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1.0 | NTRODUCTI ON
1.1 OVERVI EW

Section 112 of the Cean Air Act (Act) requires that the
U S. Environnental Protection Agency (EPA) establish em ssion
standards for all categories of sources of hazardous air
pollutants (HAP). These national em ssion standards for
hazardous air pollutants (NESHAP) nust represent the maxi mum
achi evabl e control technology (MACT) for all major sources. The
Act defines a mmjor source as:

...any stationary source or group of stationary sources

| ocated within a contiguous area and under common contr ol

that emts or has the potential to emt, in the aggregate,

10 tons per year or nore of any hazardous air pollutant or

25 tons per year or nore of any conbination of hazardous air

pol | ut ants.

In July 1992, the Docunentation for Developing the Initial
Source Category List! was published. "Printing/Publishing
(Surface Coating)" was included as a source category. The
Printing and Publishing Industry NESHAP project will establish
standards for major sources in this source category.

The purpose of this docunent is to summari ze the background
i nformati on gathered during the devel opnent of the printing and
publ i shing i ndustry NESHAP
1.2 PRQJECT HI STORY
1.2. 1 Background

The printing industry can be divided by technol ogy,
substrate or type of product. Further divisions and industry

segnents can be identified in each of the major industry



di visions. Many manufacturing processes include printing
operations as one step in the production process. It is
estimated that nore than 60,000 establishnents in the U S.
operate printing presses? This estinate excludes platel ess
printing establishnents.

The printing industry can be divided by technology into six
different segnents: gravure, flexographic, |ithographic,
| etterpress, screen, and platel ess (xerographic, electrostatic,
magnetic, thermal, ink-jet, etc). The technology (i. e. the type
of press equipnent) dictates the types of inks and coatings which
can be used. This defines to a |arge extent the type of HAP
i nvol ved, the em ssions and the control techniques which are
appl i cabl e.

The printing industry can al so be divided by the type of
substrate that is printed. Anmong the flexible substrates, paper,
foil and filnms are printed. Paper can be further classified in
many ways, including coated vs. uncoated. Filns include
pol yet hyl ene and a nunber of other polynmers. Rigid substrates
i ncl ude cardboard and vinyl. A given substrate may be printed
using different technol ogi es depending on factors such as the end
use, quality requirenments, quantity, cost and environnmental
considerations. Textiles are specifically excluded fromthe
printing source category.

The printing industry can be additionally divided by the
type of product. |In general, the end use falls into the broad
categories of publication, packaging or product. Publication
printing includes newspapers, namgazi nes, books and adverti sing.
Packagi ng i ncludes paper, plastic and foil bags and w appers, and
cardboard cartons. Products include wall and floor covering,
greeting cards and paper towels. Various technol ogies can be
used to print specific itenms within the broad categories.

In 1978, a control technique guidelines (CTG docunent was
established for the control of VOC fromrotogravure and
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fl exographic printing operations® New source performance
st andards (NSPS) for VOC emi ssions from publication rotogravure*
wer e proposed COctober 28, 1980 (45 FR 71538) and pronul gat ed
Novenmber 8, 1982 (47 FR 50644). NSPS for VOC em ssions from
rotogravure printing and coating of flexible vinyl® were proposed
January 18, 1983 (48 FR 2276) and promul gated June 29, 1984 (49
FR 26885). In 1993, a draft CTG docunent was published for the
control of VOC em ssions fromoffset |ithographic printing®.
None of these efforts were specifically directed towards HAP
however, many HAP of concern in the printing and publishing
i ndustry are VOC and the sanme control devices used to limt VOC
em ssions are also applicable to control of HAP

HAP are present in sone of the inks, coatings, priners and
adhesi ves applied on printing presses, and are also present in
sone of the materials used for cleaning press parts. Aromatic
(e. g. toluene), aliphatic and oxygenated hydrocarbons nmake up
the majority of the HAP used in the printing industry. HAP use
associated wth various printing technol ogies and industry
segnents i s discussed in Chapter 2.
1.2.2 Data Gathering

In 1993, a questionnaire was devel oped by EPA and the
Gravure Association of America (GAA), to determ ne HAP use and

control in the publication rotogravure segnent. Responses to
this questionnaire were voluntarily provided to EPA by al
publication rotogravure facilities operating in the U S

Two additional questionnaires were devel oped by EPA, GAA
and the Fl exi bl e Packagi ng Associ ation (FPA), to determ ne HAP
use and control by product and packagi ng rotogravure facilities
and flexographic printing facilities. These questionnaires were
included with information collection requests (I CR) sent out
under the authority of section 114 of the Act. Most of the
recipients opted to conplete the questionnaires in lieu of the
| CR Questionnaires were sent to approximately 90 conpani es
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t hought to operate product or packagi ng rotogravure presses, and
approxi mately 370 conpani es thought to operate w de-web
f | exogr aphi c presses.

In addition to informati on obtained fromthese
guestionnaires, several site visits were made to printing
facilities. Also, the EPA has net with multiple trade
organi zations and industry representatives over the past several
years.

1.2.3 Em ssions and Control Data
The avail abl e em ssions and control infornmation for the

printing and publishing industry has been sunmarized in Chapter

3. Most of the information collected is based on cal endar year
1992, and is representative of current practices. In sone
segnents of the industry, there has been a shift away fromHAP to
non- HAP VOC and wat erborne materials. Control efficiency data
are relevant to current conditions for the purpose of MACT
determ nation

1.3 REFERENCES

1. U S. Environnental Protection Agency. Docunentation for
Devel oping the Initial Source Category List: Final Report.
Publ i cati on No. EPA-450/3-91-030. Research Triangle Park
NC July 1992.

2. U. S. Environnmental Protection Agency. Use Custer Analysis
of the Printing Industry--Draft Final report. Washington,
DC. May 26, 1992. 182 pp.

3. U S. Environnental Protection Agency. Control of Volatile
Organi ¢ Conpound Em ssions from Exi sting Stationary Sources-
Vol ume VINI1: G aphic Arts-Rotogravure and Fl exography.

Publ i cati on No. EPA-450/2-78-033. Research Triangle Park,
NC. Decenber, 1978. 52 pp.

4. U S. Environnental Protection Agency. Publication
Rot ogravure Printing-Background I nformation for Proposed
Standards. Publication No. EPA-450/3-80-031a. Research
Triangl e Park, NC. COctober, 1980.

5. U. S. Environnental Protection Agency. Standards of
Performance for New Stationary Sources; Flexible Vinyl

1- 4



Coating and Printing Operations. 48 FR 12. January 18,
1983. p. 2276 et. seq.

U S. Environnental Protection Agency. Draft-Control of
Vol atil e Organi ¢ Conpound Em ssions from O fset Lithographic
Printing. Research Triangle Park, NC. Septenber, 1993. 234

pp.
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2.0 THE PRI NTI NG AND PUBLI SHI NG | NDUSTRY

2.1 | NTRODUCTI ON

The printing industry can be divided by technol ogy,
substrate or type of product. Further divisions and industry
segnents can be identified in each of the major industry
di visions. Many manufacturing processes include printing
operations as one step in the production process. It is
estimated that nore than 60,000 establishnents in the U S
operate printing pressesl. This estinmate excludes platel ess
printing establishnents.

The printing industry can be divided by technology into
six different segnents: gravure, flexographic, |ithographic,
| etterpress, screen, and platel ess (xerographic,
el ectrostatic, magnetic, thermal, ink-jet, etc). The
technology (i. e. the type of press equipnent) dictates the
types of inks and coatings which can be used. This defines to
a large extent the type of HAP involved, the em ssions and the
control techniques which are applicable.

The printing industry can al so be divided by the type of
substrate that is printed. Anong the flexible substrates,
paper, foil and filns are printed. Paper can be further
classified in many ways, including coated vs. uncoated. Filns
i ncl ude pol yet hyl ene and a nunber of other polyners. Rigid
substrates include cardboard and vinyl. A given substrate may
be printed using different technol ogi es dependi ng on factors
such as the end use, quality requirenents, quantity, cost and
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envi ronmental considerations. Textiles are specifically
excluded fromthe printing source category.

The printing industry can be additionally divided by the
type of product. |In general, the end use falls into the broad
categories of publication, packaging or product. Publication
printing includes newspapers, magazi nes, books and
advertising. Packaging includes paper, plastic and foil bags
and wrappers, and cardboard cartons. Products include wall
and floor covering, greeting cards and paper towels. Various
technol ogi es can be used to print specific itenms wthin the
broad cat egori es.

Because i nks and other HAP containing materials are
custom zed for particular printing technologies in terns of
viscosity (e. g. gravure and fl exographic inks are relatively
fluid, lithographic, letterpress and screen inks are
relatively viscous) and chem cal conpatibility (e. g.
fl exographic plates are inconpatible with aromatic sol vents)
HAP em ssions will be discussed in ternms of printing
technol ogy. It should be recognized that in many cases the
sane product can be produced by nore than one technol ogy
(e. g. newspapers are produced by |ithography, |letterpress,
and fl exography).

2.2 GRAVURE PRI NTI NG

Nearly all gravure printing is done by rotogravure.
Gravure printing is a printing process in which an imge (type
and art) is etched or engraved bel ow the surface of a plate or
cylinder. On a gravure plate or cylinder, the printing inmage
consists of mllions of mnute cells.? Gavure requires very
fluid inks which will flow fromthe cells to the substrate at
hi gh press speeds. In addition to inks, other materials
i ncl udi ng adhesi ves, primers, coatings and varni shes may be
applied with gravure cylinders. These materials dry by
evaporation as the substrate passes through hot air dryers.
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Sol vent borne or waterborne ink systens can be used but these
i nk systens are not interchangeable. Both the printing
cylinders and the drying systens are specific to the sol vent
systemin use. The evaporated conponents of the ink and ot her
materials may contain HAP to varying extents. Additional HAP
may be present in solvents used to clean presses and press
conponents. Rotogravure can be divided into the publication
and product/ packagi ng segnents. Because of the expense and
conplexity of rotogravure cylinder engraving, it is
particularly suited to long run printing jobs.

2.2.1 Publication Rotogravure

Publ i cation rotogravure printing focuses on nagazi ne,
catal og and advertising insert printing. 1In 1993, there were
27 publication rotogravure plants in the U S. These plants
were operated by six corporations. These plants all use
t ol uene/ xyl ene based ink systens, and operate sol vent recovery
systens based on carbon adsorption with steamregeneration.
Recovered solvent is sold back to the ink manufacturers.
Press capture systens vary depending on the age of the press.
Press and cylinder technol ogies, products, inks and control
systens are discussed in the Background I nformation Docunent
for New Source Performance Standards for Publication
Rot ogravure Printing® Capture technol ogi es and capture
efficiency testing are discussed in The Measurenent Sol uti on:
Using a Tenporary Total Enclosure for Capture Efficiency
Test i ng*.
2.2.1.1 Process Description. On a gravure cylinder, the

printing image consists of mllions of mnute cells which are
engraved into the surface of the cylinder®. Different col ored
inks are applied in succession as the web passes fromstation
to station. A separate cylinder, ink supply and dryer are
required for each station. After the ink is applied at each
station, the web is dried before being printed by the next
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station. Typically, four stations are required to print each
side of the web. Publication gravure presses in operation in
the U S. have up to 16 stations. Gavure requires very fluid
inks which will flow fromthe cells to the web at high press
speeds. The ink dries by evaporation as the substrate passes
t hrough hot air dryers.

Publ i cation gravure presses in the United States use
sol vent borne ink systens exclusively. Because of the expense
and conplexity of rotogravure cylinder engraving, it is
particularly suited to long run printing jobs. It is
generally believed in the industry that publication gravure
equi pnrent is capable of higher quality printing than conpeting
processes.
2.2.1.2 Profile of the Publication Rotogravure Segnent.

