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1.0 SUMMARY 


1.1 INTRODUCTION 


This report provides alternative control techniques (ACT) 


for State and local agencies to consider for incorporating in 
.-
rules to limit emission of volatile organic compounds (VOC's) and 


particulate matter including PMIO (that which measures 10 microns 


or less) that otherwise would result from surface coating 


operations at shipbuilding and ship repair facilities. This 


document contains information on emissions, controls, control 


options, and costs that State and local air pollution authorities 


can use in 'developing rules. The document presents options only, 


and makes no recommendations. 


As a parallel project, the U. S. Environmental Protection 


Agency (EPA) is developing a national standard to regulate 


hazardous air pollutant (HAP) emissions from this source 


category. Those rules are still well over a year away. 


1.2 ALTERNATIVE CONTROL TECHNIQUES 


Most of the VOC's contained in marine coatings are emitted 


to the atmosphere as the paint is applied and cures. Most of 


the painting work is performed outdoors. The massive scale of a 


ship makes it difficult to capture the emissions from outdoor 


painting, unlike for example, painting the inside of a tank where 


the tank provides a natural enclosure, hence abatement equipment 

has not previously been used. 




The emission points defined for this source category are 


indoor and outdoor painting operations. A number of alternative 


control techniques for surface coating operations in the 


shipbuilding and ship repair industry were compared. Several 


control options were evaluated. These include availability of 


coatings with inherently lower emissions of VOC1s (and associated 

HAP'S) and use of add-on control devices. Coatings that comply 


with the California 1992 and 1994 (Rule 1106, Marine Coating 

Operations) limits for the paint categories identified in Table 


1-1are the primary basis for the alternative control techniques 


presented here. Many of the resulting compliant coatings have 


survived the Navy's lengthy performance-testing program and 
,. 
appear on the Navy "Qualified Products Listn, hence are 


acceptable for use on Navy ships. Coatings with even lower 


emissions are available for certain coating categories listed in 


Table 1-1,they reportedly have not been fully tested and 

approved by the NAVY. Such materials were not considered in this 


report although the Navy has some of them undergoing standardized 


multi-year exposure testing VOC limit. 

Four lower VOC options of this alternative control 


technology were investigated for "major-usen coating categories 

in the project "data base.'" Three of the options (N0s.1~2 & 4 )  

set maximum or not-to-be-exceeded limits. The fourth option 


(No. 3 )  places no limit on individual coatings but rather allows 

calculation of a weighted average. 

The three paint categories that make up about 90% of the 


paint volume (as reported in the data base) for this industry 


are: "general usen (epoxies, 60 % and alkyds, 10 % I ,  
antifoulants (10 % )  , and inorganic zincs (10 % )  . The nationwide 
emission reduction achievable for each of the four coating 

categories was calculated based on imposing limitations in all 


The "data basen is the paint information collected as a 

result of an information request mailed to this industry. 




nonattainment areas, equal to the corresponding California 


limits. It was assumed that relative paint usage among the 


categories would not change. 


cost and environmental impacts of potential rules yere 


developed using "modeln shipyards to represent the range of 


facilities found in this industry. Eight models were developed 


to represent the various types of shipyards that could be covered 


by the ACT. 


The relative size of the yard and whether it does new ship 


construction or repair were the bases for categorization 


resulting in: (1) large/construction; (2) large/repair; 


(3) medium/ construction; (4) medium/repair; 

(5) small/construction; (6) small/repair;
.. (7)extra 
small/construction; and (8) extra small]repair. Size is 


characterized by annual volume of paint and solvent usage which 


affects annual VOC emission levels (Mg/yr) . 
Cleaning solvents constitute an important source of VOC 


emissions They are used to remove cont&inants such as dirt, 


soil, oil, and grease to prepare the substrate for painting. 


Equipment, vessels, floors, walls, and other work areas are also 


cleaned using solvents. To aid States develop rules to control 


emissions from the use of VOC-containing cleaning solvents in the 


marine industry, earlier this year EPA published a report titled 


"Alternative Control Techniques Document for Industrial Cleaning 


Solventsn (EPA-453/R-94-015). 


This study of shipyards revealed great confusion regarding 


the use of "thinningn, "reducingn or "dilutionn solvents. Added 


to the paint just prior to spraying, thinning solvents reduce the 


viscosity of the paint as supplied by its manufacturer. 


Enormous amounts of thinning solvents are used, yet many 


paint manufacturers indicated that such use is largely 


unnecessary; the paints are delivered in a ready to spray 

condition for most climatological conditions. 


Viscosity can also be controlled via use of "paint heatersu, 

commercial portable electrical heaters mounted in the paint 




delivery lines. These are widely used throughout paint 

manufacturing industries. 
The viscosity of a paint increases with decreasing 

temperature. Northern-located shipyards, such as the Bath Yard 

in Maine, argue that paint heaters are unsuitable for.their 

unique yard orientation and that addition of dilution solvent is 
critical to their ability to paint during extreme weather 

conditions. 
The use of abrasive blasting media to remove rust and 

deteriorated coatings before painting a marine surface results in 

huge emissions of particulate including PMlO. This document 

provides an overview of several blasting systems and blasting 

mediums commonly used. It also providea.information on 

technologies under development that wouid significantly reduce 

these emissions: a vacuum blast cleaning system marketed in 

Europe and a self-supporting portable enclosure being developed 

in the U.S. Existing regulations for VOCs and PMIO and 
demonstrated control technologies that are transferable to ship 
yards are discussed in this document. 

The alternatives presented herein provide no distinction 

between record keeping and reporting in shipbuilding and 
construction yards. Although yards may already be required to 
maintain records to satisfy permit conditions and requirements of 

the Superfund Amendments and Reauthorization ACT of 1986 (SARA 
313), the VOC limits will require additional records be 

maintained. 

As with rules for other industries, the alternative which 
provides.greatest flexibility to the shipyard has a price - more 
detailed records and computations. 
1.3 ENVIRONMENTAL IMPACT 

Those normally result from a rule that mandates that add-on 
control equipment be installed to control emissions that the 
process generates. The bulk of the alternatives herein are based 

on a pollution prevention approach; use of coatings with 
inherently lower air pollution potential. 



1.4 Inorganic Zinc Coatings 


Categories of coatings in Table 1-1differ from the 


California rule in two respects. These changes were made late in 

the study based on an increased understanding of two different . 

coating operations. Two distinctly different inorganic coatings 


have traditionally contained zinc. Zinc rich coatings offer 

excellent corrosion resistance because the metal acts as a 

sacrificial anode in the electrochemical corrosion phenomena. 

One type has long been used in a thick (3 to 5 or more mils) 

application as a prime coat which is overcoated with top coats to 


protect the zinc. A second type, so called fvweld-throughfl 
or 


npreconstruction primern is applied as a temporary coating to 

protect steel plate while in inventory (usually outdoors) at the 
\. 
shipyard. These coatings are used in a thin film (nominal 1 mil) 

to minimize both cost and available zinc in the weld zone that 

contaminates the weld during the welding process. If a thicker 


film were used, it is reported that the incremental zinc would 

reduce the integrity of the resulting weld. 


Lower VOC coatings of similar chemistry are generally more 


viscous. As a result, thin films are difficult to apply with 

conventional high build inorganic zinc coatings. Failure to 


include a category that allows higher VOC weld-through primers 


would require that the high build coating be blasted or ground 

off of the steel plate before welding operations could take 

place. The time, labor cost and pollution that would result 


argue for providing a category for the unique properties of weld- 

through primers, limited to only those coatings applied prior to 

and in preparation for subsequent welding operations. 


Because the weld-through products yield greater volatile 

organics per volume of paint solids, it appears that abatement of 


those emissions may be reasonable under some circumstances. Use 

of automated systems to apply such high VOC products apparently 

results in sufficient VOC to render the cost of control 

reasonable. One shipyard indicated that it is installing 

abatement on its automated, preconstruction primer line. This 


information was gathered too late in the study to permit a 




- - 

-- --- 

- - 

detailed evaluation of the either the procesa or its cost, so a 


State must evaluate each situation on a case-by-case basis. The 


control costs presented in this report do not apply to an 


automated system; they were developed for situations that would 


be far more costly to control. 


FABLE 1-1. VOC LIMITS FOR SHIPBUILDING COATING CATEGORIES 

Coating category Grams per Pounds per 

liter (g/L) gallon ( ~ b / ~ a l )  


General use 340 2 . 8 3  

Specialty 

Air flask 

I

I 
1 340 

I .-
2 . 8 3  

Antifoulant I 400 ! 3 . 3 3  

Heat resistant I 420  I 3 . 5 0  

High gloss 

High temperature 

I 
I 

420 

500 

I 
I 

3 . 5 0  

4 . 1 7  

Inorganic zinc high 340 2 . 8 3  
build primer 

Weld- through (shop) 650 5 . 4 2  
primer 

Military exterior 340 2 . 8 3  

Mist 6  10  5 . 0 8  

Navigational aids 550 4 . 5 8  

Nonskid 340 2 . 8 3  

Nuclear 420 3 . 5 0  

Organic zinc 360 3 . 0 0  

Pre-treatment wash 780 6 . 5 0  
primer 

- - -

Repair and maintenance 
of thermoplastic 

550 4 . 5 8  

coating of commercial 
vessels 

Rubber camouflage 340 2 . 8 3  



VOC limitsa 


Coating category Grams per Pounds per 
I liter (g/~) gallon (1b/gallb 

Sealant coat for I 
thermal spray aluminum I 610 

Special marking 1 490 

Specialty interior 340 

I 

Tack coat I 610 

Undersea weapons I 340 
svsterns I 

a VOC content limits are expressed in units of mass of VOC (g, 

lb) per volume of coating (L, gal) less Mater and less "exemptn 

solvents as applied. Volatile compounds classified by EPA as 

having negligible photochemical reactivity are listed in 

40 CFR 51.100 (s). 
b ~ o 
convert from g/L to lb/gal, multiply by: 




2.0 INDUSTRY DESCRIPTION 


2.1 GENERAL 


For purposes of this study, the shipbuilding and ship repair 


industry consists of establishments that build and repair ships 


with metal hulls. This industry also includes the repainting, 
.. 
conversion, and alteration of ships. Subcontractors engaged in 


ship painting, blasting, or any other operations within the 


boundaries of a shipyard are considered to be part of the 


shipyard, and resulting emissions are considered shipyard 


emissions. The definition for Standard Industrial Classification 


(SIC) Code 3731, Shipbuilding and Repairing, generally coincides 


with the above definition but differs in that SIC Code 3731 


includes the manufacture of both offshore oil and gas well 


drilling and production platforms. Limits on emissions from 


coatings used on such platforms' are being negotiated as part of 


the Federal VOC rule on architectural and industrial maintenance 


coatings which is still under development. In order to better 


define which shipyard facilities will be subject to rulemaking, 


the following definition of a ship has been adopted: 


any metal marine or fresh-water metal hulled vessel 

used for military or commercial operations, including 

self-propelled vessels and those towed by other craft 

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

to, all military vessels, commercial cargo and 

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

container ships, patrol and pilot boats, and dredges. 1 


Pleasure craft such as recreational boats and yachts are not 

included in the definition and are not typically built or 


sewiced in large-scale shipyards. As would be expected, there 




is some overlap with the pleasure craft industry. Some of the 


smaller shipyards work on both ships and pleasure craft. 


Approximately 437 facilities (shipyards) of varying 


capabilities are involved in the construction and repair of ships 


in the United States.l This number includes eight Naval 


shipyards and one Coast Guard facility. The shipyards are 


located along the east, west, and Gulf coasts as well as at some 


inland locations along the Mississippi River (and its 


tributaries) and the Great Lakes. Many of the small bargeyards 


are concentrated in Louisiana and Texas. The majority of these 


do not qualify as major sources with regard to volatile organic 


compound (VOC) and/or particulate matter 10 microns or less in 


diameter (PM-10) emissions (as discussed- in Chapter 4) . 
Figure 2 -1 shows the geographical location of active U. S . 
shipyards, and Table 2-1 lists individual States, with the number 


of shipyards located in each. 


As reported in the U.S. Industrial Outlook '92--Ship- 


building and Repair dated January 1992 : 

The U.S. Active Shipbuilding Base (ASB) is defined 


as privately-owned shipyards that are open, engaged in, 


or actively seeking construction contracts for naval 


and commercial ships over 1,000 tons. These full- 


service yards are the primary sector of the first-tier 


shipyards, which are facilities capable of 


constructing, drydocking, or topside-repairing vessels 


400 feet in length or more. As of October 1, 1992, 


there were 16 ASB shipyards. The ASB shipyards 


continue to employ about three-quarters of the 


shipbuilding and ship repair industry's total work 


force of more than 120,000. These figures do not 


include nine Government-owned shipyards, which do not 


engage in new construction, but rather in the overhaul 


and repair of Navy and Coast Guard ships. 


Another important sector of the shipbuilding and 
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Figure 2-1. 437 active U.S. shipbuilding facilities (by State). 
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Louisiana 74 
Texas 53 
Virginia 34 
California 33 
Florida 33 

Washington 25 
New York 21 
Mississippi 17 
Alabama 15 
Pemsvlvania 12 

Oregon 
Wisconsin 
Massachusetts 
Maine 
New Jersev 

Ohio 
Indiana 
Illinois 
North Carolina 
South Carolina 

Michigan 
Rhode Island 
Tennessee 
Missouri 
Hawaii 

- -

Georgia 
Maryland 
Puerto Rico 
Alaska 
Arkansas 

Connecticut 
Minnesota 
Oklahoma 
New Hampshire 

TOTAL 



ship repair industry is one composed of small-size and 


medium-size facilities, or "second-tier shipyards." 


These shipyards are primarily engaged in supporting 


inland waterway and coastal carriers. Their market is 


the construction and repair of smaller type vessels, 


such as tug boats, supply boats, ferries, fishing 


vessels, barges, and small military and Government- 


owned vessels. 3 

Shipyard employment varies from 10 employees to 26,000 


employees, and subcontractors are used frequently for specific 


operations like abrasive blasting and painting. Bargeyards 


typically are relatively smaller operations with a focus on 


repair activities, while most commercial and military shipyards 


have more employees and can handle a wide variety of ships and 


repairs. 


All types of vessels are built or repaired in shipyards in 


the United States. Many of the ships are foreign-owned/operated. 


Government owned (Navy, Army, and Coast Guard) vessels account 


for a significant portion of all shipyard work. Steel is the 


most comon material used in the shipbuilding and ship repair 


industry, but wood, aluminum, and plastic/fiberglass are also 


used. 


The large shipyard organizations that have floating drydocks 


and/or graving docks generally have extensive waterfront acreage 


and are capable of all types of ship repair and maintenance. 


Major shipyards usually combine repair, overhaul, and conversion 


with shipbuilding capabilities, and employment usually numbers in 


the thousands. It is difficult to draw a sharp line between 


yards that build and ships and those that repair; many facilities 


engage in both to various degrees. The mix of work varies widely 


throughout the industry as well as from year to year at a single 

shipyard. 


Repair yards perform a wide variety of services and can be 

categorized into two groups based on the ability to drydock a 

ship. Those facilities which have no drydock capabilities are 




known as topside repair yards and can perform the various repairs 


that do not require taking a ship out of the water. Services 


rendered by these yards may vary from a simple repair job to a 

major topside overhaul. In general, topside yards do not do a 

lot of painting so they have low VOC emissions and gnerally do ' 

not qualify as major sources. On the other hand, typical repair 

yards with the ability to drydock ships do more painting than do 


construction yards of comparable size since repainting is an 

integral part of most repair jobs and the underwater hull is a 


significant part of the painted area of a ship. 


2.2 PROCESSES AND EQUIPMENT 


The vast majority of emissions from shipyards are VOC1s, and 


most of those come from organic solvents-contained in marine 
., 
paints and solvents used for thinning and cleaning. For that 


reason, the focus of this CTG is on painting operations within 


shipyards. The VOC emissions associated with the use of solvents 


for cleaning were addressed by publication of an alternative 

control techniques (ACT) document for industrial cleaning 


solvents (EPA-453/R-94-015). 


This section discusses related details of marine paints, 


resins, solvents, coating systems, and application equipment. In 


addition to VOC1s, PM-10 is also emitted, primarily as a result 

of abrasive blasting surface preparation activities. The final 


portion of this section discusses the various processes used to 

prepare surfaces for painting. 


Information on the processes and equipment used in this 


industry was based, in part, on information gathered from 


responses to information requests sent to shipyards pursuant to 


Section 114 of the Clean Air Actl EPA1s information-gathering 

authority.' Information was also obtained from coating 
manufacturer's Section 114 responses.6 

Due to the size and limited accessibility of ships, most 

shipyard painting operations are performed outdoors. When 

painting and/or repairs are needed below the waterline of a ship, 

it must be removed from the water using a floating drydock, 




graving dock, or marine railway. In new construction operations, 


assembly is usually modular, and painting is done in several 


stages at various locations throughout the shipyard. 


The typical ship construction process begins with steel 


plate'material. The steel plate is abrasively cleaned (blasted.), 


and then coated with a preconstruction primer for corrosion 


protection during the several months it may lay in storage before 


it is used. The steel plate is formed into shapes or rolled. 


This is typically done indoors at the bigger shipyards, where 


some facilities have automated these steps. (Smaller shipyards 


usually have no indoor facilities, and all metal-forming work is 


done at or near the waterfront.) The preformed shapes or rolls 


are assembled into subassemblies which are constructed into 
.. 
nblocksn. Blocks are blasted to bare metal to remove the 


preconstruction primer and a paint nsystemn is applied. A paint 


"systemn is a succession of compatible coatings applied on top of 


one another. At some point in the construction, even those 


components fabricated indoors are moved outdoors to work areas 


adjacent to the drydock. The next construction step is on-block 


outfitting of piping, ventilation, and other materials. For 


large ships such as aircraft carriers or cruise ships final 


assembly (and then painting) can only be done at the drydock . 
At some facilities, smaller ships are completed indoors and then 


moved to the water using a marine railway and/or cranes. 


There are five general areas of ship structures that have 


special coating requirements: 


1. Antennas and superstructures (including freeboard); 


2. Exterior deck areas; 


3. Interior habitability areas; 


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


5 .  Underwater hu11a4 
Each of these areas is diagrammed in Figure 2-2 to aid with some 


of the terminology used later in this chapter. 7 



cluding freeboard 

Exterior 

Deck Areas 

I InteriorI 
Habitability Areas'-k 

7 
I 
I Fud, Water, Ballat, and Caqo Tanks 

i 
Undcrwata Hull 

Figure 2 - 2 . .  General areas of s h i p  s t r u c t u r e s  wi th  s p e c i a l  
coa t ing  needs. 7 



2.2.1 m e Paintg 

The basic components in marine paint (coatings) are the 


vehicle (resin binder), solvent (except in 100 percent solids 


coatings), pigment (except for clear coatings), and additives. 


Resins and solvents are discussed further later in this section. 


Paint is used for protective, functional or decorative 


(aesthetic) applications or both. 


Marine coatings are vital for protecting the ship from 


corrosive and biotic attacks from the ship's environment. Many 


marine paints serve specific functions such as corrosion 


protection, heat/fire resistance, and antifouling (used to 


prevent the settlement and growth of marine organism on the 


ship1 s underwater hull) . A ship1 s fuel:.-consumption will increase 

significantly because of marine fouling, adding to the 


operational costs. Different paints are used for these purposes, 


and each may use one or more solvents (or solvent blends) in 


different concentrations. Specific paint selections are based on 


the intended use of the ship, ship activity, travel routes, 


desired time between paintings (service life), the aesthetic 


desires of the ship owner or commanding officer, and fuel costs. 


Ship owners and paint suppliers specify the paints and coating 


thicknesses to be applied at shipyards. 


2.2.1.1 Marine Coatins (Resin) m e q .  The .general 


properties of the different chemical types of coatings and their 


uses in marine applications are discussed in this section. An 

overall summary of these coating types and applications is 


provided in Tables 2 -2 and 2 -3. These marine coatings are 

usually applied as a ftsystem.R A typical coating system 


comprises (1) a primer coat that provides initial corrosion 


(oxidation) protection and promotes adhesion of the subsequent 


coating, (2) one- or more intermediate coats that physically 


protect(s) the primer and may provide additional or special 


properties, and (3) a topcoat that provides long-term protection 


for both the substrate a d  the underlying coatings. The primer 

is usually a zinc-rich material that will provide galvanic 

corrosion protection if the overlying paint system is damaged but 




TABLE 2-2. AREAS OF APPLICATION FOR MARINE PAINTS (RESIN TYPES 1 


Su~erstluchue I X I X I X I X I X 

Topside equipment I X I X I X I X I X 

Decks I X I X I X I I X 

Hull--above water line X 
--below water line 

Internal decks 

I

I x 
I

I x 
I 

I 
I

I 
I 

I x 

Voids I X I X I - X I X I X 

Engine room--surfaces 
--machinew I X I X I 

Tanks 

Cargo holds--wet X X X 
--dry X X .: : X 

(a) Commonly used for potable water tanks. 
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TABLE 2- 3. MARINE COATING (RESIN) TYPES^ 
7". 


wh!&.PC Reain Advantages Disadvantages 

Alkyd based I Polyester compounds I Anticorrosive and weather-resistant Not recommended for immersion 

Chlorinated rubber Natural rubber Water resistant Softened by heat 
Fast drying 

Coal tar and coal tar epoxy Coal tar pitch High dielectric strength Carcinogenic 
Inexpensive Safety concerns 

Epoxy based I Bisphenol-A-type I ~nticorrosive Sunlight-sensitive 
Pot life varies by formulation 

Inorganic zinc Zinc metal in an Excellent primer for superstructwe Poor immersion service in 
inorganic binder Galvanically active solutions of either high or low pH 

Organic zinc I Zincmetalinan I Electrochemically active Poor immersion service in salt 
1 organic binder I water 
I 

Polyurethane Isocyanate group Chemical-resistant Difficult to recoat 
High gloss 

Molten aluminum or zinc Low weight Requires topcoat 
Longer service life ! fI I 

Vinyl Vinyl compounds Chemical- and water-resistant Softened by heat 
Requires wash primer I 




would quickly be consumed by sacrificial corrosion without a 


protective topcoat. A good coating system can enhance the 


beneficial properties of individual coatings. Each coating is 

typically a different color to help the applicators ensure that 


each layer provides complete coverage. 


. 2.2 .l. 1.1 &lkvdae9 Alkyd resins are polyester compounds 
that are formed by reactions between polyhydric alcohols (e.g., 

ethylene glycol or glycerol) and a polybasic acid (e.g., phthalic 


anhydride) in the presence of a drying oil (e.g., linseed or 

soybean oil). The specific oil used determines the curing 


properties of the resin and its ultimate chemical and physical 

properties. Alkyds are frequently modified chemically to improve 


their physical properties or their chemf-cal resistance. Modified
.. 
alkyds are formed by reacting other chemical compounds (such as 


vinyl, silicone, and urethane compounds) with the alkyd. Alkyd 


coatings require chemical catalysts (driers) to cure. Typical 


catalysts are mixtures of zirconium, cobalt, and manganese salts. 


Depending on the catalysts and the ambient temperature and 

humidity, it takes several days to several weeks before the 


coating is fully cured. 


Alkyd coatings are frequently used as anticorrosive primers 


and topcoats in interior areas and as cosmetic topcoats over 


high-performance primers in exterior areas. Alkyd coatings are 

primarily used for habitability spaces, storerooms, and equipment 

finishes. Fire-retardant alkyd paints are some of the most 

common interior coatings used on Naval ships. Modified alkyds, 


particularly silicone alkyds, have excellent weathering 

properties and are good decorative and marking coatings. 

However, alkyds are not recommended for saltwater immersion 

service or for use in areas that are subject to accidental 

immersion. The alkali generated by the corrosion reactions 

rapidly attacks the coating and leads to early coating failure. 

Also, alkyds should not be applied over zinc-rich primers because 

they are attacked by the alkaline zinc corrosion products. 


2.2.1.1.2 Chlorinated rubber.' Chlorinated rubbers are 

formed by reacting natural rubber with chlorine. Chlorinated 




rubbers by themselves are not suitable for use as coatings and 


must be blended with other compounds to produce good coatings. 


Coatings made from chlori~ted rubbers that have been blended 

with highly chlorinated additives provide tough, chemically 


resistant coatings. These coatings cure by solvent evaporation. 

These coatings are normally partially dry within 1 hour (hr) and 


fully dry within 7 days. For this reason, chlorinated rubber 


coatings are especially useful where fast drying, particularly at 


low temperatures (0" to 10°C [32O to 50°F1 ) , is required. 
Chlorinated rubber coatings are tough, resistant to water, 


and chemically resistant. However, they are softened by heat and 


are not suitable for sustained use at temperatures above 


66OC (150°F). Chlorinated rubber coatings are suitable for most 


exterior ship areas that are not continually exposed to higher 


temperatures. 


2.2.1.1.3 Coal tar and coal tar eooxv.9 Coal tar coatings 


are made from processed coal tar pitch dissolved in suitable 


petroleum solvents. They form a film by evaporation of the 


solvent, and the film can be redissolved in solvents. Coal tar 


films provide very good corrosion protection. However, the dry 


film is damaged by direct exposure to sunlight, which causes 


rapid, severe cracking. Coal tars are normally blended with 


other resins to improve their light stability and to increase 


their chemical resistance. Common blending resins include vinyl 


and epoxy materials. Coal tar coatings are widely used in highly 


corrosive environments such as ship bottoms, where impermeability 


is important. They are also applied as anticorrosive coatings in 


ballast tanks and lockers used to store anchor chains. 


Coal tar epoxy paints are packaged with the epoxy portion in 


one container and the curing agent (either amhe or polyamide 


type) in a second container. The coatings must be thoroughly 


mixed prior to use and must be used before the mixture 


solidifies. The liquid coating forms a film by solvent 


evaporation and continued chemical reaction between the epoxy 

resin and the curing agent. The "pot lifen is different for each 

unique formulation. Commonly used coatings have pot lives that 




range from 2 to 8 hr at 2S°C (77OF). Coal tar epoxy films have 

high chemical resistance, easily form thick films, and have a 

high dielectric strength. The high dielectric strength makes 

them particularly suitable for use near anodes in cathodic 


L. 


protection systems, where the high current d-ensities can damage 

other types of coatings. Coal tar epoxy coatings are known to 

exude low-molecular-weight fractions (ooze solvent), which cause 

recoating problems. The U.S. Navy limits the use of coal tar and 

coal tar epoxy coatings to protect workers from the possibility 

of low levels of carcinogens in the refined coal tar. 


Coal tar epoxies are also coxanonly used on fresh-water 

barges. Other suitable paints are available, but the coal tars 

are the least expensive. .. ,. 

2.2.1.1.4 E~oxy. Epoxy coatings for marine applications 

are typically formed by the chemical reaction of a 

bisphenol-A-type epoxy resin with a "curing agentn (e.g., mines, 

amine adducts, or polyamide resins). The coatings are packaged 

with the epoxy portion in one container and the curing agent in a 

second container. As with coal tar epoxy systems, the coatings 


must be used within their pot life. Commonly used epoxy coatings 

have pot lives that range from 2 to 8 hr at 2S°C (77OF). Epoxy 

coatings typically dry to touch within 3 hr and are fully cured 

after 7 days at 2S°C (77OF). The time to cure depends on the 

catalyst, ambient and surface temperature during the curing 

period. The curing reaction slows down markedly at temperatures 


below 10°C (SO0F). 

Epoxy coating films are strongly resistant to most chemicals 


and make excellent anticorrosion coatings. They are one of the 


principal materials used to control corrosion in the marine 

environment and are used in many primers and topcoats. However, 

epoxy coatings chalk when exposed to intense sunlight. For this 

reason, epoxy coatings are often used with cosmetic topcoats 

(e.g., silicone alkyds) that are more resistant to sunlight. 


2.2.1.1.5 ~noruanic zinc.9 Inorganic zinc coatings consist 

of powdered zinc metal held together by a binder of inorganic 

silicates. The binder is formed by the polymerization of sodium 




silicate, potassium silicate, lithium silicate, or hydrolyzed 


organic silicates. The liquid coating forms a film by the 


evaporation of the solvent medium (water and/or VOC's), followed 

by the chemical reactions between the silicate materials, zinc 


dust, and curing agents. Oxygen molecules are adsorbed in the 

film matrix in the case of water borne zinc coatings. 


A variety of curing mechanisms are used to form the final 


inorganic zinc coating film. The coatings are frequently 


packaged as multicomponent paints. All parts must be mixed 


thoroughly before being applied. After mixing, inorganic zinc 

coatings have'a pot life of 4 to 12 hr. The solvent material 

must evaporate from these coatings before they can form a film. 

For solvent borne, self cure, inorganic-zincs, some water is 
.. 
needed to allow the binder to cure. Low humidity can retard cure 

rate. 


Because the coatings consist primarily of zinc, they offer 


extraordinary galvanic corrosion protection. At the same time 


for a variety of reasons, they can be corroded by the same 


environments that damage zinc. Inorganic zinc coatings are often 

used on weather (exterior) decks and as primers for the ship 

superstructure (above waterline) . 

2.2.1.1.6 Qrsanic zinc.9 Organic zinc coatings use zinc as 

a pigment in a variety of organic binders. The primary feature 

of organic zinc coatings is that the coating film is 


electrochemically active and reacts to provide cathodic 

protection to the steel substrate. These coatings are not as 


mechanically durable or as resistant to high temperatures as the 


inorganic zinc coatings. However, they are frequently more 

compatible with organic topcoats. Generally, these coatings are 


more tolerant of application variables than are inorganic zinc 

coatings. The drying and curing properties of this type of 

coating are determined by the properties of the binder. These 

coatings are not recommended for immersion service in salt water 

for the same reason given for inorganic zinc coatings, namely, 

that they can be corroded by the same environments that damage 

zinc. 




2.2.1.1.7 mnrethane. Polyurethane marine coatings are 

made fron resins that contain complex monomers that incorporate 


isocyanate chemistry, which is highly reactive with hydroxyl 

groups (e.g., water and alcohols)', which are c~monly used as 


curing agents. Coating films are formed in two overlapping steps 


by solvent evaporation followed by a chemical reaction between 


the polyurethane resin and the curing agents. The most comonly 

used polyurethane marine coatings are packaged as two- or three- 


component systems. One component contains the polyurethane 


resin, and the second component contains an organic polyol. Some 

systems require the use of a third component containing catalysts 


(e.g., metallic soaps or amine compounds) to accelerate curing. 


Polyurethane coatings form tough, chemically-resistant 


coatings and make particularly good highlgloss cosmetic finishes . 
They have good abrasion and impact resistance and are 


particularly useful in high-wear areas. They have good weather 


resistance but lose gloss when exposed to intense sunlight. 


Weathered polyurethane coatings are often difficult to recoat, 


and subsequent topcoats will not adhere unless special care is 


taken to prepare the surface before repainting aged or damaged 

areas. Polyurethane coatings are most commonly used as topcoats, 


e.g., in a coating system consisting of one coat inorganic zinc, 


one coat high-build epoxy, and one coat aliphatic polyurethane. 

These coatings are used in the areas above the waterline such as 

the topside, weather deck, and superstructure areas. 


ized coatinsg . Spray-metallized2.2.1.1.8 S~rav-metall 

coatings are formed by melting a metal and spraying it onto the 


surface to be protected. The metal, solidifies in place and forms 


a tightly adhering barrier to protect against corrosion. Zinc 

and aluminum are the most commonly used metals for 

spray-metallizing. Aluminum is generally favored for marine 

service because of its longer service life and low weight. It is 

generally necessary to topcoat the sprayed metal coating to 

improve apeearance and protect the metallized coating to gain the 

maximum possible service life. Vinyl or epoxy coatings are 

typically used as topcoats for aluminum metal spray coatings. 




2.2.1.1.9 Vinvl. c~atincrs.~ Vinyl resins are formed by the 


polymerization of vinyl compounds. The most common resins are 


based on polyvinyl chloride (PVC) copolymers. These resins form 


films by solvent evaporation. Freshly applied coatings are dry 


to the touch within 1 hr and are fully dried within 7 days. 


Vinyl coatings are particularly useful where fast drying, 


particularly at low temperatures (0° to 10°C [32O to 5O0F1), is 


required. 

Coatings based on vinyl polymers perform well in immersion 


situations and are frequently used to protect submerged 


structures such as the underwater hull of a ship. These coatings 


have excellent resistance to many chemicals and are good 


weather-resistant materials. Vinyl coatings are softened by heat 
.. 
and are not suitable for sustained use above 66OC (150°F). Vinyl 


paint systems require the use of a thin coat of wash primer 


(containing acids to etch the surface) as the first coat to 


ensure good adhesion to steel. 


