
function together to increase transfer 
efficiency: 

Spray Gun Pressure Calibration - 
Provides a procedure to determine the 
minimum fluid tip pressure for any 
combination of spray equipment, materi- 
als or conditions. 

Operator Training - Spraying 
technique influences transfer efficiency. 
An operator training program outlines 
methods for spray gun handling and 
application techniques focused on reduc- 
ing overspray and therefore increasing 
transfer efficiency. 

Overspray Containment Flanges - 
Overspray can be reduced with mold 
perimeter flanges that limit “off-spray” 
from the edge of the mold. These flanges 
can be built into the mold, or consist of 
removable masking around the perimerer. 

Controlled spraying can be used in all 
cases where atomized spray application 
takes place. In order to qualify for 
controlled spraying, all three of the above 
elements must be in place and 
documented, as outlined in the CFA 
Controlled Spraying Handbook. 

Non-Atomizing Mechanical 
Application 
Non-atomizing mechanical application 
consists of flow applicators (flow 
choppers), pressure fed rollers or other 
mechanical fluid delivery systems, which 
do not atomize the fluid stream. While 
flow applicators and pressure-fed rollers 
can be used in a wide range of production 
settings, they are not a universal substitute 
for atomized spray application, In specific 
cases, where “chop must be projected 
over a distance to reach the mold surface. 
or with ceriaiii ~ K K P  draw mold geometry, 
flow applicators may not be feasible. In the 
case of pressure-fed rollers, the process 
entails the use of roll stock reinforcements 
(fiberglass reinforcements). which are 
saturated with resin by roller application. 
This process is not a substitute, or control, 
for the spray-up (chopping) process due to 
technical production and PEC~.T.~: 

considerations. Gel coat products require 
atomized spray application and cannot be 
successhlly applied with flow applicators 
at this time. 

Vapor Suppressants 
The use of vapor suppressants is an effec- 
tive styrene emissions reduction 

Circle 22 on the Ruder Service Card 



technique. However, vapor suppressants 
cannot be used in all applications due to 
inherent secondary bonding problems. 
Suppressants form a film, which inhibits 
styrene evaporation, on the surface of a 
curing laminare. This film may decrease 
adhesion of subsequent laminares, causing 
the structural integrity of the laminate 
may be compromised. In critical applica- 
tions, such as tanks or other load bearing 
structures, a laminate bond Failure can 
lead to a catastrophic failure of the struc- 
ture. Vapor suppressanrs can be success- 
fully used where secondary bonding is not 
an issue. Vapor suppressanrs cannot be 
used with gel coat application. 

Variables Which Are Not 
Emissions Modeling Factors 
There are a number of facton, which 
influence swrene emissions. but are not 
viable control factors for calculatinq 
emissions quantities. 

Laminate Thickness 
Thicker laminates produce fewer 
emissions per weight of resin as 
compared to thinner laminates. However, 
laminate thickness is a function of the 
requirement of the finished product, and 
not subject to regulatory control. In 
addition, in cases where multiple 
laminates are applied, the thickness and 
sequence of the laminate application is a 
function of the materiallproduction 
process interaction. 

Emissions calculations based on 
laminate thickness become convoluted 
with the consideration of exacdy what 
“thickness” implies. For example, a ,250” 
rhick I?minacc cou!d carisis; of rivo 
separate plies ,125’’ thick, or four 
separate plies .062” thick. The emissions 
For two or four individual plies will vary. 
Even within a single molded product, the 
laminate thickness may vary from area to 
area. Because of this, even determining 
‘thickness” on a specific product is 
romplicated, to the point of excluding 
usehlness as a control factor. The CFA 
:missions factors are based on laminates 
,f .040” and .080”, which leads to an 
:nv i ronmen ta~seTVat ive  estimate of 
missions. 

7 

4mbient Temperature 
n open molding resin and gel coat 
:uring is influenced by process and 
unbient environmental temperatures. 

Temperature, however, is not a useful 
control a emissions calculation factor, 
because 3 a wide range of variability in 
operating temperature ranges. One 
confounding aspect of temperature is 
that although styrene may evaporate a t  a 
higher rate as temperature increases, gel 
time decreases at the same time. A s h o r z  
gel time reduces emissions. It is difficult 
to determine the effect of ambient 
temperature on laminates of varied thick- 
ness because of the effect of laminate 
mass on gel time. Thicker laminates 

_. 
exhibir higher exotherm, which interacts 
with ambient temperature to modify the 
cure profile of the laminate. In a practical 
sense, the temperature in a molding 
operation can also vary through out the 
workday. For example, in certain areas of 

average temperature of 
represents an average processing tempera- 
(“Emissions Model..” continued on p .  19) 



The CFA Emissions Model is 

available in a user friendly 

spreadsheet form, complete 

with instructions, definitions, 

and "what-if" worksheets to 

allow you to compare process 

and materials changes. 

Emissions Mode l... " continuedfrom 17) 
re over the course of a year. In the long 
rm emissions will fall within the 
erage range, therefore variable temper- 
ure is not a useful control factor in 
iissions calculations. 

el Time 
:sin gel time is another emissions influ- 
cing factor, which is not useful as an 
iissions control factor. Resin gel rime 
ecifications are typically based on a 100 
am mass of resin, which is cured with a 
ecified quantity of initiator. Resin mass 
s a major influence on gel time. 
ierefore, the gel time in a 100 gram 
aker mass and the same 100 grams in a 
ninate may vary considerablc During 
e process gel time is influenced by 
ibient temperature, initiator level and 
ninate thickness. All of these factors 
ky  vary during the daily course of 
oducrinn, or within I n  individiia! 
Aded part. In addition, measuring 
:ual laminate gel time is very subjective, 
th no standardized test available. 

aterial Flow Rate 
the case of atomized spray application, 
ray gun flow rate may influence 
~issions. Higher flow rates (faster mater- 
application) result in lower emissions 
e to shortening the itransfer stage" of 
in application. However, flow rate is 
iusted according to on the size and 
nfiguration of the product being 
JIded. Within a facility, many different 
-ay gun flow rates may be used, and the 
w rate may be varied during individual 
,]ding operations. CFA emissions 
tors are based on a range of typical flow 
es used across the industry. Material 

flow rates are not an applicable emissions 
control factor. 

Airflow Over Mold 
During the course of extensive emissions 
testing, i r  has been determined that 
airflow rates between 50-100 fpm across 
the mold surface have no influence QL 

styrene emissions. This represents the 
typical range of airflow found across the 
industry. Airflow is neither an influenc- 
ing factor nor an emissions control factor. 

The CFA Emissions Model 
The CFA Open Molding Emissions 
Model is the result of a comprehensive 
multi-year study, which has quantified 
styrene emissions in great depth. While 
the model is based on four emissions 

it encompasscs all of the 
injucncingfictors. These factors are taken 
into consideration by incorporating a 
range of testing parameters, which encap- 
sulate a vast majority of conditions, 
materials and processing techniques 
found across the open molding industry 
Although emissions may vary from a 
highly specific isnapshot" of conditions in 

a precise moment, overall facilit! 
emissions using a typical range of parame- 
ters will be very accurate. Because 01 
inaccuracies involved in actual stack 
testing, the CFA missions model offer! 
the mosr accurate quantification 01 
emissions from the open molding proces! 
available. 

The User Friendly Version 
The CFA Emissions Model is available in 
a user friendly spreadsheet form, complete 
with instructions, definitions, and "what- 
if" worksheets to allow you to compare 
process and materials changes. The model 
is packaged as a Microsoft Excel 97 
qeadsheer remv late, g . i s  available with 
an included runrime . You 
may obtain a copy of the "CFA Open 
Molding Emissions Model" for a $6.00 
handling and shipping charge, by contact- 
ing CFA Headquarters at (703)-525- 
051 1 or send request IO: CFA, 1655 N. 
Ft. Myer Dr., Arlington, VA 22209. * 
Bob Lacovara is Director of Technical 
Affairs f.r the Composites Fabricators 
Association 

Fiberglass Surfacing Veil 
Protects against: 

-/corrosives 
.I temperature fluctuations 

J moisture 
-/abrasion 
4 imperfectini. 

mechanical stresses 

We never start 
anything ... 

CoPxosmx ?SSISTxI':I 
A-VEIL won't force you tc 
choose between beauty 
and durability. That 
glossy, resin-rich finish 
that makes your product 
look so good is also what 
makes it stronger. Cars, 
trucks, boats, panels ... 

Maybe you could use a little smooth talking, too. 

... But what a finish! 
Schmelzer Industries, Inc. 
PO Box 249 Somersel, OH 43783 
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Nmchrnarbing PrOgFam Emissions Calculations 
Subsequent to &e last Bcndvnarkiag sumcy rherc havc been changes co rhe darsificaion of acewnr emissions. and 

revisions to r-e emissions Factors b a d  on the latex test dam. Although acetone is no longer listcd, or required co be 
raorted. as a VOC, it is helphJ IO undernand the use of m o n c  for chc pulp~seS of Benchmarking. The calcdauon for 
solvenr emisrions is the same w in ptmious ycars. 

& a rault  of recently complrd emissions tcsring projects. scprcnc emissions facrors havc undergone r i g n i f i a r  changci. 
Thc following StyIene Emissions Factors Table is the result of comprehensive cem. which havc provided, for &he first &e, 
an a c N n t e  arsessmcnt of stvrenc emissions. This emissions factor nble should be uscd IO ulculatc emissions both for chis 
Bcnchrnuking Survey and fot regulatory rcporring. 

Calculating Volatlle Sobent Emissions @Icetone or other vohrile soluentr) 
(Beginning yeat inventory + Quanacy purcbascd) - (End of year inventory + Was% dirposcd) = 

--- 
\ \  

Example: 
( B + Q  - (E+w = Yearly Emissions 
(B) Beginning year inventory = 2,000 lbs 
(Q Quanu~y purchased = 24,000 lbs 
(E) End of year inventory = 1,000 Ibs 
(W) Waste disposed = 3,500 Ibs 
(2,000 + 24.000) - (1,000 + 3,500) = Lbs Solvenc Emissions 
26,000 - 4,500 = 21,500 Lbs. Solvent Emissions 

Calculating Styrene Emissions 
Changes in Emissions Calculations: S t p n e  emission! must be mlmloted using the best olailoble data. The r e d !  of comprehensive emissions ttsting is o 
revision of previous emisrioiu foctorr. There revised fodors will become the new AP-42 emisions stnndsrds. Pleore note that the new fodors are expressed in 
emissions % per resin weight, us rompred tothe old mehod, which used fadon of emisions per uvoilahle styrene. There new fnaorr do not reflect an octuol change 
in pounds 01 iiyrune emirtsd, but npply the new and more orrumfa ralwlatiom to current ond previous emissionc 

Styrene Emissions Factor Table 
For O m  Moldlna O m e m l b e i o p  3.0 Joh. 1998 * (Slvmna E a k i o n  Fadon Lined ns % of Rosin Walgbl) .~ ~. _ .  ~~ 

Rain or Monual Resin Application I Medronial RK~II Applicatidn 1 Gel Coot hpplirotion I Filomenf Winding 
Gel Coot Bucket 8 Tool 1 Non-Atomized I Uncontrolled 1 Controlled 1 
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IenchmarNing Program Emissions Calculations 
Subsequcnr to the last Bmcbmarking svrvey there have bccn changes to the daraificadon of acetone crnkionr, and 

rcyisionr to styrene emLsions facrors based on rhe latest test datr Although acetone is no longcr listed, or rpqujred co be 
reported, as a VOC. it is helpful to undersand &e use of acecone for chc purposcs 6f Bcnchmarldng. The calculation for 
solvent emissions is &e same as in previous years. 

As a rerulr of recently completed emissions resting projccs, rryrenc emisions factors have undergone s igdcmt c h a p .  
The following Sryrcne Emissions Factors Tabk is rhe result of comprehensive CLN. which have provided for the first h e ,  
an accuratc assessment of styrenc emissions. Thic emissions Factor table should be uxd to calculare e h i o n s  bo& for chh 
Benchmarking Survey and for regularory reporring. 

CdcuIoting Volatile Solvent EmisdoN (Acetone ur orher u u b d e  soLvenis) 
(Beginning year invcnrory + Quantity purchased) - (End of yar  inventory + Wme dirposcd) - Ynrly Emissions 

fiampk: 
( B + Q  - (E+W = Yearly Emissions 
(B) Beginning year inventory = 2,000 Ibs 
(Q) Quantiry purchased = 24,000 lbs 
(E) End of year inventory = 1,000 Ibs 
(W) Wace disposed = 3,500 Ibs 
(2,000 + 24,000) - (1,000 + 3,500) 
26,000 - 4,500 = 21,500 Lbs. Solvent Emissions 

Lbs Solvent Emissions 

I 
Calculating Styrene Emissions t 

Changes in Em~ssionr Cakulationr: Styrene emlvionr must be coltuloted using the best ovdlable ddn.  The resuh Qf comprehensive emissions tesfing is o 
revision of previous eminiom factors. These revised fpctoa will bemme the new AP-42 emirionr rttlrdards. Please nole thut the new fadors are expressed in 
emissions% per resin weight, as compared lo tha OM method. whith used boors of emisiohs per availnble slyrene.These new fottorr do not refled an actuol change 

, 

i 
in pounds of styrene ernined, but apply the new and more ot(urot~ mlwlotions io current and previous emisrionr ! 

Styrene Emissions Factor Table 
Tor Open b ld lng Opamlionr--Swkim 3.0 July I998 - [ S r p n e  Emirrion Fadom Lined w % of I(e5ln WdgW 

k i n  or Manual Resin Applimtion 1 Mechoniml k i n  Applimtion I Gel Iwt Applicotion I Filament Winding 

Gel Cnor Bucket a Tool 

I 
i ,  

! 

I 
i 



NORTH CAROLINA DEPARTMENT OF 
ENVIRONMENT AND NATURAL RESOURCES 

DIVISION O F  AIR QUALITY 

November 30, 1998 

Mr. John McKnight, Director 
Environmental Safety and Compliance 
National Marine Manufacturers Association 
1819 L Street, N.W., Suite 700 
Washington, D.C. 20036 

SUBJECT Interim Emission Estimating Procedures for Fiberglass Boat Manufacturing 

Dear Mr. McKnight: 

This letter is pursuant to your letter of October 29, 1998 to Alan Klimek regarding the 
review of the Environmental Protection Agency's (EPA) Office of Research and 
Development (ORD) Fiberglass Reinforced Plastics (FRP) Emission Factor Model. 

The North Carolina Division of Air Quality (DAQ) holds each facility responsible for the 
accuracy and reliability of their emission estimates and requires use of the currently "best 
available information." Sometimes this will include requirements for testing. We 
recognize that individual facilities may have site-specific conditions which could cause 
estimates based on generalized emission factors or models to be too high or too low. 
Accordingly, until such time as initial facility design parameters are firmed up and the 
facility is operational and perhaps tested, there will be continued uncertainties as to the 
validity of emission estimates. 

The North Carolina DAQ also recognizes the obligation to provide insights on what DAQ 
considers acceptable for estimating procedures when we review permit or subsequent 
inventory submittals. Consequently, our internal review team for these processes has 
concluded that information contained in, or derived from, the NMMA reports indicated 
in your letter (namely 12% for Resin - Hand Lav-uD; 21% for R esin - Sorav Lav -UQ; and 
50% for Gel Coat) are reasonable and adequately conservative for boat manufacturers in 
NC to use for consistency among facilities, and have so advised operatcrs in North 
Caroiina. We also recognize that judgement and common sense are needed for the 
determination of when a specific factor and/or testing is appropriate for a specific 
facility's operations. 

Guidance from Region 4 of EPA (Mr. Douglas Neeley) indicates that an additional 
estimate based on the ORD "FRP" computer model should be provided for 
comparison, and we have so advised the facilities. From our limited observations, we 
believe the emission estimates generated using the aforementioned NMMA emissi~:: 

NMMA values is our preferred approach at this time for making judgements and 
decisions. We expect no substantial changes or refinements to this information in the 
near term (though EPA's Office of Air Quality Planning and Standards continues to get 
feedback and work on revising the national Ap-42 guidance document). and therefore, 
see no reason that we would not generally accept the NMMA information as the "best 
available" for review of permit applications and emission inventories for the time being. 

t-"^r^- r a . L U ~ ~  - - wiii  generaiiy be sutficiently conservative. For that reason, using the 

PLANNING SECTION 
P.O. BOX 29880, RALEIGH NC 27828-0880 I2728 CAPITAL BLVD.. RALEIGH N C  27604 

PMONL SIB-715-7670 FAX 919-718-7476 WWW. L~N~. , I~ \Te .NC.U. /E"RI  

AN EQUIL OPWRTUHITY I AFPIRM*mVL ACTION EMPLOYER.  80% l lECIELEDl lO% POIIT-CONSUMER PAPER 
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Mr. John McKnight 
November 30,1998 
Page 2 

For future applicationshodifications and subsequent inventories, site-specific testing may be appropriate, 
unless our knowledge of these emissions is otherwise improved. 

DAQ has also similarly encouraged facilities to use the Composite Fabricators Association (CFA) model 
where appropriate, and to communicate with CFA regarding to changes in those related materials and 
processes. Many of these facilities use open molding techniques to produce sinks, tubs, and spas. 

We continue to encourage all facilities to increase their understanding of emissions as pertain to: 1) the 
facility’s manufacturing processes (including operational constraints); and 2) available emission control 
techniques (such as vapor-suppressed resins and controlled spraying techniques). It is our intention to 
assist all facilities to reduce their Hazardous Air Pollutant (HAP) and Volatile Organic Compound (VOC) 
emission rates and to prepare for any future regulations (such as MACT standards). 

I hope this information is responsive to your questions. We will continue to review the FRP model and 
other information available and are eager to improve the integrity of any emission estimates. We will 
continue to supply USEPA Region 4 and the companies represented by your organization with any new 
information and/or conclusions that we reach. Do not hesitate to contact Jim Southerland, chair of the 
internal review task force (919 715-7566), or another member of that task force, if you have any further 
questions or need additional information. 

/1 Sincerely, 

cc: Laura S.  Butler, Chief, Permits Section 
R. Douglas Neeley, USEPA Region 4 
Regional Emission Inventory Contacts 
Fiberglass Emissions Estimation Task Force Members 
Mikc .A-!dri?gc, Ckcf, Skiiuirary Sources Sranch 
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November 19, 1998 

Mr. John McKnight 
Environmental and State Compliance 
National Marine Manufacturers Association 
1819 L St., N.W. 
Suite 700 
Washington, D.C. 20036 

Re: ORD Model Concerns 

Dear Mr.McNight: 

On October 29, 1998, you wrote a letter to our Bureau expressing concerns about recent 
guidance that we received from the Environmental Protection Agency (EPA) Region IV 
office. After reviewing the information you provided and contacting the EPA to follow-up 
on this issue we would like to provide you with the following response to your concerns. 

While our program has received delegation to implement many of the provisions of the 
Federal clean Air Act, the EPA has primary responsibility for the development and approval 
of industry-wide emission factors such as those contained in EPA's A Compilation of-Air 
Pollurunr Emission factors (AP-42). Mr. Bob Bettenon, manager of the Emissions Inventory 
Section called Mr. Ron Ryan at EPA's Office of Air Quality Planning and Standards 
(OAQPS) concerning the issues that you raised. Earlier this year the OAQPS discovered that 
the existing emission factors in AP-42 underestimated boat manufacturing emissions and 
pulled the emission factors. They were concerned that improper permit decisions would be 
made based on these incorrect factors. 

Mr. Ryan also discussed the emission factors that your organization (National Marine 
Manufactures Association (NMMA)) developed through stack tests conducted at a 
Washington state boat manufacturer facility that were observed by EPA staff. While we 
iinderstand that the test on the facility itself was fine there were several concerns expressed 
by the EPA about the representativeness of this data for the boat manufacturing industry. 
First, the facility tested was relatively high-tech. It had a boat rotator that allowed direct 
spraying with little overspray. However, many boat manufacturing facilities do not have this 
type of equipment and workers often have to get up on a ladder and on hands and knees to 
spray - resulting in a considerable amount of additional overspray than the tested facility. 
Second, the temperature in Washington state is on average considerably cooler than many 
other parts of the country. This would have a significant impact on underestimating emission 

that the test did a high styrene and a low styrene test as well as a big hull and a small hull test. 
There were no mid points. Like the EPA, we also are concerned because of the above issues 
that this data would not properly reflect emissions at all fiberglass boat manufacturing, It is 
our understanding that the EPA's model developed by the Office of Research and 
Development (ORD) accounts for many of these variableslconcerns. 
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We also understand that the ORD and NMMA results may agree pretty closely in some cases as far as 
emissions are concerned. But the critical issue is to use the best method for determining when MACT 
applies for a specific boat manufacturing facility and determining appropriate thresholds for the Title V 
permitting program. MACT 
determinations for the boat building industry. 

While we are sympathetic to your concerns, because of the reasons noted above, we are supportive of the 
September 16, 1998, memo from EPA Region IV. Facilities are notprecluded from providing site specific 
emissions data if they believe that the ORD model estimates are not reflective of their actual emissions. 
It is also our understanding that the EPA is in the process of revising the emission factors for this industry. 
We suggest that you contact Mr. Rob Ryan EPA OAQPS, since he is heading up this effort. He can be 
reached at the following address: 

The ORD model was specifically developed to help States make 

Ron Ryan 

RTP, NC 27711 
Phone - (919) 541-4330 

EMAIL - ryan.ron@epamail.epa.gov 
Please advise if I can be of any further assistance ((803) 734-4475). 

U.S. EPA (MD-14) 

FAX - (919) 541-0684 

Sincerely, 

v 
John E. Hursey, Director 
Program Development and Support Division 
Bureau of Air Quality 

cc: James A. Joy, 111, SC DHEC 
Bob Betterton, SC DHEC 
Winston Smith, EPA Region IV 
Doug Neeley, EPA Region IV 

/Ron Ryan, EPA OAQPS 
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Mr. John McKnight 
Environmental and State Compliance 
National Marine Manufacturers Association 
1819 L St.. N.W. 
Suite 700 
Washington, D.C. 20036 

Re: ORD Model Concerns 

Dear Mr.McNight: 

On October 29, 1998, you wrote a letter to our Bureau expressing concerns about recent 
guidance that we received from the Environmental Protection Agency (EPA) Region IV 
office. After reviewing the information you provided and contacting the EPA to follow-up 
on this issue we would like to provide you with the following response to your concerns. 

While our program has received delegation to implement many of the urovisions of the - -  
Federal clean Air Act, the EPA_ has primary responGbility for the-develooment and approval 
of industry-wide emission factoFs such as those contained in EPA's A Compilation of Air 
Pollufanf Emission facrors (AP-42). Mr. Bob Betterton, manager of the Emissions Inventory 
Section called Mr. Ron Ryan at EPA's Office of Air Quality Planning and Standards 
(OAQPS) concerning the issues that you raised. Earlier this year the OAQPS discovered that 
the existing emission factors in AP-42 underestimated boat manufacturing emissions and 
pulled the emission factors. They were concerned that improper permit decisions would be 
made based on these incorrect factors. 

Mr. Ryan also discussed the emission factors that your organization (National Marine 
Manufactures Association (NMMA)) developed through stack tests conducted at a 
Washington state boat manufacturer facility that were observed by EPA staff. While we 
understand that the test on the facility itself was fine there were several concerns expressed 
by ihe EPA about the representativeness of this data for the boat manufacturing industry. 
First, the facility tested was relatively high-tech. It had a boat rotator that allowed direct 
spraying with little overspray. However, many boat manufacturing facilities do not have this 
type of equipment and workers often have to get up on a ladder and on hands and knees to 
spray - resulting in a considerable amount of additional overspray than the tested facility, 
Second, the temperature in Washington state is on average considerably cooler than many 
other parts of the country. This would have a significant impact on underestimating emission 
rate estimates, especially in much warmer states such as South Carolina. A third cnncem FS 

that the test did a high styrene and a low styrene test as well as a big hull and a small hull test. 
There were no mid points. Like the EPA, we also are concerned because of the above issues 
that this data would not properly reflect emissions at all fiberglass boat manufacturing. It is 
our understanding that the EPA's model developed by .the Ofice o f '  Research and 
Development (ORD) accounts for many of these variables/concerns.' , .  
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We also understand that the ORD and NMMA results may agree pretty closely in some cases as far as 
emissions are concerned. But the critical issue is to use t h e w  ethod for determinine when MACT 

-for a specific boat manufacturing facility and determ-apDroDriate thresholds for the Title V 
germitting program. The ode1 was s ecifically devghpal to help States make MArT - 

determinations for the b- 

While we are sympathetic to your concerns, because of the reasons noted above, we are supportive of the 
September 16, 1998, memo from EPA Region IV. Facilities are not precluded from providing site specific 
emissions data if they believe that the ORD model estimates are not reflective of their actual emissions. 
It is also our understanding that the EPA is in the process of revising the emission factors for this industry. 
We suggest that you contact Mr. Rob Ryan EPA OAQPS, since he is heading up this effort. He can be 
reached at the following address: 

- ? 

Ron Ryan 

RTP, NC 27711 
Phone - (919) 541-4330 

EMAIL - ryan.ron@epamail.epa.gov 
Please advise if I can be of any further assistance ((803) 734-4475). 

U.S. EPA (MD-14) 

FAX - (919) 541-0684 

Sincerely, 

v 
John E. Hursey, Director 
Program Development and Support Division 
Bureau of Air Quality 

cc: James A. Joy, 111, SC DBEC 
Bob Betterton, SC DHEC 
Winston Smith, EPA Region IV 
Doug Neeley, EPA Region IV 

/Ron Ryan, EPA OAQPS 



1819 1 ST.. N.W. - SUITE 700 WASHINGTON, D.C. 20036 * (202) 861-1180 . FAX (2021 861-l18le 

October'29, 1998 

h4r. James A. Joy, III 
Bureau of Air Quality 
SC Dept. ofHealth and Environmental Control 
2600 Bull St. 
Columbia, SC 29201 

RE. K l l V O 2  1998 Boat builders Review of EPA ORD FRP Emission Factor Model 

BUREAU OF 
AIRQUAUIY ~ 

Dear Mr. Joy, m: 
The National Markc Manufacturers Association (NMMA) has senom. concerns regarding the 
applicability and enforceability of the recent Fiberglass Reinforced Plastic (W) styrene 
emission factor guidance that your office has received from EPA Region IV. NMMA has 
provided both EPA Region IV and the EPA Emission Monitoring Division with comments on 
this emission factor model developcd by the Office of Research and Development ( O m )  in 
collaboration with Research Triangle Institute (RTl). This FRP Model (version 1 .O, 1998) is a 
research tool that attempts to providc a multi-variable model for estimating emissions of styrene 
from fiberglass manufacturing opcrations. 

The bottom line is that this model does not adequately reflect the best available data In 
particular, NhfM.4 believes that the best available data for the boat manufacturing industry were 
generated in i t s  EPX funded study conducted in 1997. The data specific to this industry, 
generated under actual operational conditions in a boat manufacturing plant, are the most 
representative for this indusby. NMMA believes that our data should be used for boat 
manufacturing plants, as it'is more representative of our industry practices and emissions than a 
model that attempts to characterize any and all fiberglass manufacturing operations. 

Further, NMMA finds that the model as developcd is not a valid for estimating emission factors. 
We believe that it is a tool to assess the relative effects of various parameters on an emission 
factor. However, it is not a true multi-variable model, taking into account thc interactions of 
these parameters on the emisiion factors. This is vividly seen in the limitations of the model 
where parametcrs can be selected which result in estimated emission factors greater than 100 
percent of the available styrene in the resin. Finally, Nh4MA does not believe that sufficient data 
exist to generate a reliable multi-vminhle mn&! 8 this t h p .  

NMMA has detailed comments on the model and its devclopment in the enclosure. NMMA has 
also provided these comments to EPA Region IV in an effort to educate them as to the problems 
associated with using a multi-factor model for determining emissions. It has been over two 



months since these comments were sent to EF'A Region N. It is NMMA's hope that these 
comments will highlight the obvious problem with this model and spur a concerted effort to 
provide the boat building industry with updated emission factors based on representative data 
We would be happy to discuss these comments with you or your staff and following your review 
we encourage and would greatly appreciate it if you could express your concerns with either 
Winston Smith, Doug Neeley, or Leonardo Ceron, EPA Region N. Pleasc feel free to call me at 
202-721-1604. 

Sincerely, 

John McKnight, Director 
Environmental and Safety Compliance 

enclosures (2) - NMMA comments 
EPA Region lV letter to state air offices 

cc: Winston Smith, EPA Region N 
Doug Necley, EPA Region IV 
Leonardo Ceron, EPA Region W 
Robert Manning, Hopping, Green, Sams. & Smith 
National Association of Boat Manufacturers 



- National 
Marine 

Manufacturers 
Rssociation 

FAX (202) 861-1181 

\N\ N u  

1819 L ST., N.W. SUITE 700 WASHINGTON, D.C. 20036 -6l-ll80 

October 29, 1998 

Mr. Alan KIimek 
Division of Air Quality 
NC Dept. of Environment, Health, and Natural Resources 
P.O. Box 29580 
Raleigh, NC 27626 

RE: 

W 

Boat builders Review of EPA ORD FRP Emission Factor 

Dear Mr. Klimek: 

The National Marine Manufacturers Association (NMMA) has serious concerns regarding the 
applicability and enforceability of the recent Fiberglass Reinforced Plastic (FRP) styrene 
emission factor guidance that your office has received kom EPA Region IV. NMMA has 
provided both EPA Region IV and the EPA Emission Monitoring Division with comments on 
this emission factor model developed by the Office of Research and Development (ORD) in 
collaboration with Research Triangle Institute (RTI). This FRP Model (version 1.0, 1998) is a 
research tool that attempts to provide a multi-variable model for estimating emissions of styrene 
from fiberglass manufacturins operations. 

The bottom line is that this model does not adequately reflect the best available data. In 
particular, NMMA believes that the best available data for the boat manufacturing industry were 
generated in its EPA funded study conducted in 1997. The data specific to this industry. 
generated under actual operational conditions in a boat manufacturing plant, are the most 
representatix fGi this iiidiistry.. ? M ? v t A  brliwes that our daia should be used for boat 
manufacturing plants, as it is more representative of our industry practices and emissions than a 
model that attempts to characterize any and all fiberglass manufacturing operations. 

Further, NMMA finds that the model as developed is not a valid for estimating emission factors. 
We believe that it is a tool to assess the relative effects of various parameters on an emission 
factor. However, it is not a true multi-variable model, taking into account the interactions of 

L I I ~  G I I I I ~ W I I  laciurs. T'nis is viviaiy seen in the,iimitations ot'the model 
where parameters can be selected which result in estimated emission factors greater than 100 
percent of the available styrene in the resin. Finally, NMMA does not believe that sufficient data 
exist to generate a reliable multi-variable model at this time. 