There are 27 publication gravure plants in the United States.
These plants are owned by six conpani es, none of which are
smal | businesses. Al 27 plants are major sources for
hazardous air pollutants. Some of these conpani es operate
additional printing processes using technol ogi es other than
rotogravure. In sonme cases, these other processes are
conducted at separate locations. All of the plants
voluntarily provided responses to a |list of questions
devel oped by the EPA and the G avure Association of Anerica.
The information in this section is based on these
responses. Seventeen of the responses are in the public
docket; the remaining ten responses contain sone confidenti al
business information. A list of plant |ocations and owners is
given in Table 2-1.
2.2.1.3 HAP Use and Emi ssions. Al of the U S. publication
gravure plants use sol vent based ink systens. The primary

solvent is toluene, a HAP. At sone plants xylenes and et hyl
benzene, also HAP, are present in the solvent blend and are
used, emtted, recovered and handled in the sane nanner as

2-4



toluene. The plants purchase ink containing solvent and add
addi tional solvent to obtain the desired viscosity. Ink is
applied to the web which then passes through a dryer, where

The web then
travels to the next press station where the process is

the solvent is evaporated into heated air.

repeated with a different color. Mst of the evaporated

solvent is recovered using activated carbon sol vent recovery
i s reused; excess solvent is

Addi ti onal
in the ink)

press conponents.

systens. The recovered sol vent

sold back to the ink manufacturers. sol vent (of
t he same conposition as the sol vent is used for

cl eaning gravure cylinders and ot her

Table 2-1. Publication Gavure Plants
Conpany Nane Gty State
Brown Printing Conpany Franklin KY
R R Donnelley Printing Conpany Casa G ande AZ
R R Donnelley Printing Conpany Lynchburg VA
R R Donnelley Printing Conpany Newt on NC
R R Donnelley Printing Conpany, Des Mi nes I A
R R Donnelley & Sons Conpany Mat t oon | L
R R Donnelley & Sons Conpany Reno NV
R R Donnelley & Sons Conpany Vr saw I N
R R Donnelley & Sons Conpany Spart anburg SC
R R Donnelley & Sons Conpany Lancast er PA
R R Donnelley & Sons Conpany Chi cago I L
R R Donnelley & Sons Conpany Gallatin TN
Quad/ Graphi cs Lomra W
Quebecor Printing Atglen Inc. At gl en PA
Quebecor Printing Buffalo Inc. Depew NY
Quebecor Printing Dallas Inc. Dal | as X
Quebecor Printing D ckson Inc. Di ckson TN
Quebecor Printing Menphis Inc. Bal ti nore VD
Quebecor Printing Menphis Inc. Menphi s TN
Quebecor Printing M. Mrris Inc. M. Mrris | L
Quebecor Printing Providence Inc. Provi dence R
Quebecor Printing Ri chnond I nc. Ri chnond VA
Quebecor Printing San Jose Inc. San Jose CA
Ri ngi er Anerica Inc. Corinth (%)
Ri ngi er Anerica, Inc. Evans GA
World Col or Press, Inc. Sal em I L
Wrld Col or Press, Inc. Dyersburg TN
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Al of the U S. publication gravure plants account for
solvent on the basis of liquid-lIiquid nmass bal ances.

Em ssions are cal cul ated taking into account ink purchases,
sol vent purchases and sal es, and changes in inventory over a
suitable time frame. All solvent |osses are counted as

em ssions whether they result from pressroom capture | osses,
control device |losses, retention in the finished publications
or evaporation fromuncontrolled equi prent (including proof
presses).

HAP em ssions result frominconplete recovery of captured
HAP, and frominconpl ete capture. Activated carbon sol vent
recovery systens are suitable for control of toluene and
simlar aromatic solvents. Hi gh control efficiencies can be
achi eved, however sone solvent is unavoidably emtted as a
result of thernodynamc Iimtations (the toluene-
carbon/toluene-air equilibrium and flowirregularities (e. g.
channel ling through the carbon bed). Sonme HAP is not captured
in the dryer exhaust. This includes HAP which evaporates from
the ink fountains into the pressroom HAP which is evaporated
fromthe web in the dryers but is then swept out of the dryer
as the web travels towards the succeeding press station, HAP
which remains in the web after the last drier which evaporates
during additional processing (slitting, folding, stitching,
etc.) and HAP which | eaves the plant trapped in the nagazi ne,
catal og or advertising insert.

Additional HAP is emtted from proof presses, which in
sone plants are uncontrolled, gravure cylinder cleaning, other
parts cl eaning, storage tank evaporation and breathing | osses
and ink m xi ng operations. These sources are relatively m nor
by conparison, however, they are reflected in the overal
efficiencies determned fromliquid-liquid nmass bal ances.
2.2.1.4. Baseline Em ssions. There are 27 publication gravure

plants in the United States. Al of the plants voluntarily
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provi ded responses to a list of questions devel oped by the EPA
and the Gravure Association of Anerica. The information in
this section is based on these responses. Seventeen of the
responses are in the public docket; the remaining ten
responses contain confidential business information. A total
of 38, 400, 000 pounds (19,200 tons) of HAP was emtted in 1992.
The HAP is primarily tol uene; sone plants report using a

m xture contai ning m xed xyl enes and et hyl benzene.

2. 2.2 Packagi ng and Product G avure

The gravure printing operation is, in many cases, a
relatively small part of the total package or product
production process. This section briefly describes the
various types of packages and products that include gravure
printing in their manufacture, and notes what production steps
are required in addition to the gravure printing step.

Fol ding Cartons. Folding carton packages are used for a

wi de variety of products including wet and dry foods,
beverages, bakery itenms, and candy. They are also used for
nonf ood products such as detergents, hardware, paper goods,
cosnetics, nedical products, tobacco products, and sporting
goods.

The folding carton is made from one of several grades of
paperboard. It may be printed, |lam nated or coated, or may be
shi pped unprinted to be used with another |abel or wapper.
Besi des printing, operations in the manufacture of folding
cartons include creasing, trinmmng, die-cutting, coating, and
gluing. The cartons are shipped flat, to be assenbl ed and
filled by the custoner. 1In addition to gravure printing,
fl exography is used for folding cartons. Letterpress use has
declined. Mst of the gravure presses used for folding carton
printing are web-fed. However, sone folding carton presses
are sheet-fed, with only one or two print stations.?®
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Fl exi bl e Packagi ng. Flexible packagi ng, by one

definition, consists of "converted materials intended to
package and di splay products wei ghing | ess than 25 pounds."’
The word "converted" in this use is an industry-specific term
that refers to the fact that flexible packaging materials
start out as rolls of paper or foil, or beads of plastic
resin, and are "converted" into a package or roll of packaging
material. Flexible package manufacturers are sonetinmes
referred to as "converters”. The ratio of gravure printing to
fl exographic printing anong converters is approxi mately
20:80,8 it is, however, an inportant conponent of the gravure
printing industry. Converters produce a w de range of non-
rigid packages nmade of paper, plastic film foil |am nates,
and conbi nations of these substrates.

One portion of the flexible packaging industry provides
fully printed packaging materials (designated "prefornmed
specialty bags") to contract packagers. Another portion
provi des conbination or |am nated materials (designed
converted wap) for printing and/or final packing by captive
packagi ng operations. Applying coatings is a major capability
of flexible packaging converters, so the sane facilities my
be used to manufacture non-packaging materials such as gift
wraps and hot stanp foils.?®

Label s and Wappers. Labels and wappers include rol

and sheet |abels applied to cans, unprinted cartons, conposite
cans, bottles and other containers, tags, and self-adhesive

| abel products. Paper is the comon substrate, but | am nates
and foil are also used. The industry nmakes a distinction

bet ween | abel s and wrappers, which are package conponents,
froma product that beconmes the entire package and shoul d be
called a flexible package. This is because of the distinction
of SIC codes that apply (see above). However, it is suggested
t hat product shipnent reports are probably based nore on the
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substrate (i.e., paper for |abels and wappers; plastic film
for flexible packages) than on a precise definition of end
use. 10
One interesting manufacturing techni que used in making
| abel s is the use of conbination gravure/flexo presses. The
manuf acturer uses a gravure cylinder for "hal ftone" nmateri al
and for coating operations, and uses a fl exographic cylinder
for typographic nmaterial that m ght have frequent changes.!!
Gft Waps. About 90 percent of all gift waps are

printed. They are produced by greeting card conpani es and by
| abel and fl exible packaging firnms. Because gravure printing
is particularly suitable for producing the continuous patterns
used on gift wap, it accounts for 60 to 70 percent of the
market . Historically a significant portion of the gift wap
was made fromlamnated foil, as are many fl exi bl e packagi ng
materials. Although foil gift wap is no |onger a significant
product, it is the reason why fl exi bl e package manufacturers
often print gift wap.?*

WAl | coverings. The wallcovering industry is a

traditional user of gravure. The principal types of

wal | coverings are prepasted paper, prepasted paper-backed
vinyl, fabric-backed vinyl, and specialty itens (e.g.,
metallics, grass cloth, rice paper). Gavure printing is
typically used to print only the vinyl wallcoverings.

The steps in manufacturing wall coverings include printing
the paper and lamnating it to the backing sheet. A special
effect that may be added in sone cases is "registered
enbossing"” to add texture. It is usually done in line with
the | am nator. 1

Vinyl Printing. These products consist of auto

uphol stery, furniture uphol stery, tabl ecloths, decorative
trim and shower curtains. G avure dom nates this product
area because of the conplex repeat patterns (e.g., woodgrain),
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and the requirenent, in many cases, for overcoating that is
readily applied using a gravure cylinder. Printing is
performed on unsupported vinyl, supported vinyl (backed with
fabric or paper), and paper substrate that is then coated with
vi nyl . 16

The manufacturing steps typically consist of printing,
coating, enbossing, and other finishing. |In sonme cases itens
that are screen printed or flexographically printed are stil
coated using a gravure process. '

Decorative Lam nates. These products consist of solid,

t hernoset |am nates used in furniture and construction, and
other lam nates, principally wood grain veneers, w dely used
in furniture. The dense sheets consist of nmany | ayers of

pol ynmer -saturated paper. The top sheet is a translucent sheet
i npregnated in nelamne, laid over a printed or solid

pi gnented pattern sheet. Heat and pressure are both used to
produce the final product.?®

Fl oor Coverings. Gavure presses are used to decorate
and apply texture and finish to sheet vinyl floor coverings.
Rotary screen printing is sonmetinmes used in conmbination with
gravure. Gavure is also used to print transfer papers used
to decorate vinyl tile, and sone tile products are printed
using "offset/gravure,” a hybrid press type using a gravure
cylinder offsetting to a rubber inage carrier.?®®

Ti ssue Products. Sone type of printing process is used

to apply color patterns to paper towels, bathroomtissue, and
napkins. The ol der paper mlls producing tissue products were
typically equipped with gravure presses. Today, that
production accounts for less than 5 percent of the total
production. ?®

M scel | aneous Specialty Products. Oher m scell aneous

and specialty products that require a printed patter are al so
produced using gravure printing. One such product is
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cigarette tipping paper, the paper with a cork-1like or other
pattern that is wapped around cigarette filters.
2.2.2.1 Process Description. The rotogravure printing process

is described in section 2.2.1.1. Product and packagi ng
rotogravure differs from publication gravure with respect to
the materials used, the applicable control devices, and the
decreased i nportance of the actual printing process in an
overal | manufacturing process.

Packagi ng and product rotogravure printing uses a w de
variety of different ink systens, including the aromatic HAP
based i nk systens comon to publication gravure, solvent based
non- HAP i nk systens, and waterborne ink systens. Numerous
specially m xed colors are applied at various tinmes in this
i ndustry segnent, in contrast to the publication segnent which
primarily applies four basic colors. In addition a w der
range of materials are applied with gravure cylinders in this
segnent of the industry. A variety of coatings, adhesives and
prinmers are applied at print stations on rotogravure presses.

Because of the variety of materials applied, the approach
to HAP and VOC control in packagi ng and product gravure
facilities varies. |In addition to the activated carbon based
sol vent recovery systens used by the publication segnent,
packagi ng and product gravure facilities also use a variety of
thermal and catal ytic oxidizers. Many facilities operate
wi t hout significant HAP use and do not have control devices.

Printing is only one stage (often mnor) in
manufacturing. In many cases, operations such as |am nating,
cutting, folding and cal endering make up a greater proportion
of the value of the product or package than the printing
oper ati on.
2.2.2.2 Profile of the Package/ Product Rotogravure Segnent

As of 1994, the G avure Association of Anmerica (GAA)
estimated that rotogravure printing operations were conducted
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at 400 locations within the U S.2! The EPA sent an
information collection request (ICR) to approxi mately 80
parent conpani es thought to operate rotogravure printing

equi pnent. Responses pertaining to rotogravure operations at
nore than 100 | ocations were received. In lieu of conpleting
the ICR nearly all of the conpanies chose to respond to a
sinplified question |Iist devel oped by EPA with the assistance
of GAA and the Flexible Packagi ng Association (FPA). A list
of conpani es fromwhich usable informati on was received is
given in Table 2-2. These responses are included in the

proj ect docket. Specific descriptions of printed products and
packagi ng are given for five substrate categories in Tables 2-
3 through 2-7.

2.2.2.3 Hap Use and Em ssions. In product and packagi ng
gravure facilities, HAP is contained in both the printing inks

and in other materials (adhesives, coatings) that are applied
as part of a continuous manufacturing process. One survey
showed that the weight of coatings and | acquers applied in
gravure packaging plants was al nost as nuch as the wei ght of
the ink.?2 The predom nant type of ink is based on

nitrocel lulose resin, with sone polyam de inks. Sol vent
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Tabl e 2-2.

Fol | owi ng Tabl e).