2.2.1.2 Paint Solvents. lo The solvent component of marine 


paints is a transient ingredient, but its quality and suitability 


are apparent for the life of the coating. Choice of solvents 


affects coating film integrity, appearance, and application. 


Thus, solvents play an important role in film formation and 


durability even though they are not a permanent component. The 


solvent in most paints is a mixture of two or more chemical 


compounds that impart different properties to the solvent blend. 


Two basic performance properties must be considered in 


selecting the proper solvent for marine coatings: solvent power 


and evaporation rate. Solvency refers to a solvent's ability to 


dissolve the resin and reduce its viscosity so the paint can be 


applied. The solubility of the resin and the solvency of the 


solvent determine initial coating viscosity. Evaporation is 


subsequently necessary as part of the drying process and in 


controlling the paint viscosity at various stages of drying (film 


viscosity increases as the solvent evaporates). The solvent must 

evaporate relatively quickly during initial drying to prevent 

excessive flow (sagging of the wet paint film), but in later 




stages it must evaporate slowly enough to give sufficient 


leveling and adhesion. Different solvent components are 


typically used to achieve such evaporative performance. 

Table 2 - 4  lists the most common organic solvents used at 

shipyards based on the collected Section 114 information in the 


data base.' The predominant solvents used in marine paints and in 

their associated cleaning are obtained from petroleum (crude 

oil). Many of the comonly known solvents are actually petroleum 

distillation fractions and are composed of a number of compounds. 


Distillation fractions are typically distinguished as aliphatic 


or aromatic. 


TABLE 2 -4. TYPICAL SOLVENTS USED IN MARINE PAINTS' 

1~ylene Isopropyl alcohol II 
Toluene Butyl alcohol 


Ethyl benzene Ethyl alcohol 


11 Methyl ethyl ketone I Methyl amyl ketone 
Methyl isobutyl ketone Acetone
I11 Ethylene glycol ethers I Propylene glycol ethers 11

I ~ineral spiritsa I 
I High- flash naphthab II 
a~igroine (light naphtha) , VM&P naphtha, Stoddard solvent, 
and certain paint thinners are also commonly referred to as 

mineral spirits. 


b~pecif
ications for this material exist under A S M  D3734 -91. 

Aliphatic petroleum solvents are distillation products from 

crude oil and are characterized by relatively low solvent power, 

relatively low specific gravities, and bland odors. Typical 

aliphatic petroleum solvents include hexane, mineral spirits, 

varnish makers1 and painters1 (VM&P) naphtha, Stoddard solvent, 

and kerosene. 


Aromatic petroleum solvents may be produced from aliphatic 




compounds. There are only four commonly used aromatic solvents 


in the coatings industry: xylene, toluene, medium-flash naphtha, 


and high-flash naphtha. Aromatics are stronger solvents than are 


.aliphatics; they dissolve a wider variety of resins. 
:.. . 

2.2.1.3 Coatins Svstems: In general, the coating systems 


described in this section are based on those used by the U.S. 


Navy and may not be representative of those used by commercial 


vessels with different (and perceived less stringent), service 


requirements. Coating system selection requires consideration of 


many different factors, including: 


1. Service requirements of the coated surfaces; 


2. Materials and application costs; 


Temperature and humidity during. application and 
.. 

4 .  Surface preparation requirements; 

5 .  Desired service life; 

6. Accessibility of the area for maintenance;'' and 


7. Life-cycle costs. 


Coating system requirements can be broken down into several 


generalized categories based upon the ship's structural 


components. These structural components include the freeboard 


areas and other exterior surfaces aboye the waterline (boot top) 


area; exterior deck areas; interior habitability spaces; fuel, 


water, ballast, and cargo tanks; and the underwater hull areas. 


These basic areas of a typical ship are illustrated in 


Figure 2-2. This figure and the following discussion were taken 


from a letter from S. D. Rodgers of the Naval Sea Systems Cormnand 


to A. Bennett of EPA involving protective coatings for U.S. Naval 


ships. The remainder of this section provides information on 


coating systems that have been identified to provide optimum 


service performance for various ship components. 

2.2.1.3.1 Freeboard areas and exterior surfaces above the 


boot ton area. The ship's exterior superstructure is subject to 

acidic fumes, extreme temperatures ranging from those of the 

tropics to those of the Arctic, intense sunlight, thermal shock 


when cold rain or sea spray contacts hot surfaces, and attack of 




wind-driven saltwater and spray. A two- or three-part system is 


recommended for these surfaces abwe the waterline. The 

anticorrosion protection is provided by zinc-rich coatings and/or 


epoxy-polyamide coatings. Cosmetic color and durability are 


provided by a silicon&alkyd, acrylic-modified, two- component . 
epoxy, polyurethane, or acrylic topcoat. Typical paint systems 

use either a two-coat epoxy with a two-coat silicone alkyd or a 

one-coat, zinc-rich primer with a three-coat epoxy and a two-coat 


silicone alkyd. 

2.2.1.3.2 Exterior deck areag. Decks, in addition to being 


in contact with seawater, are subject to the wear caused by foot 

and/or vehicular traffic, mechanical abrasion, fuel and chemical 


spills, and in the case of landing decks'; the landings and take- 
.. 
offs of aircraft. Antislip deck coatings are used to provide a 

rough surface to help avoid uncontrolled motion of the crew and 


machinery on wet, slippery decks. Antislip coatings need to be 

selected for both their mechanical roughness and their resistance 


to lubricants and cleaning compounds used on the decks. The most 

durable antislip coatings are based on epoxy coatings that 


contain coarse aluminum oxide grit. A typical antislip coating 


system may consist of one coat of epoxy primer and one coat of 

epoxy nonskid coating. 


2.2.1.3.3 Interior habitability soaces. Interior 

habitability areas suffer from high humidity, abrasion, cooking 

fumes, soiling, fires, and heat. Nonflaming and intumescent 


.coatings are the two major types of fire safety coatings used. 

Nonflaming coatings prevent the spread of fire, and intumescent 


coatings are used to reduce heat damage to surfaces that are 

exposed to fire. Common nonflaming coatings are based on 

chlorinated alkyd resins and on water emulsions of chlorinated 

polymers. Intumescent coatings contain materials that expand 

(foam) when heated and create a thick insulation film (char) that 

retards damage to the substrate. Typical applications involve 

the use of alkyd primers under chlorinated alkyd or waterborne 

nonflaming coatings (e.g., one coat alkyd, two coats chlorinated 


alkyd). 



2.2.1.3.4 T a m .  Often cargo spaces and tanks are in a 


more varied, and in some cases, more chemically reactive 


environment than the hull. The cargo/tank coatings must resist 


seawater, potable (drinking) water, hydrocarbon fuels and 
lubricants, sanitary wastes, and chemical storage and spills. 

Coating requirements for potable water tanks are vastly different 


from those for fuel or ballast tanks. Fuel tank coatings must 


prevent contamination of the fuel by corrosion products or by 


materials in the coatings. They must also prevent corrosion 


damage to the tank and be resistant to aliphatic and aromatic 


petroleum products. A three-coat epoxy system is satisfactory 


for this use. Zinc coatings are not used in fuel tanks because 


zinc dissolved into the fuel, particulasly gasoline, can cause 
.. 
serious damage to engines. 


Coatings for potable water tanks must prevent contamination 


of the potable water by corrosion products and must not 


contribute objectionable smell or taste to the water. The 


coatings must not react with halogen compounds (e.g., bromine or 


chlorine) used to disinfect the water. Care must be taken to 


avoid the use of phenolic compounds in any coating used for 


potable water tanks. (Phenolic compounds are sometimes added to 


epoxy coatings to accelerate curing.) Halogenated phenolic 


compounds in concentrations as low as 1 part per trillion can 


make drinking water unfit for use. 


Ballast tanks are exposed to both total immersion and 


partial immersion in seawater, but marine fouling is typically 


not a problem. The upper parts of the tank are constantly 


exposed to high humidity, condensation, and salt, while the lower 


portions are constantly immersed. However, the continually 


immersed areas can be protected by a combination of cathodic 


protection and barrier coatings. Other portions of the tanks can 


be protected with barrier coatings. A typical coating system may 

consist of two or three coats of epoxy. 


2.2.1.3.5 Underwater hull areas. The underwater hull is in 

constant contact with seawater and must resist the ravages of 

impact abrasion, galvanic corrosion, and cavitation. Exterior 




underwater areas also need protection frum the attachment of 


marine organisma, known as fouling. This portion of ships and 


structures are inaccessible for routine maintenance, and the 


coatings chosen must give reliable performance for extended 


periods of time. Corrosion control for underwater areas usually 


includes cathodic protection using sacrificial anodes (zinc or 


aluminum) or impressed current cathodic protection systems. 


Cathodic protection systems generate strongly alkaline 


environments near the anodes and in areas where damage exposes 


metal to the water. Both corrosion control and antifouling 


coatings must be resistant to the environment created by cathodic 


protection. 


2.2.1.4 Mrine S~ecialtv Coatins Catesor ies. A number of 
,. 
marine specialty coating categories were adopted by the 


California Air Resources Board (CARB) in 1990. All other marine 

coatings were classified as "general usen coatings and are 


subject to a single regulation. A description of the specialty 


coating categories is given in this section because the paint 


categories used for this project were based on them. Figure 2-3 


shows that all specialty coatings (including antifoulants and 


inorganic zinc) account for 31 percent of total marine coatings 


used at U.S. shipyards in the project data base5. Specialty 


categories are based primarily on their functions (e.g., an 


antifoulant's function is to prevent the hull from fouling). To 


satisfy these functions, a variety of resins/chemistries may be 


used. Therefore, the paints in a specialty category may not 


easily be substituted for one another. The whole paint system 


may have to be changed to ensure compatibility. 


Specific paint categories referred to as specialty were 


defined by CARB after a number of discussions with industry 

representatives indicated that a general VOC limit on all marine 

coating categories was not technologically feasible in meeting 


the performance requirements for marine vessels. Higher VOC 

limits for these specialty coating categories were adopted by 




Specialty (31.5) 

General Use (58.5) 

Figure 2-3. Shipyard paint usage-by overall category. 5 

(Based on project data base) 




CARE to t e e  into account the performance requirements of each 

category. A description of each of the adopted specialty paint 


categories is given below. 


2.2.1.4.1 Air flask coatingg. Air flask coatings are 


special combustion coatings applied to interior surfaces of high 


pressure breathing air flasks to provide corrosion resistance and 


which are certified safe for use with breathing air supplies. 


2.2.1.4.2 Antenna coatinas. Antenna coatings are applied 


to equipment which is used to receive or transmit electromagnetic 


signals. 


2.2.1.4.3 Antifoulant coatinq. Antifoulant coatings are 


applied to the underwater portion of a vessel to prevent or 


reduce the attachment of biological organisms. They are required 
.. 
to be registered with EPA as pesticides. 


2.2.1.4.4 Heat resistant coatinsa. Heat resistant coatings 


are used on machinery and other substrates that during normal use 


must withstand high temperatures of at least 204OC (400°F) . 
These coatings are typically silicone alkyd enamels. 


2.2.1.4.5 Hish sloss coatinua. High-gloss coatings achieve 


at least 85 percent reflectance on a 60 degree meter when tested 


by ASTM Method D-523. These coatings are typically used for 

marking safety equipment on marine vessels. 


2.2.1.4.6 Hish temperature coatings. High temperature 


coatings are coatings which during normal use must withstand 


temperatures of at least 426OC (800°F). 


2.2.1.4.7 Inorsanic zinc coatinss. Inorganic zinc coatings 


contain elemental zinc incorporated into an inorganic silicate 


binder, used for the express purpose of providing corrosion 


protection. 


Although water-based, zinc-rich primers have recently been 


made available from nearly every major manufacturer, field 


testing in a variety of services has not been completed. Failure 


of a primer is considered to be more catastrophic than the 


failure of a topcoat because it results in exposure of bare 


metal. 




2.2.1.4.8 Nuclear (low-activation interior) coat inss. 
Nuclear coatings are protective coatings used to seal porous 


surfaces such as steel (or concrete) that otherwise would be 


subject to intrusion by radioactige materials. 
. * 
2.2.1.4.9 plllltarv exterior coatinss. Military exterior 


coatings are exterior topcoats applied to military vessels 

(including U.S. Coast Guard) which are subject to specified 


chemical, biological, and radiological washdown requirements. 


2.2.1.4.10 Mist coatinsg. Mist coatings are thin film 


epoxy coatings up to 2 mil (0.002 in.) thick (dry) applied to an 

inorganic or organic zinc primer to promote adhesion of 


subsequent coatings. 

2.2.1.4.11 Navisational aids coatinas. Navigational aids 


coatings are applied'to Coast Guard buoys or other Coast Guard 


waterway markers when they are recoated at their usage site and 


immediately returned to the water. 


2.2.1.4.12 Nonskid coatinss. Nonskid coatings are 


specially formulated for application to the horizontal surfaces 


aboard a marine vessel, which provide slip resistance for 


personnel, vehicles, and aircraft. 


2.2.1.4.13 grsanic zinc coatinss. Organic zinc coatings 


are derived from zinc dust incorporated into an organic binder 


which is used for the express purpose of corrosion protection. 


2.2.1.4.14 Pretreatment wash rimer coatinss. Pretreatment . 

wash primer coatings contain a minimum of 0.5 percent acid by 


weight and are applied directly to bare metal surfaces to provide 


necessary surface etching. 


2.2.1.4.15 ReQair and maintenance thermo~lastic coatinss. 


Repair and maintenance thermoplastic coatings have vinyl, 


chlorinated rubber, or bituminous (coal tar)-based resins and are 


used for the partial recoating of in-use non-U.S. military 

vessels, applied over the same type of existing coatings. Coal 


tar epoxies are not included in this category even though they 

are bituminous-based; they were determined to better fit the 


epoxy (general use) category. 




2.2.1.4.16 m e r  camouflaqe coat-. Rubber camouflage 


coatings are specially formulated epoxy coatings, used as a 


camouflage topcoat for exterior submarine hulls and sonar domes 


lined with elastomeric macerial, which provide resistance to 


chipping and cracking of the rubber substrate. 


2.2.1.4.17 Sealant coat for wire s~raved aluminum. A 

sealant coat for wire sprayed aluminum coating is a coating of up 

to one mil (0.001 inch) in thickness of an epoxy material which 


is reduced for application with an equal part of an appropriate 


solvent used on wire-sprayed aluminum surfaces. 


2.2.1.4.18 S~ecial markinu coatinss. Special marking 


coatings are used on surfaces such as flight decks, ships' 


numbers, and other safety or identificarion applications. 
.. 
2.2.1.4.19 S~ecialtv interior coatinss. Specialty interior 


coatings are extreme-performance coatings with fire-retarding 

properties that are required in engine rooms and other interior 


surfaces aboard ships. They are generally single-component alkyd 

enamels. 


2.2.1.4.20 Tack coats. Tack coats are epoxy coats up to 


two mils thick applied to allow adhesion to a subsequent coating 

where the existing epoxy coating has dried beyond the time limit 


specified by the manufacturer for the application of the next 

coat. 


2.2.1.4.21 Undersea weaDons svstems coatinsg. Under-sea 


weapons systems coatings are applied to any component of a 

weapons system intended for exposure to a marine environment and 


intended to be launched or fired undersea. 


2.2.1.5 Amlication Eauinment. This section discusses the 

paint application methods generally used to apply coatings to 

marine vessels. These methods include: 


1. Conventional air-atomized spraying; 

2. Airless spraying; 

3. Air-assisted airless spraying; 

4. High-volume, low-pressure (HVLP) spraying; 
5. In-line heaters (hot spraying) in conjunction with other 


spray equipment ; 



6. Brushing; and 

Rolling. 


these methods, the most popular techniques used shipyards 


include brushing, rolling, conventional air-atomized spraying, 


and airleas spraying. Brushing and rolling are primarily used 


for touchup and recessed surfaces where spraying is not 


practical. Spraying is primarily used for all other surfaces 


because of its high application speed. 


Spray paint application systems include three basic 


components: a container that holds the paint, a pressurized 


propelling system, and a paint gun. A brief summary of the 


various spray application systems is provided in Table 2-5. 12 


2.2.2 Thinnincz Solventg .. 
Solvents are frequently added to coatings by the applicator 


just prior to spraying to adjust viscosity. The volume of VOC 


emissions from "paint thinningn is second only to that from paint 


solvents. Thinning is done at most shipyards (regardless of 


size) even though the paint manufacturers typically state it is 


usually unnecessary.51 Weather conditions also play a part in 


thinning in northern locations during the winter months when the 


cold temperatures increase paint viscosity. 


2.2.3 Cleanins Solvents 


Solvents used to clean spray guns and other equipment and to 


prepare surfaces prior to painting are referred to as cleaning 


solvents. As mentioned previously, emissions from cleaning 

solvents were addressed in an ACT published by EPA on Industrial 


Cleaning Solvents. Cleaning solvents must be compatible with 


solvents in the various marine paints to be effective. A wide 


range of practices and/or systems is used for spray equipment 


cleaning. Methods range from spraying solvent through a gun into 


the air (or a bucket) to using a totally enclosed system where 

the spray gun is mounted. Several shipyards recycle used 

solvents in-house, and many others (especially the major yards) 


are required to dispose of the used solvent as a hazardous 


material. 

Figure 2-4 and Table 2-6 give the breakdown of solvent usage 
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TABLE 2-5. ADVANTAGES AM) DISADVANTBES OF SPRAY PAINT 
APPLICATION METHODS 


R MosLaridelyuesd 
Low air usrge (uuhydraulic prusurca) 
High-volume mr0eri.lourplt 
Limited 0vagPi.y fog 
Luge spray p.ttane and high application speeds 
Applicrdon of heavy viecous cortings 
EX&& for large surf.ces 
Good W e r  efhciency on lugc surf-

Low amtiag usage 
Fair to good operator control on air pressure 

Culbeusedfori&ca&parra 

H Reduces the need for solvent additions for viscosity 
reduction 

Applicltioa viscosity is not altered by ambient te-
and weather conditions 

High film build with fewer coats; smoother surfices 
Potential for improved trausfer efhciency 
Several designs available 
Can bb used in conjunction with most of spray 
, =Pip-

Piimuily used for touchup j o b  and in s m d l  work 
amaa 


I ( M U I ~  application used on larger uus w h m  
I/ overspray presents cleaning difficulties 

usa high volume of air 
Expeawive fluid tipa 
High equipmear-
Lmicuittomixso~highviacoeitymoteri~ls 

opet.ta c o r n 1  during application 
System not very flexible 

IHigh equipmclltmcllt- 
Expmive fluid tips 

Sloarg application speed (controversial) 
Das findy .to& some high-aolids coating 

m8taiab (contnwersial) 
H i g h c o e c f o r t u r b i u e ~  
Requires more opmtor W  g thnn conventional 

IAdditional mabtmmc-e dequipment costa 
Fast solvent fhsh-off cm develop plahole and 

solvcut if coating is applied too heavily 
Rcquka additional fluid hose to spray gun for 

&ukring
Not I.6commaded for premixed tw~omponent  -
Not i&&d for w a t e r b a d  coatings 

Bm*g 
Laborintensive 

1 ~ a ynot be .ppropriPtt for some primen (does not 
I lmdrato-1 





and the average density of each solvent type. Solvents used for 


surface preparation have been included here because of the very 


low usages reported and actual shipyard practices (all solvents 


are usually stored/collected together.).. In general, all major 


solvent uses at shipyards (solvents used for thinning, eqqipment 


cleaning, and surface preparation cleaning) are the same in terns 


of the VOC's used. 


TABLE 2 -6. SOLVENT USAGE BREAKDOWN^ 
Total usage, Average density, 


Use description L (gal) g/L (Ib/gal) 


Thinner 514,739 (135,980) 838.8 (6.99) 


Cleaning to prepare .,. 
surfaces 73,433 (19,399) 842.4 (7.02) 


Cleaning of Equipment 

and other items 683,030 (180,438) 846.0 (7.05) 


Total combined 1,271,202 (335,817) 842.4 (7.02) 


2.2.4 Abrasive Blastinq 


This section provides information on abrasive blasting media- 


used for preparing surfaces for painting and abrasive blasting 


methods. 


2.2.4.1 General. The abrasive blasting process is used to 


prepare the surface (remove rust and deteriorated coatings) to 


ensure adhesion and performance of a new anticorrosive or 


antifouling system. Below the waterline on the hull, blasting 


removes marine growth, algae, and barnacles that reduce ship 


speed, increase fuel consumption, and increase noise as the ship 


travels. 


The quality of surface preparation is the greatest single 


factor that will affect performance of the new coating system. 


Blast cleaning is the most effective and the preferred method of 


preparing metallic surfaces. Wire brushes, sanders, and other 




alternative means of surface preparation are less effective than 


blasting and can lead to early coating failure because they do 


not provide the optimum surface profile and/or cleanliness to 

which the new coating must adhere. 8 

2.2.4.2 m e s  of Abrasives. Abrasive blast materials are 


generally classified as sand, metallic shot or grit, or other. 


The cost and properties associated with the abrasive material 


dictate choice of use. 


Sand is the least expensive blast material but presents some 


safety concerns. It is commonly used when blasting outdoors 


where reclaiming is not feasible. Sand has a rather high 


breakdown rate (frets easily), which can generate substantial 


dust and causes health and safety concerns involving silicosis. 
.. 
For this reason, its use in most shipyards is limited. Synthetic 


abrasives, such as silicon carbide and aluminum oxide, are 


becoming popular substitutes for sand. Although the cost of 


these synthetic abrasives is three to four times that of sand, 


they are more durable and create less dust. Synthetic materials 


are predominantly used in blasting enclosures and in some 


unconfined blasting operations where abrasive materials can be 


readily reclaimed. 


Metallic abrasives are made from cast iron and steel. Cast 


iron shot is hard and brittle and is made by spraying molten cast 


iron into a water bath. Cast iron grit is produced by crushing 


the oversized and irregular particles formed in manufacturing 


cast iron shot. Steel shot is produced by blowing molten steel. 


Steel shot is not as hard as cast iron shot but is much more 


durable. Due to the higher costs associated with metallic 


abrasives, they are predominantly used in specially designed 


enclosures with reclaiming equipment. 


Glass beads, crushed glass, cut plastics, and nutshells are 


included in the mothern category. As with synthetic and metallic 

abrasive materials, they are generally used in operations where 


the material is readily reclaimed. 


The type of abrasive used in a particular application is 

usually specific to the blasting method. Dry abrasive blasting 




is usually done with sand, aluminum oxide, silicon carbide, 


metallic grit, or shot. Wet blasting is usually done with sand, 


glass beads, or any materials that will remain suspended in 


water. Table 2-7 lists common abrasive materials and their 


applications.13,14 The choice of abrasive also is influenced by 


considerations of the abrasive cost at the blasting site, the 


labor plus material cost for cleaning a unit area of hull, the 


costs of cleaning and disposal of a particular abrasive, and the 


desired surface profile. Table 2-8 provides the compositions of 


some commonly used blast media. 15 


2.2.4.3 mrasive Blastina Svstemg . Typically, blasting 

media is analogous to spraying paint. Blasting systems require a 


reservoir for the blast media, a propelling device, and a nozzle. 
.. 
The exact equipment used depends on the application. 


The three propelling methods used are centrifugal wheels, 


air pressure, and water pressure. Centrifugal wheel systems 


depend on centrifugal and inertial forces to mechanically throw 


or propel the abrasive media at the substrate. l6 Compressed air 


systems blast the abrasive at the substrate. Finally, the water 


blast method uses either compressed air or high-pressure water.17 


The most popular systems are those that use either air pressure 


or water pressure to propel the abrasive material. Therefore, 


only these methods are described. 


The ncompressed air suctionIn the ncompressed air pressure," 


and the "wet abrasive blastingM systems use air to create the 


driving force for propelling the abrasive material out of the 


gun. Hydraulic blasting systems use water to create this driving 


force. 


Compressed air suction systems include two rubber hoses that 


are connected to the blasting gun. One delivers air from the 


compressed-air supply, and the other delivers media from the 

abrasive supply tank or ttpot.n The gun (Figure 2-5) consists of 


an air nozzle that discharges into a larger nozzle. The high- 


velocity air jet. (expanding into the larger nozzle) creates a 


partial vac&n in the chamber. This vacuum draws the abrasive 

into the outer nozzle and expels it through the discharge 
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TABLE 2-7 .  MEDIA COMMONLY USED IN ABRASIVE BLASTING'~ 

of medium . Sizes normally available . ApplicUioru 

8 to 10 sizcs from 30 to 440 mesh, Decorative blending; light &burring; peening; general 

Il~.~uminumoxide 110 to 12 sizes from 24 to 325 mesh lFast cutting; matte finishes; descaling and cleaning of 
coarse and sharp textures 

Garnet 6 to 8 sizes (wid-band s c d g )  Noncritical cleaning and cutting; texturing; 
from16to325mesh noncmtaminating for brazing steel and stainless steel 

Crushed glass 5 sizes (wide-band screening) from Fast cutting; low cost; short life; abrasive; 
30 to 400 mesh noncon taminating applications 

Steel shot 12 or more siza (close gradation) Gad-purpose  rough cleaning (foundry operation, 
from 8 to 200 mesh etc. 1; peening 

S t d  grit 12 or more sizts (close gradation) Rough cleaning; coarse textures; foundry welding 
from 10 to 325 mesh applications; some texturing 

Cut plastic 3 sizes (fine, medium, coarse); Deflashing of thermoset plastics; cleaning; light 
definite-size particles debutring 

Crushed nutshells 6 siza (wide-band screening) Deflashing of plastics; cleaning; very light deburring; 
fragile Parts 

TABLE 2 - 8. COMPOSITIONS OF BLAST MEDIA" 
I. 

Trade or common name Composition 

Natural sand Essentially pure silicon dioxide 

Green Diamond Copper slag containing residues of free silica, lead, nickel, and chromium 

Polygrit Cuprous slag 

B o i  slag Silica containing iron oxide, alumina, and traces of magnesium, calcium, 
copper, lead, tin, antimony, and arsenic oxides 

Dolcite Porphyry Igneous crushed rock 

TIron slag containing silica, iron, aluminum, calcium, magnesium and 
titanium oxides, sulfates, phosphorus, manganese and carin 



Gasket Air noul e 

Figure 2-5. Suction blast nozzle assembly. 17 




opening, Figure 2-6 shows a typical suction-type blasting 


machine. 


Figure 2-7 illustrates the compressed air pressure system. 


Pressure in the 'tank forces- abrasive through the blast hose 

rather than siphoning it, as in the suction- type system. The 


compressed air line is connected to both the top and bottom of 


the pressure tank. This allows the abrasive to flow by gravity 


into the discharge hose without loss of pressure (see 


Figure 2-7). 


Finally, wet abrasive blasting systems (Figure 2-8) propel a 


mixture of abrasive and water with compressed air. (An alternate 

method uses a pressure tank and a modified abrasive blasting 


nozzle, Figure 2 -9.) .\. . 
Figure 2-10 illustrates the nozzle used for yet another 


blast scheme. Hydraulic blasting incorporates a nozzle similar 


to that of air suction systems. High-pressure water is used 


instead of compressed air as the propelling force. 


Pressure blast systems generally give a faster, more uniform 


finish and use less air than do suction blast systems. Pressure 


blast system can operate at as low as 1 pound per square inch 


(psig) to blast delicate parts and up to 125 psig to handle the 


most demanding cleaning and finishing operations. 14 


Suction blast systems are generally selected for light to 


medium production requirements, limited space, and moderate . 

budgets. Since the suction blast system use open-top 


reservoirs, it is unnecessary to stop blasting to change the 


abrasive or ref ill the supply tank. l3 l4 


2.3 BASELINE EMISSIONS 


2.3.1 VOC Emissions 


Figure 2-11 shows the annual usage breakdown of all marine 


paint categories. Table 2-9 gives the average of the reported 


solvent VOC contents for specialty and general use categories, 

respectively (weighted by volume) .' Using these average values 
which assume that all "as suppliedn paint solvents and thinners 


are emitted, VOC emissions on a per-gallon basis are then 

calculated for each paint and thinning solvent category. These 
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Figure 2-6. Suction-type blasting machine. 17 
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Figure 2-7. Pressure-type blasting machine. 13 




,Air supply valve 

Choke relief valve 
Water 

Equal air pressure 
above and below 

Figure 2-8. W e t  b l a s t i n g  machine. 13 
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Water 


Figure 2-9. Adapter nozzle converting a dry blasting unit 

to a wet blasting unit. 13 




Water 

Figure 2-10. Hydraulic blasting nozzle. 13 






TABLE 2 -9. AVERAGE VOC CONTENT OF "AS SUPPLIED" PAINTs~ 

General use - Alkyd 604,765 (159,658) 474 3.95 

-General use - epoq 3,515,080 (927,981) 350 2.92 

I P" retardant I 297,432 (78,522) 360 

Heat resistanthigh temperature 22,360 (5,903) .. . 466 3.88 
(HRIHT) 

High gloss 65,174 (17,206) 492 4.10 

Inorganic zinc 570,064 (150,497) 545 4.54 

Nuclear (low activation interior- 35,026 (9,247) 401 3.34 
LAn 

I Organic zinc 28,114 (7,422) 548 4.57 1 
Special marking 38,473 (10,157) 446 3.72 

qotal h m  the 37 shipyard reaponsea in data base.' 



values are the sum of the solvent contents of all reported paint 


and thinning solvents used. The figures do not include' the 


contribution of reaction byproducts to the total VOC emitted. 


Paint/solvent usage breakdowns for each model yard are provided 


in Chapter .dl as are baseline emissions estimates for'each of the 


uncontrolled model plat categories. 


2.3.2 PM-10 Frmissiong 


Table 2-10 summarizes the test data available on PM-10 and 


respirable particulate matter (RP) emissions from the abrasive 


blasting of ship hulls and other structures. The data sets were 


evaluated using the criteria and rating system developed by EPA1s 


Office of Air Quality Planning and Standards (OAQPS) for 


developing AP-42 emission factors. In Chose cases where emission 


factors were presented in the reference document, the reliability 


of these emission factors was indicated by an overall rating 

ranging from A (excellent) to E (unacceptable) . These ratings 

took into account the type and amount of data from which the 


factors were derived. Based on the criteria and rating system 


developed by OAQPS, emission factors reported in Table 2-10 for 


particulate matter emissions from abrasive blasting operations 


were below average in quality. l3 Although measurable levels of 


RP were documented from blasting ship hulls, there was 


insufficient information to support the relationship between the 


amount of PM-10 found, the type of abrasive, and the type of 


docking facility tested. Emissions data gathered for abrasive 


blasting of ship hulls and other structures (Table 2-10) are 


incomplete and give little insight. Therefore, it is concluded 


that the currently available data gathered for nonsimilar 


applications cannot be used to estimate emissions from blasting 


operations at shipyards. 


If the analogy of spraying paint and blasting media against 


substrates has any validity, it is clear that developing emission 


factors for blasting will be challenging. Studies of paint spray 


transfer efficiency (the portion of paint leaving the spray gun 


that adheres to the substrate being painted) conducted by the 

U. S. EPA several years ago revealed that the variable to which 




NTROLLED ABRASIVE BLASTING OPERATIONS'~ 
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b ~ l ~= Not rvrilrble or not rpplicrble. 



transfer efficiency is most sensitive is the velocity of 


ventilation air in the spray booth. 


One could readily conclude that the emissions of fine 


particulate associated with blasting are a function of the 


particle distribution of the blast media, the friability of both 


the media and the coating and corrosion products being removed, 


wind speed and direction, relative humidity, and downwind 

distance of the sampling point. If true, the accuracy or 

validity of emission factors will continue to be gross estimates 


until a study is performed that incorporate all of the essential 


variables. 

It is believed that any PM-10 released by the blasting 


process is likely to be found among the more visible portion of 
.. 
the downwind plume and would likely remain airborne longer than 


the larger (heavier) particulate. Using such reasoning, one 

could conclude that any visible downwind plume contains some 

PM-10, and the further from the blast site, the greater its 


portion of the total particulate, as it is naturally winnowed 


from the larger particles. 


2.4 EXISTING REGULATIONS 


Regulations that affect the emissions of VOC's and PM-10 

from shipyards are discussed in this section. First, the 


constraints imposed upon shipyards by the Clean Air Act 

Amendments of 1990 are discussed. This discussion is followed by 

a summary of existing regulations for VOC and PM-10 emissions 


that are used in various States to control emissions from 


shipyards. 