NMMA has detailed comments on the model and its development in the enclosure. NbIMA has 
also provided these coniments to EPA Region IV in an effort to educate thcm as to the problenls 
associated with using a mulli-factor model for dciemiining emissions. I t  has been over two 
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months since these comments were sent to EPA Region IV. It is NMMA’s hope that these 
comments will highlight the obvious problems with this model and spur a concerted effort to 
provide the boat building industry with updated emission factors based on representative data. 
We would be happy to discuss these comments with you or your staff and following your review 
we encourage and would greatly appreciate it if you could express your concerns with either 
Winston Smith, Doug Neeley, or Leonardo Ceron, EPA Region N. Please feel free to call me at 
202-721-1604. 

Sincerely, 

John McKnight, Director 
Environmental and Safety Compliance 

enclosures (2) - NMMA comments 
EPA Region IV letter to state air offices 

cc: Winston Smith, EPA Region IV 
Doug Neeley, EPA Region IV 
Leonardo Ceron, EPA Region IV 
Robert Manning, Hopping, Green, Sams, & Smith 

--National-Assoctatioii of Boat-Manufacturers- - - 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 4 

ATLANTA FEDERAL CENTER 
61 FORSYTH STREET 

ATLANTA, GEORGIA 30303-8960 

4APT-ARB 

Ms. Tracy R. Carter, Director 
Dept. of Environment & Conservation 
Division of Air Pollution Control 
9th Floor, L&C Annex 
401 Church Street 
Nashville, Tennessee 37243-1531 

Subject: Emission Factors for Certain Polyester Resin Plastics 
Product Fabrication Processes . 

Dear Ms. Carter: . - 
The Environmental Protection Agency (EPA) , Region. 4 office h b -  

reviewed comments received in reference to the March 3 ,  1998, ,#. . 

guidance for emission estimations at certain polyester resin-..._ 
plastics product fabrication processes found at boat and open'. 
molding composite manufacturing facilities. 
decided to replace the draft letter issued March 3 ,  1998, with a 
recommendation that affected facilities use the enclosed Office 
of Research and Development(0RD) model for fiberglass reinforced 
plastics (FRP) . 

The Region has 

Affected facilities which use alternative emission estimation 
methodologies such as: the models developed by the Composites 
Fabricators Association (CFA); the specific data obtained by the 
National Marine Manufacturers Association (NMMA); other available 

- 

1130 submit emission estimation results obtained 

/fyi.htmlI. 

The ORD model provides a consistent and flexible basis for 
facilities to determine their overall emission es,Limations within 
the boat and composite manufacturing industries. The ORD model 
also provides a user friendly format which allows facilities to 
specify their particular process parameters and provide a . 

Internet Mdrsss (URL) hvq./hmw.opa.gov 



comparison to "baseline" data in the model. Please note that the 
instructions included with the ORD model apply to each individual 
spray application. The ORD model therefore requires the user to 
quantify multiple layers, coats, or thicknesses which are applied 
to a specific product. Whenever possible, the model's default 
setting should be replaced'with actual site specific data to 
ensure accurate emission estimations. 

As previously stated, all facilities continue to have the 
flexibility of providing site specific emissions data, in lieu of 
using any emission estimation methodologies. 
sources should be encouraged to seek technical assistance from 
your small business assistance program. 

Where appropriate, 

. 
Region 4 is aware that CFA is suggesting to its members that 

they use the CFA model the ORD model. CFA 
believes that in many c 

modei-in-those-cases where the-estimates-are higher than - - - 

CFA model will result in:' 
more conservative (higher) emission estimates. Region 4 - 
estima- the ORD model. - 
-0 the use or emission escimaces derived b y  u a i  of the CFA 

EPA Region 4 ,  will continue to provide all our State and Local 
agencies with any new developments with regard to emission 
estimations for certain polyester resin plastics product 
fabrication processes found at boat and composite manufacturing 
facilities. 
can be forwarded to Mr. Leonard0 Ceron of my staff, 
at (404) 562-9129. 

Any questions or concerns regarding this guidance 

Sincerely, 

R. Douglas Neeley, 
Chief 
Air and Radiation Technology 

Air, Pesticides and ToxLcs Management 
Branch 

Division 

Enclosures 



INTRODUCTION 

The Office of Research and Development (ORD) of the U.S. Environmental 

Protenion Agency @PA) released in 1998 version 1.0 of a model for estimating emissions of 

styrene from open molding of fiberglass-reinforced plastic (FRP) parts. The FFU' Model was 

developed by the EPA/NRMRYAPPCD in collaboration with Research Triangle Institute 

@TI) in Research Triangle Park, North Carolina. These notes provide comments on the 

model, the paper accompanying the model, and the results achieved using the model. 

We applaud the efforts of the EPA in anempting to develop a model for such a 

broad source category as the FRP manufacturing indunry. There has been si&icant effort 

by the EPA and industry to generate reliable and meaningful data, representative of various 

subsets of the industry in the pan seved  years. Using them in a coherent way to develop a 

general tool for mimating emissions from any FRP pnxess is a worthy endeavor. We are 

convinced, hoaever, that the data available, although s i g d h n t ,  cannot be used to generate a 

true multi-variable model that yields accurate represenrations of emissions according to 

numerous parameters. (For example, selection of parameters at boundary conditions of the 

model yields unrealistic results of emission factors.) Further, we think that developing a 

generic model of this type may undesirably dilure the quality of the end mult when it is used 

in lieu of actual data that exkt for a specific source category such as boat manufacturing. 

- 

The model as developed provides useful inright into some factors that affect 

emissions. Although not a true multi-variable model, r e  believe the FRP model is generally 

useful in assessing the relarive influence of a single parameter on emissions. The model, 
. .  . .  hcplpvpr, 5 zzpnrcpfinp [cy ss,:&rn *h,= ...- *, =.rn--~r.r ..C'bY... & o n -  Y.C.LY -I V. ..."IC ----+I.-- ,,A- "YC --- yaL-rrcr. ------- 

The model was developed using data collected from general tksting, not from testing done to 

assess the effect of a single parameter, holding al l  other parameters constant. So the results 

obtained from testing represents the effects of several puamerers. The model evaluates the 



inflctence of each parameter (which m y  be valid) and then combines the individual effects 

into a single correction or adjustment factor (which is not a valid, prrcise m a u r e  of emission 

factor). Although the model has apparently been constructed to yield "corren answers" in 

some cases (in the context of emission factors and measurement accuracy); it does not 

necessarily follow that the model is correct and universally applicahle. There are cases where 

the model does not provide correct answers. The model also fails to address matenah that 

contain more than a single volatile reactive constituent, for example the presence of methyl 

methacrylate (MMA) in marine gel coats. 

Finally, the model is written to mn on personal computers running under a 
! 

Windows95' operating system, or  bener. This is a serious limitation for many users. For 

many boat manufacturing operations, the personal computers in use are not the latea 

Pentiurn'-based machines. Also, many of these machines operate on older operating systems, 

such as Windows 3.1 or even Windows 3.11 for Workgroups. The model cannot even be 

installed on these machines, making it impossibie to use. As a p r a ~ i k A  WiTei, ;!ic = d e !  

should be available in formats usedrhroughTut thGndisfFy if it K t o  be &lable-to-general 

user in the industry. 

- 

~ ~~ - ~ 
~ 

NMMA DATA 

The testing conducted by the National Marine Manufacrurers Association 

(NMMA) in March and April 1997 and reponed in August 1997 provides the best available 

data for FRP manufacturing for the marine industry. We have not prepared a computer 

emission model from these data, but instead provide our data in a number of formats to allow 

our  members the ability to use the results to reflect their operations appropriately. Some 

operations may elect to use the most generic approach, that is, one of the discrete emission 

factors published in our summary report. Others may use a l i  the data to generate an emksion 

factor for their operation through interpretation of the data on styrene content in the resin, 

distance from the mold during application, and application technique. 



We have continued to evaluate our results a d  hereby present a funher 

refinement of the results. In the following figure we present the emission factors for each test, 

segmented by the two phses  of operation: resin application and curing. We believe that this 

presentation is useful in assessing factors affecting emissions, and in comparing the NMMA 

data and estimates of emission factors obtained using the FRP model. 



FIGURE 1: N M M A  EMISSION FACTORS BY COM7UBUl'ION OF SPRAY A N D  CLRE 
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MODEL APPROACH 

The FRP model proposed by the EPA is an empirical model, b q d  solely on 

the available data, which interpolates the data using various equation formats. The model 

extrapolates beyond the bounds of the available data using these same equations. (The bounds 

of each variable are net clearly defrned in the model. They can be determined, bur the model 

does not provide the user a clear sense of the bounds of the base data.) There is no clear 

rationale for selecting various formats of the equations to describe the relationship between 

the independent variables and emissions. 

The model, as currently drafted, is far more complex than warranred by the 

amount of data available. Not all the model parameters are truly independent variables; others 

have lirrle effect on emissions. The data for other parameten is insufficient to =arrant the 

degrees of weighting given in the model. 



PARAMETERS 

Variable 
Styrene content (%) 
Distance from spray gun to mold (In) 

The technical basis of the list o'f pararnecen (or variables) evaluated for use in 

the model is unclear (Table 1). A research effon such as the development of a model would 

typically use the technical description of the problem as the scaning point in defining the 

independent model parameters and expected ranges. We do not see evidence that thh type of 

technical foundation has been established. 

Type Observed Effect 
Independent Slgnlfkant 
Independent Larger 

Dded material off mold (%) 
Laminate (gel coat) thkknes (mil) 
Cup gel Ume (mln) 
Application rate (Ib/hr) 
Air temperature ( O F )  

Air veloclty (Wrnin) 

Dependent Not a large effect on emkslon factor 
Independent Larger 
Independent No slgnlfkant effect otkerved - 
Independent N o  slgnlfkant effect observed 
Independent N o  slgnlfkant effect observed 
Independent No slgnlfkant effect observed 

Styrene Content 

Styrene content has long been recognized as having a s i g d i u n t  influence on 

PAGE 5 OF 3 Cororrsn ON ORD FRP L\mos MODEL 



the emission factor for open molding using unsaturated polyester resins. Hisroncdly, the 

relxionship has been assumed to be linear, as suggested in the existing guidance 

documentation (AP-42). The FRP model assumes a non-linear quadratic relationship. The 

data on emissions do not appear to be sufficient to warrant use of the higher level model, 

especially given the absence of data for resins containing less than 31-32 percent styrene. 

While a non-hea r  relationship may fit the data, there is insufficient data to indicate that the 

relationship should be quadratic or that it should represent styrene contents in resin much 

less than a reasonable range, much less representing a zero styrene content resin. To 

characterize the relationship in these regions, additional data on emissions from use of resins 

containing less than 30 percent styrene should be collected. 

Case 
18-ft Deck 
18-ft Hull 
7Q.k UI-11 

R e h t i c d y ,  the styrene content in unsaturated polyester resku will have a 
* 

n a r d  floor, a content below which the resin cannot be effectively formulated. It is that 

nnge of realistic formulations that should guide the development of the model. Also, it is 

perfectly sound to use a relationship between resin nyrene content and emission factor that 

either is linear or does not travese the origin. In this case, the selection of model format 

should be based on fit of available data (aU available data) to the candidate formats, t&p 

into consideration the realistic limitation of the actual resins used. Our results indicate that 

for cenain shapes and application techniques, there is good linearity in the emission factor as 

a function of styrene content over the range of conditions found in the boat manufacturing 

industry. The slopes of emission factor as a function of resin styrene content for the three 

mold shapes evaluated indicate this linearity (Table 2). Although the 1 8 4  deck mold showed 

slight differences from the other two molds evaluated, this difference can be atrnbuted to the 

combination of spray and hand application necessary on this complex shape. 

- 

___ - _ _  . -~ -~ - _ _  - -~ - 

Slope of h i s s i o n  Factor v. Resin Styrene Content 
1.14 
0.83 
0.84 

T.4BLE 2: ImEAWTY OF &SIN STYRENE CONIFNT EFFECT ON EMISSION FACTOR 

* Y  .. 1 ....A 

P.GE b OF 20 COhC.D.vTs OS ORD FRP LWWOh’ MODEL 



Distance froin Application Equipment to Mold 

An observation from the NMMA testing was a perceived relationship between 

.emission factor and distance between the operator and rhe mold. Our brief 8-page paper 

(provided to the EPA in late 1997) summarizing the results of the study presented a figure 

illustrating the emission factors for spray chopper application of glass and 35.1-percent 

styrene content resin. The distances observed from the testing were about 18 inches for the 

18-ft deck, 36 inches for the 18-ft hull, and 60 inches for the 2 8 h  hull. We anticipated some 

relationship between emission factors and distance berween operator and mold; this L 

consistent with mars transfer theory. For greater distance between operator and mold, the 

residence time for resin while in droplet form (Le., at maximum surface area) wiU be greater, 

providing increased opponunity for evaporation before reaction. We evaluated our emission 

data, generating emission factors for two periods: application and cure. The application 

period included those times when the spray equipment was actually operared. Cure periods 

included roll-out of the glass and resin, as well as the conventional resin curing cycle. This 

assessment showed a linear relationship between distance and emission levels for the limited 

cases and distances tested (Figure 2); a nearly identical trend was seen for application of both 

resins, however. We also considered the emissions during cure; these emissions were seen to 

be relatively constant for the tests conducted (Figure 3). Only the tests for 42-percent styrene 

resin apphed to the 18-fr deck yielded resdts slight greater than those for hdk. This could be 

anributed to differences in pan. shape, although we did not see this same sort of difference 

with the 35-percent styrene resin. 

- 

FIGURE 2: EFFECT OF APPLICATION DISTANCE ON EMISSION F.4CTOR - SPRAY 





I'ICLXE 3: EFFECT OF APPUCATlON DISTANCE ON J341SSION FACTOR - CtRE 

We compared the results obtained from our testing to the results of the FRP 
model using our inputs (Figure 4). The results shown compare the emission facton for 

applying 35 percent styrene resin from three distances. We believe that the 60-in application 

dinance observed during lamination of the 28-ft hull is a t  the greater end of the expected 

distances. The FRP model does indicate the appropriate direction of change in emission factor 

with &came, that ;S deirusing emission factor with decreasing distance between operator 

and mold surface. However, we believe that the FRP model will under-predict the actual 

emission factor at closer distances. This difference from a d  emissions may be attributed to 

the impression of the distances used as the model inputs, which is an inherent problem with 

the multi-variable approach. 

While-we can see some obvious trends in the data, the use of these scant data in 

developing an exact correlation does not seem justified. Nor do we believe that mosr 

operations using open molding techniques can actually use this parameter as a precise 



measurement. Rather, we feel that the base data (such as our gnphicd presentation) can be 

used in making judgmentsabout the selection of appropriate emission factors. 

FIGURE 4: COMPAIUSON OF ACTUAL (NMMA) A N D  PROJECTED (FW MODEL) EFFECT 
OF APPLICATION DISTANCE ON EhN5SlONS 

I ,- I . . . , _ _  . ., . . . . . i .... . 

Dried Material off Mold 

The amount of dried material off the mold (as a percentage of total dried 

material applied) is really a dependent variable, related more to article size, application 

equipment, and application technique. It is true that the amount of material off the mold (call 

it over-spray) can affect total emissions but the influence on emission factor is not well 

described, especially for production circumstances. Over-spray is conly and is really less of an 

issue with larger parrs like boat hulls. This variable was not measured during the NMMA 

testing, but it is safe to say that the amount of material not applied to the mold surface uas 

less than 0.5 percent. This is really an insignificant factor and should therefore not be 

included in this model. Certainly, the amount of material in over-spray must be included in 

the total amount of material used when calculating total emissions. 



The effect of over-sprayed material on emission factor would be minimal, 

compared with the emissions mrvurcd from applied resins. The over-sprayed material is 

likely much less than that applied to the mold, meaning a much thinner laminate. Thls might 

lead to greater emissions, except that the thickness is undoubtedly too small to cure quickly. 

Also, the material would not be rolled out, a process that will increase actual emissiom. 

We did review the data used in developing the correction for over-spray 

presented in an earlier draft of the FRP model. From the draft material, the correctior is 

bared on only two data points, insufficient to provide reliable results for all possible 

scenarios. Certainly for a factor that as presented can have equal weight to the final result as 

laminate thickness and dinance to mold, and greater importance than xyrene content in the 

neat resin, the underlying data is inadequate for a reliable model. Until better information is 

generated, this factor should not he included in the model. 
- 

Lamhate (Gel Coat) Thickness 

Observing the dau available on FRP manufacturing makes it clear that There 

can be a sigdicant influence on emission facton from laminate thickness. Thinner laminates 

yield greater emissions per unit mass of resin (or gel coat) applied than thicker laminates. This 
can be explained simply by the acrual polymerization process wherein the free styrene cross- 

links with the polyester resin as the resin cures. In thinner laminates, more styrene can be 

released from the surface of the laminate; in thicker laminates, the free styrene in the laminate 

matrix (and not on the surface) is available within the thicker laminate and cross-links with 

other free styrene and polyester. Evaporation is mot possible and migration to the surface is 

unlikely before the styrene is reacted. 

In boat manufacruring the laminates are much'thicker than had been 

previously tested. The NMMA m d y  used representative boat molds and representative 

laminate schedules. The skin coifs used during the NMMA srudy were 90 mil thick and the 



full build-up layers were approximately 340 mil thick (on average). In some cases, such as t h e  

keel of the larger boJt hull, the hrninate thickness w’zs greater than 400 mils thick. The tesl 

plan for the NMMA study projected that the laminate thickncss would affect the results. k s  

styrene would be available as emissions for each pound of resin applied. Also, the material 

was applied in a time schedule that built up the laminate schedule without waiting for 

complete cure between incremental layers. Again, thir was to mirror actual production 

practices. The emission tail (le., those emissions during cure after resin has been applied) was 

cut off, reducing the total emissions per pound of material applied. 

In evaluating the FRP model, it is evident that the hMMA data were not 

incorporated in the development of this modification factor. Laminate thickness greater than 

70 mils is considered outside the range of the model inputs. We were unable to assess the 

correlation developed for laminate thickness because the data were not presented. This is 

surprising, given the apparent importance of this parameter as suggested by the aggregate 

- 

--modification-facttor. Further, the model modification factor for laminate thickness greater 
- - -  - _ -  - - - - - - -  - -  

than 40 mils (resin spray operations) is 1.14-0.002r, where x is the laminate thickness in milr. 

Under t h  scenario, a laminate thickness of 250 mit (reasonable from our m d y )  would have 

emissions 64 percent of the baseline. This seems to be too great a correction when actual data 

are available for this relatiomhip. This model assumes a linear relationship, which appean 

invalid at the thickness tested during the NMMA study. 

Our data indicate that there is an increase in emission factor of 9-1 1 percent 

from the 90 mil skin coat to rhe 250 mil bulk coat. We can rely upon this as a quanritarive 

measure only to the extent that it represenrs the data from this series of tats. For practical 

purposes, these results can be considered equal. The emission tail of the skin coat had not 

completely cured; so emissions anributed to the bull; application could a c t d y  represenr 

s k i n  coat. 

These resdts do rake a question about the relationship between laminate 



thickness and emission factor. I t  can be inferred from these results, that the emission factor 

will decrease with increasing laminate thickness to a point, dictated by the geomet? of thc 

pan, application equipment, and resin/catalyst system. The  NMMA study docs show that the 

thinner laminates, such as those apr'lied to the CFA mold and those applied during gel 

coating, contribute to greater emission factors than those laminate schedules that are thicker 

(representing structural production pans). For the boat manufacturing industry, the 

structural pans making up the vast majority of resin consumption have thicker laminate, 

schedules where thickness has not funher effect on emission factor. Those effects are already 

seen in the data generated during our study. 

Although we have produced data for boat manufacturers, it is clear from the 

data that there is some effect of laminate thickness on the emission factor. Additional data 

could be generated to define this relationship more conclusively and to Mine that point at 

which the effect is no longer noted However, the utility of incorporating this factor may be 

less than the benefit of recognizing the effect. Multiple laminate thicknesses may be used 

manufacturing the same boat. In this case, numerous calculations would be necessary to 

describe the emissions from the manufacture of a single boat design. This procedure would be 

nearly impossible to track for each boat manufactured and more resource intensive than 

warranted for the data. 

. 

Cup Gel Time 

This variable is included as a parameter in the model but is not discussed in the 

paper. The model uses a correlation for spraying resin and gel coat that is most nearly 1 

(unity). This indicates little effect on the emission factor. We recommend that this parameter 
. .  not be inclidpd b the mnde! 2s ?.'&;-g c c q ! r A y  :&i ii .-yiil-aied baed on the mooel 

equations. Typically in a production environment, a variery df gel times ad be used to 

compensate for various climatological factors and for the specific equipment used that dav. 

Also, the cup gel time might be varied over the course of a day to account for changes in t h a e  



climatological factors. 

The model uses a completely different equation for the modification factor for 

hand lay-up, pressure-fed rollers, and flow coaten. Again, the data are not presented, making 

an assessment of the relationship impossible. 

The NMM.4 study included testing of flow choppers for two parts: 18-fr deck 

and 18-fr hull. Cup gel time was not vaned from those gel times used during spray chopper 

experiments. There was no compelling reason to expea any different trend with respeci to 

cup gel time for the flow choppers, however, because the effect of cup gel time would be seen 

on emissions from the cure portion of the application cycle. Emissions from the cure portion 

should not vary si&icantly from hand lay-up, to spray chopper, to flow Chopper 

application, because the mechanisms for emissions from the mold surface would be the same, 

regardless of how the resin and glass had been applied. 

- 

Application rate was not evaluated as part of the NMMA study. The resin 

application evaluation was conducted at basically a 6.5-lb/hr resin application rate. So, our 

data do not permit testing of this factor. And, the model actually indicates no effm at resin 

application rates greater than 4 Ib/hr. The application rate might have some influence on the 

emission factor but it is expected to be an insipficant factor compared with other factors 

(e.g., resin styrene content: distance between operator and mold, and laminate thickness). The 

influence of this parameter is probably incorporated in the distance algorithm, because the 

closer distance to the mold would preclude greater application rates. Therefore, we 

recommend elimination of the parameter as unnecessary. 

Air Temperature 

We do not believe that air temperature is a parameter affecting emissions. Mass 



transfer theory would indicate tha t  this parameter would have minimal impan on the rare of 

mass transfer. The tempenlure of the  material applied and the remperature of the  resin in the 

mold would hive a bearing on the emission generation and mass transfer characteristics, 

including vapor pressure and mass transfer coefficients. Even so. the temperature can 

represent two competing fanors. Increasing tempenture increses vapor pressure (the driving 

force for mass transfer), but also increases the reaaion rate (which removes the styrene as 

polymer). This balance of competing fanors is not known and has not been defied through 

a defined testing program. We believe air temperature (presumably ambient air temperature) 

nould only have an influence as it  relates to rhe temperature of the marerials being applied. 

The paper states that there will be a modification factor change of about 1 

percent for every l°F above or below the 75°F baseline temperature. Ourassessment of the 

model indicates that the effect is slightly less than rhis value for gel coat application (an 

increase of approximately 0.6 percent of available nyrene), and much less for resin applicarion 

using spray and flow chopper application (an increase of only 0.1-0.2 percent of available 

nyrene). The validity and srrength of rhis relationship cannot be assessed because the data are 

not presented in either rhis version of the model or the previous version released ro "4 

last year. Unless compelling data are presenred thar clearly demonstrate rhe relatiomhip, this 

influence should be considered minor and deleted from considerarion. 



Air Velocity 

Data collected from the various test programs are inconclusive. The model uses 

a disconnected function, two straight lines. The d a t a  indicating reduced emissions at air 

velocities less than 3C-35 ft/min were for testing at pultrusion operations and for Dynatron- 

Bondo resins (filled resins). Other data from this range of air velocities (RTI bench-scale 

studies using Ashland resins) show little or  no change from typical emission factors. Data 

from the NMMA studies essentidly held the air velocity constant; however, comparing the 

data with other reponed emission factors for FRP operations indicate that there is little 

influence at nominal air velocities that might be expected at production facilities where 

workplace air must be changed with a degree of regularity mandated by OSHA. - 
- 

Theoretical projections from mass transfer theory indicate an increase in 

emissions with an increase in the air velocity across the material surface. However at some 

-po;nt,-the.eifecr.of.ur_velocity-over_rhe-s~~~e ceases to resulr in increased or reduced 

emissions. Empirical d x a  indicate little influence on emission factor by this parameter. 

Funher, it would be exrreme1)- Wicult and impractical to measure air velocity ar each point 

of a complex parr, nhich is implied to be necesary IO apply the model to obtain *accunte” 

resulrs. Accordin&, we recommend eliminating this variable from the model as (1) having an 

insignificant effect and (2) being impnaical to implement. 

- - - - - - - _  ~~ - 

bf lTATIONS OF THE MODU 

We evaluated the effects of using the parameters at their extreme values. We 

found that we could yield emission facton of grearer than 100 percent of available styrene 

(%AS). Clearly this cannot be possible. This is a limitation ofthe model that should have 

been tested before release, or at least those bounds should have been assessed before release 

and proper warnings made. This clearly indicates the potential for users to “gme”  the model 

(Le., to obtGn the desired resulcs through clever selection of inpurs), which surely is not one 



o f  rhe EPA's objeaives. 



TABLE 3: ASSFSSMEN OF MODEI. I.IMITATIONS 

PAPER 

The paper would be betrer served as an assessment of trendshored in the data 

collected from testing at various FRP manufacturing sites instead of a tool-for esrimating 

emission factors. The paper provides a descriprion of the current srare of the science of 

emissiQn measuremenrs forsryreneemissions from FRP indusrries. It describes the approach 
-. _ _  _ _  - -  _. __ - 

used in developing the model and provides practical examples. The descriptions above 

indicate rechnical issues wirh individual aspects of rhe model. The paper itself is lacking in 

some of its explanations. 

The paper, however, is slightly confusing with the use of the term "emksions." 

Because the paper describes a model used to estimate factors for use in inventory 

development, the term "emissions" would be assumed to mean emission factor, emissions per 

unit of material used. (In the case of FRP manufacture, this factor has traditionally taken the 

formar of styrene emitted as a percentage of available svrene, or free styrene in the 

monomer.) The  term "emissions" in the paper, however, is also used ro mean total emissions. 

Although those discussions are interesring, and perhaps even germane to invenrory 

assessments, they appear inappropriare for the initial description, presenrarion, and 

erplanarion of the model. 



The model itself brings togcther "all" of the data availahlc from FRP 

manufacturing operations in the hopes of represcnting the widcst ponior. of t h c  indiistry. 

The results do not appear to havc been used across all of the assessments. rhough. For 

example, the data generated by the National Marine Manufacturers Associition (NMMA)  

indicated a relationship between emissions and distance from the mold. These dN3 were 

reported used in the development of the modification factor in the F'RP Model for distance 

from the mold, although this study is not listed in Table 3 of the paper showing the studies 

used in developing inputs for the model. 

As an explanation on the development of the model. the absence of the dar3 

used in developing the relationships is significant. Also, not all variables u e d  in the model are 

described. 

CONCLUSION 

We appreciate the efforts of the EPA in striving to present a model that can be 

used to estimate emission factors. Unforrunately, this approach to the model is not adequate 

to the task. It is useful in indicating trends of relative effects of individd paramerers, but not 

for combining those effecrs in esrimating the emission factor. 

Any future model efforts should keep in mind that only rhose facrors wirh 

significant influence on emission factor should be included. Models should be as simple as 

possible so that obfuscation does not become the result of the model. Simplification is 

particularly needed for the widespread use by the industry segmenr. 

We would be happy to work with you in developing a list of porential 

parameters and helping reduce the number of parameters io a reasonable. workable number. 
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Ron Ryan 
U. S. EPA 

Research Triangle Park, NC 27711 
EMAD MD-14 

Fax: (919) 541-0684 
Phone: (919) 541-4330 

Dear Mr. Ryan, 

CFA recently completed two sessions of Phase III emissions testing at the Dow lab facility in 
Freeport, Texas. The results of this testing showed good support for the CFA emission factors 
that were initially developed for controlled spray, vapor-suppressant, non-atomized application, 
and combinations thereof, within the 33% to 50% styrene content range. The models appear to 
be good conservative estimators for these control techniques within this range. 

Based upon this additional test data, the CFA has completed the three panial columns in Table 
2.16 of the CFA Emission Model for the Reinforced Plastics Industries using the initial control 
factors. 

I have attached the completed table and the new CFA Phase III data. 

I will also send you this fax via E-mail transmission. 

Please let me know if you need any further assistance. 