Packagi ng/ Product Gravure Responses (See Codes

Conpany Nane Locati on Code
AMGRAPH Packagi ng, | nc. Versailles CT M
Al can Foil Products Louisville KY F
Al ford Packagi ng Bal ti nore MD P
Al lied Stanp Corporation Sand Springs (04 P
Al usui sse Fl exi bl e Packagi ng, Inc. Shel byville KY M
Anerican Fuji Seal, Inc. Anahei m CA F
Anerican Fuji Seal, Inc. Fairfield NJ F
Anmerican Geetings Cor bi n KY P
Avery Denni son dinton SC M
Avery Denni son Fr am ngham MA P
Avery Denni son Schereville IN Y
Avery Denni son Corporation Pasadena CA W
Butler Printing & Lam nating, Inc. But | er NJ Y
CPS Corporation Franklin TN M
Cel l o-Foil Products, Inc. Battl e Creek M M
Chi yoda Anerica Inc. Mor gant own PA P
deo, Inc. Menphi s TN P
Col unmbus Coat ed Fabrics Col unmbus H Y
Congol eum Cor por ati on Mar cus Hook PA Y
Congol eum Cor por ati on Mercerville NJ Y
Const ant Services, Inc. Fairfield NJ Y
DRG Medi cal Packagi ng Madi son W M
Decor Gravure Corporation Bensenvil |l e IL Y
Decorati ng Resources difton NJ F
Decorative Specialties International, |nc.Johnston R P
Decorative Specialties International, |nc.Reading PA M
Decorative Specialties International, Inc.Wst Springfield M V

Di nagr aphi cs Nor wood H W
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Dittler Brothers

Dittler Brothers

Dopaco, Inc.

Dopaco, Inc.

Dopaco, Inc.

Eski mo Pi e Corporation
Federal Paper Board Co., Inc
Federal Paper Board Co., Inc
Fl emi ng Packagi ng Cor poration
Fres-Co System USA, I nc.
CGenCorp Inc.

CGenCorp Inc.

GenCorp Pol ymer Products
Graphi ¢ Packagi ng Cor poration
Graphi ¢ Packagi ng Cor poration
Graphi ¢ Packagi ng Cor poration
Gravure Carton & Labe

Gravure Packagi ng, Inc
Hal | mark Cards

Hal | mark Cards

Har gro Fl exi bl e Packagi ng
Har gr o Packagi ng

I nternational Label Conpany
International Playing Card & Labe
J. W Fergusson and Sons, Inc.
JSC/ CCA

JSC/ CCA

JSC/ CCA

Atl anta
Gakwood
Downi ngt own
Saint darles
St ockt on

Bl oonfiel d
Dur ham

W | m ngt on
Peori a

Tel ford
Jeannette
Sal em

Col unbus
Franklin
Lawr encebur g
Paol
Surgoinsville
Ri chnond
Kansas City
Leavenwort h
Edi nbur gh

Fl em ngt on

Clarksville

ConmpanyRogersvill e
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PA
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VA
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Tabl e 2-2.
JSC/ CCA
JSC/ CCA
Janmes River Corporation
Janmes River Paper Conpany
Janmes River Paper Conpany
Janmes River Paper Conpany
Janmes River Paper Conpany
Janmes River Paper Corporation
Jefferson Snurfit Corporation
Jefferson Snurfit Corporation
Johi o, Inc.
Koch Label Conpany, Inc.
Lanmotite, Inc.
Lux Packagi ng Ltd.
Manni ngton MIls, Inc
Mundet - Hernmetite I nc
Newco | nc
Orchard Decorative Products
Orchard Decorative Products
Package Service Conpany
Par ambunt Packagi ng Corporation
Par ambunt Packagi ng Corporation

Par ambunt Packagi ng Corporation

Qui ck Roll Leaf Manufacturing Conpany

Reynods Met al s Conpany
Reynol ds Metal s Conpany

Reynol ds Metal s Conpany

R verwood I nternational USA, |nc
R verwood I nternational USA, |nc

R verwood I nternational USA, |nc

Rosl yn Converters Inc
Scientific Ganes, |Inc
Scientific Ganes, Inc

Screen Art
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Santa O ara
St one Mbountain
Hazel wood
Darli ngton
Fort Smith
Lexi ngt on
Port | and
Kal amazoo
Chi cago
Jacksonvill e
Dayt on
Evansvill e
Cl evel and
Waco

Sal em
Buena Vi sta
Newt on

Bl yt hewood
St. Louis
Nor t hnoor
Chal f ont
Longvi ew

Mur f r eesbor o

M ddl et own

Ri chnond
Downi ngt own

Ri chnond
Bakersfield

Ci nci nnat

West Monroe

Col oni al Hei ghts
Al pharetta

G lroy

Ful t on

CA

5

X
TN

VA
PA

X

2z 2

Packagi ng/ Product Gravure Responses (concl uded).
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Screen Art

Shanr ock Corporation

Shanr ock Corporation
Smurfit Flexible Packagi ng
Smurfit Lam nations
Sonervill e Packagi ng

St one Cont ai ner Corporation
Technogr aphics Printworld
The C. W Zunbi el Conpany
Uni on Canp Cor poration

Uni on Canp Cor poration

Uni on Canp Cor poration
Vernon Pl astics Conpany

Vi tex Packaging, Inc

Wal dorf Corporation

Wal dorf Corporation

Wi co Packagi ng
P=Paper/ Car dboard only

F=Film Foil only
V=Vi nyl product

M=Paper / car dboard AND Foi | /film

Wem scel | aneous, NEC

Mbor est own
G eensboro
G eensboro

Schaunbur g

Elk Gove Village

Newport News
Louisville
Nort h Monroe
Ci nci nnat
Asheville
Engl ewood
Spart anbur g
Haver hi |
Suf f ol k

Chi cago
Sai nt Paul

Chi cago

L
L
VA

€ 5 2 6

SC

VA
L

L

£ U ™ £ < T T L U £ T T ZI Z U T
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Tabl e 2-3.

Rot ogravure Facilities Printing on Paper and Cardboard.

Conpany Nane

Al ford Packagi ng

Al lied Stanp Corporation
Anerican Geetings

Avery Denni son

Chi yoda Anerica Inc

Cleo, Inc

Decorative Specialties Int'l, Inc.

Dopaco, Inc.

Dopaco, Inc.

Dopaco, Inc.

Federal Paper Board Co., Inc
Federal Paper Board Co., Inc
Graphi ¢ Packagi ng Cor poration
Graphi ¢ Packagi ng Cor poration
Gravure Carton & Labe

Gravure Packagi ng, Inc
Hal | mark Cards

Hal | mark Cards

I nternational Label Conpany

State

VD
K

PA
TN
R

PA

5 6 8

PA
TN
VA

KS
TN

Pr oduct

Paper boar d

Soft drink |labels, trading stanps
Gft wap

Paper packagi ng

Paper packagi ng

G ft wappi ng paper

Paper coating / printing for book covering/fancy

packagi ng

Paper board packing (cartons and cups)
Paper board packagi ng (cartons and cups)
Paper board packagi ng (cartons and cups)
Paper packagi ng

Consuner packagi ng/ cartons

Paper board packagi ng, folding cartons
Paper packagi ng

Paper

Paper board packagi ng

Paper products (98%; Vinyl products (2%
Paper products

Paper packagi ng



Int'l Playing Card & Label Co
JSC/ CCA

JSC/ CCA

JSC/ CCA

JSC/ CCA

JSC/ CCA

Janmes River Paper Conpany
Janmes River Paper Conpany
Janmes River Paper Conpany
Janmes River Paper Corporation
Jefferson Snurfit Corporation
Lux Packagi ng Ltd.

Miundet -Hernetite | nc

R verwood I nternational USA, |nc
R verwood I nternational USA, |nc

R verwood I nternational USA, |nc

Rosl yn Converters Inc

Shanr ock Corporation

TN
L

2

AR
KY

L
X

2 9

VA

Paper packagi ng
Paper board packagi ng
Paper board packagi ng

Paper packagi ng

Paper board packagi ng (fol ding cartons)

Paper packagi ng

Sanitary paper food containers,
Paper

Si de paper for 3 oz. paper cups.
Paper board packagi ng

Fol di ng cartons

Paper packagi ng

Ti ppi ng paper for cigarettes
Paper board packagi ng

Paper board packagi ng

Paper board packagi ng

Ti ppi ng paper for cigarettes

Cigarette tipping paper
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Tabl e 2-3. Rotogravure Facilities Printing on Paper and Cardboard (concl uded).

Conpany Nane State Pr oduct

Sonmervill e Packagi ng VA Paper board box

St one Cont ai ner Corporation KY Paper packagi ng products - small bags

The C. W Zunbi el Conpany H Paper fol ding cartons

Uni on Canp Cor poration NJ Paper board packagi ng (sheet fed gravure--not webs)
Uni on Canp Cor poration SC mul tiwal | paper bags

Wal dorf Corporation IL Paper board packagi ng

Wal dorf Corporation WN Paper board packagi ng

Table 2-4. Rotogravure Facilities Printing Exclusively on Foil and Film

Conpany Nane State Pr oduct

Al can Foil Products KY Foi | packagi ng

Anerican Fuji Seal, Inc. CA Heat shrinkable film

Anerican Fuji Seal, Inc. NJ Heat shrinkable film

Decorati ng Resources NJ Film- heat transfer |abels

Fres-Co System USA, Inc. PA Fi | m packagi ng

GenCorp Inc. PA Graphic arts/decorative filns (facings for gypsum

net al , wood)

Par ambunt Packagi ng Corporation PA Fi | m packagi ng



Par ambunt Packagi ng Corporation
Par ambunt Packagi ng Corporation
Qui ck Roll Leaf Manufacturing Co
Reynol ds Metal s Conpany

Screen Art

X
TN

VA

Fi | m packagi ng
Fi | m packagi ng
Rol | leaf stamping film
Foi | packagi ng

Fi | m packagi ng
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Tabl e 2-5.

Rot ogravure Facilities Printing Vinyl Products.

Conpany Nane

Avery Denni son

Butler Printing & Lam nating, |Inc.

Col unbus Coat ed Fabrics

Congol eum Cor por ati on
Congol eum Cor por ati on
Const ant Services, Inc.
Decor Gravure Corporation

Decorative Specialties Int'l, Inc.

GenCorp I nc.

GenCorp Pol ynmer Products
Manni ngton MI1ls, Inc.
Newco | nc.

Vernon Pl astics Conpany

State

&

2

$ rEE&ZF

pd
I

* €&5

Pr oduct

Pol yester and vinyl filns
Vi nyl wal |l covering and pool |iner

Vi nyl / paper wal |l covering, Industrial
filmns

Vi nyl floor covering
Vinyl floor covering
vi nyl

Vinyl wall covering

Vi nyl coated saturated or unsaturated
paper

Vi nyl wal | covering, upholstery, vinyl to
wood/ net al | am nates

Vi nyl wal |l covering, comrercial vinyls

Vi nyl flooring

Vi nyl wal | covering

Decorated vinyl film products




Table 2-6. Rotogravure Facilities Printing on Paper or Cardboard and Foil or Film

Conpany Nane State Pr oduct

Anmgr aph Packagi ng, | nc. CT Fl exi bl e packagi ng

Al usui sse Fl exi bl e Packagi ng, Inc. KY Paper, filmand foil packaging

Avery Denni son SC Paper postage stanps, paper and filml abel products

CPS Corporation TN Paper and foil giftwap

Cel l o-Foi |l Products, Inc. M Fl exi bl e packagi ng

DRG Medi cal Packagi ng Paper & Fi |l m Packagi ng

Decorative Specialties Int'l, Inc. PA Paper and paper/foil |am nated paper

Eski mo Pi e Corporation NJ Paper/foil |am nations

Fl emi ng Packagi ng Cor poration IL Paper & foil packaging itenms (labels, lids, bands)

Graphi ¢ Packagi ng Cor poration H Paper, filmand foil packaging

Har gro Fl exi bl e Packagi ng IN Paper/ pol yet hyl ene packagi ng; paper/foil packaging; film
packagi ng

Har gr o Packagi ng NJ Paper packagi ng, film packagi ng

J. W Fergusson and Sons, Inc. VA Paper, film foil, packaging

Janmes River Corporation MO Paper packagi ng, film packagi ng

Janmes River Paper Conpany R Paper, film packagi ng

Johi o, Inc. H Paper packagi ng, film packagi ng, foil packagi ng

Koch Label Conpany, Inc. IN Paper, foil, nmetallized paper, filmlabels

Orchard Decorative Products SC Decorative papers and paper foils

Orchard Decorative Products MO Paper for wall paneling, furniture, RTA furniture, HP
[ ami nates, film



Package Service Conpany
Reynol ds Metal s Conpany
Reynol ds Metal s Conpany

Screen Art

Shanr ock Corporation
Smurfit Flexible Packagi ng

Smurfit Lam nations

Uni on Canp Cor poration
Vi tex Packagi ng, |nc.

Wi co Packagi ng

PA
VA

L
L

VA
L

Foil, paper |abels
Fl exi bl e packaging with foil, film paper, and | am nates
Film paper, board, alum num foi

Paper packagi ng, film packagi ng, foil packagi ng, paper
gift wap

Paper and foil packaging (giftwap)
Foil, paper, poly, PVC, PET, packaging

Lam nated filnms and foils, unlaminated paper and board
st ocks

Paper and foil packagi ng
Paper packagi ng, Fil m packagi ng

Paper, film and boxboard packagi ng
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Tabl e 2-7.