2.4.1 Recruirements of the Clean Air A c t  Amendments of 1990 
Section 130 of the 1990 Amendments requires EPA within 


6 months after enactment, and at least every 3 years thereafter, 

to review and, if necessary, revise methods for estimating 

emissions. These emission estimation methods are used primarily 

by States to develop emission inventories for criteria pollutants 

in nonattaiment areas (NAAf s) (areas not meeting the National 

Ambient Air Quality Standards [NAAQS]) . The criteria pollutant 
emission inventories are used to develop control strategies that 




are reflected in State implementation plans (SIP'S), to track 


reasonable further progress for bringing NAA's into attainment 


with the NAAQS, and to perform air quality studies and 


monitoring. Shipyards are one of the sources that need to be 


considered in the SIP process. 

I I2.4.1.1 Area Classlflcationg. Nonattainment area's are 


designated by EPA, which assigns one of five classes for ozone 


and one of two classes for PM-10. Table 2-11 shows the criteria 


by which EPA designates the nonattainment classes and the 


respective dates by which the 1990 Amendments require that 


attainment of the NAAQS for ozone and PM-10 must be met. For the 


purpose of class designation, the ozone design value for an area 

is defined as the facility's fourth highest monitored ozone 


concentration for the years 1987 through"l989. 


2.4.1.2 gzone and PM-10 Emission Inventories. The 1990 


Amendments require States with ozone NAA's in any of the five 


area classes shown in Table 2-11 to have submitted a baseline 


emission inventory for those areas by November 15, 1992. This 


baseline emission inventory must be based on the 1990 peak ozone 


season, typically between June and August. Shipyards were to be 


one of the sources inventoried. All future progress toward 


attainment of the primary standard will be measured against the 


baseline emission inventories. The 1990 Amendments require 


States to submit periodic (revised) ozone emission inventories 


every 3 years, beginning November 15, 1995, until areas are in 


attainment with the primary standard. Figure 2-12 shows a 


timeline for State submittals of ozone emission inventories to 


EPA. The 1990 Amendments do not specifically require baseline 


emission inventories for PM-10 but do specify a schedule for 


PM-10 SIP submittals, which will probably require PM-10 emission 


inventories. The EPA plans for States with NAA's to submit PM-10 


emission inventories according to the schedule shown in 

Figure 2- 12. 


It is anticipated that shipyard contributions to the 
. 
reasonable further progress deadlines for ozone can be estimated 


and tracked using paint and solvent usage records. Emissions of 




TABLE 2-11. 1990 CLEAN AIR ACT AMENDMENT ATTAINMENT DATES 

FOR PRIMARY STANDARD 


0.121 up to (but November 15, 1993 Moderate Dectmber 31, 1994 for 
not including) Section 107(d)(4) areas, 
0.138 ocherwik 6 yeam after 

0.138 up to (but November 15, 19% designation 

not including) 
0.160 

0.160 up to (but November 15, 1999 Serious December 3 1, 200 1 for 
not including) Section 107(d)(4) areas, 
0.180 othcrwisl: 10 ye- after 

0.180 up to (but November 15, 2005 designation 

not including) 
0.280 

0.180 up to (but November 15, 2 0 5  
not including) 
0.190 

not including) 

a1988 ozone design value only. 





PM- 10, however, are unknown. Emission factors for PM-10 from 


shipyard operations have not yet been and will not be easily 


developed. For this reason, it will be difficult to estimate any 


potential contribution or reasonable further progress of the 


shipyard for PM-10. 


2.4.2 Summan of Existins Resulationg 
An understanding of existing regulations is crucial in 

assessing regulatory and cost impacts, as well in determining 


appropriate control measures for the industry. States and 


localities with existing regulations are Virginia, Connecticut, 


Louisiana, Maine, Washington, Wisconsin, California, and 


California's Bay Area, South Coast, and San Diego County Air 


Pollution Control Districts. Table 2-T2 summarizes these 
.. 
regulations. The regulations pertain to the marine coating of 


ships and the resulting VOC emissions and to the outdoor abrasive 


blasting of ships and the associated PM-10 emissions. These 


regulations were reviewed to determine whether the rules are 


shipyard-specific. California and Louisiana are the only States 


with regulations that specifically address the shipbuilding and 


ship repair industry. For those States/localities and/or unit 


operations for which shipyard-specific regulations do not exist, 


there are general provisions for regulating emissions from 


shipyards. The regulations are described in greater detail 


below. 


2.4.2.1 Marine Coatins and VOC Remirementg. The 


California Air Resources Board's and California's Bay Area, South 


Coast, and San Diego County Air Pollution Control Districts' 


regulations specifically limit emissions from the shipbuilding 


and ship repair industry. They specify maximum VOC contents for 

paints typically used in specific applications (e.g., as 


antifoulants). Louisiana enforces VOC limits for its shipyards 


by estimating facility emissions from paint material safety data 


sheets (MSDS1s) and comparing those emissions with the maximum 


allowable VOC contents defined by the regulation. Louisiana has 


adopted VOC limits for various specialty marine coating 


categories that are similar to those adopted by California. (Use 
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II 

Abrasive blasting and PM-I0* 
Califor& Air Reso-

. 
Board Requirt use of low-VOC coatings. 

,* . 
. Stringent regulation. 

See Figwe 2-13. 

R u p b  control of solvent emissions 
h m  equipment cleaning and thinning 
paint. 

11 1 see Table 2-14. 

Adopted CARB rulca. 
Adooted CARB rulca. 

4dooted CARB rules. 

Generic RACPfor sources 
> 100 tons. .. .. 
Require low-VOC paints for indoor 
coatins?. 

Existing permitted sources renew 
operating licenses every 5 years. 

Washington Regulate spray coatings under general rarp blasting operations. 
provisions. 

bgulate on a 'complaint basis. " 

go blasting if wind speed is 
>20 mh. 

California's Rule 66. ?ugitive rule for particulate matter. 

W i f i c  to blasting process. 
Require tarping of blasting area. 

Chapter 21 regulatca VOC emissions 
reported on MSDS's. 

(VOC limits similar to California's. 
Virginia D percent opacity visibility 

~tandard. 

Zmuire 'admuate containment of - - - ~-

uulhblasting dr similar operations. " 

N/A = Not available or not applicable. 
a~easonably available control technology. 
betit available control technology. 



of the MSDS for compiiance indicates that the enforcement 

mechanism incorporates a margin of safety for the shipyards. The 


EPA reference method considers cure volatiles which the MSDS does 

not.) A comparison of California and Louisiana VOC limits is 

given in Table 2 -13. 
Connecticut and Wisconsin do not regulate VOC emissions 


directly from shipyards. They do, however, require coating 


manufacturers to substitute slower reactive solvents using the 


old "California Rule 66" to delay formation of ozone. Rule 66, 


promulgated in California in 1962, required an 85 percent 


reduction in highly photochemically reactive compounds by 


substitution of more slowly reacting solvents that it identified 


as "exempt." In 1976, EPA published a VOC policy statement in .. 
the Federal Redsteq that noted that essentially all organics are 


photochemically reactive and urged States to change their 


substitution rules as EPA provided more specific guidance. A few 


States have not withdrawn Rule 66 even though it does not 


constrain ozone formation. 


Maine and Washington have general State provisions that 


allow VOC emissions to be regulated. Under Maine's regulations, 


new sources are required to use best available control technology 


(BACT) 60 control emissions, and existing permitted sources are 


required to renew their operating licenses every 5 years. 


Washington's Puget Sound Air Pollution Control Agency's rule 


restricts or prevents painting operations when wind speeds exceed 


20 miles per hour (mph) . 
2.4.2.2 Abrasive Blastins and PM-10 Reauirements. The most 


stringent abrasive blasting regulation adopted in the United 


States to date (adopted November 1990) is in the State of 

California. A summary of the regulation guidelines is provided 


in Figure 2 -13.18119 The regulation states that abrasive 
blasting can be conducted either inside or outside of a permanent 


building. Stack emissions from indoor abrasive blasting must 


meet a Ringlemann 1 (20 percent opacity) visibility emission 


standard, regardless of the abrasive or the abrasive blasting 

method used. All outdoor abrasive blasting is required to meet a 




TABLE 2-13. STATE VOC LIMIT COMPARISON^^ 

(Expressed in units of g/L and lb/gal of coating as applied, 


General Limits 1 340 1 340 1 2.8 1 2.8 

Antifoulant 
Heat-resistant 
High-glow 
High-temperatun 
Inorganic zinc 
Low-activation 
interior (Nuclear) 

Military exterior 
Navigational aids 
Pretreatment wash primer 

R@ and maintenance 550 
thermoplastics 
Wire spray sealant 6 10 
Specialty interior 340 
Special marking 490 
Tack coat 6 10 

Undersea weapons systems 340 
Extreme high-gloss NIA 
Metallic heat-resistant NIA 
Anchor chain asphalt NIA 

(lT-v-5 1) 
Wood spar varnish 
(IT-v-119) 

NIA 

Dull black finish NIA 
@OD-P-15 146) 

Tank coatings NIA 
@OD-P-23236) 

Potable' water tank coating NIA 
@OD-P-23236) 

Flight deck markings NIA 
@OM-24667) 

Vinyl acrylic top coats NIA 

Antifoulants on aluminum NIA 
hulls 

Elastomeric adhesives (with NIA 
15 wt 46 rubber) 



OUTSIDE INSIDE 
CONDUCTED INSIDE 

m OR OUTSIOE OF A 
PERMANENT BUILDING 

MUST MEET ONE MUST MEET 
OF THE PERFORMANCE RINGLEMAN NO. I

STANDARDS 
I 

I 

....I 
1 ? Tr 

1. STEEL OR IRON 2. GREATER THAN 3. PERMANENT 
GRlT/SHOT 8 FEET LOCATION 

DIMENSION 
C , L 

I 
I 

MUST USE EXCLUSIVELY 
ONE OF BELOW , , - ...!T,.l.. 

BLAITINQ BLASTINQ BLASTING ABRASIVE 

I 

Figure 2 - 1 3 .  Explanatory flow diagram of Cal'f 
regulatiori provided by NASXO. dl4F

i a l s  blasting 



Ringlemann 2 (40 percent opacity) visibility emission standard. 


To conduct abrasive blasting outside, one of these criteria must 


be met: (1) steel or iron shot/grit must be used exclusively, 


(2) the item being blasted must exceed 8 ft in any dimension, or 


(3) the item being blasted must be at or close to its permanent 


location. If Options 2 and 3 are met, then wet abrasive 

blasting, hydroblasting, vacuum blasting, or dry blasting with a 


certified abrasive must be used. The grades and brands of 


abrasives certified by CARB are listed in Table 2-14. According 

to the regulation, abrasives are certified biannually based on 


particle size and distribution. Abrasives are certified to 


restrict the types of abrasives used in dry unconfined blasting 


for the purpose of reducing the amount ~f fine particles 


introduced to the blasting process. The particle size and 


distribution constraints ("cut-point for finenessn) criterion 


allows abrasives to be reused only if they can be shown to still 


meet the physical requirements. 18 


Virginia, Washington, and Wisconsin also have requirements 


for open blasting operations. These regulate total particulates, 


not PM-10. Virginia has adopted a general 20 percent opacity 


visibility emission standard. Virginia has also adopted a 


standard that requires facilities to take reasonable precautions 


to prevent particulate matter from becoming airborne. 


Washington's Puget Sound rules state that if fugitive dust from 


blasting (or any process) becomes a public nuisance, the agency 


can intervene with some measure to reduce the fugitive emissions. 


The agency also restricts blasting operations when wind speeds 


exceed 20 mph. Wisconsin has adopted a general fugitive rule for 


PM emissions from blasting. 13 




- -  -- 

TABLE 2 - 1 4 .  ABRASIVES CERTIFIED BY CARB 


B d  name or grade 
Alpheus Claaing T ~ o l o g i e sCorp. 

Rnncho Cucunonga,CA 

Apache Abrasive, Inc. Aprche-Blast 12-50 and utility 
Houston, n[ 

Applied Industrid Materids Corp., (AIMCOR) 
Deerfield. IL 

RA. Barn=, lac. 
PortIPnd, OR 

Bprton Minu Corp. 
North C d NY 

Blackhawk Slag Products Blackhawk; Fme, Medium, Utility 
Midvaie, Cl' 

California Sica Products Company Nos. 12, 16, 20, 30 
San Juan Clpistrrmo, CA 

Cominco-Ammican Resources, Gieabmok Nickel Company Ruby Gunet, 16, 36 
Riddle. OR 

- -

Corona Industid Sand Company Cisco Nos. 12, 16, 20, 30 
Corona, CA 

Crystal Peak Garnet Corp. 1640 
Vancouver. BC. Canada 

Desert Garnet Gcmshot Nos. 36, 30-60 
Cadi- CA Ge& Nos. 36, 30-60 

Don Kelland Materials, Inc. Arha8 Utility 
Yuma, A2 

Dwycr Consolidated Mines, Inc. . Garnet Stonn Nos. 16, 20, 40, 60 
Tlousand Palms, CA 

E. I. Du Pmt de Nemours & Company, Inc. Stublast, cpff = No. 200 sieve 
Wilmhgton, DE Stublast XL,cpff = No. 200 sieve 

Zcian ,  cpff = 270 sieve 

Emerald Creek Garnet Milling Company Nos. 36,30/40,SOX 

Fusm Abnsive Systems, Inc. (u.s.~ c c h n o l ~ ~Corp., Poly PG 



TABLE 2 -14. (continued) 

Company rand name orgrade 
Gamct Miltm A W d a  (manufacturer) ROM 30 X 60 

Gddton .  Austrrli. 
,Buton Mines Corp. 

Goldca, CO 
Go& SPnd Company (distributor) 
Compton, GA 

GemsZar Stone Products Comppny Clmsi Black, Utility Gadc 
Hunt Valley, MD 

P. W. Gillibrand Company Gibrand; Silver Nos. 12, 16, 
S i  Valley, CA 20, 30 

Gib-d; M-16, M-20, M-30 

Glenbrook Nickel Company .Greea Diamond; 1040, 16-36, 
' 

Riddle, OR 16-50, 20-50 

Go& %ad Company Golden Flint; G-16. G-20, G30 
Compton, CA 4 i s  Luster; G-12 

Silver Flint; S-12, $16, $20, $30 

Grimgrit, Inc. Grmgrit-Medium 
H-Vey, LA 

Hanco Cmp., Reed Mineral Division 
High ld ,  IN Black Beurty-2250 
Reed Mincddksco Black Buurty-1243, 2043 
Memphis, TN Black Beruty-US0 
calcord @owl], NH Black B-uty- 1040, Black Beauty- 1240 
G w ,  MI 
Drrkcaboro, KY 

Hydro-AirProducts, Inc. 
V m m .  CA 

MWTAM b d s  Products Inc., nserve abrasives Utility 
Cebu City, Phillipines 

Kayway Industries, Inc. Kayway Grit; 16-30, 20-40 
Winnipeg, Mantoba, C a d  

3M Co-Y 3M; C-110, C-111 
CA 

Minds R m x d  d Recovery of Arizona, Inc. Sharpshot; F-80(25), F-80(36), M 4 0  
AZ 


Pacific Abrasives & Supply & Inc. Kleen B W ,  16-30, 35, 16, 8-12, 3060  
G d  Forks, BC, Canada 

Parker Brothers & Company, Inc. ..._ .. 8-20, 12-50 
Houston. TX 

Parker Mining Corp. Little Sister Garnet Grade; 28, 40 
Spa Frmcisco, CA 

-9 



TABLE 2 - 14.  (continued) 

RDM Multi-Enterprises, Inc. 
Anaconda, Mr 

F m  Blut; 8-20, 16-30, 36 fine, 
3060  X-fine 

Bed Grith; 8-20, 16-30, 36 'fine, 
30-60 x-fine 

Ferro Blrst-73 Nos. 8/20. 16/30. 36 

Ron H a n ~  Mining Company 
ReScott, A2 

II RMC Lonestnr 
Pleasautoa, CA I -is-Luster Nos. 3, 1/20. lC, 2/12, 

Ui6,  0/30 
Nos. 3, 1/20, lC, 2/12, 

t Q U Z 0  

spreckles Limestone and Aggregate Pmducts CalcUb.* d u m ,  coarse 
Cool, GA 

Sica Resources, Inc. SRI Pnmium Nos. 8, 12, 16, 20, 30 
Mnrysville, CA 

Stan-Blast Abluive Company, Inc. Stan-Blast-Gaiveston, TX 
HWV, LA San-Blast-Hwey, LA 

Tidewater Materials of Virginia. Inc. SurtSbot Utility (New Orieans plant) 
Houston, TX SUfbShot Utility (Portsmouth plant) 

Unimim Cop. Gtmuaii Nos. 16,20, 30 
Emmett, ID 

Union Pacific Resources Copper Blast Medium 
Magna, UT Dynacut; 100, coarse, medium MSR 

(fine) 
Valley Sand and Gnrvel Desert Diamond coarse, medium 

Trona. CA 

Virginia Mattiials Coip. 
Norfolk. VA 

Waupaca Materials, a division of F a h  Bros. Construction I B I ~ U ~ MSM 

%pff = cut point for fineness. 
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3.0 EMISSION CONTROL TECHNIQUES 


3.1 INTRODUCTION 


Emissions from shipyard operations are primarily volatile 


organic compound (VOC) emissions that result from shipyard 


painting operations. Particulate matter .-less than 10 microns in 
diameter (PM-10) also is emitted from abrasive blasting conducted 


to prepare ship surfaces for painting. This chapter discusses 


control techniques that are demonstrated and those for which 


technology transfer appears to be applicable to control shipyard 


emissions. Section 3.2 discusses the control techniques that 


apply to painting, Section 3.3 discusses those that apply to 


cleaning, and controls that can be applied to abrasive blasting 


operations are discussed in Section 3.4. In addition, Section 


3.5 discusses other available measures for -both VOC and PM-10 
-
emissions control. 


3.2 PAINTING OPERATIONS 


Emissions of VOC's from painting operations result from 


three components: (1) organic solvent in the paint "as suppliedn 


by the paint manufacturer, (2) organic solvent in the thinner, 


which is added to the paint prior to application and becomes part 


of the paint "as appliedm, and (3) any additional volatile 


organic released during the cure. The organic solvents from both 


components are emitted as the applied paint dries/cures. This 


organic solvent portion of a paint is composed of a mixture of 


different solvents that perfom either of two equally important 


functions: (1) reduce viscosity so the paint can be atomized as 




it leaves the'spray gun.or (2) provide essential surface 


characteristics of the paint once it is applied. Solvents used 


for atomization typically have low boiling points and flash to a 


vapor upon leaving the spray gun. These solvents evaporate 

* 

relatively quickly during initial drying to prevent excessive 


flow. Solvents responsible for imparting the desired surface 


characteristics must have higher boiling points and subsequently 


evaporate more slowly than atomizing solvents to allow sufficient 


leveling and adhesion. Of the solvents used in marine paints, 


most are VOC1s. 2 


3.2.1 Lower-VOC Coatinsg 


Historically, the selection of marine paints was centered 


around two characteristics, performance,- and cost. NOW, with the 


implementation of the 1990 Clean Air ~ct"Amendments, the emphasis 


will shift to lowering both the VOC and hazardous air pollution 


(HAP) content of paints. Since most HAPS that are found in paint 


are volatile organics, the previous trend to lower VOC coatings 


has undoubtedly also reduced HAPS in the aggregate! Lower VOC 


coatings have been of two general types, waterborne and higher- 


solids coatings. Both have a lower VOC-to-solids ratio than 


traditional coatings. Waterbornes have not made significant 


inroads into this industry. The regulatory alternatives 


presented are. all essentially based on higher solids 


formulations. 


3.2.2 Paint Heatinu Svstems 


Paint heaters can be used in place of or in conjunction with 


paint solvents (i.e., thinners, reducers, etc.) to reduce paint 


viscosity by heating the paint prior to application using an in- 


line heating element just upstream of the spray gun. Paint 


heaters are used by at least two shipyards and many have also 

been used in a variety of industrial and automotive paint 


applications. These heaters appear adaptable to any paint spray 

system but are most often used to reduce the viscosity of higher- 


solids coatings. The increase in paint temperature that a single 


heater can provide depends on the paint flow rate; the lower the 


flowrate, the greater the temperature increase. One manufacturer 




indicates that an in-line heater can increase paint temperatures 


by 38OC (lOO°F) at 0.76 liters per minute (L/min) (0.2 gallon per 


minute [gal/min]), 22OC (720~) 
at 1.51 L/dn (0.4 gal/min), and 


6OC (43 OF) at 3.0 L/min (0.8 gal/min) . The relationship between 

temperature and viscosity ~ r i e s  somewhat between coatings and 


depends on the physical properties of the paint. 


Paint heaters reportedly are not a panacea for visosity 


problems. Representatives of shipyards in colder climates have 


complained that applying heated paint to cold surfaces in winter 


months results in poor paint surface characteristics 


(i.e., cracking) because of the rapid cooling of the hot paint 


after it is applied to the cold surface. 2 


3.2.3 VOC Add-on Controls .. 
,. 

Add-on pollution' control devices are used by many 


industries to control VOC emissions from paints. The efficiency 


of the control system depends on the capture efficiency of the 


enclosure used to contain the paint emissions as well as the 


removal/destruction efficiency of the add-on control device to 


which the emissions are routed. 


Most of the painting that occurs within this industry 


involves outdoor painting of very large vessels. Emissions from 


outdoor painting are expensive to control due to the difficulty 


of effectively enclosing the large substrates. With existing 


technology, add-on controls are technically feasible for only one 


outdoor painting process, the painting of tanks, because the tank 


itself is a natural enclosure. See Chapter 5 and Appendix C for 


cost information. 


One recent innovation, a patented portable enclosure system 


to contain grit during hull blasting, has potential for 


containing VOC as well. Pilot demonstrations have been 


conducted, but the device is not yet commercially available. 


A small percentage of indoor painting is performed relative 


to outdoor painting: This includes painting of internal ship 


compartments and spray booth painting of smaller ship parts 

within buildings prior to asse,&ly. ~ecause emissions from' 

indoor painting operations are more esily contained, it is 




technically feasible to capture and route emissions directly to a 


control device. 


For control of indoor painting (including tanks) emissions, 


the add-on devices evaluated are thermal and catalytic 


incinerators and carbon adsorption systems. Incinerators are 


control devices that destroy VOC contaminants using combustion, 


converting them primarily to carbon dioxide (C02) and water. 


Carbon adsorbers are recovery devices that collect VOCts on an 


activated carbon bed. The VOCts are recovered when the carbon 


bed is regenerated using steam or hot air. The steam or hot air 


also reactivates the carbon bed. The recovered VOC's are then 


disposed of or destroyed. Summaries of these add-on control 


devices, their associated costs, and their performance 
.. 
characteristics are in References 6, 7, and 8, respectively. 


3.2.4 Potential Emission Reductions 


Chapter 2 identifies the coating categories used for 


specialty purposes in the marine industry. All other paints that 


are not used for these specialty purposes are considered a 


"general-usen paint. General-use paints are identified by resin 


type, e.g. epoxies and alkyds. Of the 23 categories (22 


specialty and 1 general-use), 3 account for approximately 90 


percent of the total emissions: antifoulants, inorganic zincs, 


and general-use (primarily the: epoxies and alkyds). Emission 


reductions options were evaluated for these three coating 


categories. 


California limits for these three categories were developed 


in the late 1980ts to force research for lower VOC coatings. 


Those limits, now being achieved by shipyards in that state, were 


used as a benchmark. Emission reductions elsewhere across the 


Nation were estimated by calculating the emission reductions 


achievable if coatings currently in use were replaced with higher 


solids products. It was assumed that those yards currently using 


higher VOC coatings would switch to coatings with VOC levels 


equal to the weighted average VOC content of all coatings in the 


data base at or below a regulatbry limit. In other' words, it was 


assumed that the distribution of all higher solids coatings used 




after a role is in effect would be similar to that of the 


compliant coatings currently available. 


Also, the emission reductions that could be achieved by 


using paint heaters in lieu of or in conjunction with thinning 


solvents were evaluated as was the reductions associated with 

ducting spray booth emissions to add-on control devices. 


Reductions in VOC emissions would be obtained from all of these 

control options; however, by far the most significant reductions 


would result from shipyards transitioning to refonrmlated 


coatings. The reductions achieved from implementing these 


options and the associated costs are outlined in more detail in 


Chapter 5. 


3.3 SOLVENT CLEANING .. 
,. 

The Alternative Control Techniques (ACT) document for 


Industrial Cleaning Solvents suggests a two- step program for 


reducing solvent emissions. The first element of this program 


consists of tracking the use, fate, and costs of all cleaning 


solvents. The second element consists of actions management may 


take to reduce or control emissions based on the knowledge of 


gained cleaning solvent use, fate, and costs. 9 


Cleaning solvents are used at shipyards to prepare surfaces 


prior to painting and to clean spray equipment including spray 


guns, lines, pumps, and containers (pots) used to hold the paint. 


All of the equipment, except the pots, are usually cleaned by 


purging solvent through the spray system (i.e., the spray gun 


with the paint line and pump still attached) into a container. 


The solvent-filled container is then emptied into a 55-gallon 


waste drum. Paint pots are also cleaned with solvent. Any dried 


paint remaining in the pot after cleaning is removed with a 


brush.2,10 The ACT discusses cleaning practices and work 


practices for reducing evaporation during use thereby reducing 


solvent purchase and disposal costs. It also encourages 

investigation a1 ternative cleaning solutions including 

substitution of solvents that are less volatile. 




3.3.1 Gle-Q Practice Moditiratiow 

Certain cleaning practices can be modified to minimize the 


amount of aolvent used as well as the evaporative losses. Using 


special solvent dispensers for wiping a surface with rags and 


disposing.of the rags in a covered container will help reduce 


evaporation. Also, emptying the spray gun of paint prior to 

cleaning (i.e., spraying the equipment dry) and cleaning 


equipment promptly after use (not allowing the paint to dry in/on 


equipment) reduce the amount of solvent required. 


Cleaning practices that reduce evaporative emissions include 


(1) lowering the gun pressure (decreasing air and paint pressure) 

during cleaning to eliminate or minimize atomization of the 


solvent, and (2) storing solvent in closed containers and 


discharging cleaning solvent into a vented container through a 


small opening that accommodate only the tip of the spray gun. 


Waste solvent containers release solvent vapor each time one 


is opened-due both to displacement when new solvent is added and 


the effect of air movement across the opening. When left 


uncovered, solvent will evaporate constantly. Emissions also 


occur when solvent is poured from one container into another. 


A variety of devices have been developed that minimize 

evaporative emissions. An example is self-closing funnels. 


These screw into the bung hole on a container and minimize 


emissions because the barrel is normally closed, sealed when 


solvent is not being added. They also reduce spillage. 


3 . 3 . 2  Substitute Solvents in Cleaninq Materials 

Several low-VOC cleaning products are available that may be 


used in place of solvents. The chemical behavior of these 


substitutes (i.e., vapor pressures, drying times, cleaning 


effectiveness, etc.) may differ from that of the solvent which it 


replaces. These behavioral differences may require changes in 

cleaning practices. 

3 . 3 . 3  Potential Emission Reductions 

Significant emission reductions can often be achieved by 


changes in cleaning practices and/or cleaning materials. This 


was verified by two companies whose case studies are presented in 




Chapter 5 of the alternative control techniques document (ACT) 

for Industrial Cleaning Solvents. 9 


3.4 ABRASIVE BLASTING OPERATIONS 

Emissions of PM-10 from abrasive blasting operations are a 


function of the blast media used, the paint and corrosion 


products being removed, and the wind and .weather conditions in 


which the blasting occurs. Section 3.4.1 presents the mechanisms 


available to control or reduce PM-10 emissions, and Section 3.4.2 


discusses why emissions of PM-10 cannot be estimated for this 


industry. 
3.4.1 PM-10 Control Techniaueg 


A number of technologies are used to contain debris 


generated from abrasive blasting and to-reduce or control PM-10 
.-
emissions. Others are under development. The existing 


technologies consist of drydock covers (use of tarpaulins in a 


variety of ways to inhibit emissions), vacuum blasters, water 


curtains, wet blasters, centrifugal blasters, improved abrasives, 


and underwater cleaning. These control techniques are summarized 


in Table 3-1. The technologies. under development include the 


SCHLICK blast cleaning systems being developed in Germany and a 


portable enclosure system being developed by Metro-Machine 


Shipyard in Virginia. 5,11 


3.4.1.1 Current Technolosieg. 


3.4.1.1.1 Blast enclosures. B1as.t enclosures are designed 


to completely enclose one or more abrasive blast operators, 


thereby confining the blast debris. l2 The enclosure floor is 


usually equipped with funnels to divert the captured debris into 


adjacent trucks. In one design, a ventilation system removes the 


airborne dust from the enclosure by using a wet scrubber to 


remove the particles from the effluent airstream air. 


Alternatively, baghouses or other dust collectors can be used to 


control dust emissions. 


Blast enclosures can be very effective in containing and 

recovering abrasive blast debris. However, they are specifically 


designed for a particular application (e.g. recovery of lead), 


are relatively expensive, and tend to slow down the overall 
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TABLE 3-1. SUMMARY OF ABRASIVE BLASTING CONTROL OPTIONS 12- 18 

Blaat - Effective control - m s t  be specifically 
enclosures - Work .can continue under designed for a 

inclement weather conditions particular application 
- Expensive (permanent 
structures only) 


Dry dock covers - Offer some suppression of - Flimsy and detach under 
airborne particulates high wind conditions 
- Movable from one ship area to - Crane access is limited 
the next for large ships 


Vacuum blasters - Good for small or touch-up - Heavy and awkward to 
jobs where neighboring use 

surfaces should not be - Paint removal is very 
disturbed slow
- Often used to touch up weld - Operator cannot see 
joints surface while blasting 


Schlict vaccum - Faster than manual .. - Costly 
blaster - Robotic motion 

Water curtains - Relatively inexpensive - Generate wastewater and 
(controversial1 potential water 

pollution problems 


- Substantially lower dust - Debris more difficult 
emissions to clean up 
- Generates wastewater 

problem
- Without abrasive, water 
blasting is slow, 

ewface is not 

adequately prepared, 

and corrosion problems 

occur 


Improved - Lower dust emissions due to - Can be costly unless 
abrasives fewer dust parti-cles in media adequate means of 


and fewer dust particles recycling available 

generated during blasting with 

"hardw abrasives 


Water cleaning - Reduces abrasive blast media - Does not remove paint 
usage rate if cleaning 
r ~erfomed while hull is wet 




cleaning =ate due to the time required to move the enclosure as 


the work progresses. 


Some leakage of abrasive and paint debris can also occur at 


the joints between the blast enclosure and the structure being 


cleaned. Although attempts have been made to seal the joints 


with canvas, this is usually not very effective, particularly 


when the blast is directed into these areas. A better method to 


minimize leakage from enclosure joints is to fasten a flexible 


seal made of rubber, plastic, or thin metal to the inside edges 


of the enclosure walls. The end of the flexible seal rests on 


the structure being cleaned, thus reducing the escape of airborne 


dust.13 


3.4.1.1.2 Drvdock covers. SeveraJ. schemes that use some 


form of drydock cover have been evaluated. nCocooningn consists 


of draping plastic/fabric tarps from the drydock walls to the 


hulls and superstructures of ships. This form of drydock cover 


provides some suppression of airborne particulates; however, the 


tarps have a tendency to detach and tear under moderate to high 


wind conditions. Also, cocooning a ship limits the accessibility 


of drydock cranes to the covered ship. Another common measure 


for suppressing dust emissions is erecting a fabric barrier to 


close off the end of the drydock. Because they do not completely 


enclose the ship, these barriers would appear to be less 


effective than cocooning regardless of the cocoon's quality. 16 


Puget Sound Naval Shipyard completely roofs the drydock 


during abrasive blasting of submarines with reportedly complete 


containment of blast particulates. Because the vertical height 


of the submarine is less than the top of the drydock, roofing is 


simplified. However, for larger surface ships, the Navy believes 


that a complete cover may be an impractical approach. An 


alternative approach under consideration for development by the 

Navy is encapsulation by air-supported, bubble-like structures.14 


3.4.1.1.3 Vacuum blasters. Vacuum blasters are designed to 


remove paint and other surface coatings by abrasive blasting and 

simultaneously collecting and recovering the spent abrasive and 




paint debris with a capture and collection system surrounding the 


blast nozzle (Figure 3 -1). 
In this type of system, the abrasive is automatically 


reclaimed and reused as work progresses. Vacuum blasters are 


made in a variety of sizes, but even the smaller units are 


comparatively heavy and awkward to use. Boston Naval Shipyard 


has been using a vacuum unit capable of picking up abrasive grit, 


wet sand, or slurry. l4 The vacuum unit is equipped with a 


moisturizer to trap dust from dry debris after collection. 