Best personal regards, 

R;;bcn A. Haberlein, Ph.D.. QEP 

cc: John Schweitzor Fax: (734) 622-0122 
Steve McNally Fax: (703) 525-0743 
Bob Lacovara Fax: (215) 721-0668 
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Comparison of the Phase Ill Results and the CFA Models (Feb 28. 1998 versions) 
CFN Dow CFA Model 
Phase LU Data Predicted 

Test Process Testing Styrene Styrene Styrene 
Run Tested Conditions Content Emitted Emitted 
# see nDle below (% resin wt) (46 resin wt) (% rc~in wt) 

First Session at Dow Freeport wlo cs 
033198A 
033198B 
033198C 
033198D 

040198A 
040198B 

040298A 
040298C 
040298C 
040298D 

040398A 
040398B 
040398C 
040398D 

- 
Gelcoating CS 
Gelcoating cs 
Gelcoating cs 
Gelcoating CS 

Fkw Chop 
Flow Chop 

Pressure-fed Roller 
Pressure-fed Roller VS 
Flow Chop vs 
Flow Chop vs 
Pressure-fed Roller VS 
Flow Chop 
Replicate of 121495A 
Flow Chop vs 

25.8 
28.7 
28.7 
25.1 

33.7 
33.7 

33.7 
33.7 
33.7 
42.05 

42.05 
42.05 
NIA 
33.7 

12.26 
12.55 
11.97 
10.83 

3.29 
3.33 

4.21 
2.14 
1.62 
1.14 

1.78 
3.18 

11.90 
1.66 

5.3 7.2 
7.5 10.2 
7.5 10.2 
4.7 6.5 

3.1 
3.1 

3.1 
1.9 
1.9 
1.9 

1.9 
'3.1 
NIA 
1.9 

Second Session at Dow Freeport 
052798A Flow Chop 42.05 4.35 6.1 
052798B Flow Chop vs 42.05 0.81 3.8 

Flow Chop 48.9 8.98 8.6 Sj2798C 

052798D Flow Chop vs 48.9 2.90 5.3 

052898A Spray Lay up cs 42.05 8.20 9.3 
052898B Spray Lay up vs &CS 42.05 4.26 5.7, 

052898D Spray Lay up vs & cs 48.9 5.88 8.1 
052898C . Spray Lay up cs 48.9 10.36 13.0 

052998A Gelcoating Clear 51.3 34.32 33.6 
052998B Gelcoating Clear CS 51.3 25.91 24.6 
052998C Spray Lay up 48.9 12.63 16.9 
052998D Spray Lay up 34.7 8.54 6.8 
Notes 
# = testdate VS =vapor suppressed resin CS = cor~101 spray application 
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Mr. John SchweitzerM. Steve McNdy 
Composite Fabricators Association 
1655 NorthFort Myer Drive, Suite 510 
Arlington, Virginia 22209 

Denr John and Steve: 

m o o 1  

OFFICE OF 
AIRQUALITTPLANNINO 

OND .srmomns 
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We are concerned that our efforts to provide you with information being considcrcd in the 
development ofthe nile have resulted in misuse and mischiuactrnzarinn of rhat infanilatinti. 
Such inisuse affects our ability tci shnrc prelirninnry infomation with YOU. W e  would appreciate 
your removing any references to the EPA’s April 1997 Open Ivloldhg Database from your repoit 
and from any fiuthcr discussions of your model 

Sincerely, 

Madeleine Smm 
Environmentd Engineer 

Coatings and Consumer Products Group 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
RESEARCH TRIANGLE PARK NC 2771 1 

OFFICE OF 
AIR OUALITY PUNNING 

AND STANDARDS 
J N  13 I998 

MEMORANDUM 

SUBJECT: Response to your memorandum dated December 3,1997, titled “Requested 
Revision of Existing Emission Factors for Polyester Resin Plastic Products 
Fabrication” 

William F. Hunt Jr.. Director FROM: 
I 

Emissions, Monitoring, and Analysis Division @ID-14) 

I TO: Winston A. Smith, Director 
Air, Pesticides, and Toxics Management Division 

The Emissions, Monitoring and Analysis Division (EMAD) personnel have reviewed the 
“Summary of Data Results’’ prepared by Region IV personnel. We agree that this is an accurate, 
though greatly simplified, representation of the test program results. Further, we agree, as we 
have stated in several meetings a.id teleconferences, that the current AP-42 emission factors are 
antiquated, based on limited data, and probably underestimate emissions significantly for most 
sources in this industry. 

It is our understandingthat the guidance offered by our Information Transfer and 
Program Integration Division (ITPIb) is that the “best available data”, NOT necessarily AP-42, 
should be used for permitting decisions. We can appreciate the efforts required nf the Regicn !V 
staff to stay abreast of this issue and to evaluate all of the data sets as they have become 
available over the past year, and we encourage you to use this data as you see fit in your 
permitting decisions. However, while we are interested in assisting in the dissemination of 
information and in the documentation of accepted emissions estimating methods through AP-42, 
we do not have the resources to take the lead on new data develoument for all source categories 
now requiring permits. In addition, we do not think it is appropriate for us to make permitting 
policy decisions via the AP-42 process, and we would encourage the Regional and Headqiiartcrs 
pcrmining staffto continue to communicate with each other and with the affected industry 
regarding permitting decisions which must be made in the short term. 

&,, 7 
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You also requested information on our time table for revising the existing AP-42 section. 
Because we chose not to devote any additional contractor resources to the studies being 
conducted by the Emission Standards Division, the Ofice of Research and Development, and by 
two trade associations, our schedule for this project has been dependent on other’s efforts. It 
appears that those efforts are now approaching a successful conclusion, and it is our hope to 

comments of your staff would be most welcome in either deGlopment of &e draft or on the 
final draft for external review. 

sec tion available for comment within two months. The educated opinions and 

cc: Tom Curran (MD-12) 
Bruce Jordan (MD-13) 
Steve Hitte (MD-12) 
David Mobley (h4D-14) 
David Misenheimer (h4D-14) 
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You also requested information on our time table for revising the existing AP-42 section. 
Because we chose not to devote any additional contractor resources to the studies being 
conducted by the Emission Standards Division, the Ofice of Research and Development, and by 
two trade associations, our schedule for this project has been dependent on other's efforts. It 
appears that those efforts are now approaching a successful conclusion, and it is our hope to 
have a draft section available for comment within two months. The educated opinions and 
comments of your staff would be most welcome in either development of &e drafi or on the 
final draft for external review. 

cc: Tom Curran 0 - 1 2 )  
Bruce Jordan (MD-13) 
Steve Hitte (MD-12) 
David Mobley (h4D-14) 
David Misenheimer (MD-14) 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 4 

ATLANTA FEDERAL CENTER 
61 FORSYTH STREET, SW 

ATLANTA, GEORGIA 30303-8909 

DEC - 3  1997 
4APT-ARB 

MEMORANDUM 

SUBJECT: Requested Revision of Existing Emission Factors for 
Polyester Resin Plastic Products Fa&Acation-), 

FROM : Winston A. Smith, Director 
Air, Pesticides and Toxics Manageme Div?sion/ / 

Emissions, Monitoring, and Analysis Division, 
Office of Air Quality Planning ana Stanaards (MD-14) 

TO: William F. Hunt Jr.,Director r 
As an active participant in the maximum achievable control 

technology (MACT) partnership program for developing the Boat and 
Reinforced Composite Manufacturing regulations, Region 4 has been 
involved with many detailed analyses of hazardous air pollutants 
( H A P S )  emissions. During the data acquisition and evaluation 
phase, it became apparent that industry relies heavily on 
Environmental Protection Agency (EPA) emission factors, and 
therefore, accurate emissions data are critical to the success of 
the MACT program. However, Region 4 has reviewed several 
research reports which indicate that the existing EPA emission 
factors used to estimate emissions from uncontrolled polyester 
resin product fabrication processes are antiquated. 

Based on the recently published EPA research document 
entitled of Pol- to Reduce 

11, Final Report, EPA-600/R-97-018a -018b, March 1997, and two 
(2)supporting research documents published by industry entitled 

W c t  u r i n q ,  A i ~ y ~ s t ,  1997, by the National Marine Manufacturers 
Association (NMMA) and phase I-Baseline Studv. Hand Lav-Vo. Gel. 
coatinu. SDray-Up Final R =-port, September 1996, b j j  the Coiiiposites 
Fabricators Association (CFA), it is this Region's position that 
the existing AP-42 emissions factors for this category of sources 
greatly underestimates actual emissions of HAPS. 

The Regional office is very supportive of all activities 
provided by your Division to supply accurate emissions data. To 
that end, tne Hegion has compiiea the attache6 ''Suiuiiiiry vi Gaia 
Results" which provides a revised tool to carry out existing 
permitting and compliance requirements for certain polyester 
resin plastic products fabrication, while inaintaining a high 

From QDen Contact Moldinu P r o c e w ,  Volume I & 

on of -om Fiberass Boat 

'. 
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degree of protection to human health and the environment. 
Region 4, as sub-lead region for air toxics, requests your review 
of-this information and an indication of whether your office 
could support the results. 

c . 
Concurrently, the Regional office acknowledges that the 

ultimate responsibility for the maintenance of all AP-42 
emissions data lies within the Emissions, Monitoring, and 
Analysis Division. Therefore, Reqion 4 also requests your 
assistance in revising the apuropgiate AP-42 emission factors. 
would annreciate an indication from YOU reqarainq tne time table 

I 

involve-d in making adjustments to AP142 fo; this-industry 
category. 

If this Regional office can be of further assistance in the 
development of these respective emission factors or models, 
please contact Mr. Leonard0 Ceron of my staff at (404) 562-9129. 

Attachments: 

cc: Ron Ryan EMAD 
Madeleine Strum, ESD 
Carlos Nunez, ORD 
Kirt Cox, I P T I D  
Greg Foot, OGC 
Cary Secrest, ORE 
Robert Dresdner, OC 
Floyd Ledbetter, R4 BCB 



ummarY Of Emission Data Results: 
late: October 2 7 ,  1 9 9 7  

E P A  / R T I  (Uncontrolled') 

NMMA (Uncontrolled) 

C F A  (Uncontrolled) 

Range of N e w  Data / default 

Xesin Non-Spray Layup (Emissions as a percent (%) of Available Monomer) 

I AP-42 I 5 - 1 0  I m  I - 
f 1 4 . 2 '  - 1 5 . 3 5  NA 

I NA NA 

- (5-g JQiS NA 

NA 3 1 4 . 2  - T 5 . 3  7 -k 

g1.d 
C q f +  

E P A  / R T I  (controlled') NA NA 

(controlled) 1 0 . 8  - 13.4, NA NMMA 

C F A  (controlled) NA 

Range of N e w  Data / default 
1 NA 

1 0 . 8  - 1 3 . 4  \L NA 



Copies of : 

Evalua tion of Polluti on Pr evention T echniaues to Reduce Stvrene Emis sions From OD en Conta Ct . .  
Noldina Processes, Volume I & 11, Final Report, EPA-600/R-97-018a, March 1997, by EPA 
Research Triangle Institute (RTI). 

kseline C h a r m a t i o n  of m s s i o n s  from Fiberalass Boat Wufacturinq, August 1997, by 
the National Marine Manufactures Association ( N M M A ) .  

. .  

Phas e I-Basel ine Studv. Hand Lav-Uu. Gel Cod tina. Surav -Uu Final Revort , September 1996, by 
the Composites Fabricators Association (CFA). 

1.NVS = non-vapor surpressed 

2.VS = vapor surpressed. 

3.Uncontrolled = normal spraying technique without conscious control of over 
spray from flanges and inconsistent spray angles to mold. This is considered 
the normal spray technique for all styrene emissions. 

4.Non-Spray, uncontrolled data is based on flow coater. 

S.Non-Spray, uncontrolled data is based on pressure fed roller. 

6.Midpoiilt Regionally accepted s best available data 

7.Non-spray pressure fed roller data values will be accepted for hand lay-up 
and filament winding in lieu of AP-42 values. 

8.Controlled = spraying technique with conscious control to reduce over spray 
and a constant 90’ angle to mold. The use of this spray technique will require 
documentation by source owners and / or operators. 

a 
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The purpose of this memorandum is to document a kw observations made regarding the 
National M*rine Manufacturers Association (NMMA) sponsored test program at the US. Marine 
Facility in A.rlh$tu& Washington. 1 visited the testing on April 14 and IS, 1997, and was ablc 
to see some ofthe resin s p y i n g  process on h e  18-foot boat hull and deck molds. The primary 
purpose of tiic test is to establish baseline emission factors for (hc boat manuhcturing industry. 
The test data i s  also iireful ta compare spmy versus nonspray resin application of two differen1 
styrciie contents. 

1. Resin a e 
The technique used during thc tcsting appeared to be excellent, and it appeared to result 

in minimal overspray. The distance frnnt the operator to the part was typicdy two and a half 
feet and no murc thon 4 feet at any pmticulu time. i3istanx frum the mold was nri ihked by 

rotate the mold so it was faci ’ atdl.&~~% Inadditioqthe 

37 I . P .  b&+A / .  Thvuc. y~’‘*t 
/ 

< $$# 
=W’ 

an i n d T g f Y x t h G o % , e r a y i n g  off of the mold, a vcry 
was a c t d y  o f f  ofthe mold. The operator began spraying M the 

mold rather than beginning offoftlie mold md moving onlo Lhc mold. The opcwtor did not 
spray continuously, but rather turned thc gun on and off at vwious times IO adjust the mold or 
change positions. 

The techniquc used for resin spray-up 
however, nut much lamination was seen. In 

+hu- +“-- r h m  +--<&.A _. -- -.,. -- “YC’..6. 

\ &  
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Because of the optimal techuiquesldistance from b e  mol4 the emissiun factors measured 
during the testiug may be lower than those wid of a facility in which the technique is not 
optimized. Based on previous emission testing performed by the Composite Fabricators 

vement in the hooth durirrg the emission testing. Values 
were in tbe range of 20 to 40 feet per minute. It was found that ah 

Iret per nunutr. If lamination is donc near fans in actual facilities, and, if air 
en 50 and 100 T c d  per minute, but no testing was 

50 feet per minute suppress emiwions, then the emission factors obt3iDcd in the 

la 0 0 2  

terminated too early. hny outgassing of the laminate affet data 
not be countcd in the test results; this would have the effcct of producing 

actual emissions. However, the test plan noted that the results would 
may not cawe any underprcdiction in emissions. 

4. roducti n 

wc were unable to compare the production steps with thc test steps. I did notice, however, that 
the installation of stringers, bulkheads, wood reinforcement% mJ foa111, which is part of boat 
production, w a s  not done during emissiun lcsting. In viewing some of these steps in the 
production facility, I noticed that the wood/foam were onm wetted out with ethin layer of resin 
by spraying them un the floor. Because of this thin laycr and the larger quantity of overspmy 
associated with thcse operations, 1 would guess thal  lhc emission Factor for these steps would be 
@eater. This would thus raise the cmission factor obtained for the hull during the lest.ing. This 
would probably not be too significant an inwease since the quantity of  resin uscd for these 
operations is much less than the resin uscd for laminating the hull. 

5 .  Sinal1 Pa& 
Boars consist not only of hulls and dccks. but also small parts. An example of a small 

p& we saw was atublshower unit (for large boats). Small parts likely have thinner lamin- 
a d ,  therefore, cuiild have a highcr eniission factor. [n addition, small parts are mwe likely to 
have more overspray which would also increase the emission factor. Small pats were not tested 
in the NMMA test program; the quantiw of reski used for small parts may need to be dekriined 
and a different emission factor used in cornpuling an emission factor for boat facilities. 

The Arlin@n production facility does not produce hoats less than 28 feet in length; so 

oAQPS/ESD/CCPC:MSTRWECK~7946):NCM(MT-l3):5/27/97:MADELEDJJ5 UOBS.497 
6. - (.SA 't- 2 ; $3 <.- &db.I-Fzp"g /cefU&&reM 

J;:+- & CBld. & QA.f;L3.Qy 
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Dr. Madeleine Strum 
U.S. Environmental Protection Agency 
Office of Air Quality and Planning Standards 

Research Triangle Park, North Carolina 277 I I 

RE: Boat Manufacturing Emission Factor Issues 

Dear Dr. Strum; 

MD-13 

Per our recent conversation. it has come to the attention of the National Marine 

Manufacturing Association (NMMA) that emission related information from the recent 

report, Evaluation of Pollution Prevention Techniques To Reduce Stvrene Emissions from 

Open Contact Moldin? Processes. Draft Report, prepared by Research Triangle Institute 

(RTI) in cooperation with US. EPA., EPA Cooperative Agreement CR X I  8419-03, 

September 1995, ( RTI report), is being inappropriately used to represent emission factors 

for the boat manufacturing industry. In fact, several regulatory agencies have suggested, 

including EPA Region IV, that the RTI data i s  the only acceptable data which will be 

approved by their agency. The 

situation which appears to be developing within certain regulatory agencies. 

r /  t a n&? 
letters provide examples of the type of 

This issue is a major concern to the NMMA and its members for several reasons which 

have been outlined in this letter for your review. 

Applicabilitv of FRP Fabrication Emission Factors to Boat Building 

First, the RTI report was not intended, designed or implemented to develop emission factors -- Washington Harbour, 3050 K Street, N.W., Suite 145 
Washington, D.C. 20007 202/944-4980 FAX: 202/944-4988 

L 



for the boat manufacturing industry, NMMA does not support utilizing data which is not 

representative of the processes and which may not provide reasonably expected emission 

factors for the industry. NMMA has commissioned, Emission Factor Evaluation F iberglw 

Reinforced Plastic ODen Mo Idiny, which evaluated emission study references, including the 

RTI report. The current drat? of this document is being provided for your reference. The 

review concluded that the RTI data is not representative of conditions in boat manufacturing 

operations. 

As you are aware, RTI and CFA have conducted lab and bench-scale tests to evaluate 

emissions associated witb certain application techniques. While these studies provide valuable 

information they are not directly applicable to boat (large part) manufacturing facilities. 

Based ERM’3evaluation of the RTI report, the CFA study and other open molding FRP 

fabrication emission studies. emission factors determined in lab and bench scale FRP 
c 

- p . u . & , y , k ~ d ~  r/oqccan f h  $e a@& 1 
fabrication studies are not representative-o enussi ns om at bulldlng oga t ions .  ue to 

variable FRP fabrication process parameters ( e g ,  higher percentage of over spray, thinner 

laminate thickness, smaller mold size, different mold shapes, etc.), lab and bench-scale studies 

overestimate emission factors for large scale FRP open molding processes, such as boat 

manufacturing. 

/ J a d e  
factors developed from synthetic marble open molding and panel 

manufacturing emission studies (i.e., RTI reference studies) are also not representative of boat 

building operations. The size and shape of molds used for these products, as well as the 

applicztioii sqimnce eap!qzc! (e.g.. ge!coating of cast synthetic marble fixtures rather than 

d$+.$ molds), are conGerably different than those used for boat building. Consequently, these 

B f f  s ,,,a k@loperations should not be used to evaluate boat building emissions. 

- 
SeS. 

Uniformitv of National Emission Factors and ImDact of  Altered AP-42 Factors 

NMMA believes that there is a misunderstandmg of the impact altering AP-42 will have 
- /  - 

on the boat manufacturing industry. Millions of dollars have been expended during the 



past several years to comply with a wide range of federal and state mandated programs 

including: 

NSR 

Title V 

PSM 

Construction permit programs 

Air Toxics programs 

Any change in AP-42 must be based on solid scientific studies designed to develop , 

emission factors representative of the boat manufacturing industry. 

d, 
4 "it.) fd:{&d iflN$7hJ 
u""@f-J- 
(8 

F A  believes it is inappropriate to issue guidance materials that will have the effect of 

a rule and that are not subject to formal rulemaking, peer review, and dialogue with the 

regulated industry. 

whether that is the intention or not. As you are aware state and local agencies, and even 

is has the effect of establishing an emissions-limiting standard 

7 
7.1 

the EPA, strictly adhere to various EPA guidance documents and memos for implementing @Pa ' 

regulatory programs and whether this should be the case is moot due to the fact that 

precedent for doing so has become an integral part of the regulatory process. 

.Nh4MA does not believe that EPA intended for RTl's data to be used out of the context 

of its originally designed purpose. EPA must realize, for obvious reasons, that there must 

be continuity in setting standards, guidance and regulations at the federal level.. 
-so? 

Efforts to Advance Forward 

N M M A  is willing and supportive of moving forward to assist EPA with developing 

emission factors which are truly representative of the boat manufacturing industry. 

NMMA has been working on this- for SO me time. ERM was engaged to evaluate AP- 

42, the RTI report, and other styrene emission studies. This process k ongoing, although 

we are providing EPA with this draft report. NMMA has also established a task force and 



time to expedite the process along and d e v e l o p c y h i c h  GiA are accurate and relevant 

to the boat manufacturing industry. As you know, the NMMA has demonstrated it's 

willingness to be proactive in developing sound regulations and technical data and will do 

so throughout the project. 

We believe it is absolutely necessary and request that EPA issue an interim guidance 

memo to EPA regional offices and states regulatory agencies requesting that the RTI data 
/ 

not be utilized as emission factors until this data can be verified in a boat manufacturing 

setting or representative data can be 

attention to these issues and 

you at any time. 

appreciates your continued 

discuss these comments with 

Sincerely: 

&YW John McKnight, Director 

Environmental and Safety Compliance 

cc: Geddes Ramses, USEPA, RTP, NC 

Bruce Jordan, USEPA, RTP. NC 

Mike Trutna, USEPA, Durham NC 

Mane Malave, USEPA, Washington DC 

Ron Ryan. U S E F k  KTP, XC 

Leonard0 Ceron, USEPA, Region IV, Atlanta, Georgia 

NMMA Clean Air Task Force 



It has come to my attention that rhe US. Environmental Protection Agency, Region IV. is of the 
opinion that rhe existing AP-42 mission ficton for polyester resin plastic products fabrication 
should no longer be used for projecting emissions from spraying and hand by-up of getcoat and 
polyester min. At this time I am enclosing copies of the information that I have krn able to 
obtain to date. As you can xe,  the tcsr results outlined in Table 6-8 of thc Research T h g e  
Institute Draft Project Rcporr indicate that the AP-42 emission factom underestimate emissions 
by a factor of 2.0 to 2.5. 

According to Mr. Lco Ccron of Region W h n  informational package =garding his matter will 
be mailed in approximately two months to all State and local agencies within the Region. 
However, due to timing constraints regarding the submittal of Title V applications. I MI 

providing you with the informdon that has been made available to this office to date and I will 
provide you with MY additional information that 1 receive in the fulurc regarding this mancr. 

!f you have any questions regarding this matter. please'contact me at 340-5653. 

Veryvuly youn, 

., Division Engineer 
Division of Pollution Control 

?-%':r 
Enclosure 
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p o  874, 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
RESEARCH TRIANGLE PARK, NC 2771 1 

DFC 1 7 I;?' 

MEMORANDUM 

OFFICE OF 
AIR WALm PLANNING 

AND STANDARDS 

SUBJECT: 

FROM: 

TO: 

THRU: 

Request for Quality Assurance/Quality Control Review of National Marine 
Manufacturers Association Test Program at US .  Marine, Washington State 

Madeleine Strum 
Coatings and Consumer Products Group, ESD (MD-13) 

Bill Lamason, Group Leader 
Source Characterization Group - A, EMAD (MD-14) 

Linda Herring, Group Leader 
Coatings and Consumer 

This is to request that the Emission Measurement Center (EMC) provide oversight for the 
quality assurance for the emission test program to be conducted by the National Marine 
Manufacturers Association (NMMA) at a laboratory of the US. Marine facility in Arlington, 
Washington. The purpose of the industry-sponsored test program is to assist development of the 
Maximum Achievable Control Technology (MACT) standard for Boat Manufacturing and to 
assist in the development of an emission factor model for reinforced plastic composites. The 
NMMA will be developing the test plan with the goal of performing the project under 
EPNOAQPS Category 2 Quality Assurance/Quality Control (QNQC) guidelines. The request 
from our group is, therefore, to conduct the necessary review of their plan and conduct the 
necessary audits and, if appropriate, send a letter stating that the NMMA project met 
EPNOAQPS Category 2 QNQC requirements. As part of this effort, we also request that EMC 
work with the NMMA to detemine how the largest number of different scenarios could be tested 
within the NMMA time frame without jeopardizing data quality. 

BACKGROUND 

A group ul'siaicchoiciers I'rom EPA, iririusiry aiiri Siaic air programs was I'ormed to 
address issues raised by the industry and State stakeholder groups in the development of the 
Presumptive MACT for Boat Manufacturing. The group is called the Emission Data Issue Group, 
and part of its scope is to develop and approve the industry sponsored test program and ensure it 
collects the data needed to address issues raised during presumptive MACT development. The 
EPA stakeholders consist of ESD, EMAD (both EMC and the AP-42 group), ORD, and an EPA 

Recyded/Recyclable .Prlnledwfih Vegetable Oil Basad Inks on 100% Recycled Paper (40% Poslconsumer) 
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Regional Office. EPA, State representatives and the NMMA have been meeting as part of the 
Emission Data Issue Group since early October and are making progress towards helping 
NMMA put together a successful and useful test program. While ORD originally agreed to 
review NMMA’s plan and provide auditing, funding issues between OAQPS and ORD could not 
be resolved. (ORD has no funding in this project.) It is estimated that the funding for the audit 
would be approximately $10,000. (The total cost of this request for QA review may be more, 
depending on whether the quality assurance review will be done in-house or contracted out.) 
Because EMC is also a partner in this effort and has both the expertise and funding mechanism, it 
is requested that EMC lead the process. 

The test program itself is the responsibility of the NMMA. They have hired Radian 
International to do the testing and prepare the Quality Assurance Plan (QAP). Their goal is to 
submit the QAP in early January and cany out the testing in February of 1997. The testing will 
be done in a laboratory spray booth designed to meet the EPA definition of a permanent total 
enclosure. The laboratory is at a US Marine boat manufacturing facility located in the city of 
Arlington in Washington State. The NMMA will conduct a processing step in the spray booth 
(such as the spray up and curing of a hull) and measure both the concentration of hazardous air 
pollutants and air flow rate from the enclosure using EPA test methods. 

The NMMA plans to conduct 21 days of testing. They expect a single test to take a full 
day, since curing emissions take place for a long time after the resin is applied. Thus, 21 days 
will allow them to test seven different scenarios, each run in triplicate. If they can still meet the 
precision required for data measured at Category 2 level QA by shortening tests or by doing 
duplicates in place of triplicates for some test runs, more scenarios would be able to be 
performed. The Emission Data Issue Group would prefer the most test scenarios to be run as 
possible without jeoparding data quality, and would request that EMC help to determine options 
for the NMMA to run the most test scenarios possible. 

The reason that NMMA requested EPNOAQPS provide oversight at the category 2 level 
is twofold: 1) they want to assure that the performance of their project follows EPNOAQPS 
category 2 guidelines, which gives them a level of confidence in the qanlity of data they co!!ect, 
and 2) the Composites Fabricators Association (CFA) carried out a similar test program in which 
the phase 1 testing was performed under EPNORD’s category I1 guidelines. Since NMMA’s 
project is directed towards providing data for consideration in developing AP-42 emission factors 
and may provide data which will be useful in developing the MACT standard, we are requesting 
that the EMC lead the QA for this effort. 
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COORDINATION 

We request that the Emission Measurement Center’s effort be coordinated with the 
Emission Data Issue Group (Solomon Ricks is a participant of this group) and in particular John 
McKnight, (202) 944-4980, of the NMMA, and Ron Ryan (X4330) of the Emission Factor and 
Inventory Group. It would also be helpful to coordinate with Shirley Wasson o(1439) of ORD 
since she provided the EPNORD QNQC Category 2 oversight for the CFA testing and has a 
great deal of experience in this area. 

cc: Ron Ryan, OAQPS, (MD-14) J 
Shirley Wasson, ORD, (MD-91) 



ATTACHMEIW 4 
A discussion of the present AP - 42 factors underestimating VOC 
(or monomer evaporative) emissions from polyester resin material 

operations 

presumptive MACT meeting 
A discussion requested at the  first boat manufacturing 

by Madeleine Strum 

Throughout EPA's recent studies of the reinforced plastic 
industry (1992 thru present), efforts have been made to collect 
emissions data for the various fabrication processes. Through 
this data collection, a contractor to EPA's Office of Research 
and Development, Research Triangle Institute (RTI) found the 
following data: 

4 source test results €or gelcoating: 1) EPA/Southern Research 
Institute testing at Eljer Plunrmingware (now Carolina Classics); 
2) EPA/Radian testing at Venetian Marble; 3 )  EPA/Radian testing 
at General Marble, and 4 )  Radian (for the facility) testing at 
Cortec, Ohio. 

2 source tests results f o r  resin sprayup, one using a vapor 
suppressed resin, and the other using a non-vapor suppressed 
resin: 1) EPA/Southern Research Institute testing at Eljer 
Plumbingware (now Carolina Classics) - vapor suppressed; 2 )  B i s o n  
Engineering testing at GEA Dynamic Fabricators in Idaho- non 
vapor suppressed. 

In all cases except for the testing at Cortec (gelcoating), the 
source tests were above the AP-42 
midpoint value by at least 2.2. Note that these tests were above 
the AP-42 'high" value of the range by 1.0. The Cortec results 
were 1.4 times the AP-42 midpoint for the "baseline" gelcoat, and 
1.0 times the midpoint for a "high performance" gelcoat (faster 
gel time.). The Cortec facility gelcoating operation involved an 
automated system where the spray gun was mounted in place and was 
spraying a flat surface perpendicular to the surface. Due to 
negligible overspray in such a system, and the fact that the 
spray gun was a constant and likely significantly shorter 
distance to the surface than it would be at a facility in which 
an operator was spraying the gun on a non-flat part, it is 
expected that the emission factor would be'significantly lower at 

November 1995 . 

the Cortec facility. --- -._ 
7-  -ad:#-:-" 4 - 1  eh,. -.%.-..a ..., hliCh-4 cm,.c"cI  C P a t P  t P C t C  I.,P'P LII S L U U A C A Y I A  -I -..c -".& f.- I------- -" -^-- _____, _--_I .____ 
performed on two facilities in the west, Lasco Bathware in Maopa, 
Nevada, and Aquaglass in Oregon. In both these cases it was 
determined that the pemitted yearly emission rates based on AP - 
42 were significantly below values determined from source 
testing . 
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To explore why these more recent tests 
through 1994) were consistently above AP-42, RTI examined the 
source of AP-42, concentrating on the report publsihed in 1982 by 
Science Applications, Inc. (SUI) , prepared for the California 
State Air Resources Board. The AP-42 values for non vapor 
suppressed gel coat spray up and non vapor suppressed resin spray 
up (as well as some closed mold fabrication processes) were taken 
from this report. The other factors published in AP-42 came from 
"industry experts" and a research paper done by a large resin 
supplier on the effect of vapor suppressents on emissions which ' 

indicated suppressents may reduce emissions by 30-70%. Ap-42 
factors for hand lay up were significantly lower (factor of 3 )  
than those in the SA1 report. 

(done between 1991 

SPRAY UP 
In examining the SA1 report, it was determined that the resin 
spray up emission factor range came from a single source test 
performed on a tank manufacturer. RTI hypothesized that the 
reason the emission factor was lower than that calculated from 
recent testing was that the linear air velocity in the vicinitiy 
of the surface of the part was significantly lower than that seen 
at today's spray up facilities (and at all the recent source 
tests they found). The tank manufacturer's velocity was 18 
feet/minute comparte to 120 feet/minute at Eljer plumbinpare. 
This 
operations in tile iii6iistry- 

higher velocity is much more representative of spray up 

- 

- RTI sent a Tetter on Sepfernber 22, 1994, - to. Bob Lacovara,. of - the - 
Composite Fabricators Association (CFA), explaining this. 

GELCOAT 

Since that time another possible hypothesis has arisen, which 
would explain not only the spray lay up results, but also, the 
gel coating results. The upper bound for gelcoat came from a 
single test at a cultured marble facility. It was noted that SAI 
'corrected" their organic vapor analyzer results, which were 
consistently higher, with the charcoal trap sampling results, . 
It is conjectured that It is more likely that the charcoal trap 
results underestimated emissions than the organic vapor analyzer 
over estimated them. Therefore, the organic vapor analyzer 
should not have been corrected.. This would affect emissions by 
approximately 30% (i.e. they would be too low'by_.30%). This 
does not completely explain the significant difference between 
AP-42 and the more recent gel coating results. Another 
possibility is that the assumption that all emissions from the 
gelcoating operations were captured and measured was not 
necessarily correct. Clearly, we do not have a complete 
explanation- for why the older test is far below the newer tests. 