Rot ogravure Facilities Printing M scell aneous Products.

Conpany Nane

Avery Denni son Cor poration
Di nagr aphi cs

Dittler Brothers

Dittler Brothers

Jefferson Smurfit Corporation

Lanotite, Inc.
Scientific Ganes, |Inc.
Scientific Ganes, |Inc.

Technogr aphics Printworld

State

g 2 2 9

T

L

5 % 8 9

Pr oduct

Sel f adhesi ve postage stanps

Heat transfer |abels on wax-coated paper
Product Gravure - Commercial Ganes
Product Gravure - Lottery tickets

Heat transfer |abels on wax-coated paper,
paper packagi ng

Rei nforced | am nati ons
Scratch-off lottery tickets

Scratch-off lottery tickets

Decorative papers for heat transfer to cloth

and for | am nated surfaces




systens include aromatic, aliphatic and oxygenated hydrocarbon
sol vent inks, and water-based inks.

Due to the wide variety of ink types and colors that are
used in this segnent of the printing industry, ink is
typically received in drum (or smaller container sizes) and
tote bins. Only rarely is bulk ink received and stored in
tank farns.

About 60 percent of the coatings used are petrol eum based
waxes and hot nelts. About 35 percent of the coatings are
extrusion coatings, typically |low density pol yethyl ene (LDPE)
The remaining 5 percent are solution coatings, typically
applied to flexible packaging. The 25 percent of theextrusion
coatings that are not LDPE consist of polyvinyl chloride
(PVC), polyvinyl acetate (PVA), ethylene vinyl acetate (EVA)
copol yners, high density pol yethyl ene, and pol ypropyl ene. #

Fol ding Cartons. About half of the ink used for folding
cartons is nitrocellul ose based. The remainder is al cohol

sol vent and water based. On a weight basis, coatings and
| acquers are about equal to ink use.?
Fl exi bl e Packagi ng. Sol vent-based, nitrocellul ose resin

ink is the predom nant type. Coatings and |lacquers are only a
third of the ink use, by weight.?® Sone flexible packaging
printers have switched fromthe traditional toluene solvent to
non- HAP sol vents such as iso- and normal - propyl acetate.?® The
use of water-based inks in this industry segnment is grow ng.
At one conpany, all HAP except for glycol ethers have been
el i m nat ed. 2’

Label s and Wappers. Nitrocellul ose resin inks account

for about half the inks used in this industry segnment, with a
wi de variety of ink types accounting for the rest. Coatings
and | acquers anounted to about 1.5 tinmes the weight of ink
used. %8
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Vinyl Products. 1In response to the ICR vinyl product

manuf acturers reported use of nethyl ethyl ketone, and nethyl
i sobutyl ketone as the major HAP present in materials applied
Wi th rotogravure presses. Significant quantities of toluene
and xylene were al so used.
2.2.2.4 Basel ine Em ssions

HAP em ssions data are avail able for nost of the
facilities submtting data in response to the ICR In sone
cases, responses were received, however, the HAP em ssions
data were not usable. This resulted from m ssing or anbi guous
answers to questions relating to HAP usage and contr ol
efficiency. Specific data on control efficiency for HAP are
not avail able. Data have been anal yzed on the assunption that
overall HAP control efficiency is equivalent to reported
overall efficiency. These data are nost often based on tests
or vendor guarantees relating to VOC. |In many cases, HAP
makes up only a m nor proportion of the VOC used on-press.

Basel i ne em ssions cal culated fromthe responses to the
ICR are given in Table 2-8. Anal ogous information given
in Table 2-9 pertains to major sources as determ ned on the
basis of actual HAP em ssions. When potential-to-emt is
considered there are nore mgjor sources. An upper bound on
basel i ne em ssions can be estimated by assum ng that there are
400 product and packaging gravure facilities and that the
facilities providing usable data in response to the ICR are
representative of the total population. |In this case,
basel i ne em ssions from product and packagi ng gravure woul d be
approxi mately 32,000,000 Ib/yr. It is nore likely that
responses were obtained fromlarger facilities within the
i ndustry, and that baseline em ssions are nuch | ower.
2.2.3 Intaglio Plate Gravure

Intaglio plate gravure or engraving, uses a flat copper
plate on a sheetfed press. This process is used for currency,
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post age stanps, securities and stationery?. |t nmakes up a
smal | proportion of the gravure printing segment.
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Tabl e 2-8.

Rot ogr avur e Responses.

Basel i ne Em ssions from Product and Packagi ng

| ndustry Segnent

Nunmber of Usabl e

HAP Em ssi ons

Responses (I'blyr)
Paper/ Car dboard Only 40 2,004, 000
Foil/FilmOnly 10 597, 900
Paper/ Car dboard/ Foi | / Fi Il m 27 2,598, 000
Vi nyl Product 10 896, 500
M scel | aneous 9 1, 465, 000
Tot al 96 7,561, 000
Tabl e 2-9. Baseline Em ssions from Maj or Sources in the

Product and Packagi ng Rot ogravure Industries.

| ndustry Segnent

Nunmber of Usabl e

HAP Em ssi ons

Responses (I'b/yr)
Paper/ Car dboard Only 16 1,811, 000
Foil/FilmOnly 4 581, 100
Paper/ Car dboard/ Foi | / Fil m 9 1, 257, 000
Vi nyl Product 3 822, 500
M scel | aneous 4 1, 418, 000
Tot al 36 5, 890, 000
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2.3 FLEXOGRAPHY

Fl exographic printing is considered to be the application
of words, designs and pictures to a substrate by neans of a
printing technique in which the pattern to be applied is
rai sed above the printing plate and the inmage carrier is made
of rubber or other elastoneric materials.® |t has been
estimated that there are 1,587 plants in the U S. wth
f 1 exographi c presses.?* The mmjor applications of flexographic
printing are flexible and rigid packagi ng; tags and | abel s;
newspapers, nagazi nes, and directories; and paper towels,
tissues etc. Because of the ease of plate making and press
set up, flexographic printing is nore suited to
shortproduction runs than gravure. It is estimted that 85
percent of package printing is done by flexography. 3

Fl exographi c i nks nust be very fluid to print properly.
Fl exogr aphi ¢ i nks include both waterborne and sol vent based
systens. Sol vents used nust be conpatible with the rubber or
polynmeric plates; thus, aromatic solvents are not used. Sone
of the conponents of solvent based fl exographic ink include
ethyl, n-propyl and i-propyl alcohols; glycol ethers,
al i phati c hydrocarbons, acetates and esters. 3

Fl exographi c printing can be divided between publication
and packagi ng/ product printing. An alternate approach, and
t he one chosen for this project, is to divide between w de web
and narrow web equi pment with an 18 inch web wi dth being an
arbitrary cutoff between the two categories. Additional
di stinctions can be nmade on the basis of web vs. sheetfed
press equi pnment.
2.3.1. Wde Wb (and Sheetfed) Flexographic Printing

W de web fl exographic presses are used to print flexible

and rigid packagi ng; newspapers, magazi nes, and directories;
and paper towels, tissues etc; and printed vinyl shower
curtains and wal | paper. Corrugated cartons are one of the few
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substrates printed by sheetfed flexography.3* Substrates

i ncl ude pol yol efins, polystyrene, polyesters, glassine,
tissue, sulfite, kraft and other paper stocks, alum numfoil,
paper board, corrugated, folding cartons, gift waps, paper
cups and contai ners. 3

2.3.1.1 Process Description. Flexographic presses can be

divided into three main types depending on the relative
relationship of the print stations. Stack presses have

i ndi vidual print stations oriented vertically with the unw nd
and rewi nd sections on the same side of the print stations.
Stack presses are easily accessible for rapid changeovers

bet ween pressruns. Conmon inpression presses have the print

stations around the circunference of a single |arge inpression
cylinder. The web is constantly supported between print
stations, which is an advantage for printing on stretchable
materials. 1n-line presses have the print stations in a

hori zontal row (the geonetry is simlar to rotogravure
presses). These presses have an advantage when used with

addi tional converting (such as cutting, gluing and | am nating)
equi pnent . 3¢

2.3.1.2 Profile of Wde Wb Fl exographic Segnent. Mst w de
web flexographic printing facilities produce various types of

packagi ng. Fl exi bl e packagi ng producers often operate both

f | exographi c and rotogravure presses at the sane facilities;
the selection of equipnment for a particular job depends on
length of run, quality requirenents and substrate. The
printing conponent makes up a relatively mnor part of the
val ue of sone types of packaging. Facilities that produce
corrugat ed cartons and paper bags nmay not consider thensel ves
to be printers. Large paper conpani es often operate many
smal | facilities at |ocations around the country to serve

| ocal markets.
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Newspaper production nakes up a snall proportion of
fl exographic printing facilities. There are 35
fl exographically printed newspapers in the U S.% This nunber
is expected to grow as newspapers replace aging letterpress
equi pnent. Several | arge newspaper chains use flexographic
presses at multiple | ocations.

The EPA sent an information collection request (ICR) to
approxi mately 380 parent conpani es thought to operate
fl exographic printing equipnment. Approximtely 100 of these
facilities were found to operate only narrow web presses; no
informati on was collected fromnarrow web printers other than
their nanes, addresses and nunbers of enployees. Responses
pertaining to wi de web fl exographic printing operations at
approximately 500 facilities were received. In |lieu of
conpleting the ICR, nearly all conpanies chose to respond to a
sinplified question |Iist devel oped by EPA with the assistance
of the Flexible Packagi ng Association (FPA). A list of the
names and | ocations of facilities submtting information is
given in Table 2-10. These responses, wth the exception of
confidential business information, are included in the project
docket .
2.3.1.3 HAP Use and Em ssions. HAP emi ssions result from

conponents of ink (and other materials applied with

f | exographic plates, including varnishes, prinmers, and

adhesi ves) and solvents used to clean presses and equi pnment.
In the past, flexographic platenmaking systens commonly used
HAP; these systens are beconming rare as inproved HAP free

pl at emaki ng t echnol ogi es have becone available. Wthin the
converting industry, printed substrates are forned or
purchased then printed and converted to packagi ng such as bags
or boxes. In many cases, the printing operation is a
relatively small part of the processing which may include film
bl ow ng, | am nating, coating, adhesive application, and
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cutting. Sone or all of these processing operations are done
at flexographic press stations or in-line wwth the presses.
Converting operations done in conjunction with flexographic
printing may result in additional HAP em ssions.

Most fl exographic printing (including all flexographic
newspaper and corrugated carton printing) is done with
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Tabl e 2-10.
Nane

Abbott Box Co. Inc.

Acti on Packagi ng

Acorn Corrugated Box Co.

Advance Packagi ng Corporation

Advance Packagi ng Corp.

Akron Beacon Jour nal

Al | - Pak, Inc.

Al usui sse Fl exi bl e Packagi ng,

Al usui sse Fl exi bl e Packagi ng,

Al usui sse Fl exi bl e Packagi ng,

Anerican Greetings Corp

Anerican Greetings Corp.

Aneri can National Can/ Food Pl asti

Aneri can National Can/ Food Pl asti

Aneri can National Can/ Food Pl asti

Aneri can National Can/ Food Pl asti

Aneri can National Can/ Food Pl asti

Aneri can National Can/ Food Pl asti

Aneri can National Can/ Food Pl asti

I nc.

I nc.

I nc.

Cs

Cs

Cs

Cs

Cs

Cs

Cs
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W de- Wb Fl exographic Printing Responses.

Addr ess

58 Teed Drive, Randol ph, MA 02368

667 Atkins Avenue, Brooklyn, NY
11208

5133 W 65th Street, Bedford Park,
IL 60638

4450 36th Street, SE, P.O Box
888311, Grand Rapids, M

49588- 8311

2400 E. High St., P.O Box 730,
Jackson, M 49203

44 East Exchange St., Akron, OH
44309

5383 Truman Drive, Decatur, GA

30035

1403 Fourth Ave., New Hyde Park, NY
11040

5303 St. Charles Road, Bellwood, IL
60104

6700 Mdl and I ndustrial Drive,

Shel byvill e, KY 40065

P. O. Box 1570, Corbin, KY

40702- 5851

Hw. 11 E ByPass, Afton, TN 37616
1300 S. River St., Batavia, IL
60510

1500 E. Aurora Ave., Des Mines, A
50313

271 River St., Menasha, W 54952

150 26th Ave.
55414

SE, M nneapolis, M

201 W Madison St.,
OH 43050

Mount Ver non,

1815 Mar at hon Ave., Neenah, W 54956

6590 Central
94560

Ave., Newark, NJ



Aneri can Nati onal

Aneri can Packagi ng Cor p.

Aneri can Packagi ng Cor p.

Aneri can Packagi ng Cor p.

Aneri can Packagi ng Cor p.

Anko Pl astics, Inc.

Anagram I nternational, Inc.

Arcata G aphi cs\ Ki ngsport

Arcon Coating MIls, Inc.

Arkansas Poly, Inc.

Atlanta Film Converting Co, Inc.