Newport News Shipbuilding uses vacuum blasting only for small 


jobs (e.g., a vacuum blaster is used on seams to be welded.) 


This yard estimates the system to be one-third as fast as 


conventional blasting because the area being blasted is 
.-
obstructed from view by the blasting apparatus, the blast nozzle 


is smaller, and the worker must move along the blast surface 


slowly enough for the vacuum to capture the spent media before 


the nozzle is moved along. 16 


3.4.1.1.4 Water curtainq. In this technique, a water 


header with a series of nozzles is installed along the edges of 


the structure being blasted. The water spray from the nozzles is 


directed downward, creating a water curtain to collect debris 


from abrasive blasting performed below the header, which is 


subsequently washed down to the ground. This technique is 


relatively inexpensive and does reduce the amount of airborne 


dust. It requires proper water containment and treatment 


facilities to avoid water contamination or other clean-up 


problems.l2 Multimedia transfer from ai; pollution to water 


pollution can cause an increase in hazardous waste stream and 

result in increasing operational cost. 


One method used to avoid the spillage problem associated 


with water curtains involves placing troughs under the spray 


pattern to catch the water/abrasive mixture and divert it to an 


appropriate container (e.g., tank truck) for disposal. For low 


structures, the troughs can be placed on the ground. For high 
 . 
structures, the troughs can be supported from the structure 

itself.l2 




*. 
Control Valve 

To Abrasive#-m 

Figure 3-1. Schematic of vacuum blaster head. l5 




3;4.1.1.5 Wet blastinq. Wet blasting techniques include 


wet abrasive blasting and high-pressure water blasting. l7 he 


type of wet blasting method used depends on the application. 


Wet abrasive blasting was introduced in Chapter 2. Wet
. 
abrasive blasting is accomplished by adding water to conventional 


abrasive blasting nozzles. Most wet abrasive blasters mix the 


water with the abrasive prior to its impact on the surface. This 


interaction can cause the rate of surface cleaning to be slower 

than with dry abrasive blasting. l2 Other disadvantages include 


the need for touch-up abrasive steps and the need to include rust 


inhibitors and in some cases antifreeze solutions in the slurry. 


Such additives are water pollutants. 


A retrofit device designed to minimize premixing of the 


water with the abrasive blast has been developed to fit over the 


end of conventional abrasive blast nozzles. This device is 


expected to be an improvement over traditional wet abrasive 


blasting, and is shown in Figure 3-2.l2 The two principal parts 


of the device are a swirl chamber and an exit nozzle. The swirl 


chamber is equipped with a tangential water inlet. The incoming 


water swirls around the inside of the chamber and then out the 


exit nozzle. Centrifugal force causes the water to form a hollow 


cone pattern around the abrasive blast stream. The angle of the 


water cone is controlled principally by the shape of the exit 


nozzle and centrifugal forces. The modified water nozzle design 


provides a water curtain around the abrasive/airstream.. Thus, 


the cleaning effectiveness of the abrasive/airstream should not 


be substantially affected. The device is simple to install and 


operate with conventional abrasive blasting equipment. 12 


Long Beach Naval Shipyard studies show that enveloping the 


abrasive blast streams with a cone of water reduced the 


particulate generation by about 80 percent. However, this method 

can make removing the saturated abrasive from the drydock floor 

more difficult. 14 


High-pressure water blast systems include an engine-driven, 


high-pressure pump, a high-pressure hose, and a gun equipped with 


a spray nozzle. High-pressure water blasting using a pressurized 
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Figure 3 - 2 .  Nozzle f o r  a i r  a b r a s i v e  w e t  b l a s t .  17 



stream of water is a technique that was evaluated at Pearl Harbor 

Naval Shipyard but was not fully accepted because of its 


operational slowness, the fact that water promotes corrosion of 


bare metal, the requirement that a rust inhibitor be included in 


the jet stream (rust inhibitors may be pollutants), the high 


initial cost of equipment, and the fact that the operation will 


not blast to white metal. ' In Northern shipyards, antifreeze 

additives would have to be added, and these additives may be 


waterpollutants. The advantage of high-pressure water blasting 


is that it reduces air pollution. 14 


If abrasives are introduced to a high-pressure water blast 


system, high-pressure water and abrasive blasting is provided. 


As compared to dry blasting, all wet blasting techniques produce 
.-
substantially lower dust emissions. 


3.4.1.1.6 Imroved abrasives. There is an on-going study 


at shipyards to find better abrasives. Abrasives can be improved 


by ensuring that they are screened to remove dust emissions prior 


to being purchased. Hunters Point Naval Shipyard has changed to 


commercial Green Diamondw to reduce the dust problem; however, 


complete elimination of dust is improbable. Norfolk Shipbuilding 


and Drydock Corporation (NORSHIPCO) has evaluated several blast 


media for paint removal, including garnet and baking soda. l6 The 


friability, or disintegration tendency, of abrasive grit can be 


selected to minimize particulate emissions and to make 


reclamation economical; however, friability must be traded off 


with costs and effectiveness and with the hardness of the grit 


chosen to prevent metal surface damage. 


3.4.1.1.7 Water cleaninq. Underwater cleaning of a ship's 


hull is normally accomplished by mechanically brushing the marine 


growth from the hull surface, but this method is only partially 


effective. This operation is not meant to remove paint, but it 


does significantly reduce the amount of blasting required before 


repainting, thereby reducing the level of emissions. Like 

underwater cleaning, water cleaning a vessel immediately after 


drydocking will remove some marine growth and help reduce 


abrasive blasting requirements. 




3.4.1.2 Technolouies Under Develoment. 


3.4,1,2.1 m I C K  blast cleanins svstemg. SCHLICK has 


developed a line of,blast cleaning systems that are presently 


operated in European shipyards only. The "Mubid" is an automatic 


cleaning unit used in drydocks that is capable of cleaning dirt 


and debris from the ship's hull, It can also'be used to remove 


marine fouling and rust from the bottom of the ship using high- 


pressure water blasting and abrasive blasting with wire shot as 


the blast medium. This unit can operate with as little as 1.4 


meters (55.5 inches) of clearance between the drydock floor and 


the bottom of the hull. A new system, the "Model 3770 Dust Free 


Ship Cleaning SystemIn is a device that cleans dirt, marine 


fouling, and rust from ship hulls using.the same blasting 

\. 

techniques as the Mubid system. Particulate emissions and toxic 


waste are supposed to be reduced when using this device because 


it is equipped with a dust and debris capture unit. Other units 


developed by SCHLICK include a manual blast cleaning and recovery 


capsule, a portable recovery unit (Model VC-4000), a portable 


large-volume blasting unit (Model G-7) for use in areas where the 


3770 model cannot clean, and a ship deck turbine wheel (Roto-Jet 


Model A B - 9 )  for deck cleaning. 11 

3.4.1.2.2 Portable enclosure svstem. A self-supporting 


portable enclosure under development by Metro Machine Corporation 


is depicted in Figure 3-3. This system is designed specifically 


to control particulate matter emissions from abrasive blasting of 


ship hulls. However, as discussed in Section 3.2.3, it has 


potential to control VOC emissions from painting operations. The 


enclosure must be ventilated during use. Dead air space in 


corners, which can lead to fugitive emissions and particulates in 


the worker's visibility zone, are minimized with downdraft air 


circulation. 


In the Metro Machine design, portable enclosures will cover 

small portions of the ship's hull at any given time; multiple 

units can be used concurrently. Metro Machine Corporation 

estimates that 80 to 85 percent of the typical hull can be 

accessed with the self-supporting mobile enclosures. However, 




Figure 3-3. Portable enclosure. 5 
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remote areas of the.hul1 are usually difficult to enclose with 


these enclosures. The enclosures are moved from one area of a 


ship to another by crane. 


The enclosures will be available in a variety of shapes and 


sizes and must have a certain amount of flexibility in their 


range of motions. Designs vary as to one-person or two-person 


platforms, depending upon the work application. Sufficient air 

is supplied within the enclosure to maintain worker visibility. 


Because the surface being blasted will be temporarily 


enclosed and therefore protected from the weather, increased work 


time is expected in certain weather conditions such as light rain 


(mist) or fog. The shape of the hull and the shipyard facilities 


dictate the support mechanism used for f'fie enclosures. Units can 


be mounted to the drydock wing wall, supported from the drydock 


floor, or attached to a man-lift (cherry picker) for mobility. 5 


3.4.2 Potential PM-10 Emission Reductions. Potential PM-10 


emission reductions from using any of the control mechanisms 


described above are difficult to quantify because no reliable 


source for estimating PM-10 emissions from uncontrolled and 


controlled sources is currently available. A comparison of 


emission data gathered for abrasive blasting of ship hulls versus 


other structures (see Table 2-11) revealed no apparent trends. 


For this reason, data gathered on nonsimilar applications cannot 


be used at this time to estimate emissions from shipyard abrasive 


blasting operations. 13 


Emission factors for PM-10 cannot be developed without 


appropriate source test data from shipyard abrasive blasting 


operations. An ambient monitoring test was conducted at 

NORSHIPCO on September 9, 1992. The results of this test 


revealed that PM-10 emissions occur during ship blasting 


operations. However, emissions from further tests need to be 


quantified in order to develop appropriate emission factors. 

Even with source test data, developing emission factors within 


this industry is challenging because of the variability in the 


particle distribution of the blast media, the friability of both 




the coating and corrosion products being removed, and variable 


wind and climatic conditions. 


3 .5 QUALITY . CONTROL 

In addition to the control measures for painting and 

blasting operations outlined in the above sections, emissions of 


PM-10 and VOC may also be reduced by minimizing air exposure, 


limiting rework, and suspending painting and blasting activities 


when wind and weather conditions are unfavorable. 


3.5.1 Minimizins Air Emosure 


From an industry perspective, the lowest-impact approach to 


reducing VOC emissions is to change work practices to minimize 


the opportunities for emissions. Section 3.3 discussed how 


emissions from cleaning solvents can be'keduced by work practice 


modifications. missions of VOC1s from paints and solvents 

e . ,  cleaning compounds, thinners, etc.) can also be controlled 


by limiting the quantities intentionally exposed to air. Using 


training and other programs to inform employees of good work 


practices would be necessary to implement such measures. 


3.5.2 Limitincr Rework 


Rework may be required because of improperly prepared 


surfaces, inclement weather conditions that disrupt painting 


schedules, or other scheduling errors that result in improper 


paint application procedures. The cost of rework in any shipyard 


is so high that it is continually being addressed through the 


improvement of production techniques and processes. Continued 


awareness of the level of rework occurring in a shipyard and the 


relationships with paint usage, blast media usage, and their 


associated emissions would help in reducing emissions from these 


sources. Improved recordkeeping practices would help in tracking 


rework and the associated emissions. 


3.5.3 Susnendins Paintins and Blastins Activities 


Paint overspray and PM-I0 emissions can be controlled to a 


limited extent by monitoring wind speed and by suspending 


painting and blasting activities when wind speed exceeds some 

preselected value. Resulting emission reductions are difficult 


to quantify, and emission credits cannot be given to a facility 




for following such a practice. However, improvements in air 


quality at nearby residential areas are often obvious when 


blasting is halted. 
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4.0 MODEL SHIPYARDS AND EMISSION ESTIMATES 


This chapter describes the models tgat have been developed 


to characterize the shipbuilding and ship repair industry, their 


corresponding emission estimates, and the methods used to 


determine these estimates. Due to the nature of this industry 


and its sporadic painting operations, an individual shipyard can 


fall in and out of a given model yard description. The model 


yards represent various practices within the shipbuilding and 


ship repair industry. However, due to the diverse nature of the 


industry, many shipbuilding and ship repair yards have developed 


specialized marketing niches that are not easily represented by a 


model yard approach. For these reasons, the model yards have 


been developed to represent the shipbuilding and ship repair 


industry as a whole; they do not necessarily represent every 


existing shipyard. These model yards will be used to evaluate 


the costs and environmental and energy impacts of control options 


on the affected sources. The majority of the existing yards have 


no controls for volatile organic compounds (VOC1s) or particulate 


matter less than 10 micrometers in diameter (PM-10) on their 


outdoor operations; therefore, model yards represent uncontrolled 


operations. 


Section 4.1, Model Yards, elaborates on the types of model 

yards, their corresponding sizes, and their overall coating, 

solvent, and blast media usage rates. Emission estimates are 




'discussed in Section 4.2, and the references used to develop this 


information.are listed in Section 4.3. 


4.1 NODEL SHIPYARDS 


.. Model yard development was based primarily on 1990 and 

1991 infomation gathered from responses to information requests 


sent to shipbuilding and ship repair yards pursuant to 


Section 114 of the Clean Air Act, EPA1s information-gathering 


authority. Information gathered from coating manufacturers ' 
Section 114 survey responses and site visit reports was used to 


supplement the data gathered from the shipyard survey 


responses.213 A total of 25 private shipyard responses and 


8 Naval repair yard Section 114 responses were used as the major 


source for developing model yards. These shipyards are listed in 
.. 
Table 4-1. . In addition, nine coating manufacturer responses were 

received, and several shipyards (including one Naval repair yard) 


were visited to observe yard operations. 


4.1.1 Descri~tion of Model Yards 


Several key variables were considered in developing model 


yards. The type of vessel coated--military or commercial--is of 


primary importance because of different performance constraints. 


The type of ship operation--repair or construction--is important 


because painting and -blasting operations differ between these two 


types of yards. The location of the painting and blasting 


operations within a yard affect the control options. Finally, 


the size of the model yard is another key factor that affects the 


economics of the control options. 


Table 4-2 describes the eight model yards developed to 


characterize the industry. The models are divided into two main 


categories based on the type of work typically conducted, 


construction or repair. Within these two categories, the yards 


are segregated further by size. A more detailed discussion of 


model yard.development is provided in Appendix B. 

4.1.2 Model Yard Sizeg 


Four size classifications for construction and repair yards 

were developed. The nextra-smalln category consists of yards 


that emit less than 22,680 kilograms per year (kg/yr) (25 tons 


4-2 




TABLE 4-1. SHIPYARD SURVEY RESPONSES 


PRIVATEYARDS 

aath Iron Works Bath, Maine 
Bath  Iron Works East Brunswick, New Jersey 
Bath Iron Works Portland, Maine 
Campbell Industries San Diego, California 
Eastern Shipyards Panama City, Florida 

Equitable Shipyard New Orleans, Louisiana 

General Dynamics Corporation Groton, Connecticut 
Gretna Machine & lron Works Harvey, Louisiana 

HBC Barge, Incorporated Brownsville, Pennsylvania 

Halter Marine-Lockport Lockport, Louisiana 

Halter Marine-Moss Point Moss Point, Mississippi 
[ngalls Pascagoula, Mississippi 
Jeffboat Industries Jeffersonville, Indiana 
Marco Shipyard Seattle, Washington 
Moss Point Marine Escatawpa, Mississippi 
National Steel & Shipbuilding Corporation San Diego, California 
Newport News Shipbuilding Newport News, Virginia 
Norfolk Shipbuilding & Drydock Corporation Norfolk, Virginia 
Northwest Marine Portland, Oregon 
Peterson Builders Sturgeon Bay, Wisconsin 
Southwest Marine San Diego, California 
Southwest Marine San Francisco, California 
Todd Pacific Shipyard Seattle, Washington 
Trinity Beaumont Beaumont, Texas 
West State, Incorporated Portland, Oregon 

PUBLIC NAVAL YARDS 
Charleston Naval Charleston, South Carolina 
Long Beach Naval Long Beach, California 
Mare Island Naval Valejo, California 
'Norfolk Naval Norfolk, Virginia 
Pearl Harbor Naval Pearl Harbor, Hawaii 
Philadelphia Naval Philadelphia, Pennsylvania 
Portsmouth Naval Portsmouth, New Hampshire 
Puget Sound Naval Bremerton, Washington 
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per year [tons/yr] ) of VOC' s . The "small category consists of 

yards that emit between 22,690 kg (25 tons) and less than 


45,360 kg/yr (50 tons/yr) of VOC1s. The nmediuxnn category 


consists of yards that emit between 45,360 kg (50 tons) and less 


t& 90,720 kg/yr (100 tons/yr) of V0C1s, and the "largen 

category consists of yards that e1nit.90~720 kg/yr (100 tons/yr) 


or more of VOC1s. 


4.1.3 Model Yard Parameters 


Table 4-2 sunanarizes the average total coating, solvent, and 


abrasive media usages for each model yard. These usages are the 


averages of the actual usage rates reported by the shipyards in 


Table 4-2 The overall total coating and solvent usage for 


Vonstruction yards-s greater than that of the Yepair yardsw 
.. 
for all but the extra small model yards. This is because there 

are significant differences between painting a ship during 


construction and repainting during repair operations. Ship 


construction requires the constant application of paint systems 


to various ship parts before, during, and after the ship is 


assembled. Repairing a ship requires repainting or spot 


repairing of ship areas, mainly the hulls. The frequency of 


repainting depends on many factors, including the ship owner's 


specifications. 4 


The model yards in Table 4-2 indicate that large 

construction yards use approximately eight times as much abrasive 


media as large repair yards. Ship construction requires the use 


of large amounts of blast media for surface preparation and 


blasting. The surface of ship parts must be prepared before 


initial painting to remove mill scale (rust) or any other 


materials that could interfere with the performance of the 


coating system. After coating systems have been applied to 

various ship parts, blasting usually takes place several times as 


the parts are assembled. 

Repairing a ship usually requires less blast media because 


blasting occurs only on the portion of the ship to be re~ainted.~ 

Table 4-2 indicates, however, that medium and extra-small repair 

yards use considerably more abrasive media than their 




construction yard counterparts. These apparent inconsistencies 


may be the result of incortlplete infomation submitted by the 


shipyards, including blast media recovery rates, area bla~t~ed, 


and blast media effectiveness. 


4.1.4 Relative Usagpg 


Relative coating usages were determined for both 


construction and repair-type shipyards. In Table 4-3, a 


comparison of relative coating usage shows that repair yards use 


more antifoulants than do construction yards, and construction 


yards use more inorganic zincs and alkyds than do repair yards. 1 


Repair yards use relatively more antifoulants because- a greater 


proportion of their painting is on exterior ship hulls, which 


require antifoulant coatings. Construction yards use more 


inorganic zinc and alkyd coatings as anticorrosive primers and 


undercoats for painting interior surfaces and bare metal; repair 


yards are typically involved in very little interior-surface 


repainting. Epoxy coating usage is similar between the two types 


of yards. There are many types of epoxy resins, which increases 


their versatility for use as undercoats on all parts of a ship. 


4.1.5 Averase VOC Contents 


Table 4-4 gives the weighted (normalized) average VOC 


content, i.e., the average VOC content weighted by volume used, 


for the five coating categories.lt2 These averages were 


determined collectively for construction and repair yards because 


the yards use the same coatings, although not in the same 


relative quantities. The inorganic zinc coating category has the 


highest average VOC content; the general-use epoxy coating has 


the lowest. 


4.2 VOC AND PM-10 EMISSIONS ESTIMATES 


This section discusses the estimation of VOC and PM-10 


emissions. Section 4.2.1 presents the VOC emission estimates for 


the eight model yards. The VOC emission calculations are based 


on relative usages and average VOC content data presented in 


Section 4.1. Section 4.2.2 provides details of why PM-10 




t=.m 
Repair, % 

Specialty coatings 


Antifoulant 


Inorganic zinc 


Other specialty 


General-use coatings 


Alkyd based 


Epoxy based 


TABLE 4-4. AVERAGE VOC CONTENTS~ 

3C content 


IbJgal, less 

water 


Specialty coatings 


Antifoulant 


Inorganic zinc 


Other specialty 


General-use coatings 


Alkyd based 


Epoxy based 


Thinnins solvent I
I 

83ga I 7.00~ 

a ~ h eweighted average VOC content of reported solvents. 




emissions could not be estimated for any of the eight model 


yards. 


4.2.1 VOC Emission Estimates 

Table 4-5 gives a breakdown of the VOC emissions by category 


for each model shipyard. Within each model, the VOC emissions 


for the various coating categories are the product of the average 


total coating usages, the relative usages in Table 4-3, and the 


weighted average VOC contents in Table 4-4. The VOC emissions 


estimated for the thinning solvent category are the product of 


the average total solvent usages, the percent solvent used for 


thinning, and the weighted average VOC content of 839 g/L 


(7.0 lb/gal) of reported solvents. 

Table 4-5 shows that the major contxibutor of VOC emissions 


from both construction and repair operations is epoxy-based 


coatings (approximately 40 and 50 percent, respectively). 


Although epoxy-based coatings are comparatively low in VOC 


content, as indicated in Section 4.1.4, they are by far used in 


the greatest volume because of their versatility. 


Overall, VOC emissions by coating/solvent category from both 


construction and repair operations are similar with the exception 


of VOC emissions from the use of antifoulant and inorganic zinc 


coatings. The VOC emissions from antifoulant coatings account 


for approximately 3 and 25 percent of VOC emissions from 


construction and .repair operations, respectively, while the VOC 


emissions from inorganic zinc coatings account for approximately 


16 and 1 percent of the total VOC emissions from construction and 


repair operations, respectively. On average, construction 


operations (based on overall coating usage) emit considerably 


more VOCts than do repair operations. 

4.2.2 PM-10 Emissions From Abrasive Blast Media 


Infomation on the amount of blast media used for surface 

preparation of ships was provided by 20 shipyards. 


Table 4-5 does not, however, present estimated PM-10 emissions 


from abrasive blast media usage for the eight model yards because 


no correlation was found between blast media usage and PM-10 

emissions. Further, it would be difficult to develop such a 






correlation because PM-10 emissions in this industry are 


dependent upon a number of factors including wind and weather 


conditions during blasting, the type of blast medium used, and 


the material (e.g'., paint and/or corrosion products) being 


removed from the ship surface. 


The shipyards reported recovery of blast media at rates 


ranging from 50 to 99 percent .5 However, the low recovery rates 


that were reported include media losses not related to air 


emissions. Typically, the bulk of the media falls to the floor 


of the drydock, where front-end loaders are used to remove the 


material for disposal. During the use and recovery of the media, 


an indeterminate quantity may be lost due to windblown 


entrainment or losses to the waste watef:.system. An evaluation 

of media losses to air, water, and'land based on a mass balance 


- would be a significant undertaking given the imprecise use and 

recovery practices, and so far, none have been conducted at 


shipyards. 


A discussion of existing data used to evaluate PM-10 


emission factors is provided in Chapter 2. From this data it a y  


be concluded that until emissions from further tests are 


quantified, appropriate emission factors cannot be de~eloped.~ 
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5.0 COSTS AND ENVIRONMENTAL AND ENERGY IMPACTS OF 

CONTROL OPTIONS 


This chapter presents the costs and VOC emission reductions 


associated with selected control strategies. The costs and 


emission reductions associated with the use of lower-VOC coatings 


are presented in Section 5.1. The VOC emission reductions and 
.. 
costs of using add-on controls to control spray booth and tank 


VOC emissions are presented in Sections 5.2 and 5.3, 


respectively. A discussion of why the costs and emission 


reductions of various strategies to reduce PMIO emissions from 


abrasive blasting operations could not be evaluated is in 


Section 5.4. Control costs for cleaning are presented in 


Section 5.5. The environmental and energy impacts of the various 


control strategies evaluated are presented in Section 5.6. 


5.1 COST OF USING LOWER-VOC COATINGS FOR SHIPYARD COATING 


OPERATIONS 


This section presents the methodology and results of the 


cost impact analysis for the use of lower-VOC coatings. 


Section 5.1.1 describes the three control scenarios evaluated, 


and Section 5.1.2 discusses the assumptions and costing inputs. 


The costs and associated emission reductions and the 


recordkeeping and reporting requirements are presented in 


Sections 5.1.3 and 5.1.4, respectively. The cost effectiveness 


of the three scenarios based on the information presented in 


Sections 5.1.1 through 5.1.4 is presented in Section 5.1.5. 




1 ?
5.1.1 k w k


Four lower-VOC control options were evaluated for each of 


the three major-use coating categories derived from the project 


coatings data base. These options are described in Table 5-1. 


The first two correspond to the 1992 and 1994 VOC limits 


contained in South Coast Air Quality Management District (SCAQMD) 


Rule 1106, Marine Coating Operations .l The other two were 


derived from the "project coatings data basen (data base) , which 
was developed from data supplied by shipyards and supplemented by 


coating manufacturers' data. That infomation is somewhat dated 


since most facilities provided data on coatings used in 1990; a 


few from 1991. 

.. 

TABLE 5-1. OPTIONS BASED ON USING'LOWER-VOC COATINGS 


I 1 I:=b0 1992 California limits 
l(by paint ttegory) 

1994 California limits 
(by paint category) 

I 340 (2.83) 1 400 (3.33) 1 650 (5.40) 

Average of paints that 
Average meet 1994 California 

limitsa (by paint 
-wPry) 

Lowest VOC paint (by 
paint cateaow) b 

'~verage VOC conteat (weighted by volume) of paints in the project data base that meet the 1994 
California standards. 

b e s t  VOC paint in the project data base with a minimum annual usage of 3,790 l i t m  (1,000 gallons). 
Note: For Options 3 and 4, the limits are based on the project coatings data base, which was developed 
primarily from 1990 data. 

Two approaches to VOC limitations based on using lower-VOC 


coatings were considered. The first involves selecting a maximum 


or never-to-be-exceeded VOC lipit for each coating category. The 




shipyard and coating manufacturer would know that by using or 


producing a coating that meets the limit(s), as applied,-there 


would be no violation of the rule. Options 1, 2, and 4 in . . 

Table 5-1 involve such maximum or 


never-to-be-exceeded.valuesfor each coatin'g category: 


The second type would allow the shipyard to use a coating of 


any VOC content. However, planning, calculating, and 


recordkeeping are required to make certain the weighted average 


of the VOC content of all coatings in a category do not exceed 


the limit. Use of coatings with VOC contents above the average 


limit must be offset by use of ones with VOC contents lower than 


the average limit within the designated averaging period (e.g., 


during a quarter). Averages allow more ...flexibility, but at the 

price of a significant administrative workload. Option 3 


designates weighted average VOC limits for the three coating 


categories. 


The basis for the options presented in Table 5-1 can be 


further described as follows: 


Option 1--Maximum limits for each coating category identical 


to the 1992 California limits; 


Option 2--Maximum limits for each coating category identical 


to the 1994 California limits; 


Option 3--An average limit for each coating category based 


on the weighted average VOC content of coatings within each 

category that comply with the 1994 California limits; and 


Option 4--A maximum VOC limit for each coating category that 


would mandate use of coatings with no more VOC than the lowest 


VOC content used in significant volume in the data base for each 


category. 


Options 1 and 2 differ only in the limit for inorganic zinc. 


The 1992 and 1994 levels contained in SCAQMD Rule 1106 are the 

same for antifoulants and general use coatings. 


The average limits for each coating category in the third 

option were calculated as the weighted average VOC content of all 

the coatings in the data base that comply with the 1994 




California limits.. 


The fourth option designates not-to-be-exceeded VOC contents 


for each of the three major-use coating categories based on the 


lowest-VOC coating in the data base for each category. In 


determining the lowest-VOC coating in each coating category, only 


those coatings with an aggregate reported usage of more than 


3,790 L (1,000 gal) were considered. The calculation of the 


limits corresponding to the four options is described more fully 


in Appendix C. 


All of the options in Table 5-1 are for coatings "as 


applied." The term "as appliedn refers to the coating as it is 


applied to the substrate, after thi~ing. The information 


obtained in the surveys from shipyards and coating manufacturers 
.-
pertained to "as suppliedn coatings, i.e.-, before thinning. In 


evaluating the coatings in the data base against all of the Itas 


appliedn limits shown in Table 5-1, all coatings at or below the 


indicated levels were included. Thus, it was assumed that an 


nas-suppliedn coating with a VOC content equal to those in the 


table could not be used if any solvent were added. 


For options 1, 2, and 4, in evaluating the use of lower-VOC 


coatings, it was assumed that those yards currently using 


coatings with VOC contents greater than the limits shown in 


Table 5-1 would switch to coatings with VOC contents equal to the 


weighted average VOC content of the coatings in the coatings data 


base that meet the limits shown in Table 5-1. In other words, it 


was assumed that the distribution of the lower-VOC coatings would 


be similar to the usage distribution of the compliant coatings in 


the project data base. As stated previously, Option 3, places no 


constraint on coatings that can be used as long as the weighted 


average VOC content over the designated averaging period is less 


than the limit. 


5.1.2 Assmtions and Scenarios Evaluated 


Volatile organic compound emissions from the coating 


operation result from VOC inherent in the coatings and the 


solvent used to thin the coatings. Emissions of VOC's also 




result from cleaning. The reduction of VOC emissions.from 


cleaning is discussed in Section 5.4. For this analysis, the 


reduction in VOC emissions that occurs with the use of lower-VOC 


coatings is calculated based on the following assumptions: 


(1) the vOC content of the coating is lower, and (2) less coating 


is used due to the increased solids content of the lower-VOC 


coating. For purposes df estimating costs, the total usage of 

thinning solvent decreases with the decreased coating usage 


because of the assumption 5% solvent is added to all coatings. 


These factors are described more in the following paragraphs and 


in Appendix C. 


Emission reductions and costs were developed for baseline 


and for the lower-VOC options presented4n Table 5-1. The 
.. 
parameters for coatings used in the impact analysis for baseline 


and lower-VOC options are based on information in the 


data base. '13 These coating parameters are summarized in 


Table 5-2. Baseline emissions correspond to emissions associated 


with the coatings used in the yards today as indicated by the 


data base. The VOC emissions were based on the organic solvents 


in the paint and thinner as indicated in Appendixes B and C. 


For the impact analysis, it was assumed that the total build 


of the lower-VOC coating (the dry film thickness) would equal 


that of the conventional counterpa.rt, and the total amount of 


solids applied per. unit area of surface would remain constant. 4 


Because the lower-VOC solventborne coatings have higher solids 


contents (on a percent volume basis), the total number of liters 


(gallons) applied to coat a given area is less than that for the 


conventional, lower-solids coatings (assuming constant transfer 


efficiency and constant paint film thickness). 


The solids contents of the majority of the coatings was 


calculated using the equation described in Appendix C, which is 


not valid for coatings that contain more than trace quantities of 


water or nexemptn solvents. In a few cases where the equation 


(or associated assumption) produced unrealistically high solids 

contents, the maximum solids was established for each of the 




Average 
VOC limit, &-water weighted solids 

Coating content, 96 vol 

Antifoulant 

Baseline None 

Option 1 limit 400 (3.33) 

Option 2 limit 400 (3.33) 

Option 4 limit 315 (2.62) 

Inorganic zinc 

Baseline None 

Option 1 limit . 650 (5.40) 

Option 2 limit 340 (2.83) 

Option 4 limit 0 (0) 

General use 

Baseline None 

Option 1 limit 340 (2.83) 

Option 2 limit 340 (2.83) 

Option 4 limit 200 (1.67) 

Solvent None 

aDevelopment of these coating parameters is based on the shipyard and coating supplier survey responses 
and is described in more detail in Appendix C. 

holatile organic compound content given in grams of VOC per liter of coating minus water (pounds of 
VOC per gallon of coating minus water), as applied. 

CNumbeff in this table are independently rounded. 
d ~ o tapplicable. 



three main coating categories based on data provided by coating 


suppliers.516 The maximum solids content for antifoulants and 

inorganic zinc coatings was assumed to be 65 percent by volume 


and that of general use coatings was assumed 70 percent. 


Actual solids data (based on product data sheets or Material 


Safety Data Sheets [MSDS1s]) were available for the major-use 


inorganic zinc and alkyd coatings (part of the general use 


category). Solids data provided by the manufacturer were used 


for these coatings rather than the solids content calculated by 


the equation described in Appendix C. 


In evaluating the use of lower-VOC solventborne coatings, 


three different scenarios were considered. The first assumed 


that lower-VOC coatings require the same amount of thinning 


solvent, gallon for gallon, as conventi&al coatings. Since 


fewer gallons of lower-VOC coatings are required because of their 


higher solids content, thinner use would also decrease. 