ADDITIONAL TESTING 

A summary of the above results with additional results from 
RTI's emission testing was distributed with the material provided 
for the first presumptive MACT meeting for Boat Manufacturing 
(Item 5 of the October 2 0 ,  1995 letter to Presumptive MACT 
participants). We have also received information from the CFA 
testing in which hand lay up emissions were significantly above 
AP-42. They indicated that the gelcoating results were also 
above AP-42, but not quite so high as a factor of two. We will 
look forward to analyzing this hta, and any other emissions data 
that may help us understand emissions from these open processes. 



ATTACHMENT 5 

W E  STUDY ASSIGNMENTS FOR POLLUTION PRFVENTION TECHNOLOGIES 
IN BOAT MANUFACTURING 

Instructions: 

Roundtable participants have been assigned to call the boat 
manufacturers using the pollution prevention technologies listed 
in Attachment Sa. They should collect information from the boat 
manufacturers according to the questions listed in Attachment 5b 
and then prepare a telephone contact report similar to the 
examples provided in Attachment 5c. Please feel free to trade 
assignments if desired. 
information that the manufacturer claims is confidential business 
information. Each contact report must be sent (by mail or fax) 
to the person contacted'so that he or she can review the report 
for accuracy and completeness 

Do not record or summarize any 

ATTACHMENT Sa 

Users of Pollution Prevention Technologies in Boat Manufacturing 

Resin Infusion Moldinq 

Mike Davidsonjiidik :ktisr: 
---Ocean Technical-Services, Harvey, LA 

Mike Wildman, -(50a-) -245---15-7-1: . - - - - ~- 
Bollinger Shipyard, Lockport, LA (504) 532-2554 

John McKnight: 
Textron Marine Systems Division, New OrhanS, LA 

(504) 245-6600 
Ingalls Shipbuilding, Pascagoula, MS (601) 935-1122 

Rubin Deza/Mike Mittelholzer: 
Sabre Corporation, South Casco, ME (207) 655-3831 
Holby Marine, Bristol, RI (401) 253-1711 

C & C International, Niagara-on-the-Lake, Ontario, Canada 
Cindy Brandt: 

(905) 468-2901 
\. 

-. Flow Coaters and Resin Rollers._ 

Mohan Balagopalan: 

Beth Sardin: 

Corsair Marine, Chula Vista, CA (619) 585-3055 

Correct Craft, Orlando, FL (407) 855-4141 
Pro-Line Boats, Homosassa, FL (904) 795-4111 
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Jerry Kissell: 
Thoroughbred Powerboats, Sanford, FL (407) 328-8882 

John McKnight: 

Richard Tripp: 

Sunfish Laser, Portsmouth, RI (401) 683-5900 

Trident Shipworks, Inc., Belton, SC (803) 231-8854 

teonardo Ceron: 
OMC Javelin Boats, Old Hickory, TN (615) 895-5190 

Christine Vineyard: 
Scout Boats, Summenrille, SC (803) 821-0068 
Beneteau Boats, Marion, SC (803) 423-4201 

Resin Transfer Moldinq 

Darrell Hannon: 
Kawasaki Motors, Lincoln, NE: Larry Nissan (402) 476-6600 

V a D o r  Sumressed Resin 

Mohan Balagopalan: 
Catalina Yachts. Woodland Hills, CA (818) 884-7700 
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ATTACHMENT 5b 

Questions t o  ask boat manufacturers t h a t  are  using 
pollution prevention technologies: 

Name of company contacted: 

Name and t i t l e  of Contact: 

Address and telephone number: 

Date of ca l l :  

would you describe your operation as a production boat 
manufacturing f a c i l i t y  or as a custom boat manufacturing 
facility? 

. 
. .  

on what types of boats is this technology u s e d  (e.g., sail o r  
power, size) ? 

How many boats do you b u i l d  per  year? 

How long have you been using this particular technology? 

-.f-&-s- technology-.is .no~t-_us-ed~pn a l l  the boats you manufacture, 
why not? - - - - - - _  - 

What  were the reasons f o r  which you switched t o  the current 
technology? 

What types of application technology were you using i n  the areas 
i n  which you now u s e  this technology? 

For what s i tuat ions is this technology especially applicable? 

In  what si tuations do you u s e  this technology ra ther  than others? 
.-_. 

1- 

Are there special requirements f o r  your products tha t  require you 
to  u s e  certain resins,  gelcoats, reinforcements, or application 
techno1 ogies? 

'Have you experienced o r  noticed any change (increase o r  decrease) 
i n  the performance charac te r i s t ics  of your product (e.9, tensile 
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or f lexural strength, secondary bonding) w i t h  the new technology? 
If so, please describe those changes. Have theybeen quant i f ied?  

mat percent o f  the total resin used per year i s  applied using 
this techno1 ogy? 

What are the characteristics of the resin used w i t h  this 
technology? . 
Are any other advantages provided by u s i n g  this system, such as  
reduced costs or sa fe t y  hazards? 

What have been the costs of  adopting this system? 

On what types o f  boats, i f  any, i s  this technology not feasible 
or practical; have you tried i t  on these types? 

What  were the problems that you encountered when you f irst  
started us ing  this technology? How were they resolved, i f  a t  
a l l ,  and  d i d  those' solutions create other problems? 

Are there speci f ic  areas of  a typical boat part or mold on which 
this technology can not be used, such as i n  t i gh t  corners? 

Have you experienced any problems w i t h  dxy  spots or excess resin 
i n  the reinforcements when using this technology? I f  so, how 
were they solved? 

Have you experienced any problems w i t h  resin curing o r  hardening 
i n  t h e  dis tr lbut i cm l ines  OK appZication equi_oment while usin9 
this technology? I f  so, how were they solved? 

Have you experienced any problems w i t h  cleaning this type of 
application equipment? If so, how were they-.solved? .. What type 
of solvent do you use? 1. 

Are there speci f ic  types of reinforcements o r  core materials on 
which this technology cannot be used? Why? 



IS 
it 

there anything else we should now about this 
is used for fiberglass boat manufacturing? 

technology when 
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ATTACHMENT 5c 

Sample Contact Reports f o r  Pollution Prevention Case Studies 

M E M O R A N D U M  

TO : Madeleine Strum, EPA/ESD 

FROM: Brian Palmer. Radian Corp. 

DATE : November 21, 1995 

SUBJECT: Telephone conversation with John Spaulding, The 
Hinckley Company, Southwest Harbor, Maine, to 
collect information on the use of resin infusion 
molding in boat manufacturing. November 9, 1995; 
(207) 244-5531 (fax: 9433). . .  

Would you describe your operation as a production boat 
manufacturing f a c i l i t y  or as  a custom boat  manufacturing 
f a c i l i t y ?  

The Hinckley Company is a semi-custom boat manufacturer. 
They build about 20  boats per year that range from 36 to 82 feet 
in length, including both power and sailboats. They fabricate 
some hulls for other builders and also finish some hulls that 
they purchase from outside builders. They may purchase a hull to 
finish because they do not have the mold for that particular 
hull. M r .  Spaulding says that this is not uncomon in the boat 
manufacturing industry. There is also a service and repair 
facility located at the same site. 

on what types of boats i s  this technology used (e.g., s a i l  or 
power, size) ? 

Hinckley Yachts is currently using Seeman Composites Resin 
Infusion Molding (SCRIMP) on all the boats for which they have 
molds. They do not use SCRIMP for "one-off" custom boats because 
a mold may not be built for these boats. Molds for SCRIMP also 
must meet certain requirements that may not be found on typical 
boat molds. Therefore, they do not use SCRIMP on some parts made 
with older molds. However, as these molds are replaced, the new 
molds are SCRIMP-compatible so Hinckley expe'cts to increase the 
percentage of parts that are made with SCRIMP. -'-- 
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Hinckley Yachts builds about 2 0  boats per year, but this 
depends on the size of boat they are building and the demand f o r  
certain models. For example, they recently completed twenty- 
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eight 36-foot powerboats that M r .  Spaulding referred to as 
"picnic boats. " 

HOW long have you been using this particular technology? 

and began using the process in January 1994. So far, they have 
built about 30 boats using SCRIMP. 

If this technology is not used on all the boats you manufacture, 
why not? 

Hinckley Yachts uses the SCRIMP process on nearly all of 
their hulls and on about one-half of the decks that they produce. 
However, not all of their molds meet the physical requirements 
for using the SCRIMP process, such as having a specific type of 
mold flange. In other cases, such as the decks, SCRIMP is not 
used for cosmetic reasons because the process currently produces 
some "print through" on the finished part. For most hulls and 
decks built by Hinckley, this is not a problem because the parts 
are painted. However, some deck molds contain a non-skid surface 
pattern and paint cannot be applied over this pattern on the 
finished deck. Therefore, SCRlTMp cannot be used to build these 
decks. 

sailboat. In this case, the cosmetic appearance of the deck was 
fine a problem because the deck was eventually covered with wooden 
planks of teak. 

technology? 

switching to SCRIMP. One incentive is that Maine has an air 
toxics regulation that required Hinckley to control air 
emissions. Other reasons were to improve worker safety and 
reduce exposure to styrene. Another reason was to improve the 
overall shop environment by reducing the need to wear protective 
gear and to minimize contact with resins and catalysts. Finally, 
they were looking f o r  a way to produce lighter and stronger parts 
and to minimize material consumption. 

What types of application technology were you using in the areas 
in which you now use this technology? . 

In the past, Hinckley has used a combinati6n-of spray-up 
with chopper guns, wet-hand lay-up with spray applicators and 
flow coaters, resin impregnators, and wet vacuum-bagging to 
produce different parts. These different methods still account 
for about 20 percent of the resin that they apply. 

F o r  what situations is this  technology especially applicable? 

Hinckley Yachts purchased a SCRIMP license in October, 1993 

Hinckley has used SCRIMP to produce the deck o f  a 72  foot 

---- - - - ~ - 
What were the reasons for which ~ou-dtChed~ to the current - - - - - 

M r .  Spaulding says that there is no one single reason for 

. 



November 28, 1995 . 
Dear Presumptive MACT Participant: 

Enclosed are the minutes of the first round table 
teleconference for the presumptive MACT for the Boat 
Manufacturing category which was held October 31, 1995. The 
minutes have six attachments, two of which deserve special 
attention. Attachment 5 contains the case study assignments and 
a protocol and-examples for conducting a case study; please feel 
free to make any changes you see fit in conducting your specific 
study. Attachment 6 is the communication protocol which directs 
the leads to whom to send this package. In addition, please note 
the action items that are listed in the minutes. 

We request case studies be-completed.by January 19, 1996. 
Please send them to me by E-mail and I will distribute them per 
the communication protocol. 

If you have any questions or comments regarding this 
information, please call me at (919) 541-2383. 

Sincerely, 

Environmental Engineer 
Coatings and Consumer Products Group 

‘1. 
\--. Enclosure 
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aDDRESSEES: 

Linda Chappell, OAQPS/AQSSD (sent electronically) 
Beth Hardin, Elorida DEP (sent electronically) * 
Linda Herring, OAQPS/ESD (sent electronically) 
Norm Kaplan, OFUJ (sent electronically) * 
John McKnight, NMMA (sent electronically) * 
Hank Nauer, Illinois EPA (sent electronically) 

. Nancy Pate, OAQPS/ITPID (sent electronically) 
Solomon Ricks, OAQPS/EMAD (sent electronically) 
Richard Tripp, Region 7 (sent electronically) 

Lead Participant (will forward this package to other 
participants) 



M E M O R A N D U M  

TO: Madeleine Strum, U.S. EPA/ESD 

FROM : Brian Palmer, Radian/RTP 

DATE : November 28, 1995 

SUBJECT: Boat Manufacturing P-PCT Teleconference, 
October 31, 1995 

I. PURPOSE 
This was the first meeting of the Roundtable for the boat 

manufacturing presumptive MACT (P-MACT) process. The primary 
objectives of the meeting were to describe the requirements of . 
the Clean Air ACT (the Act) and the P-MACT process; to describe 
the information collected by the EPA and the information still 
needed to develop P-MACT; to discuss options for the format of a 
styrene emissions standard; and to agree on work to be 
accomplished before the next meeting. 

Name Affiliation '. ... - _  
Mohan Balagopalan South Coast Air Quality 

Management District 

Dan Boyd Consultant to the NMMA 

Wisconsin Dept. of Natural 
Resources 

Cindy Brandt 

11. LOCATION AND MEETING PARTICIPANTS 
Place: U.S. Environmental Protection Agency 

N.C. Mutual Life Building, Room 1101 
Durham, North Carolina 

Date: October 31, 1995, 1:30 - 3:45 pm 
Participants: 

Phone 
.. 
(909) 396-2704 

(410)  827-6244 

( 4 1 4 )  492-5879 

. Table 1 contains a list of meeting participants, their 
affiliations, and phone numbers. 



Table 1. Meeting Participants (Continued) 

Jerry Kissell Florida Dept. of Environmental 

111. DISCUSSION 
Madeleine Strum began the meeting by asking the participants 

to introduce themselves, including their affiliation and interest 
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in participating on the P-MACT Roundtable. She then described 
the goals of the meeting as presented in the briefing package. 

that were discussed according to the order given in the briefing 
package distributed prior to the meeting (see Attachment 1). 

The remainder of this meeting summary addresses the topics 

Clean Air Act Reauirements: Section 112. Hazardous Air Pollutants 
Madeleine Strum described the requirements of the Act. 

Major sources of hazardous air pollutant (HAP) emissions will be 
subject to regulation under section 112. 
defined as a source with a potential to emit 10 tons or more per 
year of a single HAP or 25 tons or more per year of multiple HAP. 
For boat manufacturing, the principle HAP is styrene, so most 
major sources will be so on the basis of the 10 ton per year 
criteria. The 189 HAPs are listed in section 112(b) of the Act 
and boat manufacturing was listed by the EPA as a major source 
category of HAPs under section 112(c) of the Act. 

A major source is 

I 
According to section 112, new sources must meet a level of 

control no less stringent than the best controlled source in the 
boat manufacturing category or an appropriate subcategory. 
Existing sources must meet a level of control that is no less 
stringent than the average level of control achieved by the best 
performing 12 percent of existing sources for categories or 
subcategories with 30 or more sources. If there are fewer than 
30 sources in a category or subcategory, then existing sources 
must meet a level of control no lower than the average level of 
control achieved by the average of the top 5 souices. 

establish a minimum level of control known as “the floor.” The 
Act presumes that the EPh will do analyses,to consider costs and 
other factors in examining levels of control more stringent than 
the floor. The relevant parts of section 112(d) of the Act are 
included as Attachment 2. 

Madeleine Strum pointed out that these criteria only 

Madeleine Strum then described the P-MACT process for 
implementing section 112 including the function of the P-MACT 



determination. The EPA's current schedule for the boat 
manufacturing P-MACT process is to recommend a P-MACT 
determination to the Director of the Emission Standards Division 
by May 1, 1996. 

interested environmentalist to participate in this P-MACT 
Roundtable. 
environmental groups that may be interested in participating. 

Madeleine Strum added that the EPA is still looking for an 

She asked the group to let her know of any . 

Source Cateqorv Profile 
Madeleine Strum described the steps in the boat 

manufacturing process that EPA has identified as potential HAP 
emission sources. Hank Nauer suggested that the EPA add 
'*detailing" to the list of process steps; this involves. applying 
stickers, logos, and decorative materials to finished boats. The 
detailing materials may use adhesives that contain toluene, 
methyl ethyl ketone, or other HAP. 

Ruben Deza asked if the EPA is including boat maintenance 
and repair operations in chis s ~ i i r c s  =acey!nry. Roqer Crawf ord 
responded that ma-intenance and repair would gore_likely occur at 
marinas and boat yards than at manufacturing facilities. Other- 
participants noted that boat maintenance and repair operations at 
separate facilities would probably not be major HAP emission 
sources. John McKnight commented that the National Marine 
Manufacturers Association (NMMA) represents boat manufacturers, 
but not boat yards and marinas, and could not provide much 
information on boat yards and marinas. 

Madeleine Strum asked the meeting participants to consider 
which processes and products should be the focus of this P-MACT 
study and whether some processes should b q a  higher priority for 

~- -~ 
- - 

discussion than others. '-..- 

Since the Roundtable will need to again discuss which 
processes and products should be the focus of the P-MACT (after 
the data from the industry survey is analyzed), the following 
considerations should be made: 
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1. Does the emission source occur at major sources? For 
example, if maintenance and repair would not occur at 
facilities which are major, we would likely not want to 
spend time on this source. 

(pollution prevention or add-on control) for this 
emission source? 

2 .  Are there applicable emission reduction techniques 

3 .  Can this emission source be potentially covered by 
another MACT standard?' For example, the finishing of 
furniture parts inside a yacht would be covered by the 
wood furniture NESHAP, if the facility that performs 
this operation is a major source. 

emission source within P-MACT? If not, is it 
beneficial for EPA to spend efforts researching this . 
emission source after P-MACT? 

4 .  Is it beneficial for the group to research this 

5. Can the emission source be covered by applying emission 
limits from another standard (e.g., shipbuilding and 
ship repair painting limits)? 

Emissions Profile 
1. Toxic Release Inventory (TRI) Data 
Madeleine Strum then described the distribution of boat 

manufacturers by State, according to the National Association of 
Boat Manufacturers (NABM) membership list, and the distribution 
of boat manufacturers that are major sources, according to the 
TRI database. Several meeting participants noted that the TRI 
data presented did not match information for specific facilities. 
Madeleine Strum stated that the EPA would review the TRI data and 
up&ate ths s - & i a r y  tales, If necessary. B-'-- PalEer dsscribed 
how the data would eventually be used by the EPA to develop 
"model plants" f o r  estimating typical emissions and potential 
emission reductions from different control,options. 

[Note to meeting participants: The TRI data were reviewed 
after the meeting and an error was discovered in the TRI data 
summary; Attachment 3 contains a corrected TRI data summary, as 
confirmed by several of the industry and State meeting 
participants. I 
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Hank Nauer and Bob Burmark commented that the States will 
soon have data from manufacturers that have submitted their 
Title V Operating Permit Applications and these data may be more 
complete and up-to-date than the TRI data. 

2. RTI/EPA Resin and Gelcoat Emission Testing Program 
Madeleine Strum surmnarized the results of the RTI/EPA 

cooperative testing program and noted that the measured styrene 
emissions from gel coat spraying and open molding were 1.6 to 
2.5 times higher than if the emissions were predicted using the 
current AP-42 emission factor midpoints. (Pages 42 and 48 to 5 0  

of the draft RTI/EPA styrene emission test report were 
distributed to the Roundtable before the meeting.) 
stated that the RTI/EPA emission study would be released as an 
EPA report once the EPA peer review has been completed. 
Madeleine Strum asked the group to submit any styrene emission 
data they may have available that could be used to help update 
the AP-42 emission factors. She also asked the industry 
representatives to consider L i i e  poszibility of sponsoring 
additional dTsiTns--testing-. ~ - - - _  

. 

Geddes Ramsey 

-- - _ _  
- - - ~ ~ -. 

- - -  
Mary McConnell asked if the AP-42 emission factors would be 

updated as a result of the testing and whether any updating of 
the factors would be performed as part of the MACT rulemaking 
process. Madeleine Strum responded that emission factors are 
usually updated after the rulemaking process because relevant 
data are often collected during the rulemaking. 

data, including those data for the current AP-42 emission 
factors, before concluding that the current AP-42 emission 
factors should be revised. 
available data had been considered in developing-and evaluating 
the RTI/EPA testing program and its conclusions. These analyses 
were documented in technical memoranda and were summarized in the 
RTI/EPA test report. These analyses could not explain the 
differences between the data used to develop the AP-42 emission 

Roger Crawford asked if the EPA had considered all relevant 

Madeleine S t m .  responded that all 
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factors and the current RTI/EPA test results, but the RTI/EPA 
test data show similar styrene emission rates as other styrene 
emission tests performed between 1991 and 1995. 

not consistent with the latest RTI/EPA test results and that the 
industry is considering some new testing. 
discussion of why the EPA has co?cluded the AP-42 emission 
factors underestimate styrene emissions. Attachment 4 contains a 
brief discussion of this issue. 

Roger Crawford stated that some industry test results were 

He asked the EPA for a 

Emission Control Profile 
Madeleine Strum described the pollution prevention and add- 

on controls that have been demonstrated in boat manufacturing or 
in the reinforced plastic parts industry. 
in what types of facilities the add-on controls had been 
demonstrated. Madeleine Strum responded that they had been 
demonstrated at facilities producing fiberglass tubs and showers 
and truck caps. Doug Hoffman added that these fixtures are 
large, but they are smaller than boats, especially large luxury 
yachts. Madeleine Strum agreed but reminded the group that the 
EPA must consider the complete range of boat types and emission 
sources within the industry. 
controls may be feasible as MACT for some subcategories or 
emission sources, but not for others. 

Roger Crawford asked 

Some pollution prevention or add-on 

Madeleine Strum stated that the EPA was looking for case 
studies of successful applications of pollution prevention or 
add-on control technologies. 
that could be sources of case studies and will assign Roundtable 
members to research these case studies. The EPA would also 
welcome other examples from the States and'industry. 
Attachment 5 contains assignments and guidance-'for Roundtable 

The EPA has a list of facilities 

--_ 
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Dan Boyd commented that it may be difficult to apply add-on 
controls to boat manufacturing because of the high ventilation 
flow rates that are typically needed in boat plants. Madeleine 



Strum responded that the EPA needs to determine whether these 
high flow rates are necessary for all subcategories or whether 
some types of boats and processes can be enclosed in a spray 
booth with a lower flow rate. D a n  Boyd agreed there is a lot of 
diversity in the industry but noted that the typical flow rate 
from even a small spray booth is 60,000 cubic feet per minute 
(cfm). . 
be practical, but stated that the group needs to consider the 
best available controls, even if the top 12 percent of the 
industry is not achieving significant emission reductions. 
Madeleine Strum added that the EPA has to analyze all available 
controls because the Act establishes the MACT floor only as a 
minimum level of control. She stated that the floor f o r  existing 
sources would probably not include add-on controls. However, the 
floor may include some pollution prevention measures such as 
resin rollers, that could achieve substantial emission 
reductions. Mary MCCOMell commented that the group should focus 
on pollution prevention measures raLiiez z k z  255-cn c n n t r o l s .  

Jerry Kissell agreed that enclosures for large boats may not 

NMMA Industrv Survev Preliminarv Results 
Madeleine Strum described the preliminary results from the 

first 60 industry survey respondents; these results were compiled 
by the NMM?i. She noted that none of the respondents had 
performed HAP emission testing, but added that Roger Crawford 
knew of some industry members that have measured styrene 
emissions. 

Hank Nauer asked if the NMMA could be sure that the survey 
covered a good cross-section of the industry. He noted that some 
of the smaller facilities may not have goocbrepresentation and 
that there is substantial size and process variation even among 
major sources. John McKnight responded that the NMMA has 
collected additional responses since the summary was completed. 
The NMMA now has responses from most of those facilities that 
would be major sources and that represent a large percentage of 
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the total sales volume. He added that the survey respondents 
included facilities with as few as 15 employees to more than 
400 employees and'lthat small and medium sized builders are also 
members of the P-MACT Roundtable. 

Roger Crawford asked if the survey responses included 
sailboat manufacturers. John McKnight answered that he had 
responses from some sailboat manufacturers and that he would make 
sure the major sailboat manufacturers were not missing from the 
database. He noted that only 4 or 5 sailboat manufacturers are 
major emission sources. 

not responded to the survey and if any effort had been made to . 

contact builders that are not NMMA members. John McKnight 
responded he would provide the EPA with a list of respondents and 
NABM members that did not respond. He noted that non-NMMA 
builders are generally smaller custom builders that are probably 
not major emission sources. Dan Boyd added that one of the more 
popular boat building magazines published an editorial asking all 
builders to obtain and-complete a copy of the NMMA survey. 
Madeleine Strum and Roger Crawford suggested that the States 
could also compare the list of respondents to the permits they 
have on file for boat manufacturers. 

Madeleine Strum asked if the NMMA could determine who had 

[Due to a confidentiality agreement between the NMMA and the 
survey respondents, the NMMA cannot provide a list of survey 
respondents to the EPA. However, the TRI data summary in 
attachment 3 indicates those facilities from which a survey 
response is not expected because the facility is not an NABM 
member. Additional information on these facilities must be 
collected from the States or through an additional survey. Roger 
Crawford has also indicated that the TRI Sata summary based on 
1993 data presents an artificially low number of'major sources 

economic recession of the early 199O's.l 

. . 
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DeveloDinq Subcateqories 

subcategories when developing MACT standards and the issues 
associated with developing subcategories. 
industry survey data should help the EPA identify appropriate 
subcategories for this industry. One issue to be resolved by the 
Roundtable is whether P-MACT should be determined for all 
subcategories of boat manufacturers or whether the Roundtable 
should focus on only the larger subcategories of manufacturers. 

Leonard0 Ceron asked if it would be possible to share some 
of the information collected in the reinforced plastic parts 
NESHAP. mdeleine Strum responded that it would be better to 
keep some aspects of the two projects separate because the 
industries are different. However, some information could be 
shared, such as information on add-on controls, and pollution 
prevention (this information was provided to the Roundtable 
before the meeting), and the RTI/EPA styrene emissions testing 
grogram. It may also be possible to use the same format for the 
standard, but no format has been selectea f o r  ~iis iei-fSrcnd 
plastic parts P-MACTI 

Madeleine S t m  described the reasons for considering 

She said that the 

- 

. .  
- - - ~- 

-~ ~- - ~. ~- ~- - ---- 

Possible Formats for a Stvrene Emissions Standard 
Madeleine Strum described the possible options for the 

format of the standard. She noted that one option not included 
in the list in the briefing package is a numerical emission rate 
or concentration limit. She asked the State and Industry 
representatives to consider what is a practical format for a 
styrene emission standard and to provide feedback to the EPA. 

Hank Nauer pointed out that other standards, such as the 
chromium electroplating NESHAP, have adopted performance-based 
emission standards based on pollution prevention’ technologies. 
He and Madeleine Strum also described a format that assigns 
credits or points to different control options based on their 
emission reduction potential and sets a standard in terms of a 
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minimum number of credits or points a facility must "earn" by 
using one or more control options. 

control technology, a facility should be able to use a different 
control option as long as they can prove that they are achieving 
an equal level of control. 

may be feasible because styrene Aas a 3-hour half-life in the 
atmosphere. Madeleine Strum noted that the EPA must also reduce 
exposure to people located near the source and that the Act 
requires technology-based emission standards. She stated that a 
concentration-based standard could be used only as long as 
dilution was prevented. Mohan Balagopalan added that monitoring 
compliance with such a standard may be difficult. John McKnight 
pointed out that an ambient standard may be difficult in a 
situation, such as in Florida, in which several facilities may be 
located close to each other. 

Madeleine Strum pointed out that the half-life of styrene is 

Norm Kaplan stated that if a standard specifies a certain 

Dan Boyd stated that an ambient or concentration standard 

irrelemnt to the development of P-MACT for boat manufacturing 
because styrene is listed as a HAP and as a possible human 
carcinogen. Furthermore, the Act requires technology-based 
emission standards, rather than risk-based emission standards 
(see Attachment 2 ) .  However, several participants indicated they 
would be interested in reviewing Dan Boyd's information on the 
half-life of styrene. Madeleine Strum agreed to distribute it. 
(This will be done via the communication protocol.) 

Electronic Information Distribution 
Hank Nauer asked whether an electronic bulletin board 

similar to the MACT subject heading on the AIRS . bulletin board on 
the EPA's Technology Transfer Network (TTN) wohd-be useful for 
___-I----<-- --a A : - - - < k . . + ; " -  <"6--.. .-4-- -..,--- CL^ n \">Prn 
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Roundtable members. Roger Crawford asked how a bulletin board 
could be used while protecting the confidentiality and integrity 
of some information. V+deleine Strum noted that most of the 



information the EPA would like to exchange should not be 
considered confidential business infomtion (CBI), such as 
emissions data and Control device information. The EPA has 
published a Federal Recrister notice on what constitutes CBI that 
could be distributed to the group with the EPA's CBI procedures. 

N o r m  Kaplan recommended that the group could use electronic 
mail (email) instead of a bulletin board to exchange some 
information. The meeting participants agreed to provide their 
email addresses to the EPA if they had access to email. 
Madeleine Strum agreed to prepare a communication protocol for 
distributing i.nformation (see Attachment 6 ) .  She noted that some ' 

documents could not be sent by email because electronic originals 
are not available and this would be addressed in the protocol. 
Table 2 contains a list of meeting participants with email 
addresses. 

Madeleine Strum asked for volunteers to be leads for 
distributing information to other members of the group. John 
McKnight volunteered as the industry lead and representatives 
from Florida and Illinois volunteered to be the S L a C e  la2s-  

. 

-- __ - .  . ~ -  - - 
-~ ~- - -. 

Table 2. Meeting Participants With Email Addresses 

Mohan Bala 



- 
Participant Email 

Brian Palmer briangalmer@radian.com 

Nancy Pate pate.nancy@epamail.epa.gov 
Geddes Ramsey gramsey@engineer.aeerl.epa.gov 
Joette Steger joette steger@radian.com 

Madeleine Strum strum.madeleine@epamail.epa.gov 
Richard Tripp tripp.richard@epamail.epa.gov 
Christine Vineyard vineyard.christine@epamail.epa.goV 

Summaw of Next Stem 
Madeleine Strum summarized the steps the EPA wants to 

accomplish before the next meeting as described in the briefing 
package : 

0 The NMMA will provide the EPA with all available survey 
responses and an electronic copy of the database; the 
EPA will complete the survey data entry and analysis 
and provide the NMMA with a copy of the completed 
database. 

0 The NMMA will also provide EPA with a list of survey 
respondents. [This will not'be done1 

0 The EPA will investigate and resolve the problem with 
the TRI data summary. 

The EPA will provide a brief history of how the AP-42 
emission factors were developed. 

0 

0 The EPA will assign case studies to the meeting 
participants and provide them with guidance on 
collecting information and an example of a case study. 

0 The meeting participants will complete the case studies 
before the next meeting, tentatively-.s.cheduled for the 
end of January. 

0 The industry representatives will provide the EPA with 
more information on potential HAP emission sources in 
the boat manufacturing industry, such as detailing and 
aluminum boat painting. 

14 
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0 All meeting participants will consider which emission 
sources should be covered in this P-MACT process and 
will provide comments to the EPA prior to the next 
meecing . 

information on the results of the Washington State 
pollution prevention planning program. 

The States will keep tpe meeting participants informed 
on the availability of Title V operating permit data. 

Roundtable members will provide comments to the EPA on 
possible formats for a styrene emission standard. 