Can/ Food Pl astics
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3600 Al abama Ave., St. Louis Park,

MN 55416

2900 Grant Ave., Phil adel phia, PA
19114

125 W Broad St., Story CGty, IA
50248

200 Continental Dr., Colunbus, W
53925

777 Driving Park Ave., Rochester,

NY 14613

12025 Trilon Road, Cincinnati, OH
45246

7700 Anagram Drive,
MN 55344

Eden Prairie,

Press and Roll er
TN 37662

P.O Box 711,
Streets, Kingsport,

3067 New Street,
11572

Cceansi de, NY

1248 So.
72956

28th Street,

1132 Pryor Rd., P.QO Box 6756,
Atlanta, GA 30315

Van Buren, AR



Tabl e 2-10. Wde-Wb Fl exographic Printing Responses
(conti nued).

Aut omat ed Packagi ng Systens, |nc.

Aut omat ed Label Systens Co.

Avery-Denni son, K & M Division

Aver y- Denni son

Bagcraft Corporation of America

Bancroft Bag, |nc

Banner Packagi ng, |nc.

Bel | Packagi ng Corp

Bi ngo Paper Inc.

Bomar ko, | nc

Bonar Packagi ng, Inc.

Bryce Corporation

BRC, A Division of Bryce Corporation

Bryce Corporation

Johnson Bryce Corp

Bryce Dixico

Tennessee Packagi ng

Koch Cont ai ner

Al'l -Si ze Corrugated Prods.
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13555 McCracken Road, Garfield
Hei ghts, OH 44125

8400 Darrow Road, tw nsburg, OH
44087

4100 Hwy 45 North, Meridian, M
39305

4350 Avery Drive, P.O Box 547,
Fl owery Branch, GA 30542

3900 West 43rd St., Chicago, IL
60632

425 Bancroft Blvd, West Mnroe, LA
71291

3550 Moser Street, Gshkosh, W
54901

3102 S. Boots St., Marion, IN
46953

801 River Drive So., Geat Falls,
MI' 59405

1955 North Gak Road, P. O Box K
Pl ymout h, I N 46563

2410 N. Lyndon, Tyler, TX 75702

450 S. Benton St., Searcy, AR
72143

75 | sabelle Street, Buffalo, NY
14207- 0007

4505 A d Lamar and 3861 Del p
Street, Menphis, Tennessee 38118

4224 Prem er Street, Menphis, TN
38118

1300 South Polk St., Dallas,
X
75224

Hw 11 Longneadow Rd, Sweetwater
TN 37874

777 A d Dutch Road 14564

P. O Box 4544, Lancaster, PA
17604



Buckeye Cont ai ner
Buckeye Packagi ng
Bur r ows

Paper Corporation

Burrows Paper Corporation

Cadi |l | ac Products, Inc.
Cadil | ac Products, Inc.
Cadi |l | ac Products, Inc.

Cell o-Wap Printing Conpany, Inc.
Central States Diversified, Inc.
Chanpi on I nternational Corp.
Chanpi on I nternational Corp.
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P.O Box 16, 326 N. Hillcrest
Drive, Wostor, OH 44691

12223 Marl boro Avenue, Alliance, OH
44601

101 Commerce Drive, M. Vernon, OH

43050

1722 53rd Street, Fort Madison, |A
52627

840 Wodrow St., S.W, Atlanta, GA
30310- 3431

2005 S. Main St., Paris, IL

61944- 2950

7000 East 15 Mle Rd, Sterling
Heights, M 48311-8012

110 N. Main, P.O. Box 32,
Farnersville, TX 75442

5221 Natural Bridge, St. Louis, MO
63115

155 East Hanover Ave,
NJ 07960

Morri st own,

1500 South 14th Street,
52732

Clinton, IA



Tabl e 2-10.

W de- Wb Fl exographic Printing Responses

(conti nued).

Chanpi on I nternational Corp.

Chanpi on I nternational Corp.
Chanpi on I nternational Corp.
Char | est on Packagi ng Conpany,
Cl ark Container, Inc.
C eo, Inc.
Compak, Inc.
Webcor Packagi ng Corp.
Crystal Tissue

Castl e Rock Contai ner Conpany

C. P. C Packaging, Inc.

Cryovac Divi sion

Cryovac Divi sion

Cryovac Divi sion

Bem s Conpany, Inc.
Bem s Conpany, Inc.
Bem s Conpany, Inc.
Bem s Conpany, Inc.
Bem s Conpany, Inc.
Bem s Conpany, Inc.

I nc.
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7920 Mapl eway Drive, O nsted Falls,

OH 44138

1901 W ndsor
76110

Pl ace, Fort Worth, TX

600 Dairy Pak Road, Athens, GA
30607

4229 Dom no Ave,
SC 29405- 7486

Nort h Charl est on,

P. O Box 160, Bates Crossing

I ndustrial Park, Lyles, TN 37098
3963 Vernal Pike, Bloom ngton, IN
47402

8789 E. Lansing Road, Durand, M
48429

1220 N. Center
48509

Road, Burton, M

1118 Progress Wy,
41056

Maysvill e, KY

P. 0. Box 530 -
W 53910

Grove Street, Adans,

214 Brace Ave., Eluria, OH 44035

1301 West Magnolia Avenue, |owa
Park, TX 76367
1125 W/ son Avenue, S.W, Cedar

Rapi ds, | A 52406

P.O Box 338 (803 N. Maple St.),

Si mpsonville, SC 29681

1401 West 3rd Avenue, Crossett, AR
71635

1975 Latham St., Menphis, TN 38106

2705 University Ave., M nneapolis,

MN 55418

3514 South 25th St., Omha, NE
68105

Sloan St., Peoria, IL 61603
Chapel Pl ace, Pepperell, MA 01463



Bem

Bem

Bem

Bem

Bem

Bem

Bem

Bem

Bem
Bem

Bem

Cel | o-Foil Products, Inc.

Conpany, |nc.

Conpany, |nc.

Conpany, |nc.

Conpany I nc.

Conpany, |nc.

Conpany, |nc.

Specialty Filnms

Cur wood

Cur wood
M | print
M | print
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55 South Atlantic St., Seattle, WA
98124

1401 West 4th Plain Blvd,
Vancouver, WA 98660

1000 East 13th St., Wchita, KS
67214

1350 North Fruitridge Ave., Terre
Haute, IN 47808

Rt. 12 West, P.O Box 475
Fl em ngton, NJ 08822

Jaycee Drive, Hazleton, PA 18201

2450 Badger Avenue, Oshkosh, W
54904

19th and Wall Sts., Mirphysboro,
IL 62966

718 High St., New London, W 54961
590 Wodrow St., Denmark, W 54902

1309 HW 61 North, Lancaster, W
53813

155 Brook Street, Battle Creek, M
49017



Tabl e 2-10.

W de- Wb Fl exographic Printing Responses

(conti nued).

Custom Poly Bag, Inc.

Dart Contai ner Corporation

Deco Paper Products, |nc.
Desi gn Containers, Inc.
Di xi co, Inc.

Dynam ¢ Packagi ng, |nc.

Ei senhart Wl | coverings Co.
Eski mo Pi e Corporation

Equi table Bag Co., Inc

Excel si or Transparent Bag M-G Cor p.
Fabricon Products

Fabricon Products

Spec- Fab

Fl eet wood Cont ai ner & Di spl ay

fp Webkote, Inc.
Spi ral kote, Inc.
FI ex- Pak,

I nc.

Fl exo Transparent, Inc.

Focus Packagi ng, |nc.
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9465 Edi son Street,
OH 44601

NE, Alliance,

60 E. Main Street,
17540

Leol a, PA

1028 South Eighth Street,
Louisville, KY 40203

2913 West Side Blvd., Jacksonville,

FL 32209

276 S. Parkway West, Menphis, TN
38109

7875 School Road, Cincinnati, OH
45249

400 Pine Street, P.O Box 464,
Hanover, PA 17331

118 J.F. Kennedy Dr. North,
Bl oonfield, NJ 07003

7600 Enpire Drive, Florence, KY
41042

159 Al exander Street, Yonkers, NY
10701

1721 W Pl easant, River Rouge, M
48218

4101 North Anmerican Street,

Phi | adel phia, PA 19140

1818 Rowl and Street, Riverton, NJ
08077

2721 E. 45th Street, Vernon, CA
90058

1016 S. W Adans St., Peoria, IL
61602- 1694

1200 Central Florida Parkway,

Ol ando, FL 32809

555 Branch Drive, Al pharetta, GA
30201
NY 14210

28 Wasson St, Buffal o,

5207 Ri chl and Ave., KS

66106

Kansas City,



Fort Wayne Newspapers

Frank C. Meyer Conpany,

Gat eway Packagi ng

Gentry Poly Specialties,

Ceorgi a- Paci fic Corp.

Ceorgi a- Paci fic Corp.

Ceorgi a-Pacific

CGeorgi a-Pacific Corp

CGeorgi a-Pacific Corp

Ceorgi a-Pacific

I nc.

I nc.
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600 W Main St., Fort Wayne, IN
46801

585 S. Union Street, Lawence, MA
01843

P.O Box 29, Ganite Cty, IL
62040

P.O Box 6838, Route 2, Gentry, AR
72734

1500 Orchard Hi Il Drive, LaG ange,
GA 30240

327 Margaret Street, Plattsburgh,
NY 12901

P. O Box 3333, Crossett, AR 71635

17 Forester Ave, Warw ck, NY
10990

P. O Box 919, Pal atka, FL
32178- 0919

RR6 Box 8, Riverside Lane,
Brattl eboro, VT



Tabl e 2-10.

Ceorgi a-Pacific

GP

GP

Al bany Pl ant

Asheboro Pl ant

August a Pl ant

Br adf ord Pl ant

Buena Par k Pl ant

Canton Pl ant

Chi cago Pl ant

Ci ncinnati Pl ant

Circleville Pl ant

Cl evel and Pl ant

Cl evel and Pl ant

Doraville Pl ant

Dubuque PI ant

Franklin Pl ant

Huntsvill e Pl ant

Kansas City Pl ant

Lake Placid Pl ant

Mader a Cont ai ner

W de- Wb Fl exographic Printing Responses
(conti nued).

300 W Laurel Street, Bellingham
WA 98225

405 Maxwel | Drive, Al bany, GA
31701

200 McDowel | Road, Asheboro, NC
27203

Perki ns & New Savannah Rd, Augusta,
GA 30913

One Onen's WAy, Bradford, PA
16701

6300 Regi o Avenue, Buena Park, CA
90620

2820 Wnfield Way, Canton, OH
44705

440 East 138th Street, Chicago, IL
60627

220 West North Bend Road,
Cincinnati, OH 45216

2850 Onens Road, Circleville, OH
43113

4660 Brook Park Road, C evel and, OH
44142

4200 A d Tasso Road, O eveland, TN
37311

4600 NE Expressway, Doraville, GA
30340

2150 Kerper Boul evard, Dubuque, 1A
52004

210 Grove Street, Franklin, MA
02038

3420 St anwood Boul evard,
Huntsville, AL 35811

8600 Nort heast 38th Street, Kansas
Cty, MO 64161

400 S.R 70 West, Lake Placid, FL
33852

24600 Avenue 13, Madera, CA 93637



Martinsville Pl ant

Menphi s Pl ant

M1l an Pl ant

Modest o Pl ant

Monticell o Pl ant

M. dive Plant

M. WIf Plant

A ynpi a Pl ant

ol t ewah Pl ant

Gshkosh Pl ant

2-42

US 200 and Route 970, Martinsville,
VA 24112

611 W nchester Road, Menphis, TN
38116

951 County Street, Mlan, M
48160

2400 Lapham Drive, Mdesto, CA
95354

823 North Cedar Street, Monticell o,
A 52310

dd RR. 66 and 8th Street, M.
dive, IL 62029

25 Wal nut Street, M. WIf, PA
17347

1203 Fones Road, O ynpia, WA
98501

5201 ol t ewah- Ri ngwol d Road,
Ool t ewah, TN 37363

413 East Murdock Avenue, Oshkosh,
W 54902



Tabl e 2-10.

W de- Wb Fl exographic Printing Responses

(conti nued).

Omsso Pl ant
Schenect ady Pl ant
Sheboygan Pl ant
G P So. San Francisco Pl ant
Spart anburg Pl ant

Val dost a Pl ant

G P Warren County Pl ant

G P West Monroe Pl ant

G P Waxahachi e Pl ant

G | man Converted Products

d enroy, Inc.

Graphi ¢ Packagi ng Cor poration
Graphi ¢ Packagi ng Cor p.
Geif Bros. Corp

Qul f Coast Plastics Div. Dairy-Mx,

Qul f States Paper Corp.
H S. Crocker Co., Inc.

Hal | mar k Cards

Hal | mar k Cards

I nc.