In the second scenario, it was assumed that in-line paint 


heaters would be used rather than solvent to decrease the coating 


viscosity to the desired levels. This assumption was based on 


information supplied by vendors and shipyards that use in-line 


paint heaters. 7-10 


The third scenario used both in-line paint heaters and 


thinning solvent. The quantity of thinning solvent required was 


assumed to be the same as for the first scenario. These three 


scenarios were evaluated as options for shipyards that may have 


different requirements depending on the painting operation, the 


coatings used, and climatological conditions. For example, some 


yards may not be able to spray the higher-solids, lower-VOC 


coatings without reducing their viscosity. Ideally, in-line 


heaters will decrease the viscosity and thinning solvent will be 


unnecessary (Scenario 2). In some instances, heating alone will 


not be sufficient and some solvent may also be required 


(Scenario 3). For example, if a yard uses relatively long 


coating supply lines, during very cold weather it may not be 


possible to heat the coating enough to ensure the proper 




viscosity or pressure at the gun tip. lo Clearly, however, 


shortening the distance between the gun and the paint container 


is a low cost option to solvent addition for viscosity control 


under freezing conditions as would spacing several heaters along 


the length of the supply line. 


Based on information contained in the shipyard survey 


responses, the net cost associated with switching to lower-VOC 


coatings was assumed to be the sum of difference in cost of the 


coatings, the cost of in-line heaters, the savings associated 


with decreased thinner usage, the costs of additional 


recordkeeping and reporting requirements, and the cost of 


implementing new work practices. Some yards that had tested 


lower-VOC, higher-solids coatings indicated that they had to 


change spray guns because higher pressures were needed to atomize 


the new coatings. One yard indicated that higher solids coatings 


tended to clog the lines, requiring more purging and more 


cleaning time. Some yards indicated that it takes longer for the 


lower-VOC coatings to cure, which can slow down the coating 


operation overall. However, in the aggregate, there was no 


consensus on the need for different spray guns, additional 


purging, or increased cure times. Theref ore, these potential 


costs were not quantified. 


5.1.3 Results of the Analvsis 


The emission reduction and costs associated with scenario 1 


are presented in Tables 5-3 and 5-4. Scenario 2 emission 


reductions and costs are presented in Tables 5-5 and 5-6. 


Scenario 3 results are presented in Tables 5-7 and 5-8. The 


emission reductions and coating costs associated with option 3 


are assumed to be the same as those' of option 2, because both 


options are based on the 1994 California limits. 


In all three scenarios, fewer gallons of higher solids 


coatings are required. The lower-VOC coatings, however, are more 


expensive on a dollar-per-gallon basis. The savings associated 


with the decreased volume requirements is more than offset by the 


higher price of the lower-VOC inorganic zincs and general use 
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TABLE 5-4. COSTS FOR LOWER-VOC SCENARIO 1, $/YR(a)(b)(c) 

I ~ v e r a ~ etotal coating usage, Llyr 

erage total solvent use, Llyr 

CONSTRUCTION 
EXT. SMALL] SMALL 1 MEDIUM I

1 

I 27,781 1 70,988 1 158,726 (
I (7,339) 1 (18,753) 1 (41,931) ( 

14,415 1 10,845 1 43,532 1 

LARGE~ -

510,560 
(1 34,876) 

162,132 

REPAIR 
XT. SMALL I SMALL 

34,436 ( 70,511 
MEDIUM ( 

131,228 ( 
LARGE 

453,718 

(3,808) (2,865) (1 1,500) (42,8311 
Percent solvent used for thinning 50 40 20 50 
Antifoulant 

(Additional cost Option 2 
Adddionel cost Option 4 

I 
I (1,426) 1 (3,643)1 (8,147) 1 (26,2041 

I I I 

Additional cost Option 2 830 2,121 4,74 1 15,251 
Additional cost Option 4 830 2,121 4,741 15,251 

UI 
I 
I-' 
I-' 

General Use 
Additional cost Option 1 
Additional cost Option 2 

8,016 1 
8,016 

20.484 1 
20,484 

45,802 1 
45,802 

147.326 
147,326 

Additional cost Option 4 1,489 3,804 8,506 27,361 

hhinner I I I I ! , 

Additional cost Option 4 1 
I 

(1,164)( 
I 

(701)/ 
I 

(1,407)( 
I 

(1 3,0971 

(a) Includes the use of lower-VOC coatings with thinner usage equal to a constant percentage of total coating usage. 
(b) Coating parameters in Table 5-2. 
(c) The costs for Option 3 in each of the categories are assumed to be the same as those indicated for Option 2 

because both options are based on the 1994 California limits. 



TABLE 5-5a EMISSION REDUCTIONS FOR LOWER-VOC SCENARIO 2, kg/yr(a)(b)(c) 
(METRIC UNITS) 

N 
EXT. SMALL MEDIUM LARGE EXT. SMALL MEDIUM LARGE 

Pverage total coating usage, LSyr 
IAverage total solvent use, L/yr I 

27,78 1 
14,415 

1 58,726 
43,532 

20-
51 0,560 
162,132 

50 

34,436 
10,224 

20 -

131,228 
20,562 

20 

453,718 
23,091 

20 
I 

459 2,089 
459 2,089 
795 3,816 

86 5 
12,919 712 
12,964 715 

14,352 10,863 
14,352 10,863 
25,205 19,078 

IEmission reduction Option 1 
Emission reduction Option 2 1 5,446 

5,446 
6,578 
6,578 
6,578 

3,038 
3,038 
3,038 -

mission Reductions, metric tons& 
mission reduction Option 1 8.0 21.5 16.0 

ission reduction Option 2 10.3 34.3 16.7 
ission reduction Option 3 10.3 34.3 

45.5 - 16.7 
26.4 -

(a) Includes the use of lower-VOC coatings and in-line paint heaters. Thinner usage decreases to zero. 
(b) Coating parameters in Table 5-2. 
(c) The emission reductions for Option 3 in each of the categories are assumed to be the same as those indicated for Option 2 

because both options are based on the 1994 California limits. 



- - 

TABLE :-5b. EMISSION REDUCTIONS FOR LOWER-VOC SCENARIO 2, Ib/yr(a)(b)(c) 
(ENGUSH UNITS) 

REPAIR 
EXT. SMALL1 SMALL 1 MEDIUM I LARGE 

7.339 1 18.753 1 41.931 1 1 34.876 


ercent solvent used for thinning 
ntifoulant 

Emission reduction Option 1 

Emission reduction Option 2 

Emission reduction Option 4 


Inorganic Zinc 
Emission reduction Option 1 

Emission reduction Option 2 


VI 

I Emission reduction Option 4 

I-' 
W 

General Use 
Emission reduction Option 1 


(Emission reduction option 2 

Emission reduction Option 4 


Emissiomreduction Option 1 

Emission reduction Option 2
I 

Emission Reductions, tonsfyr 
Emission reduction Option 1 

Emission reduction Option 2 

Emission reduction Option 3
I 


l~missionreduction Option 4 


(a) Includes the use of lower-VOC coatings and in-line paint heaters. Thinner usage decreases to zero. 
(b) Coating parameters in Table 5-2. 
(c) The emission reductions for Option 3 in each of the categories are assumed to be the same as those indicated for Option 2 


because both options are based on the 1994 California limits. 





- -  

TABLE 5-7a. EMISSION REDUCTIONS FOR LOWER-VOC SCENARIO 3, kg/yr(a)(b)(c) 
(METRIC UNITS) 

MODEL YARC 
CONSTRUCnON REPAIR 

EXT. SMALL1 SMALL I MEDIUM I LARGE- iXT. SMALL SMALL MEDIUM LARGE 
' ~ v e r a ~ etotal coating usage, Llyr 27,781 70,988 158,726 51 0,560 34,436 ' 70,51 1 131,228 453,718 
Average total solvent use, Llyr 14,415 10,845 43,532 162,132 10.224 1.893 20.562 23.091 
Percent solvent used for thinnina 50 40 20 50 
~ ~~ ~ - ~ .- - .. 

l~missionreduction Option 1 
l~missionreduction Option 2 

I 
I 

205 1 
205 1 

459 1 
459 1 

1,477 
1,477 

Emission reduction Option 4 139 356 795 2,558 

mission reduction Option 2 

ul 
I 
w 
ul 

Vhinner 
Emission reduction Option 1 549 1 6,178 
Emission reduction Option 2 745 448 900 8,377 
Emission reduction Option 4 1,028 61 9 1,242 1 1,562 

3.2 
Emission reduction Option 2 5.6 
Emission reduction Option 3 5.6 
Emission reduction Ootion 4 7.8 

(a) Includes the use of lower-VOC coatings with in-line paint heaters and thinner usage equal to a constant percentage of total coating 
usage. 

(b)Coating parameters in Table 5-2. 
(c) The emission reductions for Option 3 in each of the categories are assumed to be the same as those indicated for Option 2 

because both options are based on the 1994 California limits. 
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coatings. However, there is a net savings in coating costs for 


antifoulants. Because all three scenarios presume the same 


lower-VOC coatings, the decrease in coating usage is the same for 


all three scenarios. Therefore, the additional cost of the paint 


is constant. 


In the first scenario, thinner usage remains a constant 


percentage of total coating use. The costs for this scenario 


include the costs of the lower-VOC coatings and savings from 


decreased thinner usage. (The decrease results from the decrease 


in the volume of coating usage required.) 


In the second scenario, in-line heaters are used with the 


lower-VOC coatings, eliminating the need for thinner. The costs 


for this scenario are lower-VOC coating$, savings from decreased 
.. 
thinner usage, and in-line heaters. The annualized in-line 


heater costs include capital recovery, maintenance and indirect 


costs, and the cost of electricity. The annualized heater costs 


are described more fully in Appendix C. 


Scenario 3 involves the use of lower-VOC coatings, thinning 


solvent, and in-line heaters. The costs of the coatings, 


thinner, and heaters for scenario 3 were calculated as described 


above for scenarios 1 and 2. 


The total emission reduction that is achieved under each of 


the scenarios is the sum of two components: (1) the emission 


reduction directly related to the use of lower-VOC paints and 


(2) the emission reduction that results from decreased thinner 


usage. The emission reductions directly associated with the 


lower-VOC coatings are the same for all three scenarios because 


all presume the same coatings are used. Under all three 


scenarios, additional emission reductions are achieved (relative 


to baseline) because less thinner is used. The reduction in 


thinner usage and the associated emission reduction are identical 


under scenarios 1 and 3. A greater emission reduction is 

achieved under scenario 2 because all thinner is eliminated. 




5.1.4 Bcordkeenina and Renort ins Reauireme ntg 

To gather information on the recordkeeping and reporting 


requirements currently in effect in this industry, current 


regulations were reviewed and a limited number of shipyards were 


contacted. The recordkeeping and reporting practices 

currently used in this industry represent those needed to comply 


with permit conditions, and in some instances, the requirements 


of section 313 of the Superfund Amendments and Reauthorization 


Act of 1986 (SARA 313) . The recordkeeping requirements and 

associated costs to comply with existing permits and SARA 313 

requirements in areas without marine coating regulations are 


considered to represent baseline. 


Options 1, 2, and 4 representaever-to-be-exceeded(or 


maximum) limits on the VOC contents of ;he coatings. Complying 


with maximum limits will require more involved recordkeeping 


practices than those necessary at the baseline. 


Option 3 establishes weighted average VOC contents for each 


of the coating categories. Complying with this limit is even 


more involved than complying with the maximum limits established 


in options 1, 2, and 4. Extensive planning, recordkeeping, and 


reporting are required. 


This section discusses the recordkeeping and reporting 


requirements and the associated costs developed for baseline, 


maximum limits, and average limits. Section 5.1.4.1 discusses 


the assumptions and various inputs used to develop the 


recordkeeping and reporting requirements, and Section 5.1.4.2 

provides and elaborates on the associated costs. Additional 


detail on recordkeeping and reporting costs is presented in 


Appendix C. 


5.1.4.1 Assum~tions and In~uts. Information gathered from 


shipyards indicates that there is no distinct difference between 


the recordkeeping and reporting. practices at construction versus 


repair yards .. l4- l6 Therefore, model yard recordkeeping and 
reporting requirements presented in this section are based on 

model yard size only. Because the same paints are used under all 




three of the scenarios introduced in Section 5.1.2, it is assumed 


that recordkeeping and reporting costs are identical for all 


three scenarios. 

Recordkeeping and reporting costs are a function of the 


equipment and labor required. Equipment includes computer 


hardware and software. Labor is required to train the workers in 


the recordkeeping procedures, to record the necessary data in the 


field, to aggregate and manipulate the data, and to prepare the 


required reports. 


Baseline. At baseline, most large and medium shipyards 


already maintain records to comply with State or local permits as 


well as SARA 313 requirements. It is assumed the operations at 


these facilities are complex enough to tequire a computerized 


system for recordkeeping and reporting. In contrast, small and 


extra small yards typically are both too small to be subject to 


SARA 313 requirements or significant permit conditions. As a 


result, small and extra small model yards are assigned no 


equipment costs at baseline. 


The reporting requirements for large and medium yards at 


baseline are assumed to consist of an annual SARA 313 report and 


an annual report of VOC emissions. To prepare these reports, it 


is assumed that the facilities have adapted their central 


inventory tracking system to record the quantity of each paint 


and thinner used at the yard. This information is coupled with a 


data base in which the toxics and VOC contents of each paint and 


thinner are stored. The total technical labor devoted to 


baseline recordkeeping and reporting for large and medium yards 


is estimated to be 159 hours per year (hr/yr) . Additional detail 

on this estimate is presented in Appendix C. Because small and 


extra small facilities are not typically subject to SARA 313 or 


other reporting requirements, the baseline labor assigned to 

these model yards is 0 hr/yr. 


imum limitg. To comply with maximum limits (Options 1, 


2, and 41,  it is assumed that no additional equipment beyond 

baseline is required for any model facility. Large and medium 




. . 

yards do not need to purchase new equipment because the equipment 


required at baseline is adequate for this purpose. Small and 


extra small yards are assumed not to need equipment because their 


operations are simple enough to be tracked manually. 


Significant recordkeeping and reporting labor is required to 


meet a maximum VOC limit. For this analysis, it is assumed that 


records must be kept on a daily basis (consistent with EPA policy 


on VOC emissions averaging periods and enforcement) and compiled 


weekly. Quarterly reports are assumed, as are initial and 


refresher training sessions for the employees involved in 


recordkeeping. Estimates of the total technical labor for 


recordkeeping and reporting range from 145 hr/yr for extra small 


yards up to 1,274 hr/yr for large yards.,. (See ~ppendix C for 


additional information.) 
,. 

Averase limitg. Complying with an average VOC limit 


(option 3) is more involved than complying with a maximum limit. 


For this reason, it is assumed that even small and extra small 


facilities will need computer equipment to meet an average limit. 


The baseline equipment is expected to be adequate for large and 


medium yards to comply with an average limit. 


The labor associated with an average limit is estimated at 

twice the level of effort necessary for a maximum limit. This 


estimate reflects the extensive advance work that .is necessary to 


plan, schedule, and track production and paint/solvent usage to 


meet an average limit. On this basis, technical labor for 


option 3 is estimated to range from 290 hr/yr for the extra small 


model yard to 2,548 hr/yr for the large model yard. (See 


Appendix C for additional information.) 


5.1.4.2 Costs of Recordkee~ins and Renortins. Table 5-9 


shows the model yard costs developed for the recordkeeping and 


reporting requirements for baseline, maximum limits (options 1, 


2, and 4 1 ,  and average limits (option 3). The final 

recordkeeping and reporting costs were developed based on hour 


and labor rates from the Emission Standards Division (ESD) 


Regulatory Procedures Manual. l7 These rates are summarized in 


5-21 , 



1 

TABLE 5-9. RECORDKEEPING AND REPORTING COSTS 

( INCREMENTAL COSTS ABOVE BASELINE) , $/yra 

Model yard I I 

I Construction I Repair 

Baseline 

Labor 0 0 5,875 

Equipment 0 0 1,400 

Total 0 0 7.275 

Options 1.  2. and 4 (Maximum 
limits) 

Labor 

Equipment 

Total 

Option 3 (Average limia 

Labor 

Equipment 

Total 

'The costs in parentheses represent the incremental costs for recordkeeping and reporting above the costs of these activities incurred 
under 
baseline requirements. 



calculations are presented in Appendix C. 


5.1.5 Cost Effectiveness of Lower-VOC Control O~tiong 


The cost effectiveness (cost per mass of VOC controlled) of 

the four lower-VOC conGrol options under scenarios 1, 2, and 3 


are presented in Tables 5-lla, 5-llb, and 5-llc, respectively. 


Only incremental costs above baseline are presented in these 


tables. The cost effectiveness values were calculated based on 


the emission reductions and the costs of the control options 


relative to baseline. The emission reductions for the four 


control options are presented in Tables 5-3 (scenario I), 5-5 


(scenario 21, and 5-7 (scenario 3). The costs relative to 


baseline for the four control options are the sum of the coating- 


related costs (Tables 5-4, 5-6, and 5-8:Xor scenarios 1, 2, and 


3, respectively) and the recordkeeping and reporting incremental 


costs (Table 5-91. For each option, the total incremental cost 


relative to baseline was divided by the emission reduction to 


obtain the cost effectiveness. 


TABLE 5-10. HOUR AND LABOR RATES FOR RECORDKEEPING 
AND REPORTING 

11 Type of Labor Hour rate I Labor rate 11 

1)
L 

Management I 0.05 (A) 

Clerical 0.10 (A) $15/hr 

Comgarison of scenarios. The cost-effectiveness tables show 


that total costs progressively increase from scenario 1 through 


scenario 3 for all four control options. Accordingly, cost 


effectiveness generally becomes progressively less favorable 


i .e., the $/Mg [$/ton] increases) from scenario 1 through 
scenario 3 for all four control options. (The exception is that 


cost effectiveness is more favorable for large construction yards 




TABLE 5-1la. COST EFFECTIVENESS FOR LOWER-VOC SCENARIO 1(a) 

-
C 

Costs, $lyr 
Additional coating 

-
C 

Costs, $/yr 
Additional coating 
Additional recordkeeping 

F 

C 
Total emission reductions, Mg/yr 
Costs, $/yr 
Additional coating 
Additional recordkeeping 

--
C 

otal emission reductions, Mg/yr 
Costs, $/yr 
Additional coating 
Additional recordkeeping 

--
C 

Option 1 

Option 2 2,235 2,571 2,141 1,833 2,253 2,729 2,080 1,797 
Option 3 3,442 3,693 2,926 2,316 4,031 4,698 3,682 2,786 

- Option 4 652 808 504 325 (454) (265) (602) (790) 

(a$Example calculation for Option 1: For extra small yards, $1 1,906Iyr I3.2 Mglyr = $3,721/Mg. 



TABLE 5-1 1 b. COST EFFECTIVENESS FOR LOWER-VOC SCENARIO 2(a) 

I I Model yard 1 
Construction Repair 

Extra small small medium large Extra small small medium large 
Option 1 

Total emission reductions, Mglyr 8.0 9.9 21.5 109.1 4.9 7.0 16.0 48.2 
Costs, $/yr 
Additional coating(b) 25,980 49,995 90,411 199,774 27,985 42,157 57,81 8 163,518 
Additional recordkeeping 5,358 12,969 16,554 41,199 5,358 12,969 16,554 41,199

-
TOTAL COSTS 31,338 62,964 106,965 240,973 33,343 55, 126 74,372 204,717 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I _  

Option 2 
Total emission reductions, Mglyr 10.3 15.7 34.3 150.3 5.1 7.4 16.7 50.6 
Costs, $/yr 
Additional coating(b) 26,810 52,115 95,152 215,025 28,054 42,297 58,079 164,422 
Additional recordkeeping 5,358 12,969 16,554 41,199 5,358 12,969 16,554 41,199 
TOTAL COSTS 32,168 65,084 1 1 1,706 256,224 33,412 55,266 74,633 205,621 

Option 3 
Total emission reductions, Mglyr 10.3 15.7 34.3 150.3 5.1 7.4 16.7 50.6 
Costs, $lyr 
Additional coating(b) 26,810 52,115 95,152 21 5,025 28,054 42,297 58,079 164,422 
Additional recordkeeping 12,116 27,338 38,983 88,273 12,116 27,338 38,983 88,273 
TOTAL COSTS 38,926 79,453 134,135 303298 40,170 69,635 97,062 252,695 

Option 4 
Total emission reductions, Mglyr 12.3 20.7 45.5 186.4 7.6 12.6 26.4 84.3 
Costs, $/yr 
Additional coating(b) 19,702 33,953 54,543 84,400 16,692 19,033 14,782 14,721 
Additional recordkeeping 5,358 12,969 16,554 41,199 5,358 12,969 16,554 41,199 
TOTAL COSTS 25,060 46,922 71,097 125,599 22,050 32,002 31,336 55,920 

Cost effectiveness, $/Mg 
Option 1 3,917 6,360 4,975 2,209 6,805 7,875 4,648 4,247 
Option 2 3,123 4,145 3,257 1,705 6.55 1 7,468 4.469 4,064 
Option 3 3,779 5,061 3,911 2,018 7,876 9,410 5,812 4,994 

- Option 4 2,037 2,267 1,563 674 2,901 2,540 1,187 663 

(a)Example calculation for Option 1: For extra small yards, $31,338/yr / 8.0 Mglyr = $3,917/Mg. 
(b)lncludes the annualized cost of in-line paint heaters. 



TABLE 5-11c. COST EFFECTIVENESS FOR LOWER-VOC SCENARIO 3(a) 

I I Model yard 1 

Additional coating(b) 
Additional recordkeeping 

Additional coating(b) 
Additional recordkeeping 5,358 12,969 16,554 
TOTAL COSTS 37,493 68,289 1 18,139 
9 


Total emission reductions, Mglyr 
Costs, $/yr 
Additional coating(b) 
Additional recordkeeping 12,116 27,338 38,983 
TOTAL COSTS 44,251 82,658 140,568 

Option 4 
Total emission reductions, Mglyr 
Costs, $/yr 
Additional coating(b) 
Additional recordkeeping 
TOTAL COSTS 

Cost effectiveness, $/Mg 
Option 1 
Option 2 
Option 3 

(a)Example calculation for Option 1: For extra small yards, $36,884/yr / 3.2 Mg/yr = $1 1,526IMg. 
(b)lncludes the annualized cost of in-line paint heaters. 



under scenario 2 than under scenario 1 for options 1, 2, and 3.) 


This analysis indicates that in tern of cost effectiveness, the 


increased cost of paint heaters generally outweighs the improved 


emission reduction they achieve as one moves from scenario 1 to 


scenario 2. 


It is anticipated that actual practice at shipyards will 


most closely resemble scenario 1. Many marine paints are used 


"as suppliedn. When the viscosity is to be reduced, thinning is 


the method of choice. However, to reduce the viscosity of 


coatings supplied with a VOC content at or near the limit, paint 


heaters will have to be used to avoid violating the limit, as in 


scenario 2. In rare cases, both thinner and heaters might be 


used, as in scenario 3. .... 
Conmarison of o~tiona. Tables 5-lla, 5-llb, and 5-llc show 


that across all three scenarios, the total costs above baseline 


increase progressively from option 1 through option 3, then 


decrease for option 4. Option 2 is slightly more costly than 


option 1 because the increase in.paint cost per gallon slightly 


outweighs the savings from decreased paint and thinner use. The 


cost increase from option 2 to option 3 is larger because daily 


recordkeeping costs double, although paint costs remain constant. 


Costs decrease to their lowest level for option 4 because paint 


usage is reduced substantially while the cost model leaves the 


per-gallon cost of the paint unchanged from options 2 and 3. 


Under scenario 1, option 4 results in a net savings for repair 


yards of all sizes. Under scenarios 2 and 3, all yards show net 


costs for option 4. 


The comparison of cost effectiveness for the options does 


not mirror the cost comparison. When the options based on 


maximum limits (options 1, 2, and 4) are compared, the cost model 

indicates cost effectiveness improves with the stringency of the 


limit. Thus, while the total cost for option 2 is greater than 


that for option 1, the cost increase is more than counterbalanced 


by the greater emission reduction achieved by option 2. Option 4 

has lower costs and greater emission reduction than either 




option 1 or 2, resulting in the most favorable cost effectiveness 


by far. 


The cost-effectiveness ranking of the option based on an 


average limit (option 3) differs between repair and construction 


yards. For repair yards, option 3 is the least cost-effective of 


all the options. For construction yards, option 3 falls between 


options 1 and 2 in cost effectiveness. 


5.2 SPRAY BOOTH CONTROLS 


Spray booths are used at some shipyards to apply coatings to 


parts before they are connected to the main part of the ship. 


Spray booths are used at both construction and repair yards. The 


use of add-on controls such as thermal incinerators for VOC 


emissions resulting from spray booth coating operations was 


evaluated. A conservative analysis was performed to develop 


preliminary cost estimates to be used to determine whether 


additional analysis was warranted. The assumptions and inputs 


used in evaluating add-on controls for spray booths are discussed 


in Section 5.2.1. The results of the analysis are presented in 


Section 5.2.2. 


5.2.1 Sorav Booth Analvsig 


Two aspects will be discussed in this section. 


5.2.1.1 Methodolow and Assmtions. Shipyards that fit 


the "extra smalln classification criteria generally do not 


perform any indoor painting. The majority of the larger 


facilities do. At shipyards that paint indoors, some use spray 


booths; others do not. Rather, the spray .area may be an entire 


building or an area of one. The spray booths used in shipyards 


vary significantly in size and number. The exhaust rate from 


individual booths can vary from about 0.7 to 62.3 cubic meters 


per second (m3/s) (1,500 to l32.000 cubic feet per minute 


[ft3/minl) . The exhaust from entire buildings that function as 
spray areas can be more or less than that from booths, depending 

on the building and the spray operation. 


The methodology used to estimate the costs of re~up~rative 

and regenerative thermal incinerators is that described in the 




Office of Air Quality Planning and Standards (OAQPS) Cost 


Manual.I8 The Permissible Bxposure Limit (PEL) for xylene is 


100 parts per million (unless the operator uses a supplied air 


source). Xylene-is the most prevalent paint solvent in the data 


base. Because manual coating operations are conducted inside 


booths, concentrations must remain at or below the' PEL. 


Therefore, a maximum VOC concentration of 100 ppm was assumed in 


the analysis of spray booths. Due to the relatively low- 


concentration airstream entering the control device from the 


spray booths, a destruction efficiency of 95 percent was assumed 


for the thermal incinerators. la In costing add-on control 


devices, it was assumed that all the spray booths are operated at 


once, a worst-case assumption. Based on the survey responses, it 


was assumed that the 'booths operate 8 hours per day, 200 days per 


year. Other inputs used in the add-on control costing are shown 


in Table 5-12 and are described in more detail in Appendix C. 


Generally, the spray booths now used in shipyards are not 


fully enclosed, so the capture efficiency of the exhaust system 


is expected to be less than 100 percent. To capture all of the 


emissions, the booth and the associated flashoff and drying areas 


would have to be enclosed. When an operator leaves the parts in 


the booth to cure, most of the emissions are released inside the 


booth. For this analysis, total capture was assumed, but the 


cost of the enclosure was not included, because of the lack of 


specific data. Therefore, the results presented provide a more 


favorable value of cost effectiveness ($/ton of VOC controlled), 


as the total cost of control is understated by the cost of the 


enclosure. 


5.2.1.2 Total S~rav Booth Flowrate. In developing the 


costs of using add-on controls to control VOC emissions from 


spray booth coating operations, it was assumed that one large 

unit would be used to control the exhaust from all the. spray 


booths. In some shipyards, one large unit would be undesirable 


due to the distances between spray booths. Long lengths of 


ductwork would be needed between the booths and the control 
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TABLE 5-12. GENERAL DESIGN SPECIFICATIONS FOR 

ADD-ON CONTROLS 


Control deviceI 

T h d  incineration- Thermal incineration-

Specification mqcmtive H.Ra regenerative H.R.a 

~estruction efficiency, percent 9s" 9 9  

Exhaust temperatun, "C (OF) I 25 (n) I 25 (77) 

Relative humidity of exhaust, percent 70 70 

Prwsure drop, centimeters of water (inches of I ..48(19) 1 74 (29) 

Equipment life, years 10 10 

Heat recovery, percent 1 70 I 95 


Incinerator warmup period, minutes I 45 1 6oC 

Shifts operated per day 

aH.R. = heat recovery. 
b~estruction efficiency of 98 percent can be achieved if VOC concentration at inlet to contml device is 

increased sufficiently (>300ppm). A destruction efficiency of 98 percent can be achieved if air curtain 
booth spray booths are used. 

%nit is maintained at idle for 15 hours per day at 15 percent of the total flow. 



device, and the large pressure drops associated with such long 


lengths of ductwork would make such a system impractical. In 


some instances, two smaller control units may be more practical, 


but the capital an& operating costs would be higher. Thus, the 


assumption of one large unit will understate the costs and 


overstate the cost effectiveness. 


Initially, the total spray booth flowrate to be controlled 


was calculated assuming all booths are used concurrently. Limits 


on the total number of booths operated concurrently and/or spray 


booth coating usage cutoffs (i.e., no control for booths that use 


less than some designated amount of coating) could reduce the 


maximum spray booth exhaust rate to be controlled. The analysis 

discussed here assumes that all booths aperate at once and that 
.. 
all booths are exhausted to the control device. 


Some spray booth information was provided from the surveys 


that were sent to shipyards as part of the CTG and NESHAP 


projects. This information was compiled and used to develop 


spray booth parameters for the add-on control analysis. It was 


determined that shipyards that fall into the "extra smalln 


classification, whether construction or repair yards, generally 


do not have spray booths. Therefore, for purposes of the 


analysis, it was assumed that extra small model plants have no 


spray booths. 


For each shipyard that provided complete information on all 


spray booths, the total spray booth flowrate, total coating 


usage, percentage of coatings used indoors, and the typical 


operating hours for each booth were compiled.2 It was assumed 

that all coatings applied indoors were applied in spray booths. 


The estimated spray booth coating usage at each of the yards and 


the actual total spray booth exhaust at each yard (assuming all 


spray booths are used at once) were used in a linear regression 


analysis to develop an equation relating total spray booth 


coating usage and total spray booth exhaust. 


Using the resulting regression equation, the flowrates for 

each of the shipyards with booths were estimated, and the 




estimated flowrates were compared to the actual flowrates. The 


agreement between the predicted flowrates and the actual 


flowrates was best for the larger yards. However, in all the 


model yardssize ranges, the total flowrates from some yards weke 


significantly below the predicted flowrates . Theref ore, to 

represent such actual cases in the cost analysis, the minimum 


expected flowrates for all the model yards were determined by 


selecting the actual minimum flowrate for each model yard 


category. Only yards that supplied complete spray booth 


information were used in this selection process. Because the 


capital and operating costs of add-on controls increase with 


flowrate, the costs associated with these minimum flowrates 


represent the minimum costs that would be\. expected for the model 

yards. Likewise, the corresponding cost-effectiveness values are 


the minimum expected (i.e., the most favorable). The development 


of the regression equation and model yard spray booth flowrates 


is discussed further in Appendix C. 


The total spray booth exhaust flowrates calculated for the 


model yards using the regression equation range from minimal up 


to 19.8 m3/s (419,500 ft3/min) for the large construction model 


yard. The minimum expected f lowrates range up to 174 m3/s 


(369,200 ft3/min). The use of thermal incineration with 


recuperative heat recovery was evaluated for total spray booth 


exhausts less than or equal to 23.6 m3/s (50,000 ft3/min) . 
Thermal incineration with regenerative heat recovery was 


evaluated for total spray booth exhaust flowrates greater than 


23.6 m3/s (50,000 ft3/min) . 
Catalytic incineration and combined carbon 


adsorption/thermal incineration systems could also be considered 


but were not costed. In some instances, catalytic incineration 


and combined adsorption/thermal incineration may be less 


expensive, but the potential difference in cost is not expected 


to be significant. 




5.2.2 Total VOC Emitted from S~rav Boothg 

The amount of VOC emitted from the spray booths at each 


model yard was estimated based on the percentage of coatings and 


thinner applied indoors and corresponding average VOC contents. 