0 Bob Burmark will provide the Roundtable with 

. 
0 



ATTACHMENT 1 

Briefing Package for First Boat Manufacturing P-MACT Meeting 

October 31, 1995 

1:30 pm EST Teleconference 

(Revised November 14, 1995) . 
I. Introductions 

EPA, including Regional Offices and contractors 

State/Local Agency representatives 

NMMA and other industry representatives 

11. Meeting Purposes 

Describe the requirements of the Clean Air Act (the 
Act) and the presumptive MACT (P-MACT) process. 

Summarize the information that we have available; 
identify additional information that is needed; and 
develop action items for collecting the additional 
information. 

Discuss issues related to the format of the standard. 

Agree on what we should accomplish before the next 
meeting. 

16 



111. CAA Requirements: Section 112, Hazardous Air Pollutants 

Major source: a potential to emit . . . 
10 tons per year or more of any single HAP; or 

Section 112 lists the HAP subject to regulation. 

Boat manufacturing is a HAp'emission source category 
scheduled for regulation by 2000. 

Standards for new sources: no less stringent than the 
,mission control achieved in practice by the best controlled 
similar source. 

Standards for existing sources: no less stringent than the 
average emission limitation achieved by the best performing 
12 percent of the existing sources for which the 
Administrator can reasonably obtain emissions information 
(the "floor") - 
Implementing 112: EPA's Presumptive-Mact Partnership Program 

1. What is the P-MACT determination? 

25 tons per year or more of any combination of H A P .  

It is a judgement of iGCT baa& cc infnnnation that can 
- -be-obtained in a- short time frame. - 

~ 
- - - ~  

It is not a rule; rather, it provides a basis for the 
development of a proposed and final MACT rule. 

2. What is the primary goal of the P-MAC" process? 

Accelerate the development of national emission 
standards . 

Identify important issues early and focus analysis on 
these issues. 

Primary target: 
Director on 
May 1, 1996. 

P-MACT recommendation to the ESD 

.. .-. ---. ~. 
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IV. Source Category Profile 

. . potential HAP sources: 
Common processes at a boat manufacturing facility that are 

0 Mold construction (tooling) 

0 Mold cleaning and preparation 

Spraying gelcoat 

0 Laminating by spray up, hand lay up, or closed molding: - Applying resin to the laminate - Curing of the laminate 

0 Flotation foam spraying 

0 Wood finishing 

0 Gluing 

0 Solvent cleaning 

0 Painting fiberglass or aluminum 

Types of products from the boat manufacturing industry: 

0 motor yachts 

0 power boats 

0 sail boats 

0 personal watercraft 

0 miscellaneous s&ll boats 

Issues: 

0 Are a l l  of the relevant processes and products included . 

in the lists above? 

Is additional information availd$le from the industry 
or States on HAP emission sources-other than styrene 

0 

and possible control options? 1 

;Ly,zz pzi-cic.e2zL- pL-Geeccs G311 pL-G,-essss sLLLs.u;u” &e zL,e - - 
focus of this P-MACT determination? 



Geographic Distribution of Boat Manufacturing Facilities 

~ 

TRI TRI Presumed 
NABM Eulp Major Major a 

State Members Sources Sources Sources 

FL 
CA 
IN 
MI 

w 
MN 

NC 

WA 

WI 

NJ 

MD 

89 

24 

22 

18 

16 

1 5  

13 

13 

13 

11 

11 

32 

9 

9 

6 

14 

6 

8 

10 

5 

2 

3 

. 18 

2 

7 

4 

9 

3 

5 

2 

I 
1 

3 

25 

5 

7 

6 

10 

5 

6 

3 

3 

1 

3 

A l l  other 92 33 21 25 
States 
TOTAL 3 5 8  158 8 8  111 

\ 

a Total HAP emissions for presumed major source status 
were estimated using TRI HAP emissions as reported 
except for styrene, which was doubled based on EPA/RTI 
emission test results. 

'..- 1.. 
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V. Emissions Profile 

1. Toxic Release Inventory (TRI) Data 
a, b TRI Data Sunrmary for A l l  Boat Manufacturers. 

miss ions Percent of Number of 
Pollutant (ton/yrl Total HAP Manufacturers 

Styrene 3 ,448  90.0 144 
( 6 , 8 9 6 )  ( 9 4 . 7 )  

Toluene 

Xylene 

Methyl 
methacrylate 

153 

80 

4 . 0  
(2.1) 

2.1 
(1.1) 

27 0.7 
( 0 . 4 )  

16 

9 

6 

Methylene 5 0.1 22 
diphenyl (0.1) 
diisocyanate 

a Total emissions do not include l,l,l-trichloroethane (methyl 
chloroform) ; this compound will be phased-out in 1995. 

Emissions and percents are calculated from emissions as 
reported to TRI; numbers in parentheses are calculated after 
doubling the styrene emissions, based on EPA/RTI test 
results. 

. .. 

20 
-1.24e 
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a Distributi,on of Plants by Total Estimated HAP Emissions. 

HAP Emission Range (tpy) Number of Facilities 
0 - 10 47 

10 - 20 
20 - 30 
30 - 40 
40 - 50 
50 - 60 
60 - 70 
70 - 80 
80 - 90 

90 - 100 
100 - 200 
200 - 300 

> 300 

. 
24 

12 

10 

lo 

10 

7 

5 

7 

6 

16 

1 

2 

Total-HA-emi-ssions-based-on 3 I d a t a  after doubling styrene 
emissions. 

Issue: . Does TRI contain a l l  facilities that are major HAP 

a__- 
- _ _  - - -. - - -  

emission sources? 

2 .  RTI/EPA Gelcoat and Resin Emission Testing Program . Controlled tests in a spray booth to quantify styrene 
emissions from open molding. 

0 Emissions were 1.6 to 2.5 times-those predicted by 

0 These and other test data indicate that the Current 

AP-42 emission factor midpoints. '.., 
1. 

AP-42 emission factors under-estimate actual open- 
molding emissions. 

21 



I s sue :  

0 C a n  S ta tes  or indus t ry  provide additional emission 
information (e .g . ,  t e s t  r e s u l t s )  from this or  related 
indus tr ies  t o  develop improved emission fac tors?  

VI. Emission Control Profile . 
I. Pollution prevention measures demonstrated for this 

industry : 

0 Resin rollers and flow coaters, 
0 Resin impregnator, 
0 Resin infusion molding process (e.g., SCRIMP), 
0 Resin transfer molding (RTM), 
0 Lower-styrene content resin, and 
0 Vapor-suppressed resin. 

2 .  Add-on controls demonstrated in the reinforced plastics 
industry: 

0 Polyad concentrator adsorption system, 
0 Activated carbon adsorption system, 
0 Biofiltration, and 
0 Thermal/catalytic oxidation. 



N e x t  S tep:  

0 Develop de ta i l ed  case -h i s tor i e s  o f  either add-on or 
p o l l u t i o n  prevent ion  measures tha t  have been attempted 
f o r  this or a re la t ed  indus t ry ,  bo th  success fu l  and 
unsuccess fu l .  

The  case -histories should: 

- Fully describe the s e t t i n g  and the emission source 
to which  the meas-ke was applied and the control  
measure itself. 

- Discuss  the ef fect iveness  o f  the measure f o r  
reducing styrene or other HAP emissions. 

- Discuss the pros and cons of the measure a s  i t  was 
applied t o  this or a re la t ed  indus try .  

VII. NMMA Industry Survey Preliminary Results 

Background: 

0 Sent to all members of the National Association of Boat 
Manufacturers (NABM, 358 members). 

Sixty responses analyzed by Lne iCG-'A. 0 

0 An additional 60 responses havebe= %ce-ived.- - 

Preliminary results compiled by NMMA: 

- -  
--- - - - 

- - -  - 

A l l  respondents use spray guns to apply gelcoat. 

Layup method for open molding: 

Hand layup: 
Spray layup: 
Pressure Rollers: 

79 percent 
86 percent 

3 percent 

U s e  both hand and spray layup: 

Other molding methods: 

65 percent 

... 
Resin transfer: 
Bag molding: 

._ 
4 peaeent 
12 percent 

9 5  percent of plants report that respirators are 
needed. 

No plants have performed HAP emissions testing. 

L3 



0 Emission reduction measures: 

- Low styrene resin: 
- Vapor-suppressed resin: 
- AAA spray guns: 
- HVLP spray guns: 
- Pressure-fed rollers 
- F l o w  coaters 

- Add-on controls . 

7 6  percent 
10 percent 
61 percent 
19 percent 
6 percent 
10 percent 

0 percent 

N e x t  Steps: 

0 Collect any outstanding responses. 

0 Finish data entry and analysis. 

0 Obtain a l i s t  of f a c i l i t i e s  t h a t  responded to  the 
survey and determine which  segment of  the industry i s  
represented or not by the survey respondents. 

Issue : 

0 I s  more information needed on the f a c i l i t i e s  that d i d  
not respond to  the iVNX4 survey? 

VIII. Developing Subcategories 

Reasons for establishing separate subcategories: 

0 Differences in the types of HAP emitted. 

0 Differences in applicability and effectiveness of 

0 Differences in economic impacts of control options. 

These differences must be associated with a distinct aod 
clearly definable segment of the industry. 

Issues I 

0 What are appropriate sub-categories for the boat 

0 Which subcategories should be the f o c a s  of this  P-MACT 

control options. 

'. . 
'= manufacturing industry? 

determination? 
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Ix. Possible Formats for a Styrene Emissions Standard 
. 
A. 

2 .  

3 .  

4 .  

5. 

6 .  

7 .  

8 .  

Emission factor limit, e-g., kg styrene/kg of resin 
applied. 

Emission limit based on unit area, e.g., kg styrene per 
square meter of surface. 

Weight percent limit on styrene content in resin. 

Control technology requirement, e.g., capture and at 
least 95-percent destruction. 

Process technology requirement, e.g., all resin curing 
must be in a closed system. 

Point system, e.g., assign points for different control 
techniques and write standard in terms of a minimum 
number of points - 
Work practice or operational standard. 

A combination of the above. 

. 

N e x t  S t e p s :  

e Indus t ry  shouid pruv ide  fesezck CII i ! D p l e m e n t i n _ s  and 
---- - -complying-wi-t& _standards i n  each format.  

- -- - - -. - - - - _ -  - _  

e EPA Regional and Sta t e / l o c a l  r epresen ta t i ves  should 
provide feedback on implementing and en forc ing  
standards i n  each f o rmat .  

I d e n t i f y  the p r o s  and  cons o f  each format.  

I den t i f y  the in format ion/data  needs f o r  developing a 
standard i n  each format .  

e 

e 

U . 2 4 .  

'-. '. . 
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X. Summary of Next Steps for the Roundtable 

General : 

0 Complete data collection and distribution prior to next 
meeting (early January, 1996). 

Determine if there are any data gaps and develop a plan 
for collecting that additional information. 

Conduct preliminary d C T  analyses of the data that have 
been collected. 

0 

0 

EPA/ESD: . 

0 Complete the survey data entry and analysis; begin 
developing subcategories from the survey data and other 
information collected. 

including instructions for the Roundtable on developing 
P-MACT options. 

0 Develop briefing materials for next P-MACT meeting, 

EPA/Regional, State/Local, and Industry Representatives: 

0 Provide additional emissions data, if available, that 
can be used to improve HAP emission estimates from the 
TRI database. 

0 Collect case-histories of pollution prevention measures 
currently in use, including closed molding options and 
alternatives to resin spraying. 

for the standard. 
0 Provide comments to the EPA on different format options 

Industry Representatives: 

0 Provide inforznation c?n ISAD edssien socrces other t b ?  
styrene and possible control options for those sources. 

0 Provide the EPA with a list of respondents to the NMMA 
survey. 

L. 
L- 

. .  
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Attachment 2 

Clean Air Act Section 112, Hazardous Air Pollutants 

(d) Emission standards 

( 2 )  Standards and methods 

applicable to new or existing sources of hazardous air pollutants 
shall require the maximum degree,of reduction in emissions of the 
hazardous air pollutants subject to tliis section (including a 
prohibition on such emissions, where achievable) that the 
Administrator, taking into consideration the cost of achieving 
such emission reduction, and any non-air quality health and 
environmental impacts and energy requirements, determines is 
achievable for new or existing sources in the category or 
subcategory to which such emission standard applies, through 
application of measures, processes, methods, systems or 
techniques including, but not limited to, measures which-- 

pollutants through process changes, substitution of materials o r  
other modifications. 

from a process, stack, storage or fugitive emissions point, 

si;aridards !ir?cl?rdFno requirements for operator training or 
certification) as provided in subsection (hj of this sectioz, c r  

None of the measures described in subparagraphs (A)  through-(D)-- - - -- - 
shall, consistent with the provisions of section 7414(c) of this 
title, in any way compromise any United States patent or United 
States trademark right, or any confidential business information, 
or any trade secret or any other intellectual property right. 
( 3 )  New and existing sources 

The maximum degree of reduction in emissions that is deemed 
achievable for new sources in a category or subcategory shall not 
be less stringent than the emission control that is achieved in 
practice by the best controlled similar source, as determined by 
the Administrator.. Emission standards promulgated under this 
subsection for existing sources in a category or subcategory may 
be less stringent than standards for new sources in the same 
cateaory or subcategory but shall not be less stringent, and may 

* * e * *  

Emissions standards promulgated under this subsection and 

(A) reduce the volume of, or eliminate emissions of, such 

( E )  enclose systems or processes to eliminate emissions, 
(c)  collect, capture or treat such pollutants when released 

(D) are design, equipment, work practice, or operational 

(E)-~ --a-re-a-~comb i-nacion of .t he.-above.. -. - -- - 

be more stringent than-- .... 
(A) the average emission limitation achieved by the best 

performing 12 percent of the existing sources ( f a r  which the 
Administrator has emissions information), excluding those sources 
that have, within 18 months before the emission standard is 
proposed or within 30 months before such standard is promulgated, 
whichever is later, first achieved a level of emission rate or 
emission reduction which complies, or would comply if the source 
is not subject to such standard, with the lowest achievable 

r.>.,(ls 2 7  



emission rate (as defined by section 7501 of this title) 
applicable to the source category and prevailing at the time, in 
the category or subcategory for categories and subcategories with 
30 or more sources, or 

the average emission limitation achieved by the best 
performing 5 sources (for which the Administrator has or could 
reasonably obtain emissions information) in the category or 
subcateqory for categories or subcategories with fewer than 

(B) 

- -  
30 sources. . 

28 
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ATTACHMENT 3 
._ 

SUMMARY OF TOXIC RELEASE INVENTORY (TRI) HFLZARDOUS AIR POLLUTANT 
(HAP) EFiISSIGNS EATA 

There are 158 boat manufacturers in the TRI data base that 
reported HAP emissions in 1993. Tables 1 and 2 summarize these 
HAP emissions data, but do not include reported emissions of 
acetone or l,l,l-trichloroethane (methyl chloroform). Although 
acetone was reported in the TRI data, it is not listed as a HAP; 
1,i.i-trichloroethane will not be used after 1995 because it is 
an ozone depleting chemical. 

Table 1 is a summary of styrene emissions as reported in the 
TRI database. There are 144 boat manufacturers that reported 
styrene emissions; of these 144 manufacturers, 84 reported 
styrene emissions greater than 20,000 pounds (10 tons) and would .. ., 

be considered major sources based on reported styrene emissions. 
Table 2 is a summary of total HAP emissions, including 

styrene and other HAP'S reported in the TRI database. 
in this table, the major source status of a facility was 
determine (presumed) after increasing the reported styrene 
emissions by a factor of 2.0 (i.e., doubling the reported styrene 
emissions). This was done to account for the fact that the q - 4 2  
emission factors, f rom which most manufacturers estimate styrene 
emissions, may under-predict actual emissions. According to the 

emission tests conducted since 1991, actual emissions are 1.6 to 
2.5 the AP-42 emission factor u i i c i p i i i : ~  fcr Open moldinq. 
Therefore-, ~a- correction-factor of 2.0 was used to estimate 

emissions. 

emissions. Of these, 111 are major HAP emission sources based on 
estimated total H A P  emissions. Of the 111 major HAP sources, 4 
are major sources on the basis of H A P  emissions other than 
styrene, in particular toluene and xylene, and have no styrene 
emissions. From the company names, these 4 sources appear to be 
aluminum boat manufacturers and the xylene and toluene emissions 
are probably associated with painting operations. 

However, 

i 
results of the RTI/EPA cooperative testing program and other - . 

styrene emissions for the purpos<s Of Fstimating tocal- F a  ~ - .~ - 

There are 158 manufacturers that have reported HAP 
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Table 1. SUMMARY OF 1993 STYRENE EMISSIONS A S  REPORTED TO THE 
TOXIC RELEASE INVENTORY. 

Major source status is determined from as-reported styrene 
emissions alone, and does not include other HAP. 

Styrene 
Emissions Major 

Company Name CiW ST Ilbs) Source? 

DYNASTY BOATS INC. 

CHAMPION BOATS INC. 

RANGER BOATS WOOD MFG. CO. INC. 

BASS CAT BOATS 

KENNER MFG. CO. INC. 

STEELE PLASTICS INC. . ' 

PRECISION BOATING INC. 

SEA RAY BOATS INC. 

CATALINA YACHTS INC. 

MACGREGOR YACHT CORP. MACGREGOR 65 

FINELINE IND. INC. 

MALIBU BOATS M S T  INC. 

PACIFIC SEACRAFT CORP. 

WILLARD MARINE INC. 

HOBIE CAT CO. 

PERFORMANCE CATAMARANS INC. 

SURVIVAL SYS. INTL INC. 

WELLCRAFT MARINE PLANT 6 

BOSTON WHALER INC. 

REGAL MARINE 1ND. INC. 

WELLCRAFT MARINE PLANT 2 

PRO-LINE BOATS INC. 

OMC CHRIS CRAFT INC. 

LUHRS CORP. 

HUNTER MARINE CORP. 

U.S. MARINEBAYLINER 

FABBRO MARINE GROUP 

SEA RAY BOATS INC. 

SEA RAY BOATS INC. 

CORRECT CRAFT INC. 

CENTURY BOATS CENTURY 

ANGLER BOAT CORP. 

52 YACHTS PURSUIT DIV. 

CIGARETTE RACING TEAM INC. 

VINE M 0 NT 

MOUNTAIN HOME 

RlPPlN 

MOUNTAIN HOME 

KNOXVILLE 

CONWAY 

MOUNTAIN HOME 

PHOENIX 

WOODLAND HILLS 

COSTA MESA 

MERCED 

MERCED 

FULLERTON 

ANAHEIM 

OCEANSIDE 

SANTA ANA 

VALLEY CENTER 

SARASOTA 

EDGEWATER 

ORLANDO 

AVON PARK 

HOMOSASSA 

SARASOTA 

SAINT AUGUSTINE 

ALACi i i jA  

TALLAHASSEE 

MILTON 

PALM COAST 

MERRITT ISLAND 

ORLANDO 

PANAMA CITY 

MiAivii 

FT. PIERCE 

AL 

AR 

AR 

AR 

AR 

AR 

AR 

A 2  

CA 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

. FL 

FL 

FL 

FL 

FL 

FL 

n 
FL 

FL 

FL 
FL 

23.020 

54.71 1 

40,809 

30,200 

22.056 

2.652 

1.100 

130,000 . 

87.884 

50,824 

19,466 

19,041 

15.3w 

10.300 

5.128 

4.580 

4.500 

136.723 

104.000 

96,848 

95,791 

89,128 

76.642 

75,109 

7 4 . 5 4  

68.410 

64,500 

53.000 

52.000 

YES 

Yes 

YbS 

Yes 

Yes 

Y8S 

Y8S 

Ye. 

Ye. 

Ye. 