465 S. Del aney Road, Omosso, M
48867

Bui | di ng 801 Corporations Park,
Schenect ady, NY 12302

1927 Erie Avenue,
53082

Sheboygan, W

249 East Grand Avenue, So. San

Franci sco, CA 94080

3100 Sout hport Road, Spartanburg,
SC 29304

H ghway 31 South, Cyattville, GA
31601

U S. H ghway 1, Manson, NC 27553
400 Central Street, West Mnroe, LA
71292

5800 Hwy 35 East, Waxahachie, TX
75165

3201 McRae H ghway, Eastnman, GA
21023

WL58 N9332 Nor- X-Way Ave., P.QO Box

534, Menononee Falls, W
53052- 0534

708 South Avenue, H
45005

Fr ankl i n,
Mat hews and Cedar Hol | ow Road, P. Q.
Box 500, Paoli, PA 19301

2750 - 145th Street West,
Rosemount, MN 55068-4998

9314 Princess Pal m Ave., Tanpa, FL
33619
244 Warner Road, Maplesville, AL
36750
12100 Snmith Drive, Huntley, IL
60142
Sel ect Drive, Leavenworth, Kansas
Ei senhower Road, Leavenworth,
Kansas
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Har go Fl exi bl e Packagi ng Corp

Har go Fl exi bl e Packagi ng Corp

Har gro Fl exi bl e Packagi ng

Hargro Heal th Care Packagi ng

Home Pl astics, |nc.

Hunt sman Packagi ng Products,

Carolina Printing & Converting Interflex

I nternational Paper
I nternational Paper
I nternational Paper
I nternational Paper
I nternational Paper
I nternational Paper

County Line Road, Boyertown, PA
19512

1501 North Seventh Street,
Harrisburg, PA 17102

U.S 31 North, P.O Box 188

Edi nburgh, IN 46124

3500 N. Kinball Avenue, Chicago,
60618- 5508

5250 NE 17th St, DesMines, |A
50313

8039 S. 192nd Street, Kent,
Washi ngton 98032-2162

Rt. 4 Box 4 Hi ghway
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268 West,
W kesboro, NC 28697
310 Airport Drive,
04769

Presque Isle,

Aubur ndal e
Car son

Chi cago

Ci nci nnat

Dal | as



Tabl e 2-10.

I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati
I nternati

I nternati

ona
ona
ona
ona
ona
ona
onal
onal
onal
onal
onal
onal
onal
onal
onal
onal
onal
onal
onal
onal
onal
onal
onal
onal
onal
onal
onal
onal

ona

Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper
Paper - Bag Pack
Paper - Bag Pack
Paper - Bag Pack
Paper - Bag Pack

Paper - Bag Pack

Paper - f ol di ng Cartons

Paper - -Label Div

Paper - Specialty Div.

Paper - Specialty Div.

W de- Wb Fl exographic Printing
(conti nued).

Detroit

Edi nbur g

El Paso
Fond du Lac
Geneva

Ceor get own
M nneapol i s
Mbbi | e
Modest o

M. Carne
Nashvil |l e
Put nam
Russel lvile
San Jose
Shr eveport
Spring Hil
Statesville
St ockt on
Tal | man
Whost er
Canden
Jackson
Mbbi | e
Pittsburg

W | m ngt on
Hopki nsville
Peori a
Menasha

Lancast er

Responses



I nternational Paper-Specialty Div.

I nternational Paper-Specialty Div.

I nterstate Packagi ng Corp.

Janmes River Paper Conpany

Janmes River Paper Co

Janmes River Paper Co., Inc

Janmes River Paper Co

Janmes River Paper Co., Inc.

Janmes River Corp. Location 571

Janmes River Paper Co

Kaukauna
Knoxvi l |l e

P. 0. Box 271, Col denham Road,
VWal den, NY 12586

Canas MIIl; 4th and Adans; Canas,
WA 98607

P.O Box 500, 126 A Avenue,
Darlington, SC 29532

Janmes River Corporation, 605
Kuebl er Rd., Easton, PA 18042

4411 Mdland Blvd., Fort Smth, AR
72904

1505 West Main Street, G eensburg,
IN 47240

310 MmcDonnell Blvd., Hazel wood, MO
63042

451 Har bi son Rd., Lexington, KY
40511

Janes River Corporation, Creative Expressions

Janmes River Corp

Janmes River Corp

Janmes River Corp

Janmes River Paper Co., Inc.
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3500 North Arlington Ave.,
I ndi anapolis, IN 46218

Canal Plant, 258 River Street,
Menasha, W 54952

R ver Road and G ant ham Lane, New
Castle, DE 19720

400 | sl and Avenue, Parchnent, M
49004

North Portland Plant, 3400 N.
Marine Drive, Portland, OR 97217



Tabl e 2-10. Wde-Wb Fl exographic Printing Responses
(conti nued).

Janmes River 2424 SE Hol gate, Portland, OR
97202

Janmes River - Specialty Tabletop 18554 S. Susana Road, Rancho
Dom nguez, CA

Janmes River Corp. 2101 WIllians Street, San Leandro,
CA 94577

Janmes River Paper Co. 210 Kansas City Ave., Shreveport,
LA 71107

Janmes River Corp - Wausau Pl ant 200 West Bridge Street, P.O Box
1047, \Wausau, W 54402- 1047

Smurfit Flexible Packagi ng 1228 E Tower Road, Schaunmburg, IL
60173- 4386

Jefferson Snurfit Corp 170 Lisle Road, Lexington, KY
40511

Jefferson Snurfit/Container Corp. of Anerica
601 Monster Road, SW Renton,

WA 98055

Smurfit Flexible Packagi ng 7074 W Parkland ¢, MIwaukee, W
53188

Jefferson Snurfit Corp 301 S Butterfield Road, Muncie, IN
47303

Jefferson Snurfit Corp 12005 N. Burgard Road, Portland, OR
97203

JSC/ CCA 99 Harris Street, Fulton, NY
13069

JSC/ CCA 8440 Tewantin, Houston, TX 77061

Jefferson Snurfit Corp./Contai ner Corp. of America
Shawnee & Ri dge Road,
Muskogee, OK 74401

Jefferson Snurfit Corp Si xth and Zschokke, Highland, IL
62249

Jefferson Snurfit Corp 122 Quentin Ave., New Brunswi ck, NJ
08901

Jefferson Snurfit Corp./Contai ner Corp. of America
577 Goddard Ave.
Chesterfield, MO 63005

Jefferson Snurfit/Container Corporation of America
265 W Trigg Avenue,
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Jef fer son

Jef ferson

Jef ferson

Jef fer son

Jef ferson

Jef ferson

Jef fer son

JSC/ CCA

Jef ferson

Jef ferson

Jef ferson

Jef ferson

Smurfit

Smurfit

Smurfit

Smurfit

Smurfit

Smurfit

Smurfit

Smurfit

Smurfit

Smurfic

Smurfit

Cor por ati on

Cor por ati on

Cor p.

Cor p.

Cor p.

Corp

Cor por ati on

Corp

Cor por ati on
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Menphis, TN 38106

3505 Tree Court Industrial Blvd.,
St. Louis, MO 63122

201 S. Hillview Drive - Ml pitas,
CA 95035

4600 Newl on Rd., Ft. Smith, AR
72914

6701 South Freeway, Fort Worth, TX
76134

3 N. Shernman Street, Anderson, IN
46016

111 Fol mar Par kway, Montgonery, AL
36105

75 Cascade Blvd, MIford, CT
06460

100 McDonal d Boul evard, Aston, PA
19014

41 Canpi on Road, New Hartford, NY
13413

12200 Westport Rd., Louisville, KY

40245
8209 CR 131, WIldwood, FL 34785

365 Audubon Road, Wakefield, MA
01880



Tabl e 2-10.

Jef f er son

Jef ferson

Jef ferson

Cont ai ner

Jef ferson

Jef ferson

Jef ferson

JSC/ CCA

Cont ai ner

JSC/ CCA

Jef fer son

Jef ferson

Jef ferson

Jef ferson

Jef ferson

Jef ferson

Jef ferson

Jef ferson

Jef ferson

W de- Wb Fl exographic Printing Responses
(conti nued).

Smurfit Corp 4512 Anderson Road, Knoxville, TN

37918
Smurfit Corp 2200 I ndustrial Dr.,
Jonesboro, AR72402

P. O Box 2277,

Smurfit/ Contai ner Corp. of Anmerica
2601 S. Malt Ave., Los Angel es,
CA 90040

Cor poration of Anerica 6541 Eastern Avenue, Baltinore, M
21224

Smur fit/ Container Corporation of Anerica
185 N. Snmith Street,
Corona, CA 91720

Smurfit Corp 301 E 144th Street, Dolton, IL
60419

Smurfit Corp. 2743 South Pierce Street, Dallas,
TX 60419
2525 S. Sunl and Avenue, Fresno, CA
93725

Cor poration of Anerica 9960 Alliance Road, Ci ncinnati, OH
45242
975 North Freedom Ravenna, OH

Smurfit Corporation 1201 East Lincol nway, LaPorte, IN
46350

Srur fit N Pt. Blvd., Wnston Salem NC

Smurfit Corportion 1720 Ninth Avenue, Hunbol dt, TN
38343

Smurfit Corp 1601 Tri View Avenue, Sioux City,
A 51103

Smurfit Corp Pearl and Central, Lancaster, NY
14086

Smurfit Corporation 775 Sout h Li nnood Road, P.O. Box
1268, CGal esburg, IL 61402-1268

Smurfit Corporation JSC Preprint, 9960 Alliance Road,
C ncinnati, OH 45242

Smurfit Corp 1125 Hal ey Road, Murfreesboro, TN
37133- 0638

Smurfit Corp 460 N Bel crest, Springfield, MO

65808
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Jefferson Snurfit Corp./CCA

Packaging Unlimted,

Jefferson Snurfit Corporation

I nc.

John H. Harl and Conpany

Kookaburra USA LTD

Kl eartone, |Inc.

Lin Pac, Inc.

Li n Pac

Longhorn Packagi ng,

Macon Tel egraph

Maf cote I ndustries

I nc.
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662 Washburn Switch Rd., Shel by, NC
28150

P. O Box 5102, Pta de Tierra
Station, San Juan, Puerto Rico
00906

2101 Rossville Ave, Chattanooga, TN
37408

293 MIler Rd, Decatur, GA 30035

1 Commerce Drive S, Harriman, NY
10926

695 Sumrer Avenue, Westbury, NY
11590

4200 Canbridge Road, Fort Worth, TX
76155

5725 Commerce, Morristown, TN
37814

110 Pierce Ave., San Antonio, TX
78208

120 Broadway, Macon. GA 31213

4525 N. Euclid Ave., St. Louis, MO
63115



Tabl e 2-10. Wde-Wb Fl exographic Printing Responses
(conti nued).

Maf cot e/ SWACO 101 Ascher Street., Quitman, M
38355

Mai | - Wl | Envel ope 4500 Ti edeman Road, d evel and, OH
44144

Mai ne Poly, Inc. P.O Box 8, Route 202, Greene, M

Mal nove, Inc. 4115 University Blvd. Court West,
Jacksonville, FL 32217

Mar gl o Packagi ng Corp. 1522 A d Country Road, Plainview,
NY 11803

Massi | | on Cont ai ner 49 Ohio Street, Navarre, OH 44662

McCl at chy Newspapers, Inc., dba The Mddesto Bee
1325 "H' Street, Mddesto, CA
95354

McCl at chy Newspapers, Inc. dba The Fresno Bee
1626 E Street, Fresno, CA

93786

Mead Packagi ng 1105 Herndon Street, NW Atlanta,
GA 30318

Menasha Cor porati on Menasha Packagi ng - Neenah Pl ant,
1645 Bergstrom Rd., Neenah, W
54957

M am Heral d Publishing Co. One Herald Plaza, Mam, FL 33032

M d- West Poly Pak, Inc. P. O Box 35, 89 Marion Street,
Doyl estown, OH 44230

M | waukee Cont ai ner 2800 W Custer Avenue, M | waukee,
W 53209

M T.P. Industries, Inc. (Mason Transparent PkQ)
1180 Conmerce Avenue, Bronx,

NY 10462

Neenah Printing - Wde Wb Fl exo Pl ant 1257 G | 1ingham Road, Neenah, W
54957- 0425

M dwest Film Corp 4848 Sout h Hoyne Avenue, Chi cago,
IL 60609

Mohawk Northern Plastics, Inc. 701 "A" Street NW/ Box 583,
Auburn, WA 98002

Moor e, Business Forns and Systens 2275 Commerce Drive, Frenont, OH
43420
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NCR Cor p. 2901 45W Bypass, Hunbol dt, TN

38343

NCR - B.F.D. 1201 North Main Street, Viroqua, W
54665

Ni chol s Paper Products Co., Inc. 38 Depot Street, N chols, W
54152

Ownens-I1linois, Inc. Operator-1051 Bloonfield Rd.,
Bar dst own, KY 40004

Package Printing Co., Inc. 33 Myron Street, West Springfield,
MA 01089

Package Products Fl exibl e Corporation 2203 Hawkins St., Charlotte NC
28203

Packagi ng Corp of Anmerica Akron, OH

Packagi ng Corp of Anerica Arlington, TX

Packagi ng Corp of Anmerica Ashl and, OH

Packagi ng Corp of Anerica Atlanta, GA

Packagi ng Corp of Anerica Buf fal o, NY

Packagi ng Corp of Anerica Burlington, W

Packagi ng Corp of Anerica Col by, W

Packagi ng Corp of Anerica Denver, CO

Packagi ng Corp of Anerica Garl and, TX

Packagi ng Corp of Anerica Gas City, IN

Packagi ng Corp of Anerica CGol dsboro, NC

Packagi ng Corp of Anerica Grafton, W
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(conti nued).