Detailed information concerning the type of coatings sprayed in 


the spray booths was not provided on the shipyard survey 


responses. Therefore, to calculate the VOC emissions from 


applying coatings in spray booths, the weighted average VOC 


content of all the coatings was used in conjunction with the VOC 


content of the thinner. Based on information contained in the 


shipyard survey responses, it was assumed that 10 percent of all 


coatings and thinner is sprayed in spray booths in each of the 


model yards except the large construction yard where 30 percent 

was used. 2 


The actual emission reduction associated with using add-on 


controls for spray booths could be lower or higher than that 


estimated in this analysis. Because 100 percent capture 


efficiency was assumed and the actual capture efficiency is 


expected to be less, the actual emission reduction may be less 


than estimated. On the other hand, actual emission reductions 


may be higher if cleaning solvents are used in the booth. Such 


miscellaneous cleaning could include gun, coating lines and 


pumps, and coating containers. The operating costs associated 


with the control device would increase very slightly if there is 


an increase in operating time, but the increase is not expected 


to be significant. 


5.2.3 S~rav Booth Add-on Control Analvsis Results 


The cost and associated emission reductions for using 


' thermal incinerators to control VOC emissions from spray booth 

coating application operations were developed for each of the six 


model yards that use spray booths (the two "extra smalln models 


do not have spray booths). Results of the model yard analysis, 

presented in Table 5-13, indicate the cost effectiveness of using 


add-on controls ranges from $44,700 to $338,00O/~g ($40,500 to 


$306,90O/ton) of VOC reduced. Using the minimum expected 




-- 

TABLE 5-13. SPRAY BOOTH ADD-ON CONTROL COSTS 


I Extra small I Small I Medium I Lorgo 1 Extra small Small I Medium 

Average total paint usage, 27,785 70,988 158,726 . 510,560 34,436 
UYr (gd/Y r) (7,340) (18,753) (41,931) (134,876) (9,097) 

Average total indoor 0 7,100 15,900 153,000 0 
paint usage, Uyr (gdlyr) 

Average total solvent use, 14,415 10,845 43,532 162,132 10,224 
(3,808) (2,865) (11,500) (42,831) (2,701) 

Percent solvent used for 50 40 20 50 20 
thinning 

Average total booth 0 3,160 6,990 80,800 0 
emissions, kg (Ib) (6,970) (15,405) (178,096) 

95 percent emission 
redbction, Mg (tons) 

II 0 1 2.7I (3) 
1I 6 .31  

(7) I 
-

77 1 
(85) I 0 

I 2.7 
(3) 

11 5.4 
(6) 

N I A  = not applicable. 



flowrates, the cost effectiveness ranges from $32,600 to 


$65,700/Mg- ($29,600 to $59,60O/ton) . Because of the series of 

assumptions these values tend to be maximums. The cost would 


decrease if the booth airflows in the booths are reduced. 


5.3 TANK PAINTING--USE OF ADD-ON CONTROLS 19-26 


Tanks are used to store fuel oil, jet fuel, ballast, and 


potable water. There can be as many as 1,000 tanks on an 


aircraft carrier; 500 may be on a single deck. l9 During 


construction, tank components may be painted before or after 


assembly. When a preassembled tank is painted it serves as a 


sort of natural enclosure. The same is true for voids on the 


ship that must be painted for corrosion protection. For purposes 


of this analysis, both tanks and voids are referred to as tanks. 
.. 
The tank must be ventilated during painting to protect the 


worker and the final finish (dried overspray can settle on the 


finish). Because the tank acts as a natural enclosure, the VOC 


emissions resulting from the painting operation could conceivably 


be sent to an add-on control device. The feasibility and cost of 


using an add-on control to control tank painting operations was 


evaluated and is discussed in the following sections. 


5.3.1 Feasibilitv of Add-on Controls for Tank Painting 


O~erations 


Add-on controls can be used to control VOC emissions 


resulting from tank painting operations. The enclosed nature of 


tanks makes efficient capture of the VOC emissions feasible with 


minimal or no modifications to the tank. These captured 


emissions can then be vented to an add-on control device for 


destruction. Although the use of add-on controls for tank 


painting operations is technically feasible, in some cases it may 


not be practical. During construction and repair operations, 


deck space is often limited because of the numerous activities 


occurring. At such times, it would be difficult to find space 

for an add-on control device on the deck. As discussed in 


Section 5.3.2, the maximum exhaust limitations of portable 


control devices would limit their usefulness for tank painting 




operations, regardless of space limitations. Therefore, if an 

add-on control device or multiple control devices were used to 


control VOC emissions from tank painting operations, they would 

probably have to be stationary units located on the ground. The 

size and configuration of each ship is different, &nd tanks are 


located all around a ship, so the location of the tanks relative 

to the control device would constantly vary. If tanks were 

vented to a control device located on the ground, long lengths of 


flexible ductwork would be needed. A significant pressure drop 

is associated with longer lengths of ductwork. It may be 


necessary to thread ductwork through a maze of passageways, and 


this may constrain the movement of equipment. Having flexible 


ductwork traveling from the tanks, through work areas, down to 


the control device might prove to be unsafe and would have to be 

evaluated. 


The varying nature of the total volume of exhaust from all 


tank painting operations at any one time would have to be 


considered in designing and operating an add-on control system. 


Because the.tota1 airflow from all tank painting operations 

varies with the number and size of the tanks being painted, the 


airflow to be controlled could vary from about 0.47 m3/s 


(1.000 ft3/min) to several m3/s (several hundred thousand . 
ft3/min). Due to the changing capacity requirements, it might be 

advantageous to use multiple smaller-capacity add-on control 


units, rather than a single large unit. A combination of one 


large unit and several smaller ones may enable a shipyard to take 


advantage of the economy of scale offered by a larger unit while 

at the same time have the ability to control smaller airflows. 


A disadvantage of having multi add-on control units, is that the 

distribution of airflow among the units would change with time, 

as the tanks being painted changed, and this balance would have 

to be monitored. A certain warm-up period is required with add- 

on control units, and intermittent operation usually shortens the 




lifetime of the unit. 


As stated above, using technology presently available to 

control VOC emissions from tank painting operations is feasible, 


though several challenges are present. There may be a market for 


some type of innovative package add-on control units that are 


suspended overhead, or canister units that can be taken below 


decks to the tank. The development of such technologies may make 


it easier and less expensive to use add-on controls for tank 


painting emissions control. 


5.3.2 Assmtions and InDuts to the Analvsis 


A comprehensive discussion of the assumptions made and 


inputs that were developed as part of the tank analysis is 


provided in Appendix C. .... 
Due to the variability in the number and size of tanks that 


may be painted at any time in a shipyard, add-on control costs 


were developed for a range of airflows rather than for individual 


model shipyards. Costs of using thermal incinerators with 


recuperative heat recovery to control airflows ranging from 0.9 


to 37.7 m3/s (2,000 to 80,000 ft3/min) were estimated. 


Controlled emissions were estimated using two methods. One 


estimate was based on the maximum tank VOC emissions calculated 


for the shipyards in the data base. For this estimate, the tank 


VOC emissions for each yard in the data base were calculated 


using the reported usage of tank coatings and corresponding VOC 


contents (as supplied) for the facility. Emissions from thinning 


the tank coatings 5 percent by volume were included. The maximum 


annual tank VOC emissions at any shipyard in the data base were 


estimated to be 18 Mg (20 tons) using this method. 


Another estimate of maximum tank VOC emissions was made 


based on the maximum total VOC emissions from any of the 


shipyards in the data base. This second estimate of tank 


emissions was based on examination of the contribution of tank 


coating VOC emissions to total coating VOC emissions at yards in 


the data base. Based on the coating usage and classification 

data in the data base, the relative contribution of tank coatings 




to total coating VOC emissions (including thinner) was found to 


vary from less than 1 to 35 percent, with a mean of 9.8 percent. 


To obtain the second estimate of annual tank painting VOC 


emissions, which represents a maximum estimate, it was assumed 


that 9.8 percent of the total VOC emissions from coatings 


(including thinner) at the largest facility in the data base are 


from tank painting. The total tank coating-related VOC emissions 


for the largest facility were, thus, estimated to be 47 Mg (52 


tons) annually, more than twice the first estimate. 


5.3.3 Results of Tank Paintins Add-on Control Analvsig 


The total cost and emission reductions for each of the 


scenarios evaluated are presented in Table 5-14. Although, the 


size and cost of a control device varies-with the total air 
.. 
flowrate, the amount of VOC controlled were estimated in the two 


methods given above, independently of the flowrate. The cost 


effectiveness for each of the scenarios, calculated as the total 


cost divided by the total amount of VOC controlled, is also 


presented in Table. 5 -14. 
Using the first emission reduction estimate (based on actual 


tank coating usage and VOC contents), the cost effectiveness 


varies from $S,OOO/Mg to $40,30O/Mg ($4,50O/ton to $36,30O/ton). 


Using the maximum emission reduction estimate (calculated 


assuming 9.8 percent of the vOC emissidns at the largest facility 


[in terms of total VOC emissions] are from tank painting), the 


cost effectiveness varies from $1,90O/Mg to $15,50O/Mg 


($1,70O/ton to $14,00O/ton). 


In reality, the amount of VOC controlled is dependent on the 


concentration of VOC1s in the air stream and on the flowrate of 


the air stream flowing into the add-on control unit. However, 


in this analysis the estimates of VOC controlled are intended to 


represent average and maximum tank emissions expected at any 


shipyard. The actual amount of VOC controlled at any one 


facility would depend on the amount of tank painting done at the 


facility and the coatings used. 




- -  -- 

TABLE 5-14a. COST EFFECTIVENESS OF TANK ADD-ON C ~ N T R O L ~  

(Metric Units) 


Controlled Cost 

Flowrate, Annualized effectiveness, 


m3/s cost, $ emissiY1WY $ / W  

0.9 90,800 18 (47) 5,000 (1,900) 


TABLE 5-14b. COST EFFECTIVENESS OF TANK ADD-ON CONTROL^ 

(Enslish Units) 


- - - - - -

controlled Cost 
Flowrate, 

scfm 
Ahnualized 
cost, $ emissiOYtons/y 

effectiveness, 
$/tonc 

2,000 90,800 20 (52) 4,500 (1,700) 

5,000 124,700 20 (52) 6,200 (2,400) 

10,000 170,700 20 (52) 8,500 (3,300) 

20,000 280,400 20 (52) 14,000 (5,400) 

40,000 435,800 20 (52) 21,800 (8,400) 
60,000 582,900 20 (52) 29,100 (11,200) 
80,000 726,200 20 (52) 36,300 (14,000) 

a~dd-on control assumes a recuperative thermal incinerator 

with 70 percent heat recovery. 


b~ontrolled emissions were calculated using two methods. The 

first number corresponds to the maximum calculated tank 

emissions using coating classification usage and composition 

data. The second number corresponds to maximum emission 

reduction estimate assuming 9.8 percent of maximum total VOC 

emissions are tank-related. 


'cost effectiveness numbers correspond to both sets of 

controlled emission rates that were calculated using two 

different methods. 




5.4 COST OF CONTROL OPTIONS FOR PM-10 EMISSIONS FROM ABRASIVE 


BLASTING OPEmTIONS 


It was not possible to estimate how much it would cost to 


control PM-10. As discussed in Chapter 4.2 .2 ,  although a variety 

of actions are routinely taken by many plants to rninimize 


particulate emissions, their effectiveness has not been 


quantified. Therefore, the cost effectiveness of PM-10 control 


options cannot be estimated at the present time. 


5.5 CLEANING CONTROL COSTS 


The cost associated with the use of accounting and 


management to track and control usage of cleaning solvents in a 


plant is discussed in the Alternative Control Techniques (ACT) 


for Industrial Cleaning The- program for emission 

8. 


reductions from using solvents as a cleaning media described in 


the Industrial Cleaning Solvents ACT should be applicable to the 


shipbuilding and repair industry. 


The cleaning needs at no two shipyards are exactly alike 


because of the different painting schedules and different paint 


used. Usually, the coating is stored in 18.9-L (5-gallon) or 


larger containers located on the floor of the dock. A pump 


transfers coating to the spray gun located on some type of 


elevated platform. In most yards, the length of the transfer 


line varies between about 15 and 46 m (50 and 150 ft) . ,One yard 

was found to be using transfer lines 92 m (300 ft) long. The 


longer the transfer line the more solvent is needed to "flushR 


the line of paint residues. To clean the equipment after 


spraying, one end of the hose is placed in a small container and 


solvent is pumped through the hose and spray gun, and released 

back into the container. The spray gun head is often removed 


for cleaning, and the parts placed in a cleaning bucket. 


Cleaning solvent used only once can then be used to thin the 


coating. After more than one use, the. spent solvent no longer 

can be used for thinning but rather must be disposed or purified. 


. Some of the larger shipyards have on-site distillation units for 
purification; many shipyards send the spent cleaning solvent 




offsite for disposal or reclamation. 28 


5.6 ENVIRONMENTAL, ENERGY, AND OTHER IMPACTS 


The environmental, energy, and other impacts presented here 
. 
are the effects that using any of the VOC and PM-10 emission 


control options outlined in the previous sections of this chapter 


will have on air quality, water quality, hazardous wastes, energy 


usage, and other areas. 


5.6.1 gnvironmental Im~acts. 


5.6.1.1 Air Oualitv Immacts. Emissions of VOC1s are 


significantly reduced by implementing lower-VOC or add-on control 


options. Based on the information and assumptions presented in 


the earlier sections, switching from lower- to higher-solids 


coatings decreases the VOC content of tee coatings and the total 


volume of coatings required. Therefore, emissions of VOC1s are 


significantly decreased. If solvent thinner usage can be reduced 


or eliminated, the emissions of VOC1s are further lowered. 


The emission redu,ctions achievable from incineration of 


spray booth emissions at large construction yards are 


significantly greater than those from other model yards simply 


because large construction yards use spray booths more 


frequently. The VOC emission reductions obtainable with 


incinerators are presumed to be 95 percent. 


Auxiliary fuel is required for startup of thermal 


recuperative incinerator units as well as for maintaining a 


stable temperature. The auxiliary fuel used is assumed to be 


natural gas. The pollutant emissions resulting from natural gas 


use in incinerator units are nitrous oxides (NOx), sulfur 


dioxides (SO2), carbon monoxide (CO), residual particulate matter 


(PM), and various hydrocarbons. The emission factors for these 


pollutant emissions can vary depending upon the heat input 


required to destroy the waste gases, however, those used here are 

presented in Appendix C. 29 Table 5-15 summarizes the primary 


emissions that would result from a recuperative incinerator at 


each model plant. The majority of the emissions resulting from 


natural gas combustion is NOx. 




TABLE 5-15a. NATURAL GAS USE AND EMISSIONS FROM THERMAL RECUPERATIVE 
INCINERATION 

FOR SPRAY BOOTH PAINTING OPERATIONS 
(Metric Units) 

Ul 
1 

L 
u TABLE 5-15b. NATURAL GAS USE AND EMISSIONS FROM THERMAL RECUPERATIVE 

INCINERATION 
FOR SPRAY BOOTH PAINTING OPERATIONS 

5 Construction, Small 4.78E+ 10 2.31E+02 2.77E+01 6.478+03 1.628+03 2.68E+02 -
7 

2 Repair, Large 8.90E+ 10 4.30E+02 5.16E+01 1.20E+04 3.01E+03 4.99E+02 
4 Repair, Medium 5.43E+ 10 2.62E+02 3.15E+01 7.34E+03 1.848+03 3.04E+02 
6 Repair, Small 4.78E+ 10 2.31E+02 2.77E+Ol 6.47E+03 1.62E+03 2.68E+02 

'LConstruction and repair extra small model yards were not evaluated because these yards were assumed to have no spray booths. 
b~missionswere calculated based on emission factors for boilers in Reference 29. 



Electrical energy is required to operate in-line coating 


heaters and the induced draft (ID)fans in the thermal 

incinerators. Secondary emissions of air pollutants (PM, SO2, 


and NOx) result from the generation of the electrical energy 


required to operate these devices. Secondary emissions were 


calculated assuming that the electrical power required to operate 


the devices is supplied by a bituminous coal-fired power plant 

that has a generator thermal efficiency of 38 percent. 30 he 


average heating value of bituminous coal is approximately 


29,000 KJ/kg (12,600 Btuts per pound [Btu/lb]). 31 The emission 


factors used to estimate secondary pollutant emissions are 


presented in Appendix C. 


Tables 5-16 and 5-17 summarize the-secondary emissions 


associated with the electrical energy r&ired to operate the in- 


line paint heaters and the incinerators. Secondary emissions 


caused by large construction yards are significantly greater than 


other model yards because of their larger waste gas flows vented 


to the incinerators. An increase in the electrical power 

required ti operate the fans causes an increase in the secondary 


pollutant emissions that result from burning the fuel to generate 


the power. 


5.6.1.2 Water Oualitv ImDacts. No adverse water pollution 


impacts are expected from the use of any of the VOC control 


options. 


5.6.1.3 Hazardous Waste. Liquid hazardous waste generated 


during shipyard painting operations consists primarily of spent 


solvent and coatings. The use of higher-solids coatings may 


require increased solvent usage for gun cleaning. However, 


because less of the lower-VOC coatings will be used (due to their 


higher-solids content), the overall amount of waste generated is 


expected to decrease for the same usage efficiency. 

5.6.2 Enerw Im~acts 


Fuel (natural gas) is needed for operation of the thermal 


incinerators. The resulting energy usage is presented in 

Table 5-15. 




TABLE 5-16a. ELECTRICITY REQUIREMENTS AND SECONDARY 

mSSIONS FROM USE OF IN-LINE PAINT HEATERS 


(Metric Units) 


TABLE 5-16b. ELECTRICITY REQUIREMENTS AND SECONDARY 

EMISSIONS FROM USE OF IN-LINE PAINT HEATERS 


(Enslish Units) 

Modei yard 

Description 
Electricity, 

B W Y ~  PM 

Emissions, lb/yB

I so2 I NO, 

Construction, Tarpe 4.54E+09 3.62E+02 7.17E+03 7.17E+03 

Construction. Medium 1.88E+09 1.49E+02 2.97E+03 2.97E+03 

Comtmction, Small 1.17E+W 9.29E+01 1.85E+03 1.85E+03 

Construction. Extra small 8.26E+08 6.56E+01 1.31E+03 1.31E+03 

Repair, Large 4.08E+09 3.24E+02 6.45E+03 6.45E+03 

Repair, Medium 1.61E+09 1.28E+02 2.54E+03 2.54E+03 

Repair, Small 1.17E+09 9.29E+Ol 1.85E+03 1.85E+03 

I~cpair,Extra small 8.71E+08 6.91E+01 1.38E+03 1.38E+03 

aSecondary emissions wtie calculated based on emission factors for bituminous coal combustion in 
Refcrc~lce3 1. 



- TABLE 5-17a. ELECTRICITY REQUIREMENTS AND SECONDARY 
EMISSIONS FROM THERMAL INCINERATION FOR SPRAY BOOTH 

a PAINTING OPERATIONS 


(Metric Units) 


TABLE 5-17b. ELECTRICITY REQUIREMENTS AND SECONDARY 

EMISSIONS FROM THERMAL INCINERATION FOR SPRAY BOOTH 


PAINTING OPERATIONS 

(Enalish Units) 


11 Model yarda 1 Electricity, 1 Emissions, 1b/yrb 1111 No. IDcscxiption ~hdyr- PM SO2 I 11 
11 1 IConstruction, Luge ( 1.83E+10 1 1.45E+03 1 2.898+04 1 2.89E+04 11 
11 3 I~onstmction. Medium 1 5.14E+09 1 4.08E+02 1 8.12E+03 1 8.12E+03 11 

5 Construction, Small 4.26E+09 - 3.38E+02 6.73E+03 6.73E+03 

2 Repair, Large . 7.93E+09 6.29E+02 1.25E+04 1.25E+04 

4 Repair, Medium 4.83E+09 3.83E+02 7.63E+03 7.63E+03 

6 Repair, Small 4.26E+09 3.38E+02 6.73E+03 6.73E+03 

%hstru&on and repair extra small model yards were not evaluated because these yards were assumed to 
have no spray booths. 

b ~ o n d a r y  emissions wen calculated based on emission factors for bituminous coal combustion in 
Reference 3 1. 



The electrical requirements of in-line heaters and thermal 


incinerators are presented in Tables 5-16 and 5-17, respectively. 


The necessary calculations for this section are described in 


Appendix C. 

* 

5.6.3 Other Environmental Im~acta 


Other environmental impacts include noise impacts from 


implementing any of the control options for all model yards. In 


general, thermal incinerators require additional equipment 


(larger ID fans to overcome pressure drops) that will increase 


noise levels. However, theincrease is believed insignificant. 
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6.0 Factors to Consider in Developing BEST AVAILABLE 

CONTROL MEASURES (BACM) 

This Chapter presents information on factors that regulatory 

agencies should consider to select the best available control 

measures (BACM) for VOC emissions from painting activities in the 

shipbuilding and ship repair industry. :-Alternative technologies 

(and options for one) were discussed in Chapter 3. 

Findings regarding particulate emissions from abrasive 

blasting are presented in Chapters 2 through 4. Because test 

data was not available to us at this time our suggestions deal 

only with changes in "manufacturing practicesw and "work 

practices. " 
To control emissions from cleaning solvents, States should 

consider the alternatives described in the "Alternative Control 

Techniques (ACT) for Industrial Cleaning Solvents," EPA number 

EPA-453/R-94-015, dated February 1994. 

The statutory authority and goals for establishment of BACM 

is discussed in Section 6.1 for the benefit of the State 

regulators. In developing BACM for this industry a State agency 

may select from control techniques stated in this report or may 

transfer technology from other industries. Authorities may also 

develop BACM on a case-by-case basis, considering the economic 

and technological circumstances of the individual source. The 

final rules must, however, be enforceable; include provisions 

which allow determination of compliance. 

In Section 6.6, factors to be considered for each individual 

-source are discussed. Information is provided related to . 
emission testing, equipment under-development, monitoring and 



reporting/record keeping. 


6.1 BACKGROUND 


The Clean Air Act, as amended in 1990, requires that control 


techniques to control VOCs and PMIO from the shipbuilding and 


ship repair industry be based on BACM. This mandate represents a 


stricter standard than has been applied to regulate emissions of 


VOCs and particulates in non attainment areas: previous 


standards for protecting the ambient air quality have been based 


on reasonably available control technology (RACT) . 
6.2 DEFINITIONS 


The Shipbuilding and Ship repair rule should accurately 


describe the sources that will be affected and use terms that are 


clearly defined to describe the method of control. The terms and 


definition described in this document ma'; need to be clarified 


when used in the context of a rule. A short list of helpful 


definitions is given in Appendix A. 


A large source of air emissions in Shipyards are organics 


from marine coatings. Chapter 2 discusses types of marine 


paints, resins and equipment and application processes used. 

Different types of paints are discussed and defined under 


Section 2.2.1. 


Table 2-9 lists a number of paint categories. The 


categories correspond to those in that appear in the California 


coatings rules (effective in 1992) in addition to four categories 


that were added based on Department of Navy (NAVSEA) 


recommendations. The definitions for the 23 paint categories 


are given in Chapter 2. However, a State may elect to expand on 


the definitions as this report has done for nuclear coatings. 


6.3 APPLICABILITY 


As outlined in Chapter 2.0, the shipbuilding and ship repair 


industry consists of establishments that build and repair ships 

(Fiber glass reinforced ship manufacturing processes are 


excluded). A definition for a ship is also provided in 


Chapter 2.0 to define the shipyards that would be subject to a 


rule. Emissions from painting of drilling and off shdre 




production platforms (which are a part of SIC Code 3731) were not 


included in the Agency's investigation. The coatings category 


nnavigational aidsn was included in the rule because buoys and 


othef waterway markers are exposed to the same weathering 


conditions (e.g., corrosion) as a ship. The implementing agency, 


. may, of course, elect to include in its rule other paint 
categories that it deems appropriate. 


6.4 FORMAT OF THE STANDARD 


The BACM regulations for this source category may be based 


on one or more of the following formats. 


1. Use of VOC limits 


2. An equipment standard; and 


3. A percent reduction level. 
 ... . 
6.4.1 Use of VOC Limits 


The EPA has evaluated the VOC control achievable by limiting 


the maximum allowable VOC content of individual coatings and 


another based on the weighted average VOC. The advantages and 


disadvantages of one option relative to another are discussed in 


Chapter 5 .  Table 1-1 presents a maximum, as-applied VOC of 
various paint categories. 


6.4.2 Eauigment Standard 


Air and airless spray equipment are commonly used in this 


industry. The possibility of specifying special spray equipment 


such as high volume low-pressure or "HVLPn was investigated to 


gain the benefit of less paint waste (and lower VOC emissions) 


due to the softer delivery of paint to the substrate. Although 


it seems clear that such equipment is desirable, some shipyards 


allege that low pressure systems are unable to accommodate some 


of the higher solids coatings used by the industry. 


6.4.3 Percent Reduction 


Standards in this form are commonly used when the control 


system is anticipated to be an "add-onn device such as an 


incinerator or carbon adsorber. There are, however, no 


commercially available technologies for enclosing outside areas 


of a ship (a critical prerequisite for add-on devices) although a 




number of US companies are working on different enclosure 


designs. Several technologies under development are reviewed .in 


Chapter 3. Efficient enclosures are desirable for many reasons. 


They would help in controlling PMIO emissions; pbllution due to 


storm water runoff could be almost eliminated. They would make 


it possible for a shipyard to addon control equipment such as 


catalytic incinerators and carbon adsorption systems to reduce 


VOC emissions. 


Add-on controls may be applicable for storage tanks in ships 


and when painting operations within buildings in a shipyard. 


6 , s  EMISSION REDUCTION AND COST 

The emission reduction and cost impacts associated with 


several options are summarized in Table& 5.11. For compliance 


scenario 1 (see Section 5.1.2), which is expected to most closely 


approximate actual practice at shipyards, the costs for 


recordkeeping and reporting as estimated affect significantly 


total cost and cost effectiveness of an option. 


6 . 6  ADDITIONAL FACTORS TO BE CONSIDERED. . 

The cost to control emissions from several units was 


determined based on painting operations believed to be typical of 


most shipyards. There may, however, be situations where other 


emission limitations or recordkeeping provisions are more 


appropriate. Some potential cases are discussed below. 


As presented in Table 5-13, the estimated cost 

effectiveness of add-on controls for spray booths at the models 


used to represent a variety of shipyards is very expensive.. 


Where facilities operate paint spray booths continuously with 


relatively high paint use rates of high VOC coatings, the cost 


effectiveness of add-on controls may be much more favorable. For 


example, at one shipyard, an automated system for applying 


preconstruction primer to steel plate is being retrofitted with 


an abatement system. A State may choose to analyze spray booth 


usage patterns on a case-by-case basis to determine whether add- 


on controls are cost-effective. Part of the evaluation should be 


to determine the minimum flow of exhaust air from the booth 




during painting based on VOC emissions and Occupational ~ a f  
ety 


and Health Administration (OSHA) requirements. Cost 


effectiveness of control is inversely related to exhdust air flow 


from the booth. 


All ships have fuel and ballast tanks. Some have other 


types of tankage. The number, size, location, and type of tanks 

to be painted may vary widely from day to day. Because the 


interior of a tank is essentially a total enclosure, control of 


tank painting emissions may be cost-effective if sufficient tanks 


(and similarly enclosed substrates) are painted so that there is 


a near continuous source of VOC feed to the control device. 


Because viscosity is inversely related to temperature, at 


some point paints must be thinned (or he-ated) to reduce viscosity 


so that the spray guns will atomize the'coating. 


It has been impossible to determine at what temperature such 


thinning must be initiated because traditionally, solvent has 


been added tosshipyard paints even under circumstances where the 


coating manufacturer often instructs that no solvent addition is 


neceksary or recommended. 


Since the only acceptable and legitimate purpose for 


allowing paint to be thinned is to assure the resulting viscosity 


permits it to be applied by spray, a State might use that 


relationship to establish the maximum aL1owable dilution rate. 


The shipyard might be required to determine the temperature at 


which their spray systems are no longer capable of atomizing the 


coating and then limit the requisite solvent additions to that 


necessary to achieve the requisite viscosity at existing ambient 


temperatures. 


Because data on emissions from abrasive blasting for 


cleaning metal surfaces was not available and tests conducted by 


the Agency did little to enlighten, it was not possible to 


evaluate achievable reductions and cost effectiveness of options 

to reduce that source of PMIO emissions. Suggestions on work 

practices that reduce overallemissions are likely to also 


control PMlO emissions. 




6.7 TEST PROCEDURES 


%PA Method 24 is the recommended procedure for measuring 

VOC from paints and coatings. The Administrator may approve a 


request for an nequivalentn method if it yields equivalent 

results. 


6.8 REPORTING AND RECORD KEEPING 


The recordkeeping assumed for this analysis was based on 


daily records of paint and thinner usage that would allow the 


as-applied VOC content of the paints to be calculated for each 


day. If a shipyard does not thin its paints before application, 


a State may allow it to certify the VOC of paints "as suppliedn 


(with VOC contents certified by the paint supplier) and that no 


thinning solvent was added. .. 
A similar approach might be consideyed for yards that use 


only paints that meet the VOC limit, even when thinned to the 


maximum level recommended by the paint supplier. A .appropriate 


certification procedure is described in reference 3. 


The VOC content of a coating should not be estimated from 


solvent composition data provided in a material safety data sheet 


(MSDS) nor should it be based on the VOC value given in product 


data sheet (PDS). Often that information is presented in very 


general terms (the MSDS presents species concentrations in terms 


of ranges rather than specific terms) and the VOC values on 


product data sheets are commonly (and erroneously) presented in 


terms.of the paint solvent in the formulation, omitting the 


contribution of volatile organic by-products of the cure reaction 


(see Chapter 2 ) .  For determining compliance, specific paint data 

should be used. Aa detailed in the Agency's publication 


"procedure for Certifying Quality of Volatile Organic Compound 


Emitted by Paint Ink and Other Coatings " 3 .  That report provides 

step-by-step instructions for manufacturers and users of coatings 


to provide information on VOC emitted by a coating. 
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SPECIAL DEFINITIONS 


Cleanincr Practice 

A repeated or customary action that is specific to an 

industry. An example is nightly maintenance of a spray . 
booth or maintaining solvent waste containers closed. ' 


o Nuclear coatinsg 

These are protective coatings used to seal porous surfaces 

such as steel (or concrete) that otherwise would be subject 

to intrusion by radioactive materials. These coatings must 

be resistant to long-tern cumulative radiation exposure, 

relatively easy to decontaminate and resistant to various 

chemical9 used to which the coatings are likely to be 

exposed. (General protective requirements are outlined by 

the Department of Energy (U. S. Atmic Energy Commission) 

Remlatorv Guide 1.54.) 


Several terms in the above definition are defined for 

specifity. 


Radioactive Materials (isoto~esl: Contamination of a 

surface (or substrate) can occur via air-borne, 

water-borne materials or smearable means (e.g., during a 

.spill or leak). 

Resistant to Chemicalg: This is evaluated using 

ASTM 3912-80 (except for potassium permanganate) or an 

equivalent test method . 
Decontamination: Protective coatings should be 

decontaminable per ASTM D4256-83 or an equivalent method 

Radiation Tolerance: This is be evaluated using ASTM 

D4082-83 or an equivalent method. 


o Product substitution 

Replacement of any product or raw material intended for an 

intermediate or final use with another. This substitution is 

a source reduction activity if either the V C emissions or 

the quantity of waste generated is reduced. ? 


o Work Practice 

This term is reserved for specific human activities within 

industry that lead to a reduction in VOC emissions (or 

waste). The activities include increased operator training 

and management directives. .It does not include the use of 

specialized equipment, such as (cleaning) solvent 

dispensers.l Cost items under this heading involve training 

personnel on proper procedures for diluting coatings, 

keeping coating records, or handling solvent containing 

materials. 
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APPENDIX B. 


EMISSION ESTIMATES 


Appendix B is a compilation of the background information 


and methodology used to develop Chapter 4 ,  Model Shipyards and 

Emission Estimates. Section B.l presents information used to 


develop the model yards, and Section B.&presents the methods and 


sample calculations for estimating emissions. 


B.l MODEL YARD DEVELOPMENT 


Model yard development was based primarily on coatings 


information gathered from responses to 37 questionnaires EPA sent 


to industry and the Department of Navy. The questionnaires 


solicited infomation on emissions of both VOC and HAP'S .l Of 


these 37, 3 were not used because the yards were not considered 


full-service. Another yard was deleted due to the lack of 


coatings infomation provided. Coating manufacturer surveys and 


site visits supplemented the infomation received from the 


shipyards. A coatings data base was formed from the shipyard 


information. The information gathered was analyzed to determine 


the types of coatings used in the ship industry, coating usage 


trends, and VOC content correlations. 