YES 

Y a  

YSS 

Yes 

Yes 

Y r  

Ye0 

Yes 

Yes 

Yes 

- 
FL 30.800 Yes 

ii 3O.COO Yes 

FL 29.100 Y.5 

NORTH MIAMI BEACH FL 23,688 Yes 



~~~~ ~ ~~ ~~ 

Styrene 
Emissions Major 

Company Name City ST (Ibs) Source? 

BUCKFIN YACHT CORP. 

OONZl YACHTS BY ROSCIOU 

DUSKY MARINE INC. 

MAGNUM MARINE COW. PLANT 2 

SEA RAY BOATS INC. 

BERTRAM YACHT INC. BERTRAM YACHT DIV. 

SEA RAY BOATS INC. PRODUCT DEVELOPMENT 

OONU MARINE 

AMERICAN INDUSTRIES INC. 

STAMAS YACHT INC. . . 

REX-MMER YACHTS 

MOHAWK MFG. CD. 

MOLDED FIBERGLASS IND. 

ARJAY IND. INC. 

U.S. MARtNE/BAYUNER 

CARAVELLE BOAT CO. INC. 

CROWNLINE BOATS INC. 

MARIAH BOATS INC. 

CELEBRITY BOATS INC. 

SEA SPRITE INC. 

ENVISION BOATS INC: 

STARCRAFT POWER BOAT CORP. 

OMC CHRIS-CRAFT. 

THUNDERBIRD PROOS. 

GODFREY CONVEYOR CO. INC. DBA GOOFREY 

RINKER BOAT CO. INC. 

GOSHEN SASH BOOOR SMOKER CRAFT OW. 

HARRIS KAYOT INC. 

FIBERGLASS ENG. INC. COBALT. BOATS 

PRESTIGE INC. 

FIBERGLASS ENG. PROOS. INC. COBALT BOATS 

HOLIDAY MANSION 

ARMADA MFG. CO. INC. 

VIVIAN INO. INC. 

MASTERCRAFTERS CORP. 

SOSTON W A L E R  INC. 

U.S. MARlNEiBAYUNER 

U S .  MARINE/BAYLINER 

U S .  MARINE/BAYLINER 

FORT LAUDERDALE 

BRADENTON 

OANlA 

NORTH MIAMI 

MERRllT ISLAND 

MIAMI 

MERRllT ISLANO 

SARASOTA 

HOLLYWOOD 

TARPON SPRINGS 

SANFORD 

LONGWOOD 

ORLANDO 

LARGO 

VALDOSTA 

AMERICUS 

WEST FRANKFORT 

BENTON 

BENTON 

CRESCENT CITY 

MONMOUTH 

TOPEKA 

GOSHEN 

OECATUR 

ELKHART 

SYRACUSE 

NEW PARIS 

FORT WAYNE 

NEODESHA 

NEODESHA 

NEODESHA 

SALINA 

RAVENNA 

VIVIAN 

WNNSBORO 

ROCKLAND 

CUMBERIANO 

CUMBERLAND 

SALISBURY 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 
GA 

GA 

IL 

IL 

IL 

IL 

IL 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

KS 

KS 
KS 

KS 

KY 

\-- 
‘LA. 

LA 

MA 

MD 

MO 

MD 

20,544 

17.000 

16.183 

14.588 

14.000 

11.100 

11.000 

8.320 

7.700 

7.592 

7.270 

5,400 

6.325 

2.761 

68,410 

20,330 

359.987 

86,000 

79,325 

33,334 

2.330 

69,550 

55.323 

46.882 

40,400 

34,032 

18.800 

9.086 

19,525 

6,370 

6.370 

5,371 

23,250 

90,000 

71.623 

33,260 

98.998 

86.350 

44.926 

Ye. 

Yes 

Yss 

Yss 

YQS 

Yea ’ 
Ye. 

~- - 
YQS 

Yes 

Ye. 

Ye6 

YES 

Yes 

Yes 

Ye6 

Yes 

Yes 

Yes 

Yes 



~~ 

Sryrene 
Emissions Major 

Company Name City S i  (Ibs) Source? 

NORTH EN0 MARINE & FIBERGLASS ENGINEERING 

FLYE POINT MARINE INC. 

HINCKLEY CO. 

OMC FOUR WlNNS SPORT DIV. SPORT DIV. 

OMC FOUR WlNNS CRUISER DIV. 

52 YACHTS INC. 

THOMPSON BOAT CO. W S  4 o@A 
OMC FOUR WlNNS ENGINEERING OW. 

POWERQUEST BOATS INC. 

LARSON BOATS OIV. OF GENMAR 

U.S. MARINE~BAYLINER 

BLUEWATER MARINE INC. AMERICA 

GRADY-WHITE BOATS INC. 

HATERAS YACHTS INC. 

FOUNTAIN POWERBOATS INC. 

PARKER MARINE E M S .  INC. 

HATERAS YACHTS INC. 

TRI-STATE CUSTOM FIBERGLASS INC. 

LANNESS K. MCKEE B CO. INC. 

REGULATOR MARINE INC. 

SILVERTON MARINE CORP. 

POST MARINE CO. INC. 

BAJA BOATS INC. 

lMPERlAL BOAT CO. 

BAYLINER MARINE CORP. 

BAYLINER MARINE CORP. 

SEASWRL BOATS INC. SEASWRL BOATS 

U.S. MARlNElBAYUNER 

BLUE WATER BOATS INC. 

KAL KUSTOM ENTS. 

MARLIN KK BOAT ENTERPRISE 

TPI INC. 

SUNBIRD BOAT CO. 

RENKEN BOAT MFG. CO. INC. 

KEY WEST BOATS INC. 

BENETEAU 

STINGRAY BOAT CO. 

SEA.?RO BOATS INC. 

SEA RAY BOATS INC. 

ROCKLAND 

BROOKLIN 

SOUTHWEST 

CADILLAC 

CADlLLAC 

HOLLAND 

SAINT CHARLES 

CAOILLAC 

HOLLAND 

LlTfLE FALLS 

PIPESTONE 

MORA 

GREENVILLE 

NEW BERN 

WASHINGTON 

BEAUFORT 

HIGH POINT 

BAILEY 

FAIRMONT 

EOENTON 

MILLVILLE 

MAYS LANOING 

BUCYRUS 

STOW 

MIAMI 

MIAMI 

CULVER 

ROSEBURG 

S P i i i N G R i i  

SALEM 

WHITE CITY 

WARREN 

COLUMBIA 

CHARLESTON 

RIOGEVILLE 
... ̂  .^.. 
,"lY",",Y 

HARTSVILLE 

CHAPIN 

VONORE 

ME 

ME 

ME 

MI 

MI 

MI 

MI 

MI 

MI 
MN 

MN 

MN 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NJ 

NJ 

OH 

OH 

OK 

OK 

OR 

OR 

OF! 

OR 

OR 

RI 

\ SC 

3.700 

3,465 

2.717 

290.801 

144,191 

53,000 

48.627 

12.892 

11.000 

155,983 

126,922 

13,904 

90,581 

46.000 

42872 

27.018 

2 6 . W  

13,000 

6.599 

6.500 

125.268 

2.900 

193.376 

7,651 

78.710 

56,579 

91,522 

51,592 

5 3 , 3 M  

30,831 

14,113 

41.457 

96,968 

&\ 68,100 

sc 42.681 

SC __._ ? E  247 .- 
sc 34.111 

SC 29,684 

TN 210,000 

Ye. 

Ye. 

Yes 

Ye. 

Y a  

Y a  

Yes 

YSS 

YeS 

YW 

YSS 

Yes 

YSS 

Ye. 

YSS 

Y.6 

Yes 

Y e s  

YSS 

Y e s  

YSS 

YSS 



. 
Styrene 

Emissions Major 
Company Name City ST IIbs) Source? 

MARINE GROUP INC. 

OMC FISHING BOAT GROUP INC. 

SEA RAY BOATS INC. 

MASTERCRAFT BOAT CO. 

SEA RAY BOATS INC. RIVERVIEW 

U.S. MARINE/BAYLINER 

EBBTIDE CORP. 

VISION BOATS INC. 

BCA FIBERGLASS FABRICATION PUNT 

MAUBU BOATS WEST INC. 

MIDDLE TENNESSEE FIBERGLASS INC. 

FIBERGLASS WORKS INC. 

SKEETER PRODS. INC. 

WAHOO1 BOATS UNLIMITED 

U.S. MARlNElBAYUNER 

US. MARINE/BAYUNER 

MIRAGE HOLDINGS INC. 

CHRISTENSEN MOTOR YACHT CORP. 

WRIGHT BROS. INC. 

ARIMA MARINE 

OLYMPIC BOAT CO. 

REIFF MFG. INC. 

C.DORY INC. 

TOLLYCRAFT YACHTS CORP. 

CARVER BOAT CORP. 

KCS INTL. INC. PLANT 1 

KCS INTL INC. PLANT 2 

LAKELAND SPORTS CENTER INC. 

MURFREESBORO 

OLD HICKORY 

KNOXVILLE 

MARWILLE 

K\OXVlUE 

DANDRIDGE 

WHITE BLUFF 

OLD HICKORY 

GALLATIN 

LOUDON 

TULIAHOMA 

DICKSON 

KILGORE 

ASHLAND 

SPOKANE 

ARLINGTON 

ARLINGTON 

VANCOUVER 

BELUNGHAM 

AUBURN 

MONROE 

WALLA WALLA 

KENT 

KELSO 

PULASKI 

OCONTO 

OCONTO 

GREENBUSH 

TN 123.947 

TN 117,081 

TN 110.000 

TN 103.804 

TN 55,000 

TN 40,092 

TN 28.793 

TN 15,093 

TN 8.241 

TN 6.546 

TN 5.503 

TN 1.276 

TX 59,800 

VA 15.790 

W A  1 1  5.728 

W A  75.010 

W A  14,832 

W A  9.61 1 

WA 7.285 

W A  5.162 

W A  5,054 

W A  4,613 

W A  3,201 

W A  3,120 

WI 143.771 

WI 18,597 

WI 10,376 

WI 6,888 

Yes 

Ye. 

Yes 

Y*.l 

Ye. 

Ye. 

YSS 

Yes 

Y*S 

Yes 

Yes 

NORTHPORT INC. G I U m  WI 2.491 

3 3  



Table 2. TOTAL HAP EMISSIONS ESTIMATED FROM THE TRI DATABASE. 
Major source s t a t u s  is based on a doubling of the reported 

styrene emissions in the TRI database. 
~ ~~ 

Total 
reported 
HAP Presumed Other 

emission major Data 
Company name City ST s (Ibs.) source? Neededa 

. OYNASW BOATS INC. VINEMONT A L  23,020 YES 

CHAMPION BOATS INC. MOUNTAIN HOME AR 95,403 Yes 

RANGER BOATS WOO0 MFG. CO. INC. N P P l N  AR 40,810 YES 

BASS CAT BOATS MOUNTAIN HOME AR 30.200 Yaa 

ALUMACRAFT BOAT CO. ARKAOELPHIA AR 29.000 YO6 

KENNER MFG. CO. INC. KNOXVILLE AR 22.056 Yes . 
SEAARK MARINE INC. MOKTICEUO AR 5.150 

STEELE PLASTICS INC. CONWAY AR 2.652 

PRECISION BOATING INC. MOUNTAIN HOME AR 1,100 * 

SEA RAY BOATS INC. 

MACGREGOR YACHT CORP. 
MACGREGOR 65 CORP. 

WlLLARD MARINE INC. 

FINELINE INO. INC. 

MALIBU BOATS WEST MC. 

PACIFIC SEACRAFT C O W  

HOBlE CAT CO. 

PERFORMANCE CATAMARANS INC. 

SURVIVALSYS. INTL. INC. 

PHOENIX 

COSTA MESA 

ANAHEIM 

MERCEO 

MERCED 

FUUERTON 

OCEANSIDE 

SANTA ANA 

V A L L M  CENTER 

A 2  

CA 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

130.005 

50.824 

22,514 

19.466 

19,041 

15,300 

5.128 

4.580 

4,500 

YSS 

Yes . 
Yes . 
Yea . 
YSS 

YS. * 

. . 
MLLCRAFT MARINE PLANT 6 SARASOTA FL 136,968 YO8 

Y.5LLCRAFT MAF!!NE ?-ANT 2 AVON PARK FL 109,ooo Yas 

BOSTON WHALER INC. 

LUHRS CORP. 

EDGEWATER FL 104,000 Yss 

SAINT AUGUSTINE FL 100,462 Y.YS 

REGAL MARINE IND. INC. ORLANDO FL 96,848 Y.8 

HUNTER ,MARINE CORP. ALACHUA FL 1 . 3 1 . 6 9 0  Yes 

YES 
\ 

PRO-LINE BOATS INC. HOMOSASSA FL 89.128-- 

OMC C X i S  C R A r 7  1::s. SAR.&SQ?.A. FL 76.642 Yes 

US. MARINE/EAYLINER TALLAHASSEE FL 68.41 1 YSS 

FABBRO MARINE GROUP MILTON FL 64.500 Yes 

SEA R A Y  aOATS INC. PALM COAST FL 53.000 Yes 



Total - 
reponed 

HAP Presumed Other 
emission major Data 

Company name City ST s (Ibs.) source? Neededa 

SEA RAY BOATS INC. 

CORRECT CRAFT INC. 

CATAUNA YACHTS MORGAN DN. 

CENNRY BOATS CENTURY 

ANGLER BOAT CORP. 

52 YACHTS PURSUIT DIV. 

C l G A R m E  RACING TEAM INC. 

BERTRAM YACHT INC. BERTRAM YACHT 
ow. 

BLACKFIN YACHT CORP. 

OONZI YACHTS BY ROSCIOU 
INTL.INTERNATI0NAL 

DUSKY MARINE INC. 

MAGNUM MARINE CORP. PLANT 2 

SEA RAY BOATS INC. 

SEA RAY BOATS INC. PRODUCT 
DEVELOPMENT 

DONZI MARINE 

AMERICAN INDUSTRIES INC. 

STAMAS YACHT INC. 

REX-MMER YACHTS 

MOLOEO FIBERGLASS INO. 

BOSTON WHALER INC. 

MOHAWK MFG. CO. 

AWAY INO. INC. 

US. MARINE/BAYLINER 

CARAVELLE BOAT CO. INC 

CROWNLINE BOATS INC 

MARIAH BOATS INC 

CELEJRITY BOATS INC. 

SEA SPRITE INC. 

ENVlSiON BOATS INC. 

MERRllT ISLAND 

ORLANOO 

LARGO 

PANAMA CITY 

MIAMI 

FT. PIERCE 

NORTH MIAMI 
BEACH 

MIAMI 

FORTLAUOERDALE 

BRAOENTON 

OANlA 

NORTH MIAMI 

M E R R m  ISLAND 

MERRIlT ISLAND 
~ ~ 

SARASOTA 

HOLLYWOOD 

TARPON SPRINGS 

SANFORD 

ORLANOO 

EOGNVATER 

LONGWOOO 

LARGO 

VALOOSTA 

AMERICUS 

WEST FRANKFORT 

BENTON 

BENTON 

CRESCENT CITY 

MONMOUTH 

TOPEKA 

FL 

FL 

FL 

R 

R 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

R 

R 

FL 

FL 

R 

R 

GA 

GA 

IL 

IL 

IL 

IL 

IL 

IN 

52.000 Yes 

36.295 Yes 

31,671 Ye. 

30,800 YES 

30,000 Ye. 

29.100 Yea 

23.688 Yes 

22.284 YSS 

20.544 Yes 

17.000 YSS 

16.183 Yes 

14,588 Yes 

14,000 YSS 

1 1,000 YSS 

8,320 

7.700 

7.592 

7.270 

6,325 

6,100 

5.400 

2,761 

68,410 Yes 

20,330 YSS 

"359.987 Yes 

86.000 1 YCS 

79.325 YSS 

33.334 YSS 

2.330 

STARCRAFT POWER BOAT CORP. 157.414 Yes 

35 
-4.24s 



-~ 

Total 
reported 

HAP Presumed Other 
emission major Data 

Company name City ST s (Ibs.) source? Neededa 

GOSHEN SASH & DOOR SMOKER CRAFF 
DIV. 

OMC CHRIS-CRAFT . 
GODFREY CONVEYOR CO. INC. D m  
GODFREY MARINE 

THUNDERBIRD PRODS. 

RINKER BOAT CO. INC. 

OMC ALUMINUM BOAT GROUP 
SYRACUSE DIV. 

BLUE FIN IND. INC. 

HARRIS KAYOT INC. 

FIBERGLASS ENG. INC. COBALT BOATS 

FIBERGLASS ENG. PRODS. INC. COBALT 
BOATS 

PRESTIGE INC. 

HOLIDAY MANSION 

ARMADA MFG. CO. INC. 

MASTERCRAFERS CORP. 

VIVIAN IND. INC. 

BOSTON WHALER INC. 

U.S. MARlNElBAYUNER 

U.S. MARINEBAYLINER 

U.S. MARlNElBAYUNER 

SABRE CORP. 

NORTH END MARINE h FIBERGLASS 
ENGINEERING INC. 

FLYE POINT MARINE INC. 

HINCKLEY CO. 

OMC FOUR WNNS SPORT DIV. SPORT 
DIV. 

OMC FOUR WNNS CRUISER DIV. 

52 YACHTS INC. 

THOMPSON BOAT CO. W S  4 DBA 

NNV PARIS 

GOSHEN 

ELKHART , 

DECATUR 

SYRACUSE 

SYRACUSE 

NAPPANEE 

FORT WAYNE 

NEODESHA 

NEODESHA 

NEODESHA 

SAUNA 

RAVENNA 

WlNNSBORO 

VIVIAN 

ROCKLAND 

CUMBERLAND 

CUMBERLAND 

SALISBURY 

RAYMOND 

ROCKLAND 

BROOKLIN 

SOUTHWEST 
HARBOR 

CAOILLAC 

CADILLAC 

HOLLAND 

SAINT CHARLES 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

KS 

KS 

KS 

KS 

KY 

LA 

LA 

MA 

MD 

MD 

MD 

ME 

ME 

ME 

ME 

88,000 

55,323 

51.500 

46,882 

34,032 

33,221 

17.538 

9,086 

19.525 

6.370 

6.370 

5.371 

23.250 

105.421 

94,000 

35.519 

98,999 

86,351 

44,926 

7,650 

3,700 

3,465 

2.777 

MI '\.,301.601 

---.--.. 

MI 144.1 96 

MI 53,000 

MI 48.627 

YSS 

Yes 

Yes 

Yas 

Y-6 

YeS 

YES 

. 
Yae 

YES 

Yes 

Yas 

YES 

YeS 

Yes 

. 
* 

Yes 

YES 

Yes 

Yes 



Total 
reported - 

HAP Presumed Other 
emission major Data 

Company name CiW ST s (Ibs.) source7 Neededa 

POWEROUEST BOATS INC. 

LARSON BOATS DIV. OF GENMAR 

U S MARlNElBAYUNER 

LUND BOAT CO. 

ALUMACRAU BOAT CO. 

BLUEWATER MARINE INC. AMERICA 

CRESTUNER BOATS INC. 

OMC ALUMINUM BOAT GROUP 

TRACKER MARINE BOUVAR 

LANDAU MFG. CO 

GENERATION 111 

TRACKER MARINE CLINTON 

TRACKER MARINE LEBANON 

BRUNSWCK MARINE 

GRAOY-WHITE BOATS INC. 

HATERAS YACHTS INC. 

-FOUNTAIN POWERBOATS INC: ~ ~ 

PARKER MARINE ENTS. INC. 

HARERAS YACHTS INC. 

TRI-STATE CUSTOM FIBERGLASS INC. 

LANNESS K. MCKEE 8 CO. INC. 

REGULATOR MARINE INC. 

SILVERTON MARINE CORP. 

POST MARINE CO. INC. 

BAJA BOATS INC. 

IMPERIAL BOAT CO. 

BAYLINER MARINE CORP. 

BAYLINER MARINE CORP. 

SEASWRL BOATS INC. SEASWRL 
BOATS 

US.  MARINEIBAYLINER 

BLUE WATER BOATS INC. 

KAL KUSTOM ENTS. 

HOLLAND 

L l lTLE  FALLS 

PIPESTONE 

NEW YORK MILLS 

SAINT PETER 

MORA 

LITTLE FALLS 

LEBANON 

BOUVAR 

LEBANON 

LEBANON 

CLINTON 

LEBANON 

WEST POINT 

GREENVILLE 

NEW BERN 

~ WASHINGTON 

BEAUFORT 

HIGH POINT 

BAILEY 

FAIRMONT 

EDENTON 

MlUVlLLE 

MAYS LANDING 

BUCYRUS 

STOW 

MIAMI 

MIAMI 

CULVER 

ROSEBURG 

SPRINGFIELD 

SALEM 

MI 

MN 

MN 

MN 

MN 

MN 

MN 

MO 

MO 

MO 

MO 

MO 

MO 

Ms 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NJ 

NJ 

on 
OH 

OK 

OK 

OR 

OR 

OR 

OR 

1 1,000 

162,686 

126,924 

29.083 

20.118 

13.904 

13,306 

127.392 

11.867 

11,613 

10,346 

115 

7 

74.354 

90.581 

70.000 

53,672.-= ~ 

27,018 

26.000 

13.OW 

5,599 

6.500 

125,268 

2.900 

193,376 

7.651 

78.710 

'. 56,579 

91,522 
'._ 

51,592 

33.344 

30,831 

YSS 

YSS 

Ye. 

Yss 

Yes 

Yes 

Ye0 

YES 

YOa 

YO8 

Yea 

YSS 

Ye6 

YSS 

Yes 

37 



- -  
, ,' 

Total 
reponed 

HAP Presumed Other 
emission major Data 

Company name City ST s (Ibs.) source? Neededa 

MARLIN KK BOAT ENTERPRISE WHITE CITY OR 14,113 Ya, . 
TPI INC. WARREN RI 47.457 Ye0 . 
SUNBIRD BOAT CO. COLUMBIA , sc 96,973 Ye. 

RENKEN BOAT MFG. CO. INC. CHARLESTON sc 68,100 Y w  

KEY WEST BOATS INC. RIDGEVILLE sc 42,681 Yes . 
BENETEAU MARION sc 35.343 Y w  

STINGRAY BOAT CO. HARTSVILLE sc 34,777 Y w  

SEA-PRO BOATS INC. CHAPIN sc 29.684 Ye. 

SEA RAY BOATS INC. VONORE TN 2 10,005 Y- 

OMC FlSHlNG BOAT GROUP INC. A DIV. MURFREESBDRO TN 173,200 Yes 
OF OMC 

OMC FISHING BOAT GROUP INC. OLD HICKORY TN 127,181 Yes 

MARINE GROUP INC. MURFREESBORO TN 123,947 Yes 

MASTERCRAFT BOAT CO. MARWILLE TN 11 4.379 YSS 

SEA RAY BOATS INC. KNOXVILLE TN 110,000 YSS 

SEA RAY BOATS INC. RIVERVIEW KNOXVILLE TN 55.000 Yes 

U S .  MARINUBAYUNER DANQRIDGE TN 40,092 Yes 

EBBTIDE CORP. WHITE BLUFF TN ' 28.793 YSS 

VISION 80ATS INC. OLD HICKORY TN 15.093 Yes . 
BCA FlBERG,LASS FABRICATION PLANT 

MALIEU BOATS WEST INC. 

MIOOLE TENNESSEE FIBERGLASS INC. 

FIBERGLASS WORKS INC. 

SKEETER PRODS. INC. 

WAHOO! BOATS UNUMITED 

US. MARlNElSAYLlNER 

U.S. MARlNElsAYLlNER 

MIRAGE HOLDINGS INC. 

CHRISTENSEN MOTOR YACHT CORP. 

WRIGHT BROS. INC. 

ARIMA MARINE 

OLYMPIC BOAT CO. 

REIFF MFG. INC. 

GALLATlN 

LOUDON 

N L L A H O M A  

DICKSON 

KILGORE 

ASHLANO 

SPOKANE 

ARLINGTON 

ARLINGTON 

VANCOUVER 

EELLINGHAM 

AUBURN 

MONROE 

WALLA WALLA 

TN 

TN 

TN 

TN 

Tx 

VA 

W A  

W A  . 
WA 

W A  

W A  

WA 

W A  

WA 

. 

8.241 

6,546 

5,503 

1.276 

66.600 

15,790 

1 1  5,729 

75.010 -.. 
14;:"z_ 

9.61 1 

7.285 

5,162 

5,054 

4.613 

. 
YSS 

YSS 

YSS 

Yes 

Yea . 



Total - 
reported 

HAP Presumed Other 
emission major Data 

Company name City ST s IIbs.) source? Neededa 

C-DORY INC. KENT WA 3,201 . 
TOLLYCRAm YACHTS CORP. KELSO WA 3,120 

. 

CARVER BOAT CORP. PULASKI . WI 143,771 Ye. 

KCS INTL. INC. PLANT 1 OCONTO WI 18,597 Yes . 
KCS INTL. INC. PLANT 2 OCONTO WI 10.376 YS. 

LAKELAND SPORTS CENTER INC. GREENBUSH WI 6.888 . 
NORTHPORT INC. GI- WI 2.491 

a No I I U N ~ V  response is expected from facilities marked with LI 

h 
because they are not NABM members and were not sent 

SUNSY. Therefore, additional data from these facilities must be collected from the Stares or through an additional SUNSV.  

.....,-a. 39 



OFFICE OF 
AIR QUALITY PL4NNING 

AN0 STANDARDS 

Mr. Steve McNally 
Composite Fabricator's Association 
1735 North Lynn Street 
Suite 950 
Arlington, VA 22209-2022 

Dear Mr. McNally: 

Per our telecon of July 22, enclosed is a copy of our Office of Research and 
Development's (ORD) model for predicting styrene emissions from the manufacture of fiber- 
reinforced plastics, a one-page user's guide for the model, and the paper which has been prepared 
as documentation for the model. The paper has not yet been published, but it has been submitted 
to the Journal of the Air & Waste Management Association, and it has undergone ORD's internal 
peer review. I look forward to any comments you may want to provide on these materials as we 
develop our AP-42 section for these operations. 

Sincerely, 

Ronald 2d2/% B. Ryan 

Environmental Engineer 
Emission Factor and Inventory Group 

Enclosures 

cc: John McKnight, NMMA 



FRP MODEL / PROCESS = Resin sprayup 

38; Neat resin Styrene content 
0; 

Distance from spraj.'.gun to mold (in.) =( 15; 
Dry material off mo d / material sprayed ( % I  =( 6 ;  

- - 70; 
15; 

Thickness (mils) 
"Cup" gel time (min) 

4; Application rate Ilb/min) 
75; Air temperature ( " F )  

- - ( %  W/W) 
- Styrene suppressant? - 

- - 
i 

- - 
- - 

Air velocity over mold (ft/min) =( 100; 

mod. 
mod. 
mod. 
mod. 
mod. 
mod. 
mod. 
mod. 
mod. 

factor 
factor 
factor 
factor 
factor 
factor 
factor 
factor 
factor 

= 1.000 
= 1.000 
= 1.000 
= 1 .000  
= 1 .000  
= 1.000 
= 1 .000  
= 1 . 0 0 0  



FRP MODEL / PROCESS = Gel coating 

Neat resin styrene content ( %  W / W )  
Styrene suppressant? 
Distance from spray gun to mold (in.) 
Dry material off mold / material sprayed ( % I  
Thickness (mils) 
"Cup" gel time (min) 
Application rate (lb/min) 
Air temperature ( O F )  

Air velocity over mold (ft/min) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Baseline emission ( 8  AS) = 54.8 
Calculated emission ( 8  AS) = 54.8 
Overall modification factor = 1.00 

38; 
N/A 
15; 

6 ;  
20; 
15; 

2; 
75; 

100; 

mod. factor = 1.000 

mod. factor = 1.000 
mod. factor = 1.000 
mod. factor = 1.000 
mod. factor = 1.000 
mod. factor = 1.000 
mod. factor = 1.000 
mod. factor = 1.000 

6 / 1 0 / 9 8  3:19:25 PM 



FRP MODEL / PROCESS = Resin sprayup 

Neat resin styrene content ( 8  W/W) 
Styrene suppressant? 
Distance from spray gun to mold (in.) 
Dry material off mold / material sprayed ( % )  
Thickness (mils) 
"Cup" gel time (min) 
Application rate (lb/min) 
Air temperature ( O F )  

Air velocity over mold (ft/min) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ---------___-__--____-------------------- 
Baseline emission ( %  AS) = 18.9 
Calculated emission ( %  AS) = 18.9 
Overall modification factor = 1.00 --------_-__________--------------------- ___--__-__-_____________________________- 

6/10/98 3:19:34 PM 

38; 
0; 

15 ;  
6; 

70; 
15; 
4; 

75; 
100; 

mod. factor = 1.001 
mod. factor = 1.000 
mod. factor = 1.000 
mod. factor = 1.000 
mod. factor = 1.000 
mod. factor = 1.000 
mod. factor = 1.000 
mod. factor = 1.000 
mod. factor = 1 . 0 0 0  



FRP MODEL / PROCESS = Hand layup 

Neat resin styrene content ( %  W/W) 
Styrene suppressant? 
Distance from spray gun to mold (in.) 
Dry material off mold / material sprayed ( % )  
Thickness (mils) 
“Cup” gel time (min) 
Application rate (lb/min) 
Air temperature ( O F )  

Air velocity over mold (ft/min) 

_________________________________________ ----_______-____________________________- 
Baseline emission ( %  AS) = 12.3 
Calculated emission ( %  AS) = 12.3 
Overall modification factor = 1.00 
---_________________--------------------- ----________________--------------------- 

6/10/98 3:19:45 PM 

38; mod. factor = 1.000 
0; mod. factor = 1.000 

N/A; 
N/A; 
70; mod. factor = 1.000 
15; mod. factor = 1.000 

N/A; 
15; mod. factor = 1.000 
100; mod. factor = 1.000 



FRP MODEL / PROCESS = Flow coater 

Neat resin styrene content ( %  W/W) 
Styrene suppressant? 
Distance from spray gun to mold (in.) 
Dry material off mold / material sprayed 
Thickness (mils) 
"CUP" gel time (min) 
Application rate (lb/min) 
A i 1  temperature (*F) 
Air velocity over mold (ft/min) 

-__--___--_______________________________ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Baseline emission ( %  AS) = 11.3 
Calculated emission ( %  AS) = 11.3 
Overall modification factor = 1.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 / 1 0 / 9 8  3:19:53 PM 

3 8 ;  mod. factor = 1.000 
0; mod. factor = 1.000 
15; mod. factor = 1.000 

70; mod. factor = 1.000 
15; mod. factor = 1.000 

75; mod, factor = 1.000 
100; mod. factor = 1.000 

N/A; 

N/A; 



FRP MODEL / PROCESS = Pressure-fed roller 

Neat resin styrene content ( %  W/W) 
Styrene suppressant? 
Distance from spray gun to mold (in.) 
Dry material off mold / material sprayed 
Thickness (mils) 
"Cup" gel time (min) 
Application rate (lb/min) i 
Air temperature ( O F )  

Air velocity over mold (ft/minl 

--------__-__-_______-------------------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Baseline emission ( %  AS) = 12.6 
Calculated emission ( %  AS) = 12.6 
Overall modification factor = 1.00 
--------__-______-_-____________________- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6/10/98 3:20:00 PM 

3 8 ;  mod. factor = 1 . 0 0 0  
0; mod. factor = 1.000 

N/A; 
N/A; 

N/A; 

70; mod. factor = 1.000 
15; mod. factor = 1.000 

75; mod. factor = 1.000 
100; mod. factor = 1.000 



FRP Model Version 1.0 
for estimating styrene emissions from fiber-reinforced plastics fabrication processes 

Welcome to the FRP Model version 1 .O. This card 
is designed to help you with the installation and use 
of the FRP Model version 1.0. The FRP Model is an 
empirical mathematical model to estimate styrene 
emissions from the manufacture of fiber-reinforced 
plasticdcomposite (FRP/C) products. 

Installing the FRP Model Version 1.0 
Minimum System Requirements 

Microsoft WindowsTM 95 

Personal computer using 80486 or higher 
microprocessor 

Minimum 4MB of internal memory 

3.5" high-density (1.44 MB) disk drive 

VGA or any video adapter supported by 
Microsoft Windows TM 95 

Installation 

You can run the FRF' Model v.01 directly from 
the 3.5" high-density (1.44 MB) diskette or you 
can install it on your computer hard drive. If 
you decide to install it on your computer follow 
the steps below: 

1. Close any open applications on your 
computer, make sure Windows is running, 
and then go to the Windows Explorer. 

2. insert tine disk containing the FRP Model 
version 1.0 into drive A. 

3. Create a new folder on your hard drive 
called FRF' Model by choosing New from 
the Windows Explorer File menu and then 
choosing Folder. Type the words FRP 
Model follow by the Enter key. 

4. From Windows Explorer, point and click on 
drive A. A folder name Int and the 
application file FRP will display. 

5. Select both the folder and the application 
file by holding down the shift key, pointing 

to each one, and clicking your left mouse 
button. 

6. Copy them to the Clipboard by holding 
down the Ctrl key and hitting on the letter C. 

7. Now, point to your hard drive letter (it is 
usually C) and click once with left mouse 
button. Click on the new folder you created 
for the FRP Model. 

8. Paste the copied folder and files by holding 
down the Ctrl key and hitting the letter V. 

9. If you wish to make an icon ofthe FRP 
Model on your desktop, follow the 
instructions from your Windows User's 
Guide. 

Using the FRP Model Version 1.0 

1. Open the FRP Model version 1 .O program. 

2. The first screen you will see is the title page 
for the model. Use your left mouse button 
to click the button at the bottom of the 
screen, labeled "OK". 

3. From the second screen, choose the 
appropriate process (gel coating, resin 
sprayup, hand layup, etc.) by clicking your 
left mouse button on the circje next to the 
process, or on the letters of the process 
irseif. 

4. Choosing a process will cause the "baseline" 
input values for that process to be displayed 
in both the left-hand and right-hand 
columns. 

5 .  In the right-hand column, replace the 
"baseline" values with "new values" that are 
applicable to your plant, for each of the 
following model inputs: 

Neat resin styrene content PA, by weight). The 
term "neat" refers to the styrene content (by 
weight) of the resin, filler is added, if filler 



is added. 

Styrene suppressant? (Yes/No). Indicate whether 
the resin contains a styrene suppressant (styrene 

resins to reduce styrene emissions). 

% Filler. This is the percentage (by weight) of 
the applied resin system that is filler. Fillers are 
added to resins in some lamination processes, 
typically to provide fue retardancy and to reduce 
material costs. Typical tillers are alumina 
hihydrate, calcium carbonate, and calcium 
sulfate (gypsum). 

Disfancefrom Spray Gun to Mold (in.). This is 
measured as the distance traveled by the resin 
from the spray gun to the mold surface. 

Dry Material Off fhe Mold/Material Sprayed 
(?A). This is a ratio of the material that does not 
land on the mold, divided by the total material 
sprayed. This ratio is expressed as a percentage. 
Note that the amount of material off the mold is 
measured after it has dried (i.e. after styrene 
evaporation and curing), but the amount of 
material sprayed is measured as it leaves the gun 
(Le., "wet"). These input forms allow fairly 
straightforward determinations for both the 
numerator and denominator of the ratio. In the 
data used to generate this model, the fiber glass^ ~~ ~ 

"chop" was included inmeasurements of both the 
"dry material off the mold" and the "total material 
sprayed". 

Thickness (mils). This is the thickness in mils 
(Le., thousandths of an inch) for a single spraying 
or laminating session, which may include 2-3 
passes with the spray gun. 

Cup gel time (min). This is the gel time (in 
minutes) for a standard 100 milliliter cup gel 
time test. Note that this does not refer to the gel 
time on the part, which is typically longer than 
the 100 ml cup gel time. 

Application rate (lb/min). This is the application 
rate (in pounds per minute) of either the gel coat 
or the resin (in resin sprayup). In the data used to 
generate this model, "application rate" refers to 

___c _______._ _ _ _  ..._.. -.l.z:.: .I.-. --- ->-I__( ... --Tr _ _  _ _  _I _ _  _____ __ 

6. 

I. 

8. 

9. 

Air velocity over the mold Utmin). This is the 
average air velocity in the area between the spray 
gun and the mold. Air velocity over the mold 
can be measured with a hot wire or vane 
anemometer. For lamination inside a spray 
booth, air velocity can sometimes be calculated 
(approximated) using the spray booth flow rate, 
and the cross-sectional areas of the booth and 
Part. 

After all parameters appropriate to your 
fabrication process have been added, click 
on the button labeled "Calculate". This will 
cause the values for "Overall modification 
factor" and "Calculated emission (% AS)" to 
be displayed in the bottom-right-hand comer 
of the screen. The "Calculated emission 
(%AS)", represents the calculated emission 
factor (as a percentage of available styrene), 
under the conditions at your facility. 

If you wish to see the individual 
modification factors calculated for each 
individual input to the model, go to the icons 
at the top, left-hand comer of the page. Find 
the icon with the small blue header, titled 
"list modification factors". Using the lefi 
mouse button to click on this icon will 
display a "list of m o d i f i c a t i ~ ~ f a ~ t ~ " , w i t h  
each modification factor as it applies to the 
process conditions you have input. After 
this list of modification factors has been 
displayed, the list must be closed before 
further inputs or calculations can be 
performed with the model. 

It is possible to print the list bf nizdification 
factors, or the inputs and calculated results 
of the model. Simply click on the "print" 
icon, or use the "FileRrint" option. 

It is also possible to save the results of a 
calculation session, or to open the results of 
previously-saved files. The files are saved 
with the extension ".FRP". 

the amount of neat resin exiting the gun, per 
minute. 

Air temperature ( O F ) .  This is the air temperature 
where fabrication is occurring. 

IO. At the end of the session, use your click 
your left mouse button on the icon titled 
"close", or use the FileExit sequence. 

Contact: Carlos M. Nunez, z - (919) 541-1156 - cnunez@engineer.aeerI.epa.gov 

~~ 
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ABSTRACT 

Ths paper describes an empirical model designed to predict styrene emissions from 
selected fiber-reinforced plastics (FRF') manufacturing processcs. The model promotes an 
understanding of the relevant variables impacting styrene emissions in FRP processes and helps 
identify future areas of FRF' pollution prevention (P2) research. In most instances, the model has 
been shown to be more accurate than the commonly-used model, i.e., EPA's Compilation of 
Emission Factors for Industrial Processes or AP-42. 

IMPLICATIONS 

The mathematical model described herein can be used to predict styrene emissions from 
fiber-reinforced plastics (FRP) manufacturing processes. The model promotes an understanding 
of variables affecting styrene emissions and can, therefore, help identfy future areas of FRP 
pollution prevention (P2) research. The model has been shown to be more accurate than AP-42 
in predicting emissions from open mold spraying processes. 

INTRODUCTION 

The Air Pollution Prevention and Control Division (APPCD) of the Environmental 
Protection Agency's (EPA) National Risk Management Research Laboratory (NRMRL) is 
conducting research to reduce styrene emissions from open mold processes in the fiber- 
reinforced plastics (HIP) manufacturing industry. Open mold spraying processes are commonly 
used by the FRPmanufacturing industry. These processes are used to manufacture boats, 
bathtubs, shower stalls, truck caps, body panels for recreational vehicles and trucks, swimming 
pools, etc. When polyester resins or gel coats are applied to open molds, styrene is emitted by 
evaporation. Based on Toxic Release Inventory reports I ,  modified by the results of recent 
testing, we estimate annual styrene emissions from U.S. FRP manufacturing industries (including 
boat building) to be approximately 25,000 tons (2.3 x 10" 9). and we estimate that more than 
50% of these emissions can be attributed to spraying of open molds. 

Maximum Achievable Control Technology (MACT) standards for the reinforced plastic 
composites and boat building source categories are currently scheduled to be promulgated by 
November 2000. Pollution prevention (P2) techniques, such as changes in equipment and resin 
formulations may be used to reduce styrene emissions from some FRF' products manufactured 
with open mold processes. The need to more accurately estimate styrene emissions, the factors 
influencing those emissions, and the standards development process have warranted the 
investigation of P2 opportunities for the FRP industry. 

Currently, the most commonly used method for estimating styrene emissions from FRP 
manufacturing facilities is AP-42 (U.S. EPA, 1988), the EPA's Office of Air Quality Planning 
and Standards (OAQPS) manual for estimating air emissions from manufacturing processes (see 
Table l).' In AP-42, emissions of styrene are presented in terms of an emission factor range for 
each FRP manufacturing process (gel coating, spray lay-up, hand lay-up, pultrusion, etc.). The 
emission factors are presented as a percentage of available monomer. If the monomer is styrene, 
the emission factors are as a percentage of available styrene (AS). 
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Table I .  AP-42 Emission Factors (Table 4.12-2 of AP-42). 

Emission Factors for Uncontrolled Polyester Resin 
Product Fabrication Processes (a) 

(100 x mass of VOC emitted I mass of monomer input) 

Emission Emission 

Process NVS VS(b) Rating(h) NVS VS(b) Rating(h) 
Resin Factor Gel Coat Factor 

Hand layup 
Spray layup 

5 -  I O  2 - 1  C 26-35 8 - 2 5  D 
9 -  13 3 - 9  B 26-35 8 - 2 5  B 

Continuous lamination 4 - 1  1 - 5  B (C) (C) 
Pultrusion (d) 4 - 7  1 - 5  D (C) (C) 

Filament winding (e) 5 - 1 0  2 - 1  D (C) (C) 

Marble casting 1 - 3  1 - 2  B (0 (0 
Closed molding (g) 1 - 3  1 - 2  D (C) (C) 

(a) Ranges represent the variability of processes and sensitivity of emissions to process parameters. Single value 

(b) Factors are 30-70% of those for nonvapor-suppressed resins. 

(c) Gel coat is not normally used in this process. 

(d) Resin factors for the continuous lamination process are assumed to apply. 

(e) Resin factors for the hand layup process ark assumed to apply. 

factors should be selected with caution. N V S  = nonvapor - suppressed resin. VS = vapor-suppressed resin. 

(f) Factors unavailable. However, when cast parts are subsequently sprayed with gel coat, hand and spray layup 
gel coat factors are assumed to apply. 

(9) Resin factors for marble casting, a semiclosed process, are assumed to apply. 

(h) AP-42 emission factors are assigned quality ratings (see AP-42 Introduction). These ratings are: 

A = Excellent 
B = Aboveaverage 
C = 'Average 
D = Below average 
E = Poor 

Typical Resin Styrene - Percentages 

Resin Application 

Hand layup 

Continuous lamination 
Filament winding 
Marble casting 
Closed molding 
Gel coat 

Spray layup 

Resin Styrene Content (a) 
(wt. %) 

43 
43 
40 
40 
32 
35 
35 

May vary at least * 5 percentage points. 
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Recent tests conducted by EPA and others (see Table 2) indicate that styrene emissions 
from FRP processes may be higher than those published in AP-42. In addition, the AP-42 
emission factor ranges are not correlated with conditions known or believed to affect emissions. 
For example, the emission factor range for spray layup with a styrene vapor suppressant ranges 
from 3 to 9% of available styrene, but no advice is given on what conditions would produce 
values in the upper or lower portions of this range. 

EPAs APPCD, in cooperation with Research Triangle Institute (RTI), has engaged in the 
development of an empirical model to provide better styrene emission estimates for selected 
open-molding FRP fabricating processes. The model takes into account changes in parameters 
that are known to affect styrene emissions. This aids in understanding the relevance of variables 
impacting styrene emissions in FRP processes, and helps to identify future areas for FRP P2 
research. Recommendations for potential future research and model development are presented 
in this paper. 