Packagi ng Corp of Anerica Grandville, M
Packagi ng Corp of Anerica Hanover, PA
Packagi ng Corp of Anmerica Harri sonburg, VA
Packagi ng Corp of Anmerica Hi gh Point, NC
Packagi ng Corp of Anmerica Honea Path, SC
Packagi ng Corp of Anmerica Jackson, TN
Packagi ng Corp of Anmerica Jacksonville
Packagi ng Corp of Anmerica Knoxville, TN
Packagi ng Corp of Anmerica Lancaster, PA
Packagi ng Corp of Anmerica Los Angel es, CA
Packagi ng Corp of Anerica Mar shal | town, | A
Packagi ng Corp of Anmerica Mam , FL
Packagi ng Corp of Anerica M ddl et own, OH
Packagi ng Corp of Anerica M | waukee, W
Packagi ng Corp of Anmerica M nneapolis, M
Packagi ng Corp of Anmerica Mor gant on, NC
Packagi ng Corp of Anmerica Newar k, OH
Packagi ng Corp of Anmerica Newberry, SC
Packagi ng Corp of Anmerica Nor t hhanpt on, MA
Packagi ng Corp of Anmerica Omha, NE
Packagi ng Corp of Anmerica Opel i ka, AL
Packagi ng Corp of Anmerica Phoeni x, AZ
Packagi ng Corp of Anmerica Pi ttsburgh, PA
Packagi ng Corp of Anmerica Pl ano, TX
Packagi ng Corp of Anmerica Pl ymout h, M
Packagi ng Corp of Anmerica Ri chnmond, VA
Packagi ng Corp of Anmerica Sal i sbury, NC
Packagi ng Corp of Anmerica Syracuse, NY
Packagi ng Corp of Anmerica Trexl ertown, PA
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Packagi ng Corp of Anmerica
Packagi ng Corp of Anerica

Packagi ng I ndustries, Inc.

Packagi ng Materials |ncorporated

Packagi ng Products Corp.

Packagi ng Products Corporation

Packagi ng Products Corp.

Packagi ng Specialties, Inc.

Pacquet Oneida, Inc.

Par ambunt Packagi ng Corp

Par ambunt Packagi ng Corp

Par ambunt Packagi ng Corp

Par ambunt Packagi ng Corp

Percy Kent Bag Co., Inc.

Phoeni x Packagi ng

Phoeni x Products Co., Inc.

2-54

Vi ncennes,

N

W nter Haven, FL

2450 Al varado Street, San Leand

CA 94577

ro,

62805 Bennett Avenue, Canbridge, OH
43725

1807 Parrish Drive, Rone, GA
30161

999 Lee Street, Elk Grove Village,
IL 60007

6800 W 61st St., M ssion, KS
66202

P. O Box 360, 1663 Arnstrong Ave.
Fayetteville, AR 72702-0360

10 difton Blvd., difton, NJ
07015

800 Jordan Vally Rosad, Longview,
TX 76508

202 QGak Ave. Chalfont, PA 18914
720 Eagle Blvd. Shelbyville, TN
37160

106 Sansonite Bl vd, Murfreesboro,
TN 37130

5910 Wnner Road, Kansas Cty, MO
64125

10949 91st Ave, N, Maple Grove, MN
55369

6161 N. 64th Street, MIwaukee, W

53218



Tabl e 2-10.

W de- Wb Fl exographic Printing Responses

(conti nued).

Pi oneer Bal | oon Conpany

Vi skase Cor p.

Pl asti ¢ Packagi ng Corp

Pl asti ¢ Packagi ng, Inc.

Pl i con Corp.

Poly Pl astic Packagi ng, Inc.

Poly Pl astic Packagi ng, Inc.

Pol yfl ex Film & Converting, |nc.

Press Tel egram

Procter and Ganbl e Co.

Procter and Ganbl e Co.

Procter and Ganbl e Co.

Procter and Ganbl e Co.

Provi dence Journal Conpany

Rand - Whi t ney/ Nort heast Cont ai ner

Rand - Whi t ney/ Sout heast Cont ai ner Cor p.

Rand -Whi t ney Contai ner Corp.

Rex- Rosenl ew | nternational, I|nc.

The Robi nette Conpany

Rock- Tenn Conpany
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2400 Pi oneer Drive, El Dorado, KS
67042

24th and O Neal Streets, P.O Box
250, Centerville, A 52544

750 South 65th Street, Kansas City,
KS 64111

1246 Main Ave., S. E., P.O Box
2029, Hickory, NC 28603

6001 Ri ver Road, Suite 300,
Col unbus, GA 31904

510 Industrial Avenue, P.O Box
219, Boynton Beach, FL 33425

36-36 36th Street, Long Island
City, Ny 11101

1301 Hwy 51 N, Summit, M5 39666

604 Pi ne Avenue, Long Beach,
Cal i fornia 90844

512 Liberty Expressway, Al bany, GA
31703

Mehoopany, PA 18629

501 Eastnman Ave., Green Bay, W
54302

800 North Rice Ave., Oxnard, CA
93010

210 Kinsley Avenue, Providence, Rl
02903

45 Industrial Way, Dover, NH 03820

455 Narragansett Park
Dr., Pawt ucket, Rl 02861

Agrand St., Worcester, MA 01607

1308 Blair Street, Thomasville, NC
27360

250 Bl ackl ey Road, Bristol, TN
37625

329 Industrial Park Road, Harrison,
AR 72601



Rock- Tenn Conpany 525 West 19th Street, Chattanooga,

TN 37408

Rock- Tenn Conpany 4691 Lewi s Road, Stone Muntain, GA
30086

Rock- Tenn Conpany 302 Hartman Drive, P.O Box 997
Lebanon, TN 37087

Rock- Tenn Conpany Forest H Ils School Road,
Marshville, NC 28103

Rock- Tenn Conpany 105 Tote - M Avenue, Eutaw, AL
35462

Rock- Tenn 198 Commerce, Conway, AR 72032

Rock- Tenn Conpany
6702 Hw. 66W Geenville, TX

75402

Rock- Tenn Conpany 302 Hartman Drive, P.O Box 997
Lebanon, TN 37087

R R Donnell ey & Sons Conpany Lancaster West Plant, 1375
Harrisburg Pi ke, Lancaster, PA
17601

Seal ri ght Packagi ng Conpany 814 South First Street, Fulton, NY
13069

Seal ri ght Packagi ng Co. 2925 Fairfax Road, Kansas City, KS
66115
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W de- Wb Fl exographic Printing Responses

(conti nued).

Seal ri ght Packagi ng Co.

Vent ure Packagi ng

Jai te Packagi ng

Packagi ng I ndustries, Inc.
Selig Sealing Products, Inc.
Sol ar Press

Sol o Cup Conpany

Sol o Cup Conpany

Sout hern Col ortype Co., Inc.

Speci alty Contai ner Corporation

St andard Packaging & Printing Corp

The Standard Regi ster Conpany
Sunri se Packagi ng, Inc.
Super pac, Inc.
Susan Crane, Inc.
Teepak, Inc.

Tennessee Press, Inc.

Toph

Toph
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4209 E. Noakes Street, Los Angel es,
CA 90023
1600 Westinghouse Blvd., Charlotte,

NC 28273

1972 Akron- Peni nsul a Road, Akron
OH 44313

2450 Al varado Street, San Leandro,

CA 94577

342 E. Wabash, Forrest, IL 61741
1500 Shore Road, Naperville, IL
60563- 1799

1951 Hi ghway 304, Bel en, New Mexico
87002

1501 E. 96th Street, Chicago, IL
60628

2927 Sidco Drive, Nashville, TN
37204

1608 Plantation Rd., Dallas, TX

75235
NC Hw 73W M. G lead, NC 27306

| ndustri al VA

24151

Avenue, Rocky Mount,

2025 W South Branch Blvd., Gak

Creek, W 53154

1220 I ndustrial Boul evard,
Sout hanpt on, PA 18966

8107 Chancel |l or
75247

Row, Dallas TX

915 N. M chigan Avenue, Danville,

IL 61832
1400 Si xth Avenue, TN
37917

Knoxvi |l | e,

1120 Heritage Drive,
50461-0119

Gsage, 1A

1001 Rialto Rd., Covington
38019

X



Uni f | ex,

Uni

Uni

Uni

Uni

Uni

Uni

Uni

Uni

Uni

on

on

on

on

on

on

on

on

on

Canp

Canp

Canp

Canp

Canp

Canp

Canp

Canp

Canp

I nc.

Corp. - Container

Corp

Corp

Corp

Cor por ati on

Corp

Corp

Corp

Corp

Di vi si on
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474 Grand Blvd., Westbury, NY
11590

1975 Lakesi de Parkway SW 314,
Tucker, GA 30084

W Lat hrop Ave., Savannah, GA
31402

345 Cedar Springs Rd., P.O Box
5497, Spartanburg, SC 29302

Hazl et on Pl ant, Mapl ewood Drive,
Hazl et on, PA 18201

501 WIllians Street, Tomah, W
54660

901 Commerce Circle, Shelbyville,
KY 40065

10801 |l ona Ave., Hanford, CA
93230

3100 Jim Christal Rd., Denton, TX
76207

2200 D. Avenue East, Freenmn Fiel d,
Seynour, IN 47274



Tabl e 2-10.

Uni on Canp Corp

Uni on Canp Corp

Uni on Canp, Inc.

Uni on Canp Corp

Uni on Canp Cor p.

Uni on Canp Corp

Vi skase Corp

Vi tex Packagi ng,

W de- Wb Fl exographic Printing Responses

(conti nued).

R chnond Ret ai

I nc.

WAl dan Paper Services, Inc.

Ward/ Kraft, |nc.

West ern Publishing Co., Inc

Beach Products

Wabash Pi oneer Contai ner Corp

West vaco Envel ope Divi sion

West vaco

West vaco

West vaco

West vaco

West vaco

West vaco

Envel ope

Envel ope

Envel ope

Envel ope

Envel ope

Envel ope

Di vi si on

Di vi si on

Di vi si on

Di vi si on

Di vi si on

Di vi si on

Pkg

2-59

3055 Sweeten Creek Rd., Asheville,
NC 28813

Cloverdale Rd., P.O Box 278
Sibley, 1A 51249

1829 Hwy. 35S, Monticello, AR
71655

Rt. 2, Box 433K, Tifton, GA 31794

2801 Cofer Road, Ri chnond, VA
23224

1304 Arthur K. Bolton Parkway,
Giffin, GA 30223

24th & O Neal Streets, P.QO Box
250, Centerville, |A 52544

1137 Progress Road, Suffolk, VA
23434

167 W 28th Avenue, Oshkosh, W
54901

2401 Cooper Street, P.O Box 938
Fort Scott, Kansas 66701

1220 Mound Avenue, Racine, W
53404

2001 Ful ford, Kal amnzoo, M 49001

N143 Ws049 Pi oneer Road, Cedarburg,
W 53012

Springfield Plant, 315 Industry
Avenue, Springfield, M
01104- 3246

W Ilianmsburg Plant, Route 866, P.OQO
Box C, WIIlianmsburg, PA 16693

Atlanta Plant, 5625 New Peachtree
Road, Chanbl ee, GA 30341

North Chi cago Plant, 1001 South
Sheridan, North Chicago, IL 60064

I ndi anapolis Plant, 6302 Churchman
Bypass, |ndianapolis, IN 46203

Dal las Plant, 10700 Harry Hines
Blvd., Dallas, TX 75220

Los Angel es Pl ant, 2828 East 12th
Street, Los Angeles, CA 90023



West vaco

West vaco

West vaco

West vaco

West vaco

West vaco

West vaco

West vaco

West vaco

West vaco

West vaco

Envel ope Divi sion

- Fl exi bl e Packagi ng

Cont a

Cont a

Cont a

Cont a

Cont a

Cont a

Cont a

Cont a

ner

ner

ner

ner

ner

ner

ner

ner

Di vi

Di vi

Di vi

Di vi

Di vi

Di vi

Di vi

Di vi

S

S

S

S

S

S

S

S

on

on

on

on

on

on

on

on
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San Francisco Plant, 5650 Hollis
Street, Eneryville, CA 94608

311 Industry Avenue, Springfield,
MA 01101

3400 East Biddle Street, Baltinore,
MD 21213

85 Dorothy Street, Buffalo, NY
14206

4400 West 45th Street, Chicago, IL
60632

2110 West 110th Street, C evel and,
OH 44102

Bl ue Springs Road, O eveland, TN
37311

4847 Cargo Drive, Col unbus, GA
31907

RR 2, Hwy 35, Eaton, OH 45320

601 North Mbdena Street, Gastonia,
NC 28053

Enpi re Avenue, Meriden, CT 06453



Tabl e 2-10. Wde-Wb Fl exographic Printing Responses
(concl uded) .