Based on the survey information, three major coating 


categories account for 90 percent of the coatings used by the 


industry. These are antifoulants, inorganic zincs, and general- 


use coatings. The other 10 percent is attributable to a variety 


of other coatings used for special purposes. Information on the 


three major-use coating categories was used to develop model 


yards. 




' . 

Due. to the diverse nature of the industry, three different 


options were evaluated for developing models to represent the 


variety of yards. These options were: (1)the type of vessel 


coated--military or commercial, (2) the type of operation--ship 


construction' or ship repair, and (3) the size of the shipyard. 


The results of analyzing each option are as follows. 


Omtion 1: Militarv Versus Commercial. Military vessels are 


highly sophisticated sea vessels and therefore are very expensive 


to construct. Military vessels need to be in a constant state of 


mission readiness between drydockings. Coatings systems on 


military vessels are required to perform a variety of functions 


including corrosion protection, camouflage, resistance to wear 


from the landings and take-offs of aircraft on landing decks, 
.. 
resistance to heat damage from surfaces that are exposed to fire, 


and ability to withstand the severe chemical exposure used to 


decontaminate chemical warfare agents. Commercial vessels are 


considerably less sophisticated and less costly to construct. 


Frequent drydockings are required for commercial vessels. 


Therefore, the durability of coating systems between drydocking 


should be of less concern for commercial ships. 


The yards within the data base were classified as either 


military or commercial yards, depending on the primary source of 


their revenue (military or commercial jobs). The coatings 


information gathered from the Section 114 responses indicates 


that there are no distinct differences in coating usage trends or 


VOC contents between predominantly commercial and predominantly 


military yards. Because the majority of the information gathered 


pertained to military yards, however, any differences between 


military and commercial yards may have been masked. 


Omtion 2: Construction Versus Re~air Yardg. Yards within 


the data base were classified as either construction or repair 


yards depending on their major source of revenue. The coatings 

information in the data base indicates that there are no distinct 


differences in the VOC contents of coatings used at construction 


yards and repair yards. Both use the same coatings, just not in 




the same quantities. There are, however, significant differences 


in relative coating usages for construction and repair yards. 


Construction yards tend to use significantly more inorganic zincs 


and general use coatings as a gercentage of total coatings 

r. 


applied than repair yards, while repair yards tend to..use 


proportionally more antifoulants. 


Ontion 3: Size Classification. The shipyards in the data 


base were segregated based on total coating usage to determine if 


any significant differences exist between small, medium, and 


large yards. The data base reveals no major differences in the 


types of coatings or relative coating usages attributable to 


size. Consequently, the VOC contents of the three major-use 


coatings are presumed essentially the same regardless of yard 
.\ 
size. 


B . l . l  Model Yard Selection 

Because major differences were found in the relative usage 


of the three major paints used at construction and repair yards, 


the type of work was considered the most significant 


characteristic for segregating yards into models that could be 


used to characterize the nshipbuildingn and "ship repairN 


industry. 
B . l . l . l  Construction Versus Relsair Classification. For the 

purpose of placing data from the shipyards into different model 


yard categories, yards were classified based on where 70 percen.t 


of their total revenue was from, construction or repair work. 


Two yards in the data base could not be assigned on this basis 


and their data were not used. 


B . 1 . 1 . 2  S i z e  Determination. Eight model yards (four 

construction and four repair) were developed from the information 


derived from the coatings data base. These eight model yards 


represent four model yard sizes (extra small, small, medium, and 


large) that correspond to the emission rate used to define a 


nmajor sourcen in extreme, severe, serious, and moderate 


nonattainment areas, respectively. Therefore, "extra smallw 

model yards are those that emit less than 22,680 kilograms per 




year (kg/yr) (25 tons/yr) of VOC's. nSmalln model' yards emit 


between 22,680 kg (25 tons) and less than 45,360 kg/yr 


(SO tons/yr) of VOC's. nMediurnn model yards emit between 45,360 


kg (50 tons) and less than 90,720 kg/yr (100 tons/yr)r, of VOCfs, 


and "largen model yards emit 90,720 kg/yr (100 tons/yr) or more. 


B.1.2 Model Yard Parameters 


Table 4-2 summarizes the average total coating, solvent, and 


abrasive media usages for each model yard class. They are the 


averages reported by the shipyards that were assigned to that 


model. For example, three yards in the data base had emissions 


consistent with those of the large repair model yard class. To 


obtain the average coating usage for the large repair model yard 


class, the total coating usages reporteaby the three yards were 


summed and divided by three. This calculation, with all usage 


volumes on a less water less 'exemptf solvent basis, is as 


follows: 

Example: Average Total Coating Usage for the Large Repair Model 


Yard Class 


Coating usage reported, 

Yard No. 1.000 L/vr (1.000 sal/vr) 
-

Total: 3 shipyards 1,361 liters (359.5 gallons) 


Similar methodologies were used to obtain all other model yard 


parameters presented in Table 4-2. 




B. 1.3 Relative Usaueg 

The relative coating usages determined for both construction 

and repair shipyards are presented in Table 4-3. The relative 

usage for each model yard was determined by dividing the usage of 

each coating category by the total of all coating used. Relative 

usages for repair model yards were calculated in the same manner. 

The following example uses all volumes on a less water less VOC 

exempt ' compounds basis : 

Example : 

1. Total antifoulant usage for construction model yards = 

1.31 x 105 L (34.535 gal) 

2. Total coating usage for constxuction model yards = 

3.27 x lo5 L (862,611 gal) 

calculation: = 4 percent 
3.27 x 105 L 

( 34,535 gal = 4 percent) 
862,611 gal 

Thus, antifoulant comprises 4 percent of the total coating 

usage at construction model yards. 

B.1.4 Averase VOC Content. Determination 

The VOC emissions from coatings were calculated based on the 

amount of organic solvent in the coatings. The compound 1, 1, 1 

trichloroethane was the only VOC 'exempt1 solvent in the paint 

data submitted by the industry. The total amount of 1, 1, 1 

trichloroethane containing paint was insignificant, less than 50 

gallons. 

Table 4-4 gives the weighted (normalized) average VOC 

content, i.e., the average VOC content weighted by volume used, 

for each of the three major-use coatings used by the industry and 

the solvent category. These averages were calculated from all 

reported coatings and solvents. They were not evaluated for 

construction and repair yards separately because both were found 



to use the same types of coatings and solvents; just not in the 


same relative quantities. The VOC contents of individual 


coatings were provided by the shipyards; this information was 


supplemented by data gathered from manufacturers of marine 


coatings. The weighted averages were calculated as follows. 


First, the usage and corresponding VOC contents of the coatings 


within a category were multiplied to obtain the total VOC 


represented by the coatings. The sum total VOC of the coatings 


within that category was then divided by the sum total of the 


usages associated with the coating category to obtain the 


weighted average VOC content. The overall VOC content for the 


solvent category was calculated in the same manner as that of the 


coating categories. The following example uses all volumes on a 


less water and less VOC 'exempt1 compounds basis: 


Example: 

1. Total antifoulant VOC from all antifoulants in data 

base = 2.6 x lo8 grams (g) (5.8 x lo5 pounds [lbl ) 

2. Total volume associated with antifoulant VOC = 

6.8 x 10' L (1.8 x 10' gal) 

Average voc content calculation for antifoulant: 


B .2 EMISSION ESTIMATES 

Table 4-5 gives a breakdown of the VOC emissions by category 


for each model shipyard. The VOC emissions for each coating 


category is the product of the average total coating use, the 


relative use (Table 4-31, and the weighted average VOC content 


(Table 4-4). For example, from Table 4-5, the VOC emissions in 


metric units) associated with specialty antifoulant usage at 


extra-small construction model yards were calculated to be: 




where: 

27,785 L/yr = average total annual' coating usage for extra 

small construction model yards; 


0.04 = relative antifoulant usage at construction 

yards; 

387 g/L = weighted average VOC content calculated for 

all antifoulants; and 


1,000 g/kg = conversion factor for g to kg. 

The total amount of solvent used for each of the model yards 


including the breakdown of usage between-thinning and cleaning, 


was based on information obtained from the Section 114 responses 


(the data base). In developing these emission estimates, the VOC 


content associated with all cleaning and thinning solvents is 


assumed to be 839 g/L (7.0 lb/gal). The VOC emissions estimated 


for the thinning solvent category are the product of the average 


total solvent usages, the percent solvent used for thinning, and 


the weighted average VOC content for all solvents. For example, 


the VOC emissions in metric units resulting from thinner usage 


estimated for extra-small construction model yards are calculated 


to be: 


14,415 ~ / y r  
x .SO x 839 g/L 
= 6,000 kg/yr (rounded) 

1,000 g/kg 


where: 

14,415 L/yr = average total annual solvent usage for extra 

small construction model yards ; 

0.50 = percent solvent used at extra small model yards 

for thinning; 


839 g/L = assumed VOC content for all solvents; and 

1,000 g/kg = conversion factor'for g to kg. 



Emissions from cleaning were assumed to be at least 35 


percent by volume of all cleaning solvents used. Therefore, as 


an example, cleaning solvent VOC emissions (metric units) in 


Table 4-5 for extra small constkction model yards were 


calculated to. be: 


where: 

0.35 = assumed emission rate from cleaning solvent 

usage; 

14,415 L/yr = average total annual golvent usage for extra 

' small construction model yards; 


0..50 = percent solvent used for cleaning at extra 

small construction model yards; 


839 g/L = assumed VOC content for all solvents; 

1,000 g/kg = conversion factor for g to kg. 

The VOC emissions associated with the other coating/solvent 


categories for extra small construction model yards were 


estimated. The overall VOC emissions from extra small 


construction model yards are the total for all the categories 


under that model yard class. Similar calculations provided 


parameters for the other seven model shipyards. 


No data were available to estimate PM-10 emissions 


associated with abrasive blasting operations at model yards. 


REFERENCES FOR APPENDIX B 


1. Memorandum from deOlloqui, V., Midwest Research Institute 

(MRI), to Project File. Facilities in the Shipbuilding and 

Ship Repair Data Base. November 11, 1992. 


2. Memorandum from deOlloqui, V., MRI, to Project File. List 

of Coating Manufacturers Surveyed. November 16, 1992. 


3. Memorandum from Williamson, M., MRI, to Project File. List 

of Shipyard Site Visits. March 18, 1993. . 



APPENDIX C. 


COST ANALYSIS 




APPENDIX C. 


COST ANALYSIS 


Appendix C is a compilation of the background information 


and methodology used to develop Chapter 5 ,  Costs and 

Environmental and Energy Impacts. The development of coating 


parameters is discussed in Section C.1, %nd calculations of 


emission reductions and costs associated with the use of 


lower-VOC coatings are described in Section C.2. The development 


of inputs for the spray booth analysis is described in 


section C.3, and the tank analysis is described in Section C.4. 


The estimation of energy and environmental impacts is discussed 


in Section C.5. 


C.l COATING PARAMETER DEVELOPMENT 


The Section 114 responses received from the shipyards and 


coating manufacturers were the primary sources of coating 


inf onnation. 
'1
 Based on this information, three primary 


major-use coating categories were identified: "general use", 


inorganic zinc, and antifoulant coatings. The last two 


categories each account for at about 10 percent of total coating 


use in the industry, and all three account for close to 


90 percent of the total coatings in the project's data base. A 


variety of specialty coating categories account for the balance 


of coatings used in the industry. For simplicity, and because of 


resource limitations, the analysis was limited to the major-use 


coating categories. 


The general use coating category was examined initially by 

breaking it down by resin type. Alkyd and epoxy resin coatings 




were broken out. However, the coating characteristics and 


intended use of coatings within a single resin type, such as 


epoxy, vary considerably. Due to these difficulties, these 


coatings were later combined into a single category referred to 


as general use coatings. The general use coating parameters were 


calculated using alkyd and epoxy information contained in the 


data base. The development of the coating parameters for alkyds 


and epoxies individually is discussed in this appendix, as well 


as that of the combined general use category. 


C.1.1 Solids (Nonvolatile matter) Content 


As discussed in Section 5.1.2, the solids contents of the 


coatings were generally estimated assuming that a coating is 


comprised of solids and volatile organic~~compounds (VOC) . That 

is, the solids content of a coating was calculated by assuming 


that everything in the coating that is not VOC is solids. An 


example calculation used to aid in comparing paint costs is: 


Solids (gallon [gall ) + VOC (gal) = coating volume (gal) 

Assuming 1 gal of coating: 


Solids (gal) = (1 gal coating) - VOC (gal) 

Divide by total gallons of coating 


Solids (gal) = - VOC (gal) 
. 1 gal coatang gal coating 

Solids (% by volume) = 1-

= [I - VOC content of coating (lb VOC/gal coating) Solids (% by volume) 
density of solvent (lb VOC/gal VOC) 1,

J 

Assuming the density of the VOC is 7.0 lb/gal, and that the 


VOC content of an example coating is 4.0 lb VOC/gal. 




Solids 0 volume) = [l - . 57 ]  x 100 = 43 percent 
.* 

The solids content of several high-usage alkyds and inorganic 


zincs were not estimated in the manner described above; 


manufacturerls data on solid content was used. 


C.1.2 Other Coatinq Parameterg 

The weighted average VOC content and price of the three 


primary coating categories were calculated for the baseline and 


lower-VOC options (see Section 5.1.1). The VOC content of all 


the coatings in the shipyard data base w p  provided by the 

shipyards and/or the coating suppliers .It2 The price of most but 


not all of the coatings was also provided by the shipyards. The 

weighted average VOC content at baseline for each of the primary 


coating categories was calculated by multiplying the VOC content 


of each coating by its corresponding usage (gallons adjusted for 


any water or 'exempt1 compounds) , summing this product, and 
dividing by the total coating usage. To calculate the weighted 


average VOC content for the lower-VOC options, coatings with a 


VOC content exceeding the VOC limits (Table 1.1) were each 


assigned values corresponding to the appropriate paint category 


limit. VOC content of coatings that were already at or below the 

limits were not modified. The weighted average VOC contents for 


the lower-VOC scenarios were then calculated in the same manner 


as described for the baseline using actual usage values for each 

coating. This resulted in one average value. 


The weighted average price of the baseline and lower-VOC 


coatings were calculated in a similar manner. However, because 


prices were not provided for all coatings, those coatings without 

prices were first eliminated from the data base (only for the 

calculation of weighted average price). For the lower-VOC 


options, the weighted average price of existing coatings with VOC 

contents equal to or less than the limit was calculated, and this 




price was used for all lower-VOC coatings. 'Using these revised 


prices, a weighted average lower-VOC price was calculated for 

each of the primary coating categories. 


- C.1.3 Solvent Usa9e . 
Solvent is used in'shipyards for two.primary uses--cleaning 


and thinning. For the lower-VOC cost analysis, only the portion 


of total solvent that is used for thinning was necessary. The 


amount of thinning solvent used at each of the model yards was 


calculated based on information in the shipyard data base. Based 


on total coating usage and the type of work performed 


(construction versus repair), each of the shipyards in the data 


base was put into a model yard category. The total solvent usage 


and thinning solvent usage were calculated for each of the 
., 
plants, and average usages were developed for each of the model 


plant categories. 


C.2 LOWER-VOC EMISSION REDUCTIONS AND COSTS 


Based on the coating parameters corresponding to the 


baseline and lower-VOC levels as discussed in Section C.1, the 


VOC emission reduction and costs associated with the use of 


lower-VOC coatings were estimated for each of the model yards. 


In addition, the cost of recordkeeping and reporting associated 


with rules based on lower-VOC c-oatings was estimated. 


Section C.2.1 discusses emission reduction estimates, 


Section C.2.2 discusses costs associated with lower-VOC coatings, 


and Section C.2.3 discusses recordkeeping and reporting costs. 


C.2.1 Emissions Reductions 


As presented in'section 5.1.2, three lower-VOC scenarios 


were considered. Scenario 1 assumes that thinner solvent usage, 


as a percentage of total coating usage, is constant, and that in- 

line heaters are not required. Scenario 2 uses in-line paint 


heaters in lieu. of thinning solvent. Scenario 3 uses paint 


heaters in conjunction with constant thinning solvent usage. 


The reduction in VOC emissions is attributable to two 

factors: (1) reduced total coating usage (gallons) due to 


increased solids contents and (2) corresponding decreased thinner 




usage. The only differences between Scenarios 1, 2, and 3 


involve in-line paint heaters and thinning solvent. Therefore, 


the VOC emissions from the coating for all three scenarios is the 


same. Although the combination of thinner and heaters would 


result in lower viscosity of the coating than either alone. The 


VOC emissions resulting from the use of thinning solvent were 


calculated based on the average VOC content of thinning solvent 


and the amount of thinning solvent used at each model yard. 


Scenarios 1 and 3 assume that the amount of thinning solvent 


required is a function of the total coating usage. Therefore, 


the thinning solvent usage for Scenarios 1 and 3 was calculated 


based on lower-VOC coating usage, assuming the percent thinning 


remains constant. For Scenario 2, it was 
...- assumed that all 

thinning solvent usage associated with the three major-use 


coating categories could be eliminated by using in-line paint 


heaters. Therefore, the thinning solvent emissions from these 


coating categories for Scenario 2 are zero. 


C.2.2 Cost of Usinu Lower-VOC Coatinss 


The costs associated with using lower-VOC coatings include 


the cost of the coatings and thinning solvent and the cost of any 


auxiliary equipment that may be used, such as in-line paint 


heaters. The lower-VOC coating and thinning solvent usages were 


calculated as described above; the associated costs were 


calculated by multiplying the usages by the average costs of the 


coatings and thinning solvent. 


The annualized cost of in-line paint heaters includes the 


capital recovery cost, indirect costs, maintenance costs, and the 


cost of electricity to operate the guns. These costs are 


summarized in Table C-1. First, the number of in-line paint 


heaters had to be calculated. The number of heaters was assumed 


to be a function of the number of painters. Therefore, the 


number of painters at each model yard was estimated. Based on 

the shipyard survey responses, a relationship between total 


coating usage and the number of workers involved in painting 

operations was developed. The infomation concerning the number 




-- 

TABLE C-1. IN-LINE HEATERS ANNUALIZED COSTS 


Construction 

Extra small Small 1 Medium I Large Extra small I Small I Medium I Luge 

Average total coating usage, 8 
I 1 gal/yr 

Number of workersa 46 

Number of paintersb 35 

Number of heaters 36 

Capital (cap.) cost $39,600 

Capital recovery $10,446 

Maintenance (4% of cap. $1,584 
cost) 

Indirect (4% of cap. cost) 1 $1,584 

cost of electricily, $/yr r $1 1,363 

Total annual cost I $24,978 

'Workers involved in the coating operation (includes helpers and sprayers). 
b~umber of workers actually spraying paint. 

{ ! 



of painters contained in the Navy responses could not be used 


with confidence due to the wording of the relevant questions and 


the lack of information concerning the use of subcontractors. A 


regression analysis was perfomed'to develop a relationship 


between coating usage and the number of workers.involved in 


painting at all non-Navy yards in the data base. The regression 


equation (which calculates the number of workers) developed is as 


follows: 

34.396 + 1.4852*[(total paint + thinner usage, ga1)/1000] 

Using the above fomula, the total number of workers involved in 


painting was estimated for each model yvd. A second assumption 


was made in estimating the number of painters actually painting 


(that would be using a paint gun and heater). For approximately 


every three workers actually spraying, there is a helper on the 


ground mixing paint, hooking up lines to full containers, etc. 


Therefore, it was estimated that 75 percent of the workers 


involved in painting operations are actually painting (referred 


to as painters). It was assumed that each painter would need one 


in-line paint heater. To account for the need for some backup 


heaters, it was assumed that a backup inventory of heaters equal 


to 3 percent' of the number of painters wouldbe maintained at 


each yard. Two in-line paint heater manufacturers (Binks and 


Graco) were contacted for the capital and operating costs 


associated with the heaters. Based on'the information provided, 


a capital cost of $1,100 per in-line heater was assumed, as well 


as a 5 year life.3,4 In calculating the capital recovery of the 


cost of the heaters, an interest rate of 10 percent was assumed. 


Based on the OAQPS Cost Manual, it was assumed that annual 


maintenance and indirect costs would both be 4 percent of the 

capital cost of the heaters.' Based on the vendor information, 

the electrical requirements of the heaters was estimated as 


2.3 kilowatt^.^'^ For costing purposes, it was assumed that the 

in-line heaters would operate 8 hours per day, 365 days per year. 




Based on information gathered from the Monthly Energy Review, the 


cost,of electricity was assumed to be $0.047/kilowatt-hour. 6 


C.2.3 pecordkewins and Renortins Costs 


Recordkeeping and reporting costs have been estimated for 


baseline, maximum limits (options 1, 2, .and 4), and average 


limits (option 3). (See Section 5.1.1 for a discussion of the 


control options.) In this analysis, no differentiation is made 


among the compliance scenarios introduced in Section 5.1.2 


because there is no difference in the paints that are used under 


these scenarios. In addition, because there is no indication 


that recordkeeping and reporting would differ for construction 


yards versus repair yards, recordkeeping and reporting costs were 


estimated based only on the size of the .shipyard. 
.. 
The two major cost components for recordkeeping and 


reporting in this industry are labor and equipment. Labor costs 


are discussed below in Section C.2.3.1, followed by a discussion 


of equipment costs in Section C.2.3.2. 


C.2.3.1 Labor hours and costa. The estimated labor hours 


and costs for baseline, maximum limits, and average limits are 


discussed below. 


Baseline. Baseline recordkeeping and reporting is defined 


as that which is required of shipyards that are located in areas 


without marine coating regulations. At baseline, it is assumed 


that the large and medium model shipyards are required to prepare 


annual emission reports to comply with permit conditions and with 


section 313 of the Superfund Amendments and Reauthorization Act 


of 1986 (SARA 313). The small and extra small model shipyards 


are assumed to be below the cutoff for such reporting 


requirements. 


Based on information from two large shipyards, it is assumed 


that large and medium yards typically track paint and solvent use 


through inventory records that are kept as a matter of course for 


business purposes. 7 - 9  The inventory records are electronically 

coupled with data on the VOC content (for permit reporting 




requirements) and. toxics content (for SARA 313 reports) of the 
, 

individual paints and solvents. 


Baseline technical labor for tracking paint and solvent use 


at large and medium yards is estimated at 75 hours per year 


(hr/yr) in excess of the labor necessary for normal business. 


inventory procedures, based on 50 weeks (wk) per yr and 


1.5 hr/wk. (The 1.5 hr/wk is a standardized factor for "records 


of all measurements and infomation requiredn from the Emission 


Standards Division (ESD) Regulatory Procedures Manual. lo ) An 

additional 40 hr/yr is estimated for entering data on the VOC 


content of new paints into the paint data base. Preparation of 


the annual VOC emission report is also estimated at 40 hr/yr. 


Finally, refresher training on proper trgcking procedures is 


estimated to total 4 hr/yr for two employees. Based on these 


labor requirements, the total baseline technical labor for 


recordkeeping and reporting at the large and medium model plants 


is estimated at 159 hr/yr. For the small and extra small model 


plants, where it is assumed that no reporting is required, the 


baseline technical labor for recordkeeping and reporting is 


estimated to be 0 hr/yr. 


As presented in Chapter 5, the cost of baseline 


recordkeeping and reporting was calculated using factors from the 


ESD Regulatory Procedures Manual (see Table 5-10) . Unless 

otherwise determined, management and clerical labor hours are 


assumed to be 5 percent and 10 percent of technical hours, 


respectively. Technical labor, including fringe benefits and 


overhead, is charged at a rate of $33/hr, management labor is 


$49/hr, and clerical labor is $15/hr. Using these factors, the 


baseline recordkeeping and reporting cost for large and medium 

model yards is calculated as follows: 


Maximum limits. Table C-2 presents a spreadsheet developed 

to calculate the technical labor hours and costs for the 


reporting and recordkeeping required under a maximum VOC limit on 




TABLE C-2. ESTIMATED RECORDKEEPING AND REPORTINQ LABOR AND COST FOR MAXIMUM STANDARDS 

A B C E 
I Cost 

I Component 
6 IPaint usage (gaVyr) 

Large 
128.000 

Medium 
39.000 

Small 
10.000 

Small 
8.000 

7 loperating schedule I W r )  50 60 60 
8 0Arallng schedule (da&k) 6 6 5 
0 Tolal lacllity shiftslday 3 3 1 

10 
11 Painting areas 10 2 
12 Palnting shiftslday @t shiltfday) (a) (C11.l) (€11.1) 
13 
14 Field records (hrhWpt shift) 1.5 1.5 
15 Compiling lield data (hrhk) 8 (E8'0.5) 
16 Total recordkeeping (hrlwk) (c12*c14) t c 1 5  (El2'El4) +El5 
17 
18 flepolts per year 4 4 
19 Hours per repoll 16 16 
20 
21 Initial 1-time trainlng(hr&r) (C12'2.3) (E12'2.3) 
22 Refresher training (hrlyr) (C12.2.2) (E12.2'2) 
23 
24 Total RhR. 1st year (hr) 
25 Total RhR later years (hrlyr) 
26 Average RhR over 3 yr (hrlyr) 

(~16.~7)+ ( c r e w s )  +( ~ 2 1tc22) 
(Cl6.C7) t (Cl8'ClQ) +C22 

(C24 +(2'C25))/3 

(ElsbE7) +(E1BbEl0) t(E21 tE22) 
(ElsbE7)+ (Ele'ElQ) +En 

(E24 +(2'E25))13 
27 

(a) A painting shift is defined as a shift during which painting is performed at a single palnUng area Thus. for each shlft at a facilii, there can be 90as many painhlng r h b  as there am painUng areas at the facility. 

0 



marine coatings (options 1, 2, and 4) . Table C-3 repeats the 

spreadsheet with all calculated values inserted. The values used 


in the spreadsheet were derived primarily from information 

received from shipyards and the ESD Regulatory Procedures Manual. 


Additional information on the spreadsheet can be found in 


Reference 12. 

This methodology assumes that the amount of each paint and 


thinner that is used must be recorded on a daily basis in 


sufficient detail that a compliance determination can be made for 


each day. Each painting area at the shipyard is assumed to have 

a paint and thinner storage area from which paint and thinner are 


issued; the employees who oversee the starage areas record the 


required information for each painting shift. (Apainting shift 


is defined as a work shift during which painting is performed at 


a single painting area. Thus, for each work shift that a 


shipyard operates, the number of painting shifts can be less than 


or equal to the number of painting areas at the yard.) The daily 


records are compiled periodically, and quarterly reports must be 


prepared. Initial training is required for the recordkeepers in 

the first year of implementation, and refresher training is 


required in subsequent years. Because of this variation in 


training costs, the total technical labor hr/yr were calculated 


for the initial year and subsequent years, and the average for 


the first three years was calculated, as well. 


Based on the estimated total technical labor hr/yr, the 


associated costs for each model plant were calculated as 


presented above for the baseline cost calculations. Estimated 


average costs for the first 3 years range from about $5,40O/yr 


for the extra small model plant to about $47,00O/yr for the large 


model plant. 

Averaae limitg. For an average VOC limit on marine coatings 


(option 3), recordkeeping and reporting were estimated to require 

twice as much labor as maximum limits. Because there are no 

cases where average limits are applied to an entire shipyard, 




TABLE C-3. ESTIMATED RECORDKEEPING AND REPORTING LABOR AND 
COST FOR MAXIMUM UMITS-CALCULATED VALUES 

1 Cost Extra 
Component Large Medium Small Small 

Paint usage (gallyr) 128,000 39,000 19,000 8.000 
Operating schedule (wklyr) 
Operating schedule (daylwk) 
Total facility shiftslday 

B 
Painting areas 
Painting shiftslday (pt shrft/day) 

IField records (hrlwklpt shift) 
Compiling field data (hrlwk) 
Total recordkeeping (hrlwk) 

Reports per year 
Hours per report 

IInitial 1 -time training(hr1yr) 
Refresher training (hrlyr) 

Total R&R, 1 st year (hr) 
Total R&R, later years (hrlyr) 
Average R&R over 3 yr (hrlyr) 

Cost for R&R, 1 st year ($) 
Cost for R&R, later years ($/yr) 
Avg cost for R&R over 3 years ($/yr' 



this estimate was based on information from a shipyard that 


operates a spraybooth under an average limit. l3 This estimate is 


believed to be reasonable considering the advance planning, daily 


tracking, and frequent rescheduling of work that would be 


required to meet this typ'e of limit. 

The estimated total technical labor hr/yr and associated 


costs for recordkeeping and reporting at each model shipyard 


under an average limit are presented in Table C-4. These 


estimates are simply double the estimated levels for maximum 


limits. Accordingly, estimated average costs for the first 3 yr 


range from about $10,70O/yr for the extra small model plant to 


about $94,100 for the large model plant. 


C.2.3.2 Eaui~ment costs. The equipment needed for 


recordkeeping and reporting consists of computer hardware and 


software for compiling the records and manipulating the data to 


generate reports. Information on equipment used for 


recordkeeping and reporting in this industry came from two 


shipyards, a large shipyard subject to baseline requirements and 


a medium shipyard subject to a maximum VOC limit. The data 


received from these two yards and the analysis performed to 


determine annual costs are summarized in Table C-5. The average 


annual equipment cost for the yards is about $1,400. 


A$ discussed previously, it is assumed that large and medium 

yards are subject to annual reporting requirements at baseline, 


while small and extra small yards are not. Accordingly, the 


large and medium model yards were assigned baseline equipment 


costs of $1,40O/yr, while small and extra small model yards incur 

no such costs. 


Under a maximum limit, all yards are subject to daily 

recordkeeping and quarterly reporting. For this analysis it is 


assumed that the baseline equipment costs also apply under 

maximum limits. For large and medium yards, it is assumed that 

the baseline equipment remains adequate. This assumption is 

supported by the fact that one of the yards that supplied 

information on equipment is already subject to maximum limits. 14 




TABLE C4.  ESTiMATED RECORDKEEPfNG AND REPORTING LABOR AND 
COST FOR AVERAGE LIMITS 

Average R&R over 3 yr (hrlyr) 

Cost for R&R, 1st year ($) 97,105 45,744 26,530 11,011 
Cost for R&R, later years ($/yr) 92,671 44,414 25,643 10,568 



TABLE C-5. .SUMMARY OF DATA ON EQUIPMENT COSTS 


Cost 
Component NORSHIPCC NASSCO 

3apital Costs 

Hardware 

Software 
Base price 
Customizing (a) 

TOTAL 

4nnual Costs 

Annualized capital costs (b) AVERAG 
Annual software maintenance ANNUAL 

TOTAL $1,411 
a) NASSCO software customizing: ( rate, 

including fringes and overhead) 
(b) Total captital costs x 0.2638(capital recovery factor based on 

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



For small and extra small yards, it is assumed that the 


operations are simple' enough that recordkeeping and reporting can 

be carried out manually. These smaller shipyards typically 


occupy a certain niche in the industry and generally do not use a 


wide range of different coatings. 


For average limits, it is assumed that all yards must have 


computer'equipment because of the complexity of planning, 


tracking, and demonstrating compliance. The baseline equipment 


is expected to be adequate for this purpose for all yards. 


Accordingly, equal equipment costs of $1,40O/yr were assigned to 


all the model yards. 


C.3 SPRAY BOOTH ANALYSIS 


The use of add-on controls to reduce VOC emissions from 


spray booth coating operations was evaluated. The results of the 


analysis are presented in Chapter 5.2. The development of 


estimated spray booth flowrates and the VOC emissions from spray 


booths is discussed in Section C.3.1. The estimation of costs is 


discussed in Section C.3.2. 


C.3.1 Estimated Flowrates and S~rav Booth Emissions 


In order to evaluate the cost effectiveness of using add-on 


controls on spray booths, the total VOC emissions resulting from 


spray booth coating operations, as well as the total flowrate 


that would be sent to the control device, had to be estimated. 


The .total exhaust flowrate from the spray booths was estimated by 


examination of spray booth infomation provided in the shipyard 


surveys. One yard had a very low flowrate for the amount of 


coatings applied in booths; this outlier was eliminated from the 


analysis. A regression analysis was performed to obtain a 


relationship between total spray booth coating usage and total 

spray booth exhaust air flowrate. Three separate regression 

analyses were performed: just repair yards, just construction 


yards, and repair and construction yards combined. The equation 

based on repair and construction yards combined was used to 


predict the exhaust flowrates from the model yards because this 


equation showed the best correlation between coating usage and 




flow rate. The regression equation (which calculates the total 


spray booth exhaust flowrate) is as follows: 


82,126.78 + 8.30*(spray booth coating usage, gal) 

As discussed in Chapter 5, in addition to the predicted 

flowrates calculated using the regression equation, minimum 


expected flowrates for each of the model yards were calculated by 


comparing predicted and actual flowrates. This comparison was 


made for each of the yards that supplied complete spray booth 


information. Each of the actual yards was placed into a model 


yard category, and the ratios of the actual to the predicted 


flowrates of all yards in each of the cqtegories were examined. 