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DESCRIPTION OF MODEL 

Algebraic Form 

An empirical model has been developed to predict emissions from open-molding FRP 
fabrication processes. The model chosen is: 

where: 

4 m = Emissi as a percentage of ti- styre in tt el It or resin. 
E6 = Baseline emissions, Le., emissions from a process under futed, “typical” conditions. 
rj = Modification factors, i.e., changes to baseline emissions caused by changes in parameters 

that are known to affect styrene emissions (gel time, styrene content, thickness, etc.). 
Pi! = Product of all applicable modification factors. 

To simphfy this modeling approach, baseline emission values were calculated for each 
process. The baseline emission values were calculate under fixed, “typical“ conditions. If all the 
conditions at a particular plant were equal to baselinc conditions, each of the modification factors 
would be given a value of 1.0, and the predicted emissions would equal the baseline value. In 
addition, emission curves are generated for each modification factor and the overall emission factor 
is then represented by the product of each curve. At present, the model assumes no multiple-factor 
interactions (i.e., the equation for one modification factor changing with another modification 
factor). 

Studies Used as Model Inputs 

Many emission studies were evaluated and used as model inputs. Table 3 lists model 
parameters, including baseline emission factors and modification factors, and styrene emission 
studies used as model inputs. 

Baseline Values 

Baseline emission values, and the conditions under which they were established, are shown 
in Table 4. Baseline values for gel coating, and resin sprayup are derived from EPNRTI testing. 
This testing was chosen to establish baseline values because the amount of dried material off the 
mold (a key modeling parameter) was measured during the testing. 
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Table 3. Emission Studies Used as Model Inputs. 

Emission studies: 
1 .  
2. 
3. 
4. 
5. 
6 .  

CFA/Dow Phase I (CFA 1996)' 
EPA ORD/RTI Pollution Prevention (EPA, 1997)8 
CFNDow Phase I1 (Not yet published)' 
EPA ORDlRTI Filled Resin (RTI 1996b)" 
Pultrusion Industry Council Phase I1 (SPI, 1995)'* 
Dow Filament Winding (Dow, 1997)13 
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A key assumption in use of baseline valucs from limitcd numbers of studics is that all 
types of resins (e.g. orthophthallic, dicyclopentadiene [DCPDJ, vinyl ester, etc.) have the samc 
level of emissions for a given styrene content. This assumption may not be valid, ;LF will be 
discussed later in this paper. 

Example Calculations 

The following example, based on the resin sprayup thickness modification factor: 
illustrates how various modification factors were developed: 

1) CFA testing in October 1995, indicated an average emission factor of 
approximately 26% AS for a laminate thickness of 40 mils (40 thousandths of an inch), and an 
emission factor of approximately 24% AS for a laminate thickness of 80 mils. 

2) A laminate thickness of 70 mils was chosen as the “baseline” thickness. (The 
choice of 70 mils is somewhat arbitrary, but is believed to represent a typical thickness for a 
single application layer within the FRP industry.) Using linear interpolation between the two 
laminate thicknesses of the CFA testing, the emissions for a laminate thickness of 70 rmls would 
be 24.5%. 

3) If the resin sprayup emission factor for 80 mils is 24% AS, and the emission 
factor for the baseline 70 mds is 24.5% AS, the modification factor for 80 mds is 24/24.5, or 
0.98. Similarly, the modification factor for 40 mils is 26/24.5, or 1.06. 

4) The equation for a straight line passing through a modification factor of 0.98 at 80 
mils and 1.06 at 40 mils is y = 1.14 - 0.002x, where x= lamhate thickness in mils. 

A sample calculation for emissions from an unfilled resin system, with a neat resin 
styrene content of 46%, a thickness of 160 mils, a temperature of 72”F, and al l  other conditions 
equal to the unfilled resin “baseline” conditions, is presented in Table 5.  

Review of Selected Modification Factors 

A total of 10 modification factors are included in the complete model. Equations for 
modlfication factors were determined from test results. The equations are shown in Table 6 .  

Background data used to generate the (neat) styrene content modification factor are 
shown in Figure 1. A second order (quadratic) equation has been fitted through the data. This 
type of curve is probably more accurate than a linear regression in describing emissions behavior 
at low styrene contents (below 33% styrene). A linear regression fitted through the data would 
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result in prediction of negative emissions at vcry low styrene contents, which is obviously a 
physical impossibility. Figure 1 illustrates that styrene content is prcdicted LO have a large cflcct 
on emissions in resin sprayup. For example, the modificiition factor for a styrene content of 38% 
is 1.0, but the modilkation factor for an neat styrcne content of 42% is 1.21; in other words, 
emissions (expressed as a percentage of available styrene) arc prcdicted to increase by 2 I % when 
styrene content is raised from 38% to 42%. 

Background data used to generate the styrene content modification factor for gel coat 
s p r a p g  are shown in Figure 2. When compared with the resin sprayup data in Figure I ,  it can 
be seen that the avdable gel coat data in Figure 2 are limited. It can also be seen that the 
predicted effect of styrene content on gel coat emissions is much less; Le., the slope of the curve 
in Figure 2 is much more shallow than in Figure 1. 

The predicted effect of air velocity over the mold is depicted in Figure 3.  It can be seen 
that air velocity over the mold has little effect on emissions for air velocities in the range from 50 
to 200 Umin. This result is based on testing conducted by EPA and RTI, under a cooperative 
agreement, and CFA. 

Figure 3 shows that reductions in air velocity (for air velocities below approximately 40 
ft/min) are predicted to produce reductions in emissions. For air velocities near zero (i.e., no air 
exchange, as could be found in an enclosed space), the predicted emission reduction is up to 
36 % (i.e., a modification factor of 0.64), relative to emissions at 100 ft/min. Data for air 
velocities below 40 Wmin are available from testing on a pultrusion process by the SPYPIC, and 
from RTI bench-scale testing (measuring curing emissions from paint lids). Model predictions 
for air velocities below 40 Wmin are based on taking the central values for all SPYPIC and RTI 
bench-scale testing. Figure 3 shows that the model predictions below 40 ft/min have a great deal 
of uncertainty, because of the wide variation in results in the RTI bench-scale testing, and 
between the RTI and SPYPIC results. Further, neither of these tests represented resin sprayup or 
gel coating processes; it may therefore be inappropriate to extend the results to sprayup or gel 
coating. For example, most spray guns in the FRP industry are air-assisted (Le., use an air stream 
to direct the resin to the mold). This air-assist creates its own air velocity across the mold. 

Operator spraying technique appears to have a signifcant effect on emissions from gel 
coat and resin spraying. There are many ways to objectively measure operator spraying 
technique, in order to correlate operator technique with emissions. In June and July of 1995, 
EPA and RTI conducted testing that demonstrated that emissions could be correlated with 
transfer efficiency. In this testing, transfer efficiency was defmed as the amount of wet material 
on the mold immediately after spraying stopped, divided by the total amount of material sprayed. 
However, these measurements of transfer efficiency would be very difficult to make with large 
molds in a production situation, since the mold would have to be sitting on a high-accuracy, 
high-capacity scale. During the 1995 testing, the amount of dried material off of the mold was 
also measured. When the ratio of dried material off of the mold is divided by the total amount of 
material sprayed, this ratio also appears to correlate with emissions. This dry-material-off-mold 
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ratio w;1s used as a model input, because the amount of dried material off of the mold is a much 
easier measurement to make than the amount of wet material on the mold. 

Figure 4 depicts available data for the dry-material-off-mold resin sprayup modification 
factor. The data are from the testing that EPA and RTI conducted in 1995. During EPA and RTI 
“controlled” spraying, the mass of dry material off of the mold averaged 5.7% of the total 
material sprayed. For the one “normal resin“ sprayup run, the mass of dried material off of the 
mold represented 15.7% of the total material sprayed. Both these data points are represented in 
Figure 4. 

At present, there has been no attempt to measure the amount of dried material falling off 
the mold for large female parts, such as boat hulls. However, it can probably be assumed that the 
fraction of material falling off the mold during “controlled” spraying of a large female mold 
would be significantly less than was measured during the EPARTI 1995 testing, which was 
conducted on a relatively small (25 ft’) male mold. Further, emissions from the “controlled“ 
spraying of large female molds were measured by both CFA and NMMA. These emissions were 
not substantially lower than the emissions measured during the EPNRTI 1995 testing. 
Therefore, Figure 4 shows the model assumption that the modification factor for dry-material- 
off-the-mold is a curve that reaches a minimum at approximately 10 percent lower than the value 
measured during EPARTI “controlled” spraying tests in 1995. 

Figure 5 depicts available data for the dry-material-off- mold gel coat spraying 
modification factor. During EPA and RTI controlled gel coat spraying, the average emission 
factor was 54.2%AS when the dried material off of the mold averaged 6.4% of the total material 
sprayed. During the EPA and RTI normal spraying, the average emission factor was 62.5%AS 
when the dried material off of the mold averaged 13.1% of the total material sprayed. These data 
are plotted in Figure 5. 

Another objective parameter reflecting operator spraying technique that appears to have 
an effect on emissions is the distance from the spray gun to the mold. Figure 6 depicts available 
data for the distance-from-spray-gun-to-mold modification factor. 

The data in Figure 6 come from two sources. One source is testing conducted by the CFA 
in 1996. Tests were conducted with a variety of mold sizes and shapes. Tests were conducted 
with “controlled” spraying, in which the spray gun was held approximately 12 inches from the 
mold, and maintained perpendicular to the mold surface. Spraying was also conducted with 
“uncontrolled” spraying, in which the spray gun was held approximately 18-20 inches from the 
mold surface, and allowed to have an angle of up to 45 degrees from the mold surface. Based on 
these distances and angles, we have assumed an average distance from the spray gun to the mold 
surface of approximately 23 inches in analyzing the CFA data. This represents an assumption 
that approximately !h of the total time was spent spraying perpendicularly from a distance of 19 
inches, and y2 of the total time was spent spraying at a 45 degree angle from 19 inches (which 
produces a distance of 27 inches). However, during these controlleduncontrolled spraying 
comparisons, spray gun pressure was also varied, with higher pressures used during the 

15 



7 
N 

0 

d a 
e r 
Q 

16 



T 

0 

-IH 

1 8  

m 

k 

8 
m 

.2 
z 
s 

E 
h m 
u) 

m 

.- 

c 

- 
m 
L 

L 
0 

E 
0 

m 
0 
'c 
U 

.- 
I 

.- 

z 
z 
% 

2 

= 
- m .- 
L 

I 
m 

'0 m .- 
L p 
B - 
c m m 
'0 
U c a e 

m 
ui 
2 a 
ii 

m 
X 
0 m 

m 

17 



U 

0 0 
-? 
r 

'4 
l- 

I- 

O 
9 
7- 

I I H  

0 0 0 x '4 2 0 

18 

0 
9 

0 m 

0 
N 

0 - 

0 
0 0 

2 8 

- 
ln 

c 
U 
C 

a, 
U 
C 
m 
u) 

m 

.- 
Y 

c. 

5 

i 
E 
0 

Q 

E 

r 
Q 
ln 

0 

m 
U 
C 
m 
ln 
V 

4- 

.- - 
a m 

s 
E 
L c 

4- - 
L 

0 

% 
L - 0 

c 
E 
0 

m u 
V 

.- - 
E 

+2 
ui 
e! 
m 
ii 
3 



“uncontrolled” testing. Therefore, the effects of distance alone are probably less than depicted by 
comparing “controlled” versus “uncontrolled” results. Another source of data in Figure 6 is 
testing conducted by the CFA in February 1997. In this testing, a gun was held in a stationary 
position perpendicular to a mold, at fixed distances of 12, 24 and 36 inches from the mold. Peak 
exhaust concentrations were measured at each of these distances. Although peak exhaust 
concentrations during spraying do not necessarily correlate with spraying emissions, the data 
from the February 1997 testing are included in Figure 6, because this testing carefully controlled 
distance from the spray gun to the mold. 

A final set of data in Figure 6 are based on results of NMMA testing of emissions from 
laminating 18-foot and 28-foot bulk. When laminating the 28-foot hull, the spray gun was, on 
average, at a greater distance from the mold than during spraying of the 18-foot hull; this greater 
distance produced higher emissions. The model modification factors for distance-from-the-mold 
are based on analysis of NMMA data. The gel coat modification factor is based on a straight line 
through the NMMA gel coating data; 

The CFA optimization testing in 1996 also showed that spray gun tip pressudtip size has 
an effect on emissions. The CFA testing showed that, for any given tip size, increasing tip 
pressure increases emissions. However, no attempt has been made to include a spray gun tip 
pressurehip size modification factor in this model. Spray gun pressure/tip size has been left out 
of this model for simplicity, and because the effects of optimizing spray gun pressurehip size 
were found to interact with controlled spraying technique. For example, during the resin sprayup 

.optimization testing, controlled spraying was found to reduce emissions (expressed in % AS) by 
21% relative to baseline conditions, and optimizing spray gun pressure was found to reduce 
emissions by 9% relative to baseline conditions. However, when controlled spraying and 
optimized spray gun pressure were both used, the emission reduction was still approximately 
21%; equivalent to the reduction produced by controlled spraying alone. 

Modification Factors with Largest Impact 

The complete model has 10 modification factors. Some of these modification factors 
become very significant only in limited cases. For example, the air temperature modification 
factor changes by approximately 1% for every 1°F above or below the baseline of 75°F. 
Therefore, if plant conditions were maintained within f 5°F of 75”F, there would be little need 
to consider air temperature. However, most FRP facilities do not have air conditioning, and 
summertime temperatures can be above 95 “ F  these temperatures significantly increase the 
predicted emissions. Other modification factors are important for only certain processes. For 
example, thickness has a very sigmficant effect o.n the percentage of available styrene emitted for 
gel coating, but has much less significance at the typical thicknesses (70 mils or greater) found in 
resin sprayup. 

In many cases, the number of inputs to the model can be limited to the 4 or 5 factors with 
the largest impact on emission predictions, rather than using all 11 inputs. Figures 7 and 8 depict 
the 5 factors with the greatest impact for gel coating and resin sprayup, respectively, based on 
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typical conditions found at FRP facilities. It should be understood that thc decision about what 
constitutes typical conditions is ajudgement. For example, there are some FRP plants where 
temperatures above 85°F are in fact typical. The x-axes in Figures 7 and 8 have the chosen 
basehe  conditions in the center of the graph, and approximate minimum and maximum 
conditions on the left and right sides of the graph, respectively. (The decision about what 
constitutes minimum and maximum conditions is also ajudgement.) For example, the scale for 
velocity has a midpoint at 100 fpm (the baseline velocity). The minimum and maximum values 
for velocity are 0 and 200 fpm, respectively; 200 fpm represents the maximum velocity that 
might be found in a spray booth or forced ventilation situation. 

Figure 7 shows that one significant method for reducing gel coat spraying emissions is to 
decrease the amount of overspray (Le., the amount of material not landing on the mold). As 
shown in Figure 7 (and in Figure 5 ) ,  the model predicts that gel coat spraying emissions, 
expressed as a percentage of available styrene, can be reduced by approximately 14% (i.e. the 
modification factor can be lowered to 0.86), if the amount of dried material off of the mold can 
be reduced from 6% of total material sprayed to 0% of total material spraycd. Another potential 
way to reduce gel coating emissions is to decrease the air velocity over the mold to near zero. 
This produces a predicted reduction of approximately 36% (i.e. a modification factor of 
approximately 0.64), relative to a velocity of 100 fdmin over the mold. However, such 
reductions in air velocity over the mold are unlikely to be achieved in open spraying situations, 
because operator exposures to styrene would probably increase to unacceptably high levels. In 
order to produce the very low air velocities over the mold necessary to reduce emissions, 
sophisticated air handling techniques or spraying enclosures would be required. 

The resin sprayup modification factors in Figure 8 show that styrene content has a 
signifcant effect on emissions, expressed as a percentage of available styrene emitted. This is 
illustrated by the fact that the styrene content curve in Figure 8 is very steep, compared to other 
curves. In fact, in the region at the center of the curve (representing baseline conditions) the only 
curve which has a steeper downward slope than the styrene content curve is the distance-to-mold 
curve. Therefore, reducing resin styrene content is an extremely important pollution prevention 
measure for resin sprayup. 

COMPARISON OF THE NEW EMPIRICAL MODEL WITH THE AP-42 “MODEL” 

CFA Phase I Testing 

Figures 9 and 10 compare model predictions with AP-42 predictions for gel coat spraying 
and resin sprayup, respectively, for the CFA phase I testing. In both cases, the value for “dry- 
material-off-the-mold” was not measured by CFA. The analysis in Figures 9 and 10 is based on 
the assumption that the values for “dry-material-off-the-mold” are equal to the “baseline” model 
values of 6% (for gel coating and resin sprayup). These values are essentially equal to the values 
obtained for “controlled” spraying during the EPARTI testing at Reichhold, in June 1995. 
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Figures 9 and 10 indicate that the model is significantly more accurate than AP-42 in 
predicting emission test results. However, this is not surprising, because many of the 
modification factors in the model were based on CFA phase I testing. Also, the modification 
factors for dry-material-off-the-mold were assumed to be 1.0 ( i s . ,  the amount of dry material off 
the mold was assumed to be 6%) in the analysis. The model predictions would increase or 
decrease if the amounts of dry material of the mold were higher or lower than these values. 

RTI Filled Resin Testing 

Figure 11 compares model predictions with results from RTI's filled resin testing in 1996. 
Here the model predicts less accurately than for the CFA phase I testing. However, the model is 
still more accurate than AF'-42 (which predicts an emission factor of 3-9% AS for styrene 
suppressed resin sprayup). Figure 1 I shows good agreement between the model and the test 
results for all resins except two: 1) the orthophthallic resin with suppressant (R1, shown as a 
solid triangle), and 2) a DCPD resin with suppressant (R5, shown as a solid diamond). 

A signifcant assumption of the model is that all resins with identical neat styrene 
contents have identical emissions. Conversely, the model assumes that resins with identical 
emissions must have identical neat styrene contents. However, if the filled resin test results are 
plotted versus neat styrene content, as shown in Figure 12, it can be seen that the orthophthallic 
and DCPD resins have signiftcantly different neat styrene contents for equivalent emission 
levels. For example, for an emission rate of 12% AS, the DCPD resin has a neat styrene content 
of 30-35%, but the orthophthallic resin styrene content is 42-45% at the same emission rate. 
Conversely, for a neat styrene content of 40%, the linear regression line for the DCPD (#2) resin 
shows an emission factor of approximately 17% of available styrene. However, if the linear 
regressiod line for the orthophthallic resin (#1) is extrapolated down to a neat styrene content of 
40%, the resulting emission factor is only approximately 9% of available styrene. 

IMPLICATIONS OF USING A MODEL THAT PREDICTS EMISSIONS IN 
PERCENTAGE OF AVAILABLE STYRENE 

One goal for developing this model was to identlfy and quantlfy the P2 benefits obtained by 
modifications of various parameters in open-mold FRP fabrication. All of the data presented in this 
paper are presented in %AS, because these are the units presented in AF'-42, which is currently the 
most familiar model for predicting emissions from FRP fabrication. However, presentation of 
model results in terms of %AS tends to mask the true benefits of reductions in the styrene content 
of resin or gel coat. This phenomenon is demonstrated in Figure 13, which illustrates how the 
various modification factors for unfilled resin sprayup would change if the model output was 
expressed in pounds of styrene emitted per pound of resin rather than as a percentage of available 
styrene in the resin. It can be seen that the only modification factor that changes is the modification 
factor for styrene content. The modification factor for styrene content, which is already a significant 
factor, becomes even more signifcant (is., the slope of the curve is even steeper) when emissions 
are expressed in pounds of styrene emitted per pound of resin used. 
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SUGGESTED FUTURE RESEARCH FOR MODEL DEVELOPMENT AND 
VALIDATION 

Square feet (ft’) 

Feedminute (ft/min) 
Pound (Ib) 

Poundminute (lb/min) 

Fahrenheit (OF) 

Filled resin testing conducted under a cooperative agreement between EPA’s APPCD and 
RTI seemed to indicate that two different resins (in this case, DCPD resin versus orthophthallic 
resin) could have the same neat styrene content, but could produce substantially different 
emissions. However, these test results were not incorporated into the model; the model 
continues to assume that two resins with equal styrene contents have equal emissions, if all other 
conditions are the same. Further comparison tests between resins with equal styrene contents 
(such as orthophthallic and DCPD resins with equal styrene contcnts) are recommended. This 
testing will determine the validity of  the model assumption that different resins with equal 
styrene contents have equal emissions, if all other conditions are equal. 

Square meters (m’) 0.0929 

Metdminute (dsec )  0.00508 

Kilogram (Kg) 0.454 

Ki logrdsec  (Kdsec) 0.00757 

Celsius (“C) ( “ F - 3 2 ) / 1 . 8  

This model tries to predict emissions based on resin variables such as styrene content and 
the presence or absence of a styrene suppressant. However, it would be advantageous to have a 
simple test of resin emissions under fixed conditions as an input to the model, if resins with equal 
styrene contents do not produce equal emissions. 

Transfer efficiency, a measure of the operator’s spraying technique, was originally a 
factor in this model. It was removed and replaced with distance from the spray gun to the mold 
and dried material off of the mold, as a percentage of total material sprayed. These two 
parameters eliminate the need for wet transfer efficiency measurements, which would be very 
difficult for large molds, or in production situations. However, further testing is needed to verlfy 
the accuracy of the current modification factor curves for “distance from spray gun to mold’’ and 
“dried material off the mold.” 

CONVERSION TABLE 

To convert from to multiply by: 

Inches (in) I Meter (rn) 10.025 

Feet (ft) I Meter (m) 10.3048 I 
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File: chap4-4.txt 

March 16, 1998 

Section 4.4 of AP-42 has been removed from this web site as of today because the emission 
factors presented in that section appear to underpredict styrene emissions from most polyester 
resin operations. A number of individual site tests and studies performed over the past few years 
have lead to this conclusion. The user is referred to the “Policies and Procedures” page on this 
web site, where EPA has posted two reports which document and analyze much of the recent 
data. The first report is entitled “Baseline Characterization of Emissions from Fiberglass Boat 
Manufacturing”. The second report is entitled “CFA Emission Models for the Reinforced Plastics 
Industries”. The USEPA is requesting comments on the two reports while we begin drafting a 
replacement AP-42 section based largely on the two reports. Meanwhile, the USEPA’s Office of 
Research and Development (ORD) and Research Triangle Institute (RTI) are continuing their 
efforts to bring all of the available data together into a consistent, explanatory model, and we 
hope to post those results on the CHIEF web site when they become available. The CFA is aLso 
planning additional testing to quantify the effects of combining various control techniques. 

Comments on this material can be addressed to: 
RonRyan 

RTP, NC 277 1 I 
Phone - (919) 541-4330 

EMAIL - ryan.ron @epamail.epa.gov 

U.S. EPA (MD-14) 

FAX - (919) 541-0684 



File: CFA-modl.TXT 

March 17. 1998 

The USEPA's Emission Factors and Inventory Group (ERG) is making available today 
for review, comment, and use an emissions characterization report entitled "CFA Emission 
Models for the Reinforced Plastics Industries", dated February 28, 199X and prepared by Dr. 
Robert Haberlein of Engineering Environmental on behalf of the Composite Fabricators 
Association (CFA), the International Cast Polymer Association, and the Composites Institute. 
The report describes the development of a set of four emission estimating equations or models 
that can be used to predict the styrene emissions from open molding processes used by the 
reinforced plastics industry. This material is related to existing AP-42 section 4.4, "Polyester 
Resin Plastic Products Fabrication". It is also related to a report prepared by the National Marine 
Manufacturers Association (NMMA) entitled "Baseline Characterization of Emissions from 
Fiberglass Boat Manufacturing", which was posted on USEPA's CHIEF web site 
(www.epa.gov/ttn/chief/ap42etc.html) on January 6 ,  1998. 

The CFA and NMMA testing results and reports are generally consistent, and they 
support the suspicion that the existing AP-42 section may underpredict styrene emissions from 
most polyester resin operations. For these reasons we are removing the existing AP-42 section 
from the CHIEF web site today and requesting comments on the two reports while we begin 
drafting a replacement AP-42 section which will be based largely on the two reports. Meanwhile, 
the USEPAs Office of Research and Development (ORD) and Research Triangle Institute (RTI) 
are continuing their efforts to bring all of the available data together into a consistent, explanatory 
model, and we hope to post those results on the CHIEF web site when they become available. 
The CFA is also planning additional testing to quantify the effects of combining various control 
techniques. 

Although the CFA report presents both multi-variable and single variable equations for 
predicting emissions from each of four open molding processes, EFIG agrees with the report's 
conclusion that the single-variable (% styrene in the resin) equations account for almost all of the 
variation due to parameters that can be reasonably monitored in a production setting. The 
recommended one-variable equations and associated control factors are summarized as eqns. 12, 
15, 18, and 21 on pages 20 and 21 of the report. Table 2.16 on page 24 of the report provides a 
table of results from these equations for a number of given input assumptions. The equations 
have also been packaged into a spreadsheet model to facilitate users generating emission factors 
for their own scenarios. The spreadsheet model is available from this web site in three formats: 
QuattroPro, Excel, and Lotus. 

Users should note that the equations in the CFA report and the spreadsheet models 
produce emission factors in units of "% neat resin". These factors are expressed as decimals and 
should be multiplied directly by the pounds of neat resin consumed to yield pounds of styrene 
emissions. There is no need to divide by 100. Also note that these units differ from the old 
AP-42 units and the NMMA report units, which are "% of available styrene". 



Users should be aware that although the NMMA, CFA, and RTI work has made great 
advances in quantifying the effects of many different parameters on emissions, the impacts of one 
of the most significant parameters, the degree of overspray, remains difficult to quantify in a 
simple manner. The percentage of styrene in the resin which escapes to the atmosphere appears 
to be much greater for the resin which is sprayed off the edge of the mold as compared to the 
resin which lands on the mold. Thus, facilities which have a larger proportion of oversprayed 
material than the operations tested can expect to have higher percentages of the styrene emitted. 

The USEPA thanks the CFA, their members, Dr. Haberlein, Larry Craigie of Dow 
Chemical, RTI, and others who contributed to the development and analysis of the data presented 
in this report. 

Comments on this material can be addressed to: 
Ron Ryan 
U.S. EPA (MD-14) 
RTP, NC 277 1 1 
Phone - (919) 541-4330 

EMAIL. - ryan.ron@epamail.epa.gov 
FAX - (919) 541-0684 
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Cl0-0.0529)/(0.286*Bl0-0.0529) 
A: D13: (0.714*C13-0.18)/(0.714*813-0.18) 
AD161 (1.036*C16-0.195)/(1.036'816-0.195) 
A: D19: (0.2746'C19-0.0298)/(0.2746'B19-0.0298) 
A: F10: @IF(EI 0="Y".((0.04476*C$10+0.01289)/(0.286*C$10-0.0529)), 1) 
A:F13: @IF(E13="Y",0.62,1) 

A: F19: @IF(E19="Y".0.65,1) 

A: H I  3: @IF(G13="Y"#AND#I13="N",0.77,1) 
A:H16: @IF(G16="Y",0.73,1) 
A:J13: @IF(ll3="Y"#AND#G13="N",0.51 , I )  

A:M13: (0.714'81 3-0.18)'ZOOO 
A: M 10: (0.286*8 10-0.0529)*2000 

A:M16: 2000*(1.036*B16-0.195) 
A:M19: (0.2746*819-0.0298)'2000 
A:NIO: +M1 O*D1 O*FlO*((l -11 O)+LlO*(l-KlO)) 
A:N13: +M13*D13*F13'H13*J13*((1-L13)+L13*(1-K13)) 
A~M16*D16*H16'((1-L16)+L16*(1-K16)) = 'kEu/ E/?/ss'u~ F/)o0K FOR GwcM smAy" 
A:N19: +M19'D19'F19*((l-Ll9)+L19*(1-K19)) (a c e / / n  Jpreaddcc2f)  
A:010: +N10/2000 

A:013: +N13/2000 

A:016: +N16/2000 
A:019: +N19/2000 
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,Suppressant Control Factor 

The calculation of the suppressant control factor for filament winding, which is the 
emission factor for resin with suppressant divided by the emission factor for resin without 
suppressant, is shown in Table 2.15 on the previous page. Ten data sets (suppressed and non- 
suppressed) are compared to investigate the effect of suppressant on emissions at two different 
styrene monomer content. No obvious relationship is observed between the styrene monomer 
content and suppressant effect for this data. The suppressant factor varies widely from 0.39 to 
0.92, with an average value of 0.65. 

2.6 - CFA Emission Models 

The results of the CFA emission testing discussed in the previous sections are now 
converted into algebraic expressions, henceforth referred to as “Emission Models.” A separate 
CFA Emission Model is developed for manual resin application (hand lay-up), mechanical resin 
application (spray lay-up), and gelcoat spraying. Each Emission Model estimates the styrene 
emission rate for the corresponding process. The manual resin application (hand lay-up), 
mechanical resin application (spray lay-up) and gelcoat spraying models are based upon the 
responses to the chief process variables measured in the Phase I CFA testing and the effects of the 
emission reduction techniques measured in the Phase U CFA testing. No distinction between the 
emission rates from filed and unfilled resin systems was observed during the CFA testing, so the 
effect of filler was not incorporated into any model. Resin fillers appear to merely extend the 
moun t  of resin used to manufacture a part, and do not significantly affect an emission rate based 
upon the consumption of neat (unfilled) resin or available styrene monomer. 

The results of the Dow study of filament winding emissions also discussed in the previous 
section are converted into an algebraic expression, henceforth referred to as the “Filament 
Winding Model.” This model is based upon the experimental responses to the chief process 
variables and the effects of resin suppressant measured in the Dow testing. 

Both the multi-variable and the single variable models are presented below for 
completeness. As discussed earlier, the multi-variable models are not suitable for regulatory 
purposes. However, the one-variable (styrene content) models are suitable and have acceptable 
scatter for the purpose of characterizing styrene emissions across an entire industry such as 
reinforced plastics. The CFA Emission Models for non-suppressed resins and gel coat are 
plotted in Figure 2.1 at the end of this section. The CFA Emission Models for vapor-suppressed 
resins are shown in Figure 2.2. The emission factors are also listed in a handy tabular format in 
Table 2.16. 
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2.6.1 - Manual Resin Application (Hand Lay-up) Model 

The general emission model for manual resin application (hand lay-up) is: 

Emission Rate = Resin Usage x Emission Factor x Suppressant Factor [eq 101 

The four-variable emission model is: 

Emission Rate = Resin Usage x (-1.46365 x thickness + 0.00265 x %styrene 
+ 0.00068 x gel time + 0.00003 x airflow - 0.0320) 

[eq 111 

And the one-variable emission model, which is also one of the CFA matrix elements, is: 

Emission Rate = Resin Usage x (0.00286 x % styrene - 0.0529) 

x (1.00 < o h  0.0004476 x % stvrene + 0.012891 
0.00286 x % styrene - 0.0529 [eq 121 

2.6.2 - Mechanical Resin Application (Spray Lay-up) Model 

The general emission model for mechanical resin application (spray lay-up) for both filled and 
unfilled resins is: 

Emission Rate = Resin Usage x Emission Factor x Suppressant Fuctnr 
x [Controlled Spray Factor <or> Non-Spray Factor] [eq 131 

The five-variable emission model is: 

Emission Rate = Resin Usage x (-0.19881 x thickness + 0.00827~ % styrene 
+ 0.00038 x gel time - 0.00854 x resin flow 
+ 0.00003 xuirflow - 0.1941) x [1.00 <or> 0.621 
x [I.00 <or> 0.771 <or> [I.O0 <or> 0.511 [eq 141 

And the one-variable emission model, which is also one of the CFA matrix elements, is: 

Emission Rate = Resin Usage x (0.00714 x % styrene - 0.180) x [l.OO <or> 0.62/ 
x [1.00 <or> 0.771 <or> [1.00 <or> 0.511 [eq 151 
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The general emission model for gelcoat spraying is: 

Emission Rate = Resin Usuge x Emission Factor x Cc :tor [e 161 

The five-variable emission model is: 

Emission Rate = Resin Usage x (-5.341 I 9  x thickness + 11.00897~ % styrene 
+ 0.01)1)83 x gel time - 0.00018 x resinflow 
+ 0.00004~ airflow - 0.0476) x Il.00 <or> 0.731 [eq 171 

And the one-variable emission model, which is also one of the CFA matrix elements, is: 

Emission Rate = Resin Usage x (0 .01  036 x % styrene - 1.1950) 
x lI.00 cor>  0.731 [eq 181 

2.6.4 - Filament Winding Model 

The general emission model for filament winding is: 

Emission Rate = Resin Usage x Emission Factor x Suppressant Factor [eq 191 

The four-variable emission model (including suppressant a a variable) is: 

Emission Rate = Resin Usage x ((11.002532 x % styrene) - (0.110013 x temp) 
+ (11.1)00773 x size) - 0.02716 )) x [1.00 <or> 0,651 [eq 201 

And the one-variable emission model, which is also one of the CFA matrix element$, is: 

Emission Rate = Resin Usage x ((0.1102746 x % styrene) - 0.02980 ) 
x [1.#0 <or> 0.651 [eq 211 
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E-MAIL TRANSMllTAL 
one (1) page including this sheet with attachment 

June 28, 1999 phone: (919) 541-1 156 
email: cnune@engineer.aeerI.epa.gov 

Mr. Carlos M. Nunez 
U.S. EPA 
NRML/APPCD/ECPD 
MD-6 1 
Research Triangle Park, NC 2771 1 

Dear Carlos. 

I recently received a copy of Mr. Mark Bahner's March 22 memo addressed to you containing the 
RTI criticisms of the revised emission model developed by the CFA, which has been named the Unified 
Emission Factors QBF). The CFA asked me to respond to the contents of the Bahner memo. This 
response is attached hereto as a PDF file. 

I encourage you to carefully consider the observations contained in this response, because most of Mr. 
Bahner's comments are more appropriately directed to problems contained in the ORD FRP Model. 
As we have discussed before, there is widespread dissatisfaction with the ORD FRP Model as a 
practical tool - both inside and outside EF'A There are also several technical problems with the FFS' 
Model that will not go away simply because the EPA does not have the budget to address them. In 
fact, I believe that these problems may climax after the publication of your article in the Joumal of Air & 
Waste Management. 

There are simply too many problems with the FRF' Model as a regulatory model for the regulated and 
regulatory communities to ignore. 

I am very interested in your reactions and thoughts. I am glad we will have an oppoltunity to meet next 
Wednesday to discuss these issues in person. 

Sincerely, 

Robert A. Haberlein, Ph.D., QEP 

cc: CFA - J. Schweitzer & June 30 meeting attendees 
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Response to the March 22, 1999 RTI Comments on the CFA UEF 

June 25,1999 

In General 

Many of comment and criticisms contained in the March 22 memo do not really pertain to the relative 
merits of the two models, because they fail to grasp the fundamental differences between the stated 
purpose of the Composite Fabricators Association (CFA) Unified Emissions Factors (UEF) and the 
stated purpose of the Ofice of Research and Development (ORD) FRP Model. 

The CFA UEF was designed to be a practical regulatory tool. With this in mind, CFA considered 
several different modeling approaches, including a multi-factor model very similar to the ORD Model. 
Eventually, CFA decided that a set of different process models based on styrene content alone was the 
only practical approach for a regulatory model. 

According to the information provided by ORD and Research Triangle Institute @TI), the FRP Model 
was created as a pollution-prevention research tool, not as a regulatory tool. As such, such practical 
issues as how to measure key input values and the reasonableness of the key model assumptions were 
not really important, since the FRP Model would not be used to enforce permitted emission limits or to 
determine whether a plant was classified as a major or minor source. After all, a research tool should 
pose unanswered questions and challenge the technical boundaries. But a research tool is usually not 
practical as a regulatory model. 

CFA supports the continued development of research tools such as the FRP Model, so long as the 
purpose and application of such modeling efforts remain in the realm of research. 

Ironically, most of the criticisms expressed in the March 22 memo seem to be more applicable to the 
FRP Model. In fact, most of the observations made by Mr. Bahner in the memo would be strongly 
critical if applied to the FRP Model. Trus situation reminds me of the old saying “...like the pot calling 
the kettle black.” 

Page 1 
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Response to Specific Criticisms 

The March 22 RTI memo specifically listed five criticisms of the CFA UEF. Each criticisms is 
discussed separately in the following five sections: 

1.) A “single factor” model is inherently less uccurate than a multi-factor model. 

The RTI memo is comparing apples to oranges. The singlefactor CFA UEF is not “inherently” less 
accurate than the multi-factor model FRP Model - the two models are simply different. 

The number of input factors does not necessarily indicate the accuracy of a model. Other 
considerations determine the accuracy. A multi-factor emission model might be able to better 
characterize a complicated process or phenomenon - but only if the multi-factor model is able to 
correctly and accurately simulate the process emissions and correctly measure the input factors. 

On April 7, 1999, the CFA posted a summary report entitled “Comparison of Actual Source Test 
Factors with the CJnijedEmission Factors for the Open Molding of Composites.” This report is 
available at the CFA web site (-) in PDF format Please download this report for a 
comparison of the CFA UEF with the source test factor data available on that time. The field data 
showed that the CFA UEF appeared to be a very good conservative predictor of styrene emissions. 

You will also learn that the ORD FRP model grossly under predicted the styrene emissions at one plant 
where adequate source inputs parameters (gun distance, overspray, and part thickness) were 
accurately measured and source test data was collected. This was probably the worst possible 
outcome for an emissions model. Coincidentally, the CFA UEF for non-atomized mechanical 
application agreed exactly with the average of the three test runs at the plant. How can RTI assume 
that the FRP Model is inherently more accurate in the face of this data? 

RTI recommended that the CFA perform some statistical analysis on the CFA UEF: 

“Two recommended measures of model accuracy are model average bias, and mean 
squared error (7MSE) of the model. ” 

However, I do not believe that sufficient data exists to make the concept of average bias and mean 
square error applicable. The Pierson’s 3 statistic, which is a measure of the “goodness-of-fit? to the 
original data was provided as part of the model derivation, and should be sufficient at present. If a 
large amount of additional experimental or source test data becomes available, then additional statistical 
analyses may then be performed to see how this data fits the CFA UEF. 
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However, further statistical analyses of the FRP Model do seem to be warranted. The assumption of 
independence is not an issue with the CFA UEF, but it is critically important for the FRF’ Model. E the 
FRP Model is to rely on this assumption, then RTI should conduct a test for independence. Perhaps a 
power of ANOVA analysis could be performed to determine if the amount of available data is sufficient 
to support any statistical conclusions regarding the multi-factor FRP Model. 

2.) Many predictions of the proposed CFA models do not make sense, from a scientific 
stanrlpoint, outside the range of 33-50% styrene. 

CFA generally agrees with the intent of this statement, and wonders why RTI does not see that this 
criticism applies even more strongly to the F W  Model. The FRP Model contains many serious flaws, 
which include errors in the fundamental mathematical assumptions that form the basis of the model. For 
example, the FRP Model assumes that its modification factors are linearly independent. But this 
assumption, although convenient, does not make any scientific sense, and makes even less sense 
outside the 33% to 50% range. Many of the FRP Model modification factors were based on a few 
data points, collected from dissimilar processes, within a much narrower range of styrene monomer 
contents. In spite of these limitations, the FRP Model allows the extrapolation of these factors way 
beyond any reasonable range. What is scientifically defensible about this? 

According to the RTI memo: 

“Evert a casual review of Figtire I reveals the artijkial shape of the CFA model curves. 
There are two problems with these curves: 

Emission factors (in YdS) for styrene contents at or below 33% are assumed to 
be equal, or “jxed”, as illustrated by the horizontal lines in each curve. 

Emission,factors ‘plateau ” at higher styrene contents, producing  artificial^ low 
results as styrene content approaches 100%. ’’ 

First of all, the use of the word phrases “Even a -1 review ...” and “the ar@ficialshupe” do not 
seem appropriate. Hopefully, h4r. Bahner’s review was more than casual. As for the shape of the 
model curves - both the CFA UEF and the FRP Model curves are artificial, as are all such 
mathematical relationships. 

RTI is particularly critical towards any compromise for estimating factors below 33% styrene as 
follows: 

“...this “compromise ’’ is not basedon science. Science indicates that it is far more 
reasonable to expect that emission factors, in YdS,  will be reduced to propessively 
lower, nori-negative values, as styrene content is reduced to zero. ” 
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However, this criticism does not make any sense. The CFA UEF values below 33% are progressively 
lower non-negative values as %resin, which is clearly noted, and eventually all of the UEF values reach 
zero at 0% monomer content. Why does RTI feel this is not reasonable? 

More troubling is the RTI assertion that “science indicates” anythng in this lower range. There is no 
data below 25% content and very little data below 30%. The CFA UEF text document discusses this 
in detail. However, RTI has provided no scientific rationale for the FRP Model factors in this range. 
Where is the evidence, the data, or the science? Yet, the FRP Model will retum values that give the 
“illusion of science” for this range of factors. 

“The second problem, (‘>plateauing ” emission.$ may only have practical significance for 
resins andgel coats with styrene contents above approximately 45%. However, the 
plateairing eflect produces increasingly inaccurate predictions as styrene content 
increases above 45%. The predicted emission factors for gel coating, resin sprayup, and 
Jlow coating with pure ( I  00%) styrene are 81 %, 41 %, and 14%, respectively. The values 
for sprayup andJlow coating are especially far from the scientifically-based expectation 
that use of 100% styrene wouldproduce emission factors of approximately loo%.” 

The second point does not make any sense. The CFA UEF emission factors do not “plateau” above 
50% as suggested by Bahner, but instead continue to increase at the same rate for materials with 
styrene contents between 33% and 50%. 

The assertion that the CFA UEF (or any reinforced plastics model) should produce a 100% emission 
factor for a 100% content resin is absurd. A 100% styrene content resin or gelcoat cannot exist, 
because such a resin or gelcoat would never cure. Note that the same argument applies to a 0% 
content resin or gelcoat. 

The RTI memo then goes on to state that: 

“The CFA models should be revised so they produce scientifically defensible predictions 
throughout the entire range,,from 0% to 100% styrene.” 

This advice is misguided. A useful model should be designed to predict real emission rates from real 
processes that use real formulations. There is no point in developing a model for imaginq materials 
that could never exist. The practical upper limit for a resin or gelcoat is probably around 65% styrene 
and a lower limit may be 15%. Commercial formulations do not exist With monomer contents below 
20% or above 60% by weight. 

More disturbing, this statement is obviously inconsistent, because the FRP Model cannot produce 
defensible (or even feasible) predictions throughout the entire range either. For example, the FRP 
Model does not yield 100% emission factors for lOO?h styrene content materials. Why is this a 
problem for the CFA UEF model and not the FRP Model? 
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In some cases, the FRP Model returns impossible values well above loo%, yet the inputs used to 
estimate these impossible results were within the models’s acceptable input ranges. If these inputs were 
acceptable, how come the FRP Model result was impossible? 

3.) The term “controlled spraying” is ambiguous and unmeasurable, and the ‘%ontrolled 
spraying” emission reduction is a single, discrete value. 

This criticism is based on two statements by Bahner as follows: 

“I believe that a far more objective andmeasurable method to characterize operator 
spraying technique is to use factors such as “distancefrom spray gun to mold” and 
“amount of diy material off the mold”. Use of these factors such as “distance from 
spray gun to mold” and “amount of dry material off the mold” answers all of the 
questions listed above, because there is no need to attempt to label spraying as 
“controlled” or “uncontrolled”. ” 

“A&itionally, in contrast to the CFA models, the amount ofpredicted emission reduction 
in the FRP Model is based on two continuousfinctions; the emission reduction is not a 
scient!~cally-questionable step f ine t ion. ” 

According to his first statement, Bahner believes that the two parameters, distance-fiom-spray-gun-to- 
mold and amount-ofdry material-off-the-mold, are “far more objective and measurable” to 
characterize operator spraying technique. Note that this statement is presented as a personal belief and 
not as fact. The approach suggested by Bahner has merit, and would be very desirable. 
However, CFA does not believe that these two factors could be used to distinguish between controlled 
and uncontrolled spraying for two reasons. First, these two inputs would be extremely difficult to 
measure or monitor at most fiberglass shops. This problem was detailed in earlier correspondence with 
the ORD and RTI, and to date, no practical solution has been proposed by either ORD or RTI. CFA 
believes the problem is intractable. Common sense says that a model has no practical value if the inputs 
cannot be feasiblely measured. Second, CFA feels that the modification factors for these two inputs 
are flawed because the data used to develop the factors was too narrow in scope and range to 
accurately reflect all likely modeling scenarios. Further, these factors affect the area extent, thickness, 
and gel time of the evaporative surface, and are probably not independent factors, which violates the 
FRP Model’s most basic assumption. 

The second statement is both incorrect and inconsistent. The FRP Model is not based completely on 
continuous functions either, but incorporates several non-continuous step functions. For example, the 
FRP Model uses step-functions for the thickness, application rate, and air velocity modification factors 
Why are step functions scientifically questionable for the CFA UEF, but not for the FRP Model? 
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A step function is often used to represent phenomena that have different behavior at different ranges. 
There would be nothing scientifically-questionable about such a use. Unfortunately, there simply is not 
enough data for anyone to make a scientific claim about the behavior of very low and very high styrene 
content materials. This underscores one of the more troubling aspects of the FRP Model - it embeds its 
step functions within the Windows program. A lay user would probably not understand the basis for 
the factors. On the other hand, the CFA UEF clearly states that the emission factors below 33% and 
above 50% are based on conservative assumptions that were made to create a workable model - not 
real data. The FRP Model does not clearly state this, and thereby gives a false sense of accuracy, 
which is known as the illusion of science. 

4.) The proposed “Unique Vapor-Suppressed Resin Factors for  Specijic Resin 
Formulations” appears to be supported only by laboratory testing. 

The CFA UEF contains unique vapor-suppressed resin factors developed through actual testing. This 
approach was first proposed by the EPA @r. Madeleine Strum’s MACT development group), and is 
the most scientifically sound and practical method to verify the effect of specific vapor suppressants. 
By incorporating the Vapor Suppressant Effectiveness test, the effect of vapor suppressant will be 
measured for each unique blend of resin and suppressant. Why does the RTI have a problem with this 
approach? 

5.) The CFA model does not accurately predict the results of the EPMRTlgel coating 
test results of JundJuly 1995. 

The CFA has noted the discrepancy between the RTI test results and the factors predicted by the UEF 
curves. CFA would like more information on th~s  RTI test, so that CFA can further evaluate the data 
from this test. Perhaps the problem with the data can be explained by irregularities in the test method 
or procedures. 

According to Bob Lacovara, CFA was originally contacted by Mr. Bahner regarding some problems 
with this RTI test. Reichhold had convinced RTI that the viscosities of the filled systems had to be 
uniform, so RTI modified the various levels of filled resins by adding styrene to create uniform 
viscosities across the sample group. Mr. Bahner reported that there was resin drainage from some of 
the laminates. Modifying the viscosity by adding styrene had created samples of varying styrene 
content, caused laminate drainage (usually resulting in poor cure in thin areas), and was not an accepted 
practice in real application. This may present a serious problem when attempting to resolve the data for 
both filler effects and styrene content effects, and may explain the unusual test results. 
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Comments on Composite Fabricators’ Association (CFA) Styrene Emission Factor 
Model, as Presented in the Following Documents, dated September 18, 1997: 
1) Presentation on Existing Source MACT for Open Molding , and 
2) Derivation and Verification of CFA Emission Models. 

As a result of your September 18 meeting with representatives of the Reinforced Plastic 
Composites (Rp/C) source category, you requested EPA Office of Research and Development 
(ORD) and RTI assistance in evaluating the CFA styrene emission factor model presented in that 
meeting. You were specifically interested in comments on the appropriateness of CFA’s use of 
straight lines to model emission factors (in lbw,,Jlbr~h), as a function of initial styrene content. 

1) Appropriateness of Straight Lines for Emissions versus Styrene Content. 

AU equations in Table 1 of the CFA report give linear expressions for emissions versus 
styrene content. For example, the equation for Mechanical Resin Application includes the 
expression, “(0.00559 x %styrene - 0.1193)”. This equation was presumably based on drawing a 
straight line between CFA phase I test results, which were conducted at 35% styrene and 42% 
styrene. 

Use of a straight line to represent emissions versus styrene content is inappropriate, 
particularly at low or high styrene contents. For example, the CFA expression for Mechanical 
Resin Application actually becomes negative with styrene contents below 21%. It is obviously 
impossible that resins with styrene contents below 21% will actually remove styrene from the 
atmosphere. Also, extrapolating the proposed straight line for mechanical resin application up to 
a styrene content of 100% (i.e., pure styrene) yields a predicted emission value of only 0.44 
pounds of styrene emitted per pound of resin used, rather than the necessary value of 1.0. 

3040 Cornwallis Road Post Office Box 12194 Research Triangle Park, North Carolina 27709-2194 USA 
Telephone 919 541-5882 Fax 919 541-7155 
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The use of a straight line is therefore inappropriate at low or high styrene contents. In 
order to determine the form of a more appropriate equation, it is possible to examine the 
boundary conditions for this situation: 1 )  at 0% styrene, the equation should yield an emission 
factor of 0.0 lbwenJlbrsh, and 2) at 100% styrene, the equation should yield an emission factor of 
1 .O lbwnJlbre* 

As previously stated, the straight line proposed by CFA doesn’t meet these boundary 
conditions, so a higher order equation is needed. I suggest the following equation: 

y = 6.7E.’x3 + 2.92E5x2 + 3.33E‘x 

where y = Emission factor, lbwmJlbmk 
x = Neat resin initial styrene content, % by weight 

It is important to note that the proposed equation produces emission predictions that are 
virtually identical to the CFA straight line at 35 and 42 percent styrene; it is only at higher and 
lower styrene contents that the proposed equation is more accurate. This is illustrated in the 
following Table A and Figure A. Table A shows that the CFA and proposed equations both yield 
essentially the same emission predictions for 35% and 42% styrene. It is only at the very high 
and low styrene contents that the CFA straight line significantly underestimates emissions. This 
is further illustrated in Figure A, which shows emission factor predictions of the two models for 
styrene contents of 0 to 50 percent. 

Table A. Comparison of linear versus polynomial models for mechanical resin application 
of an unfilled resin. 
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Table B presents the CFA proposed h e a r  equations and my recommended polynomial 
equations for Manual Resin Application, Mechanical Resin Application, Gel Coat Application, 
and Filament Application. 

Process 

Table B. CFA Versus Recommended Equations for Various Application Processes. 

CFA (Linear) Equation’ Recommended (Polynomial) 
Equation’ 

Manual Resin 
Application 

Mechanical Resin 
Application 

Gel Coat Application 

I Filament Application 

y = 0.002747~ - 0.0298 y = 2.0E6x3 - 1.32B4x2 + 3.54B’x 

y = 0.00559~ - 0.1 193 

y = 0.01036~ - 0.01950 

y = 0.002746~ - 0.0298 

y = 6.7E.’x3 + 2.92E-sx’ + 3.33E4x 

y = l.0E6x3 + 2.13E4x2 - 1.47E’x 

y = 2.0B6x3 - 1.54E4x2 + 4.67E-3x 

It may seem as though the differences in the models have no practical application, since 
few resins that are currently sprayed have styrene contents below approximately 33% (neat resin, 
by weight). However, it can be assumed that resin manufacturers will place increasing emphasis 
on low styrene resins, particularly after proposal of MACT for the FRPK industry. For example, 
in 1995 RTYORD studied emissions from a newly-developed gel coat by Cook Composites and 
Polymers that had a styrene content of only 25%. Further, gel coat manufacturers have already 
developed gel coats with styrene contents of 15% or less. Therefore, the fact that linear 
extrapolation underestimates emissions at low styrene contents is not just of academic interest. 

2. Modification Factor for Suppressants in Mechanical Resin Application Equation 

The suppressant factors given in Table 5 are 1.00 and 0.62; CFA is recommending that 
the 0.62 factor be used when styrene suppressants are used. However, testing by both RTUORD 
and CFA have shown that suppressants provide little or no emission reduction for filled resins. If 
no further research is conducted on styrene suppressants, I suggest using an equation that 
produces a value of 0.62 for non-fdled applications, with the predicted emissions increasing to a 
value of 1.00 for a resin with a mer  content of 60%. However, I understand that you are 
working with the industry and other groups in OAQPS to develop a test method to predict how 
styrene suppressant performance may be affected by other variables (such as initial styrene 
content, non-spray application, and others). This seems like a good area for research. The results 
of this research might provide even more accurate estimates of the reductions achieved by 
suppressants. 
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3. “Controlled” Spraying Modification Factor in Mechanical Resin Application and 
Gel Coat Application. 

Table 5 gives modification values of 0.77 and 0.73 for use of “controlled” spraying for 
resin sprayup and gel coating, respectively. This raises two issues: 1)  a defmition of what 
constitutes “controlled’ spraying, and 2) whether the magnitude of the two factors are 
appropriate. 

I believe that the use of the term “controlled’ spraying is extremely ambiguous. The 
RTYORD model, rather than using the terms “controlled” or “uncontrolled”, has two objective 
measurements of spraying technique: 1) distance from the spray gun to the mold, and 2) amount 
of dried material off of the mold, as a percentage of total material sprayed. I suggest eliminating 
the subjective term of “controlled” spraying; this term could he replaced by the two objective 
measurements in the RTVORD model. CFAs  proposed single value for emission reductions 
achieved by controlled spraying could then be replaced by equations that relate emissions to 
distance-from-the-mold and dried-material-off-the-mold. 

In the current RTYORD model, straight lines are used to relate distance-from-the-mold 
and dried-material-off-the-mold to emissions. This means, for example, that emissions are 
predicted to increase continuously with distance from the mold. Clearly, it may be impractical to 
determine distance-from-the-mold within inches. Therefore, if distance-from-the-mold was 
included in a regulation, it might be desirable to translate that line into a series of “steps”, with 
appropriate modification factors. For example, a spraying distance of 0-2 feet from the mold 
might be given one factor, while distances of 2-4 feet and 4-6 feet might be given appropriately 
higher factors. Use of a straight line would not present this problem for dried-material-off-the- 
mold; the dried material collected after a certain time would simply be compared with the total 
material sprayed, and the equation could be used directly. 

Because the term “controlled” is so ambiguous, it is difficult to assess the appropriateness 
of the values of 0.77 and 0.73 for “controlled” spraying of resin and gel coat, respectively. 
However, RTI/ORD did a careful study of the effects of what RTI labeled as “controlled” and 
“normal” spraying of gel coat, during testing at Reichhold in 1995. In this testing, a total of 6 
rum were conducted with “controlled’ gel coat spraying, and 6 runs were conducted with 
“normal” gel coat spraying. (The spray gun operator was given tapes of spraying at a tubkhower 
manufacturing facility, and told to duplicate the observed spraying techniques for “normal” 
spraying.) These tests indicated that “controlled” gel coat spraying produced an emission 
reduction of approximately 14 percent, when emissions are expressed in lb+,Jlbm+ This 14 
percent emission reduction represents a “modification factor for controlled spraying” of 0.86, 
which can be contrasted with the 0.73 factor proposed by CFA for “controlled” gel coat spraying. 
Again, replacing the subjective word “controlled” with objective, measurable values would 
eliminate this problem. 
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4. Non-Atomized Mechanical Resin Application Factor. 

Table 5 recommends a single factor of 0.5 I for non-atomized application; i.e., the 
emission reduction achieved by non-atomized application is independent of initial styrene 
content. However, testing by the National Marine Manufacturers Association (NMMA) and 
ORDlRTI at the US. Marine facility in Washington both indicated that the emission reductions 
achieved by flow coaters changed with initial styrene content. In both tests, the emission 
reductions achieved by flow coaters were less for an initial styrene content of 35% than for 42%. 
The modlfication factor for non-atomized application should reflect this effect of initial styrene 
content. 

5. Use of a Single Model for Mechanical Application of Filled and Non-Filled Resins. 

Page 5 of document #1 recommends that the standard not include separate treatment for 
filled and unfded resins. This recommendation is followed in Table 1 of the document; for 
example, Table 1 has a single emission equation for the effect of styrene content on Mechanical 
Resin Application emissions. 

If one uses the recommended equation in Table 1 to predict emissions for the filled resin 
used in CFA’s phase I1 testing, which had a neat styrene content of 45.8%. one arrives at a 
predicted emission factor of 0.137 Ib~Jlb,,.  This contrasts with the actual test result of 
0.092 lbwenJbmh (see document 2, page 35). Therefore, the CFA model presented in Table 1 
predicts emissions that are nearly 49% higher than the actual CFA fded-resin test results. 

This apparent difference between CFA’s results with filled and unfilled resins may 
actually not be the result of the fact that one resin was designed to be “fded’, while another was 
not. ORDRTI filled resin testing conducted in 1996 seemed to indicate that even two resins that 
were designed to be “filled” would not have the same emissions with equal styrene contents. 
These data may therefore call into question the accuracy of any single equation for emissions- 
versus-content. 

As recommended below, CFA should evaluate the accuracy of their model in predicting 
emission factors derived from CFA and ORDRTI filled resin testing, as well as the recently- 
completed NMMA and ORDRTI testing at U.S. Marine in Washington. 

6. Agreement Among CFA and EPA/RTI Studies 

Page 10 of the subject document #1 states that, ‘The emission factors derived from the 
CFA and EPNRTI studies for gel coat application, atomized spray application, and non- 
atomized spray application agree to within, respectively, 1.5%,0.9%, and 3%. This excellent 
agreement between the results of two completely independent studies supports the validity of the 
CFA emission models.” 

6 



I was unable to ftnd the supporting calculations for the agreement values of 1.5%. 0.9%. 
and 3%. Further, page 31 of document #2 has different values. From the values presented there, 
differences of 7.4% and 9.5% can he calculated for gel coat application and atomized spray 
application (using the CFA values as reference values). 

More importantly, this analysis does not include comparisons of the CFA model 
predictions with CFA and EPNRTI results for fiued resins, or NMMA and EPA/RTI results at 
the U.S. Marine boat manufacturing plant. An analysis of the CFA model’s predictions as 
compared with these results would give a more complete assessment of the predictive 
capabilities of CFA’s proposed model. 

7. Quality Assurance Procedures for Dow Filament Winding Testing and 
CFA Phase II Testing. 

Page 10 of document #1 says that the Daw filament winding study “...employed the same 
QC procedures and analytical techniques as the CFA study.” Much of the Phase I CFA testing at 
Dow Chemical was conducted following EPA requirements for QA Category 11. This included 
submittal and EPA approval of a QA level I1 Quality Assurance Project Plan. To my knowledge, 
such a plan was not submitted for the filament winding testing. 

Similarly, page 8 of document #I states that (all) CFA testing at Dow Chemical in 
Freeport, TX was run in accordance with EPA’s Category I1 quality criteria. This would require 
submission and EPA approval of a Level I1 Quality Assurance Project Plan (QAPP). To my 
howledge, no such QAPP was submitted for the “optimization study’ portion of the CFA 
Phase I testing, or for any portion of the CFA Phase I1 testing. 
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