For example, the ratios of predicted to actual flowrates for the 


three yards that fell into the small construction model yard 


category were 0.36, 2.58, and 0.18. The flowrate calculated 


using the regression equation was then multiplied by the smallest 


of the ratios in a model yard category (in this case, 0.18) to 


estimate the minimum expected flowrate. 


The VOC emissions resulting from spray booth operations at 


each of the model yards were estimated based on the amount of 


coatings (and thinner) sprayed in booths and the average VOC 


content of the coatings. Because information concerning exactly 


which coatings were applied in each spray booth was not 


available, booth emissions were estimated using an average VOC 


content of 3.29 lb VOC/gal (minus water and exempt solvents) for 


the coatings, and 7.0 lb VOC/gal for the thimer. 


To estimate the costs of using thermal incineration to 


control spray booth VOC emissions, the methodology described in 


the OAQPS Cost Manual was used.' Costs were developed for the 

two flowrates calculated for each model yard (that calculated 

using the regression equation and the minimum expected flowrate). 




C.3.2 Thermal Incineration Systems Cost 
Recuperative and regenerative thermal incinerators were 


evaluated, as discussed in Chapter 5 .  The spreadsheets used to 

estimate costs for' recuperative and regenerative thennal 


incinerators were very similar; the spreadsheet for regenerative 


thermal incinerators is presented in Table C - 6 .  

The spreadsheet and some assumptions were based on information 


developed as part of the Wood F'urniture project. Therefore, 


references to information obtained as part of the Wood F'urniture 


project are made in the following text. 


C . 3 . 2 . 1  Thermal Incinerator In~utg. The information 

necessary to calculate thermal incinerator costs for any given 

situation is listed under "Parametersn Th the spreadsheet. This 


data is also listed below: 


1. Volumetric Flow Rate, standard cubic feet per minute 


(scfm) 


2 .  Waste Gas VOC Concentration, parts per million by 

volume (ppmv) 


3. Heating Value of VOC's, British thermal units/scf 


(Btu/scf) 


4. Energy Recovery (percent) 

5 .  Incinerator Operating Temperature, degrees Fahrenheit 

(OF) 

6. Incinerator Operating Temperature during Idle (OF) 


7. Waste Gas Temperature (OF) 


8. Molecular Weight of VOC (lb/lb-mole) 


9. Finishing hours per shift 


10.  Number of shifts per day 

11. Number of operating days per year 
12.  Number of hours idled per day 

13.  Warm-up period (hours) 
14.  Pressure drop across the control device and heat 

recovery unit, (inches of water) 


The heating value and molecular weight of the VOC1s were 


calculated assuming the VOC1s were xylene because xylene is the 




PARAMETERS: 
1. V O L ~ I C  FLOW RATE, (ScFh4): 
t WASTE GAS VOC CONCENTRATION (PPMV): 
3. HEATING VALUE O F  VOCS (BTUtSCF): 
4. ENERGY RECOVERY (%): 
5. INCINERATOR OPERATlNG TEMPERATURE (F): 
6. INCIN. OPERATING TEMP. DURING IDLE (F): 
7. WASTE GAS TEMPERATURE (F): 
8. MOL WEIGHT O F  VOC: 
9. MOL WEIGHT O F  GAS: 
10. FINISHING HOURStSHIFT: 
11. SHIFISDAY: 
1 2  DAYSI'YR 
13. IDLING HOURSDAY 
14. FLO WRATE WHILE IDLING (SCFM): 
13. WARM-UP PERIOD (HOURS) 
14. PRESSURE DROP (INCHES O F  WATER) 

STEP 1: CALCULATE TOTAL WASTE GAS FLOW 

0 2  CONTENT OF WASTE GAS (% VOL): 
DILUTION AIR REQUIRED FOR COMBUSTION (ScFh4): 
DILUTION AIR FOR SAFETY 
TOTAL GAS FLOW RATE (SCFM): 

STEP 2: HEAT CONTENT O F  WASTE GAS (BTUISCF): 050 

STEP 3: CALCULATE GAS TEMP EXIT PREHEATER : 1,429 

STEP 4: CALCULATE PREHEATER EXIT TEMP. 
WHILE IDLING 

STEP 5: CALC AUXILIARY FUEL REQ'D (SCFM): 
DURING FINISHING 

STEP 6: CALCULATE TOTAL GAS FLOW (SCFM): 370,740 
DURING FINISHING 

STEP 7. CALCULATE WARM-UP AUX FUEL REQ. (SCFM): 1,749 

STEP 8. CALC. WARM-UP TOTAL GAS FLOW (SCFM): 370,949 

STEP 9. CALC. AUX. GAS FLOW DURING IDLE (SCFM): 188 

STEP 10. CALC. TOTAL GAS FLOW DURING IDLE (SCFM): 55568 

STEP 11. CALC. ANNUAL NATURAL GAS FLOW (SCFY): 2U2,582,081 ASSUMING 8 H W A Y  FINISHING, 
15 H W A Y  IDLE, 1 HOUR WARMUP 

Table  C-6. Spreadshee t  f o r  Regenera t ive  Thermal I n c i n e r a t o r s  



D I R E m  COSTS 
EQUIPMENT COST (REGENE&UWE INCIN) (S): 
AUXILIARY EQUIPMENT (DUCIWORKSTACK) (S): 
AUXILIARY COLLECTION FAN: 
INSTRUMENTATION (S): 
SALESTAX (9 :  
FREIGHT (9:  

TOTAL PURCHASED EQUIP (TF'EL COST (S): 

DIRECT INSTALIATION COSTS (S): 
INDIRECT COSTS (5): 

TOTAL CAP INVES?MENT (TCI) (S): 

ANNUALIZED COST CALCULATIONS 

OPERATING LABOR 
OPERATOR: (5HWSHIFI'. S11WHR) 
SUPERVlSOR: (15 % OF OPERATOR) 
MAINTENANCE: ( 3  HWSHIFI'. S13.73NR) 
MATERIAL: (100% OF MAINT. LXBOR) 

UTILITIES: 
NATURAL GAS DURING FINISHING: 
NATURAL GAS DURING IDLING: 
NATURAL GAS DURING WARM-UP: 
ELECTRICITY: 
B T U  - NATURAL GAS 
B T U  - ELECTRICITY 
B T U  - TOTAL: 
TOTAL DIRECT ANNUAL COST: 

INDIRECT ANNUAL COSTS 
OVERHEAD : (60% OF LABOR + MATERLALS) 
ADM INIS?RATIVE: (2WTCI) 
PROP TAX: (l%*TCI) 
INSURANCE: (l%*TCI) 
CAPITAL RECOVERY 

TOTAL 

Table C-6. (Continued) 


5 . l m 6 9  lST Q U A R ~ E R  1992 S 
ST493 (ASSUMED 5% O F  EQUIP. COST) 
121.10) 
5 5 3 3 7  
165.980 
276,633 

1,958.564 (ASSUMED 30% OF TPE) 
2,023.849 (ASSUMED 31% OFTPE) 

10,510.959 (IF FLOW <20.000 CFM. TCI=1.3*TPE) 

7.526 
210,219 
105,110 
105,110 

1,710.659 (ASSUMING lOYRS, 10 %) 



main VOC in many marine coatings. The molecular weight of xylene 


is 0.23 lb/lb-mole. The heating value (heat of combustion) of 


xylene is 4,980 Btu/scf.l5 
The pressure drop across the combined control device/heat 


recovery unit for the thermal recuperative incinerator was 


calculited based on inf ormation in the OAQPS cost manual .' The 

pressure drop for the regenerative thermal incinerator was 


calculated based on the electricity requirements provided by the 

vendors contacted for the wood furniture CTG project (assuming 


all electricity is used by the fan). 16-27 


There are also two fields in the wParametersll 
section that 


calculate parameters based on other input information. They are: 


Molecular weisht (MW) of sas. This value is calculated from 


the VOC concentration (conc) and the molecular weight of the VOC 


in the following way: 


+mas = [ M C  conc (ppmv) rmVOC [(l-VOCconc {ppmv}] x ( 2 9 )  
6 61 x 10 1 x 10 

Flowrate while idling. Only the regenerative thermal 


incinerator is ever operated in idle mode. Based on vendor 


information, it was assumed that during idle, only 15 percent of 


the total flow is used. 17,23,28 Thus, the flowrate while idling 


is calculated as: 


C.3.2.2 Thermal Incineration Calculations. The cost 


factors used in calculating thermal incinerator costs are 


presented in Table C-7. The general cost-related assumptions are 


summarized in Table C-8. The calculations done by the 


spreadsheet are presented below: 

S t e p  '1: C a l c u l a t e  T o t a l  Waste G a s  F l o w  

a. Molecular oxygen (02) Content of the Waste Gas (Percent 

Vol) : 



-- 

TABLE C-7. CAPITAL COST FACTORS Fog THERMAL 
AND CATALYTIC INCINERATORS. 

Factor 


Purchased equipment costs 
Incinerator (EC) + auxiliary equipmenta As estimated, A 
Ductwork 0.05 A 
instrumentationb 0.10 A 
Sales taxes 0.03 A 

11 
Freight 

. Purchased ecrui~ment cost, PEC I 
0.05 A 

Direct installation costs 

Foundations and supports 

Handling and erection 

Electrical
r
Piping
I) Insulation for ductwork 


Direct installation cost 

TOTAL DIRECT COST, DC 

Indirect costs (installation) 


Engineering 

Construction and field expenses 

Contractor fees 

Start -up 

Performance test 

Contingencies 


Total indirect cost, IC 

TOTAL CAPITAL INVESTMENT = TCI = DC + IC 1.61 B 

a~uctwork internal to the unit and any other equipment 

normally not included with unit furnished by,incinerator 

vendor. 

b~nstrumentation and controls of ten furnished with the 

incinerator, and thus often included in the EC. 




- - - - -  

TABLE C-8. GENERAL ANNUAL COST ASSUMPTIONS FOR 

ADD-ON CONTROLS 

Annual operating hours: 

. opetating labor rate, $/hr 

-r labor required, hr/&hr shift 0.5, or as specified by vendorb 

Supervisor cost, percent of operating labor lsb 
Maintenance labor rate, $/hr 13.73' 

Maintenance labor requ id ,  hr/8 hr shift 0.5,ir as specified by ~ m i ~ >  

Annual maintenance materials 100 percent of maintenance labor, or as specified by vendorb 

Utilities 
Natural gas, $/1,000 scf 
Electricity, $/ 1,000 kWh 

Overhead, percent of operation and 
maintenance 

2 percent T C I ~d" 

1 percent T C I ~  

1 percent T C I ~  

JI~apitalrecovery 

%fercncc 29. 
heference 5. 
?Reference 6. 
&rCI = Total capital investment. 
'CRF = Capital recovery factor assuming 10 percent interest. 



(1 - voc conc/l x 106) * o .21 * 100 
This equation assumes that the waste gas is composed of air 


and VOC1s. 


b. Dilution air required for combustion .(scfm) : 

The OAQPS Cost Manual states that there must be at least 


20 percent O2 in the waste gas for combustion to occur 


(p. 3-24).' For all of our situations, there will always be at 

least 20 percent 02, because our waste gas streams are so dilute. 


However, in a situation where the waste gas VOC content might be 


on the order of 100,000 p p w  (10 percent by vol), for example, 


the actual O2 content of the waste gas would be 18.9 percent by 


volume. For a 1,000 scfm stream, the required additional 


combustion air is calculated to be 985 s'cfm. This corresponds to 


an O2 content of the waste gas (percent by volume) of: 


( 0 . 2 1 )  (985 s c f m )  ( lhO1 + ( . I891  ( 1 . 0 0 0  s c f m )  ( 1 lh0l) 
392 f t3  392 f t3  

( 1 , 0 0 0  + 985)  ( l h o l ) 
392 

0 . 5 2 8  1 h 0 l  O2 + 0 . 4 8 2 1  
a 0 20 p e r c e n t  

5 . 0 6  

Dilution air remired for safetv. According to the OAQPS 


Cost Manual, p. 3-26, safety codes require that the maximum VOC 


concentration in the waste gas stream not exceed 25 percent of 


the lower explosive limit (LEL) of the organic compound when a 


preheater is used. We conservatively assumed that the maximum 

allowable VOC concentration in the booth would be 10 percent of 


the LEL because the booths are manned. The LEL for xylene is 


11,000 ppm. 


A maximum allowable concentration of 10 percent of the LEL 
corresponds to 11,000 * 0.10 = 1,100 ppmv. 

In certain situations, additional air may need to be added 


to the waste gas to dilute the waste gas VOC concentration to 


1,100 ppmv. The cell formula is: 


@ IF (Conc * Flow)/ (Flow + Combustion air) < 1,100, 0, 



(Flow * Conc - 1,100 * Flow - 1,100 * F24) /I, 100) 
~ilution air for safety was not needed for any of the 

scenarios evaluated. 

Calculate total uas flow. This field calculates 

amount of gas flowing into the incinerator. The total 

composed of: 
Input flow (waste  gas^) + dilution air for combust 
dilution air for safety 

Step 2: Calculate Heat Content of the Waste Gas 

The formula for this field 

1 x lo6 [Initial Flowratel 
Total Gas Flow 

the t 

gas 

ion t 

VOC heat content (Btu/scf 1 = Btu/scf .\- 
This information is used in calculating the amount of 

auxiliary fuel required. 

Step 3: Calculate Gas Temperature Exit Preheater 

As stated in the OAQPS Cost Manual, the preheater 

temperature is related to the fractional energy recovery and the 

incinerator operating temperature and waste gas inlet temperature 

by the following equation: 

Two - Twi 
Energy Recovery = 

where: Two = Gas preheater exit temperature 

Twi = Waste gas inlet temperature 

Tfi = Incinerator operating temperature 

This equation is manipulated to 



in the spreadsheet. The same equation is used to calculate the 


preheater exit temperature during idle; the incinerator operating 


temperature is decreased, however, during idle. ' 

Step 4a: Calculate Auxiliary Fuel Required 


Auxiliary fuel use was estimated using the equati'on 


presented on page 3 -32 of the OAQPS Cost Manual5. It is : 

where : 
paf = densit 
0.0408 lb/ft Y of auxiliary fuel (methane), @ 77OF, 1 atm 

oaf = natural gas flowrate, s@.m 

pwo pwi = density of the waste gas (essentially air), 
at 77OF, 1 atm (0.0739 lb/scf) 


5mair mean heat capacity of air 


Assume 0.255 Btu/lb°F (the mean heat capacity of air 

between 77OF and 137S°F) 


Tref " Tai = temp. ambient 
(Temp. auxiliary fuel) = 7 7 0 ~  

- &%wo = heat content of the waste stream, BTU/lb 

- ah = heat content of natural gas, 886 BTU/scf 
(2fa681 BTU/M 


Step 4b. Calculate Auxiliary Fuel Required During Warm-up 


The vendors provided estimates of warm-up periods but did 


not provide estimates of fuel use during warmup. Therefore, the 


OAQPS cost manual methodology was used to estimate the amount of 


auxiliary fuel needed to warm up the incinerator, in the absence 


of VOC1s (since no process exhaust is directed into the unit 


during warm-up). Based on vendor information, a recuperative 


thermal incinerator warm-up period of 45 minutes, using 


60 percent of the total airflow, was assumed. Also based on 


vendor information, the regenerative thermal incinerator warm-up 


period was assumed to be 1 hour with full airflow. 17,23,28 ~h, 




equation used to calculate the'amount of auxiliary fuel required 


during warm-up is similar to the one used in Step 4a, except that 


the heat content of the waste stream, - ~ h ~ ~ ~ ,  
is assumed zero. 


Step 4c. Calculate Auxiliary,Fuel Required during Idle 


This field applies only to the regenerative thermal 


incinerator, and calculates the amount of auxiliary fuel required 


while the incinerator is in idle mode. Because the packing 


material used in regenerative thermal incinerators takes a long 


time to heat, vendors suggested idling the unit while not in use, 


rather than shutting it down completely. The unit controls 


finishing emissions for 8 hours per day and is warmed up for 


1 hour per day; it was assumed to operate in idle mode for the 


remaining 15 hours per day. Based on vendor information, the 


incinerator operating temperature drops gradually to llOO°F 


during idle; only 15 percent of the total airflow is used. The 


amount of auxiliary fuel require during warm-up is calculated 


using Step 4a. However, in this case the temperature during the 


idle period is llOO°F, the heat content of the waste stream -

Ahcwo is assumed 0 and a lower air flow is used. 17,23,28 


Step 5: Total Gas FlowrTotal Waste Gas Flow + Auxiliary Fuel 
The total gas flow during finishing, warm-up, and idle are 


calculated using the total waste gas flow plus the corresponding 


auxiliary fuel requirements. 


The calculated annual auxiliary fuel flow, in standard cubic 


feet per year (SCFY), is the amount of natural gas that is 


required in the incinerator in a year, considering the weighted 


average of the gas flow during finishing, warm-up, and idle. 


C.3.2.3 Ca~ital Cost Calculations. 


Eaui~ment Costs. Equipment costs were based on pp. 3-44 and 


3-45 of the OAQPS Cost Manual) .5 Equipment costs for 

recuperative incinerators are a function of the total gas flow 

through the incinerator. For 70 percent heat recovery, the 


equation is: 




The equipment costs for regenerative thermal incinerators is 


an approximately linear function of total flow rate. For 


95 percent heat recovery, the equation is: 


For both recuperative and regenerative thermal incinerators, 


the equipment cost obtained using the above formulas was 


multiplied by Chemical Engineering Equipment cost indices of 


(393.7/342.5) to correct equipment costs to first quarter 


1991 dollars. 30 


Awciliarv euui~ment (ductwork. stack). Based on the OAQPS 


Cost Manual, the cost of auxiliary equipment was estimated as 


5 percent of the equipment cost. 5 


Auxiliary collection fan. The auxiliary collection fan was 


sized on a minimum gas flowrate of 500 scfm. The equation used 


to estimate the fan cost is: 


Fan coat ( $ 1  = 79.1239* [Total gas flow from Step 1 (dl 10-5612* (361.8/342.5) 

The above equation is based on the 1988 Richardson Cost 


Manual.3 


Other- ca~ital costs. Instrumentation: 10 percent of 


purchased and auxiliary equipment (based on OAQPS Cost Manual). 5 


Sales tax: 3 percent of purchased and auxiliary equipment 


(based on OAQPS Cost Manual) .5 
Freight: 5 percent of purchased and auxiliary equipment 


(based on OAQPS Cost Manual) .5 
Total purchased equipment cost (TPE) equals sum of the 


equipment, ductwork, auxiliary fan costs, instrumentation, tax 


and freight. 

C.3.2.4 Direct Installation Costs. Direct installation 


costs were estimated as 30 percent of the total purchased 


equipment (TPE) cost (based on the OAQPS Cost Manual) .5 



irect installation cost. Indirect installation costs 


were estimated as 31 percent of the TPE cost (based on the OAQPS 


Cost Manual).5 

When the maximum total gas flow was less- than 20,000 scfm, 

then the total installation costs (direct and 'indirect) were 


calculated as 25 percent of the purchased equipment costs. In 

the other cases the direct and indirect installation costs were 


determined as described above (based on the OAQPS Cost Manual). 5 


Total canital investment. Total capital investment (TCI) is 


the sum of the total purchased equipment cost, direct 


installation costs, and indirect installation costs. 


C.3.2.5 Annualized Costs. In calculating annual operating, 


maintenance, and supervisory labor costs, the following equations 


were used. 


Operator: $12.48/hr x 0.5 hr/shift x shifts/day x 


day/year 


(Assume 1 shift/day, 365 days/year) 


Supervisor: 15 percent of operator 


Maintenance: $13.73/hr x 0.5 hr/shift x shifts/day x 


day/year 

Material: 100 percent of maintenance 


The labor rates were based on the U. S. Industrial Outlook 1992 


and the OAQPS Cost Manual. 5,29 


Natural gas : Yearly natural gas usage (SCFY) x $3.3 
1,000 scf 


The yearly natural gas usage is the sum of auxiliary fuel 


requirements during finishing, warm-up, and idling (as 


applicable). To estimate electricity requirements, the formula 


presented on page 3-55 of the OAQPS Cost Manual was used: 


Power 1.17 x Qtot~P 

(fan) = E 



where : 

Qtot P maximum gas flow 

aP-= pressure drop, inches of H20, across the control 
device and heat recoTery unit. Assumed to be 19 

inches H20 for recuperative thermal incinerators 

and 29 inches H20 for regenerative thermal 

incinerators. 


fan efficiency (assumed to be 60 percent) 


power, in kW 


Total electricity used during finishing, idle, warmup and 


cooldown was calculated using the corresponding flows and 


durations, and summed. The cooldown period was assumed equal to 


the warmup period with the corresponding flow and no auxiliary 


fuel. To calculate the cost of the electricity, a factor of 


$.047/kWh was applied to the total usage. 6 


Total Direct Annual Costs: 


Sum of labor, materials, natural gas, electricity 


Indirect: 


Overhead: 60 percent of labor and materials 


Administrative: 2 percent of TCI 


Property Tax: 1 percent TCI 


Insurance: 1 percent TCI 


Capital Recovery: The cost of capital was annualized by 


multiplying the total capital investment by a capital recovery 


factor. For this analyses, an interest rate of 10 percent and a 


10-year life were assumed, resulting in.a capital recovery factor 


of 0.1627. 


C.4 TANK ADD-ON CONTROL ANALYSIS 


The feasibility and cost of using an add-on control device 


for tank painting operations was evaluated and is discussed in 


Sections 5.3.1 and 5.3.2. The results of the analysis are 


presented in Section 5.3.3. The development of assumptions and 


inputs to the tank analysis is discussed in Section C.4.1., and 




the sensitivity of the analysis to key assumptions is discussed 


in Section C.4.2. 


C.4.1 Assum~tions and Inputs to the Analvsis 


Enclosed tanks are presently vented during both blasting and 


painting. grin^ blasting, the tank is vented to protect the 

worker and to remove the airborne particulate matter. During 


tank painting, the tank is ventilated to protect the worker, to 


maintain visibility, and to maintain an acceptable finish. 


Because workers are inside the tank, adequate ventilation is 


needed to assure their safety. Shipyards indicate that tanks are 


ventilated during painting operations to ensure VOC 


concentrations do not exceed 10 percent of the lower explosive 


limit (LEL).32133 Tanks are vented for-'.a period of time after 
painting to ensure concentrations in all pockets of the tank 


remain below 10 percent of the LEL. Ventilation also removes 


dried overspray, which reduces visibility for the workers inside 


the tank and which can damage the finish. 


The required exhaust airflow varies with the size and design 


of the tank, the coating used, and the number of painters. There 


is a very wide range of sizes of tanks that may be painted at any 


shipyard. Even on a single ship, there may be voids that are 


- 3 ft high, 3 ft long, and 3 ft wide, and wing tanks that are 

40 ft'high, 20 ft long, and 6 ft wide, or larger. 


In some construction yards, all tank painting may be done 


offsite. Not all repair operations involve tank painting. 


Because tank painting is scheduled into the overall construction 


or repair operation, tank painting operations may be 


intermittent. The number of tanks painted during a repair 


operation depends on many factors. Generally, only the most 


critical tanks in the worst condition get attention. The cost of 


tank painting as well as the effect on the total schedule must be 


considered. On a large ship, 20 to 50 tanks may be repainted 


during an overhaul. All the tanks may be painted simultaneously, 


they may be painted in sequence, or several may be painted at one 




time, and the remainder may not be painted until several days or 


even weeks later. 


The variability in the number and size of tanks that may be 


painted at any one time in a shipyard makes evaluating add-on 


controh difficult. For this analysis, it was assumed that a 


single, stationary add-on control device would be used to control 


tank painting emissions. The maximum airflow that can be sent to 
a portable add-on control device is about 2,000 cubic feet 


per minute (ft3/min) . In many cases, the exhaust from a single 

tank may exceed 2 ,000 f t3/min during tank painting operations. 
Due to the space constraints on a ship during construction and 


repair operations and the exhaust limitation associated with 


portable control devices, it is unlikely;.that an existing 


individual portable add-on control device would be used for each 


tank. It may be possible, however, by using innovative 


technologies, to use individual control devices for each tank. 


Because the size and number of tanks being vented to the 


control device may vary with time, add-on controls for a range of 


airflows were evaluated. Costs were developed for add-on 


controls designed to handle airflows from 2,000 to 


80,000 ft3/min. The actual capacity required varies from hour to 


hour at any single shipyard. 


Thermal incineration with recuperative heat recovery is 


considered a technically feasible add-on control alternative for 


controlling VOC emissions from tank painting operations. The 


intermittent nature of tank painting operations discourages the 


use of a regenerative thermal incinerator. For larger airflows 


(>50,000 ft3/min), a regenerative thermal incinerator is 


preferable to a recuperative thermal incinerator because of the 


greater heat recovery. However, because the ceramic packing in a 


regenerative thermal incinerator must be brought up to and 

maintained at a minimum temperature, it is not suited for 


intermittent operations such as tank painting at a shipyard, 


according to vendors. 28,34 




In theory, catalytic incinerators and carbon adsorption 


systems could be used to control VOC emissions from tank painting 


operations. Contamination of the catalyst by the blasting 

residue and any poisons contained 
in the coatings would be a 
. .. 


concern. The intermittent operation could significantly decrease 


the catalyst life. Because a wide variety of solvents are 


contained in the various tank coatings, reuseof the recovered 


solvent from a carbon adsorption system is probably not practical 


in this application, although the recovered solvent might have 


some value as a fuel or as a cleanup solvent. The precise mix of 


VOC1s that would be present cannot be determined because it would 


vary from shipyard to shipyard, depending on what coatings are 


used, which varies with the type of shipand tank being painted. 


Some tank coatings contain alcohols, which are not effectively 


adsorbed onto carbon. Due to the uncertainty of the solvent mix, 


the control efficiency of a carbon adsorption system for this 


application cannot readily be determined. For purposes of this 


analysis, costs were developed only for recuperative thermal 


incineration systems. These costs are not expected to be 


significantly different from those associated with catalytic 


incineration or carbon adsorption systems, if such systems are 


feasible for this application. 


'Assumpt-ions regarding design specifications and operating 


conditions had to be made in developing cost estimates. Because 


xylene is the primary VOC in marine coatings, the heating value 


and LEL corresponding to xylene were used in all calculations. 


Based on information obtained from shipyards and Occupational 

Safety and Health Administration (OSHA) requirements, the maximum 


allowable concentration of VOC1s in tank exhaust was assumed to 


be 10 percent of the LEL. 32,33 


The actual number of hours an add-on control system would be 

operated would depend on the amount of time spent painting tanks, 


which would, in turn, depend on the number of tanks painted and 


the rate of painting. Shipyards were not able to provide the 


number of hours spent painting tanks on an annual basis. For 




purposes of this analysis, it was assumed that the control device 


would be used an average of 6 hours per shift, two shifts per 


day. These operating hours include the time during which 


painting occurs and the time after painting during which the 


tanks are vented for safety. In addition, a daily 45-minute 


warmup period was assumed, based on vendor information. 17,23,28 


In developing control system costs for tank painting, many 


potential complications were ignored. As mentioned previously, 


designing a control system to control VOC emissions from tank 


painting operations would be complex. The cost of engineering 


was calculated using the factors in the OAQPS Cost Manual; actual 


engineering costs for this complex application would probably be 


higher. Standard assumptions regardingyhe cost of ductwork were 


also made, based on the OAQPS Cost Manual. Due to the extensive 


lengths of flexible ductwork required, the actual cost of 


ductwork may be significantly higher than that estimated. The 


OAQPS costing methodology applies to packaged recuperative 


thermal incinerator units. Because of the potentially large 


flowrates present at a shipyard, the units would have to be 


field-erected instead of packaged, resulting in increased 


costs.16-25 Due to the site-specific nature of such costs, they 


have not been included. As a result, costs for control of tank 


painting emissions have likely been underestimated for most 


facilities. 


For purposes of the tank painting add-on control analysis, 


it was assumed that 100 percent of the tank.painting VOC 


emissions are sent to the control device. The recuperative 


thermal incinerator was assumed to have a destruction efficiency 


of 98 percent. 16-25 


C.4.2 Sensitivitv of the Tank Add-on Analvsis to Key 


Assumotionq. For airflows less than 20,000 ft3/min, the primary 


annualized cost is the capital recovery of the control equipment. 


For airflows exceeding 20,000 f t3/min, the primary annualized 


cost is the cost of fuel to run the incinerator. Fuel costs 


represent from 17 to 70 percent of the total annualized costs, 




depending on the combination of operating hours and VOC 


concentration assumed. 


For costing purposes, an airstream concentration equal to 


10 percent of the LEL was assumed. Ten percent of the LEL is the 

maxirmun allowable concentration; actual concentrations are 


expected to be less. To explore the impact of lower VOC 


concentrations, the increase in fuel usage associated with a VOC 


concentration of 5 percent of the LEL (instead of the 10 percent 

used in the original analysis) was calculated for airflows of 


2,000 ft3/min and 80,000 ft3/min. The fuel cost for the 


2,000 ft3/min unit would increase by almost 50 percent if the 


actual VOC concentration was only 5 percent of the LEL. 

Similarly, the fuel cost for the 80,000 ,:ft3/min unit would also 


increase by almost 50 percent over that associated with a VOC 


concentration of 10 percent of the LEL. Because the analysis 

assumed a VOC concentration of 10 percent, the annualized fuel 


cost may have been underestimated. 


Fuel costs are also a function of the total number of 


operating hours. As mentioned previously, for purposes of this 


analysis it was assumed that the incinerator would operate 


12 hours per day, 365 days per year. If tank painting operations 


actually occur more than an average of 12 hours per day, then 


annual fuel usage costs have been underestimated. On the other 


hand, if tank painting occurs less than an average of 12 hours 


per day, then fuel usage costs have been overestimated. Total 


fuel usage is basically linear with operating hours, so if 


operating hours increase by 30 percent, the fuel use would also 


increase by 30 percent. 


C.5 ENERGY IMPACTS 


Energy impacts are described in Chapter 5. This section 


provides further information regarding the estimation of energy 

impacts. 


The air emissions associated with the combustion of natural 


gas required for incinerator operation (primary emissions) and 


electrical power required for incinerators and heaters (secondary 




emissions) were calculated using the emission factors shown in 


Tab1e.C-9. The primary emissions were estimated in Tables 5-15a 


and 5-15b. As an example, from Table 5-15b, the primary 


particulate matter (PM) emissions associated with small model 


construction yards were calculated to be: 


10 B t u4.78 * l o  -* 5 lb 

v,,6ft3-. - -

B t u1,035 -
f t3  

where: 

4.78 x lolo Btu/yr = Natural gas usage at small model 

construction yards; 


5 lb/106 ft3 = PM emission $actor given in 

Table C-9; and 


1,035 ~ t u / f t ~  = Heating value of natural gas. 

The secondary air emissions that result from the generation 


of the electricity supplied by a coal-fired power plant were 


estimated in Tables 5-16 and 5-17. As an example from 


Table 5-16, the secondary PM emissions associated with small 


model construction yards were calculated to be: 


where : 

1.17 * 10' Btu/yr = bituminous coal requirement for small 

model construction yards; 

1 ton/2,000 lbm = - conversion factor; 

0.38 thermal efficiency of power plant's 

generator; 
= average heating value of bituminous 

coal; and 

= PM emission factor given in Table C-9 



-- -- - - -- 

Emission factor, lb/106 f t3 


Source PM SO, NO, CO kc 

Thermal incinerator 5 0.6 140 35 5.8 

operation (natural gas 

combust ion) 


Emission factor, lb/ton 


Thermal incinerator 

operation (electricity 

generated by bituminous 

coal-fired Dower ~lant) 
I 
In-line paint heaters 

(electricity generated 

by bituminous coal-fired 

power plant) 


a~~ = particulate matter; SO = sulfur dioxides, NOx = oxides of nitrogen; 
CO = carbon monoxide; HC = gydrocarbons. 
b ~ / ~ 
= not applicable. x 
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