West vaco Cont ai ner Division 2300 Jefferson Davis Hwy, Ri chnond,
VA 23234

West vaco Cont ai ner Division Fl expak Pl ant 2910, Cofer Road,
R chnond, VA 23224

West vaco, Liquid Packagi ng Division 2828 Cofer Road, Richnond, VA
23224

Weyer haeuser Paper Conpany 100 Hawkes Street, Westbrook, M
04092

Weyer haeuser Paper Conpany 950 Shaver Road NE, Cedar Rapi ds,
A 52402

Weyer haeuser Paper Conpany 6706 N. 23rd Street, Tanpa, FL
33610

Weyer haeuser Paper Conpany 261 Broadway, P.O Box 509,
Franklin, KY 42134

Weyer haeuser Conpany/ | MPAK 5099 North Royal Atlanta Drive,
Tucker, GA 30084

Wllanmette Industries, Inc. Beaverton, OR P. O Box G

Wllanmette Industries, Inc. Buena Park, CA

WIllanmette Industries, Inc. Dal | as, TX

Wl anette |Industries, Inc. Kansas City, MO

Wllanmette Industries, Inc. Tacoma, WA

Wllanmette Industries, Inc. Aurora, IL

Wllanmette Industries, Inc. Beaverton, OR P. O Box 666

Wllanmette Industries, Inc. Bel | vue, W

Wllanmette Industries, Inc. Bel | mw, NJ

Wl anette |Industries, Inc. Bowl i ng Green, KY

Wllanmette Industries, Inc. Cerritos, CA

Wl anette |Industries, Inc. Conpt on, CA

Wllanmette Industries, Inc. Dal | as, TX

Wllanmette Industries, Inc. Del aware, OH

Wllanmette Industries, Inc. Elk Gove, IL

Wllanmette Industries, Inc. Fort Smith, AR

WIllanmette Industries, Inc. Gol den, CO
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WIllanette
WIllanette
WIllanette
WIllanmette
WIllanmette
WIllanette
WIllanette
WIllanmette
WIllanette
WIllanette
WIllanette
WIllanette
WIllanette
WIllanette
WIllanmette
WIllanette
WIllanette

Zims Baggi

I ndustri
I ndustri
I ndustri
I ndustri
| ndustri
I ndustri
I ndustri
I ndustri
I ndustri
I ndustri
I ndustri
I ndustri
I ndustri
I ndustri
I ndustri
I ndustri
I ndustri

ng Co.,

es,

es,

es,

es,

es,

es,

es,

es,

es,

es,

es,

es,

es,

es,

es,

es,

es,

I nc.

I nc.
I nc.
I nc.
I nc.
I nc.
I nc.
I nc.
I nc.
I nc.
I nc.
I nc.
I nc.
I nc.
I nc.
I nc.
I nc.

I nc.

Giffin, GA

I ndi anapolis, IN
Kansas City, KS
Li ncoln, IL

Loui sville, KY
Lunmberton, NC
Mat t hews, NC
Memphis, TN
Moses Lake, WA
Newt on, NC
Sacramento, CA
San Leandro, CA
Sanger, CA
Sealy, TX

St. Paul, MN
West Menphis, AR
Tigard, OR

4200 Big Sandy Rd.,
25555

Prichard, W
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wat er borne inks. Waterborne inks are available for sone
applications which contain no HAP. Sone wat erborne inks
contain relatively | ow proportions of HAP, principally

et hyl ene glycol and glycol ethers. Mst sol vent based

fl exographic inks contain little or no HAP. Capture and
control devices used with solvent based inks are usually

desi gned, permtted and operated for VOC control.

2.3.1.4 Baseline Em ssions from Wde Wb Fl exographi c Segnent .

HAP em ssions data are available for nost of the facilities
submtting data in response to the ICR In sone cases,
responses were received, however the HAP em ssions data were
not usable. This resulted from m ssing or anbi guous answers
to questions relating to HAP usage and control efficiency.
Nospecific control efficiency relative to HAP was request ed.
Dat a have been anal yzed on the assunption that overall HAP
control efficiency is equivalent to reported overal
efficiency. These data are npost often based on tests or
vendor guarantees relating to VOC. In nmany cases, HAP makes
up only a mnor proportion of the VOC used on press.

HAP em ssions were cal cul ated fromw de-web fl exographic
press operations at 475 facilities. Mst facilities reported
data for cal endar year 1992; in sone cases data for nore
recent twelve nonth periods were reported. A total of 10
facilities were determned to be maj or sources on the basis of
em ssions of 25 tons of HAP per year, or 10 tons of any
i ndi vi dual HAP per year. |If major source status is determ ned
by potential-to-emt, there wll be a greater nunber of major
sources. Baseline em ssions are given in Table 2-11
2.3.2 Narrow Web Fl exographic Printing

Narrow web fl exographi c presses are used principally for

printing and adhesive application on tags and | abels. The
presses can be used to print on paper, foil, filmor other
substrates. |Ink systens for narrow web flexographic printing
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can be simlar to those for wwde web; in addition, ultraviolet
cure inks are used with sone narrow web presses.
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Tabl e 2-11. Baseline Em ssions from Fl exographic Printing.

Al |l Responses Maj or Sour ces
Nunber of Facilities 485 10
Mat erial Applied 176, 000, 000 10, 200, 000
(I'blyr)
HAP Used (I b/yr) 2, 350, 000 827, 000
HAP Enmitted 1, 680, 000 706, 000

Narrow web presses have the potential to emt relatively
smal |l quantities of HAP. These presses are sonetines operated
with no capture or control systens.

2.4 LI THOGRAPHY

Li t hography is a planographic nmethod of printing (in
contrast to gravure, in which the image is etched into the
pl ate or flexography, in which the image is raised above the
surface of the plate). The plate surface is divided between
water repellent (ink receptive) and water receptive (ink
repellent). 1In offset lithographic printing, ink is
transferred fromthe plate to a rubber blanket cylinder. The
bl anket cylinder is used to print the substrate®. An
ext ensi ve di scussion of the processes, equipnent, inks, and
ot her substances with the potential to result in HAP em ssions
is given in the Control Techniques Guideline for Ofset
Li t hographic Printing®. There are over 54,000 |ithographic
printing plants in the US, which supply about 50 percent of
the market for printing. About 91 percent of printing
facilities have |ithographic presses®.

The lithographic printing industry is divided on the
basi s of press equi pnmrent between sheet-fed, non-heatset web
and heatset web printing. The CTG" nakes a further
di stinction between newspaper non-heatset web and non-
newspaper non-heatset web printing.
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2.4.1 Sheet-fed Lithography
About 92 percent of the facilities with |ithographic

presses have sheetfed |ithographic presses. Sheetfed presses
are used to print on netal, paper, cardboard, foil and film
Comrercial printing (e. g. advertising, brochures, annual
reports, business fornms, etc.) is usually done by sheetfed

l'i t hography*2,

Organic em ssions can arise frominks, fountain solutions
and cl eaning chem cal s, although potential HAP em ssions cone
primarily fromfountain solutions. Sheet-fed |ithographic
i nks contain phenolic, maleic-nodified or rosin-ester resins
di ssolved in vegetable drying oils (e. g. linseed and soya)
and diluted with hydrocarbon sol vents*. Mst inks used in
sheetfed printing contain |l ess than 25 percent VOC* and no
HAP.

Fountain solutions are used to danpen the printing plates
to make the non-inmage areas repellent to ink. Traditionally,
these solutions were primarily isopropanol and water with sone
added resins and buffering salts. These solutions contain no
HAP. In an attenpt to reduce VOC em ssions, al cohol
substitutes which often contain glycols and gl ycol ethers,
which are HAP, are now in use. GCenerally, no attenpt has been
made to capture glycol ethers emtted from sheetfed
lithographic printing. Refrigeration of the fountain
solutions is a practical neans to control em ssions of VOC
fromthis source, but |ower VOC, HAP containing alternatives
have been adopted in sonme cases as an alternative to
refrigeration of higher VOC, no HAP sol uti ons.

Sol vents used for press clean-up are usually kerosene
type high boiling point hydrocarbons, sonetinmes mxed with
detergents*. These materials can contain up to 100 percent
VOC but are generally free of HAP
2.4.2 Non-Heatset Web Lithographic Printing
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Non- heat set web |ithography is used to print newspapers,
journals, directories and forns. It is estimated that there
are 4950 plants w th non-heatset web |ithographic presses?.
The ink used is simlar to that used in sheetfed |ithography
and generally contains |ess than 35 percent VOCY. Fountain
solutions and clean-up solvents are simlar to those used in
sheet-fed |ithography. The nmain source of HAP fromthis
process is | ow VOC fountain solutions which contain glycols
and glycol ethers. Typically no controls for HAP are used.
Refrigeration of the fountain solutions is a practical neans
to control em ssions of VOC fromthis source, but |ower VOC
HAP- cont ai ni ng alternatives have been adopted in sone cases as
an alternative to refrigeration of higher VOC, no HAP
sol uti ons.

2.4.3 Heatset Wb Lithographic Printing
Heat set web lithography is used to print magazi nes,

periodicals and catalogs. It is estinmated that there are 1376
pl ants with heatset web |ithographic presses®. The inks are
about 40 percent VOC and contain high boiling petrol eum
distillates, resins and pignents. |In general, there are no
HAP in the ink. Fountain solutions and clean-up solvents are
simlar to those used in sheet-fed |lithography. The nmain
source of HAP fromthis process is |ow VOC fountain solutions
whi ch contain glycols and gl ycol ethers.

Capture systens for heatset |ithographic presses are used
to collect drier exhaust gases, which contain about 20 percent
of the VOC in the ink. Control system options include thernmal
incinerators, catalytic incinerators, condenser filters with
activated carbon and condenser filters w thout activated
carbon. VOC control efficiencies are estimated at 98 percent
for incinerators, 95 percent for condenser filters with
activated carbon and 90 percent for condenser filters w thout
activated carbon*. It should be noted that there are no
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performance test data relating to HAP control efficiencies.

Refrigeration of the fountain solution is a practical
means to control em ssions of VOC fromthis source, but |ower
VOC HAP- contai ning alternatives have been adopted in sone
cases as an alternative to refrigeration of higher VOC, no HAP
solutions. Cean-up solvents which contain no HAP, or only
very low | evel s of HAP are avail abl e.
2.5 LETTERPRESS

Letterpress printing uses a relief printing plate as does
fl exography and viscous inks simlar to |lithographic inks.
Various types of letterpress plates are available. These
plates differ fromflexographic plates in that they have a
met al backing. Both sheetfed and web presses are in use. Wb
| etterpress equi pnment using heatset and non-heatset inks is in
use. Newspapers were traditionally printed by web non-heat set
| etterpress, however these are gradually being replaced by
fl exographic and |ithographic presses. Letterpress is used to
print newspapers, nmagazi nes, books, stationery and
advertising. It is estimated that there are about 21, 000
plants with |letterpress equi pnent of which about 19,000 have
sheetfed | etterpress equi pnent>°.
2.5.1 Non-heatset Letterpress

Non- heat set web letterpress ink is simlar to non-heatset

lithographic ink differing mainly in that it contains |ess |ow
viscosity mneral oils and nore vegetable oils and high
viscosity mneral oils®. No fountain solutions are required.
Cl eani ng solvents are simlar to those used in |ithography.
This process can be alnost entirely HAP free. Non-heat set
| etterpress equi pnment typically has no em ssions control
syst ens.

Non- heat set sheetfed |l etterpress ink varies depending
upon factors including the substrate printed, the type of
pl ate and press, and the press speed. In nost applications,
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this process can be alnost entirely HAP free and is typically
conducted with no control system No fountain solutions are
required. Ceaning solvents are simlar to those used in
[ithography. "Moisture set" inks used in some packagi ng
applications contain triethylene glycol, which is a HAP
"Water washable"” letterpress inks are sonetines used for
printing kraft paper and corrugated boxes. These inks contain
gl ycol based sol vents which nmay contain HAP
2.5.2 Heatset lLetterpress

Heatset letterpress is used for publication printing on

coated papers. Heatset letterpress ink is simlar to heatset
l'ithographic ink. These inks contain resins dissolved in

al i phatic hydrocarbons. These inks are dried in hot air
ovens; drier exhausts can be ducted to VOC control systens.
The inks can be entirely HAP free. No fountain solutions are
required. Ceaning solvents are simlar to those used in
I'ithography.

2.6 SCREEN PRI NTI NG

Screen printing processes involve forcing ink through a
stencil in which the inmage areas are porous. The screens are
generally nmade of silk, nylon or netal nmesh. Screen printing
is used for signs, displays, electronics, wall paper, greeting
cards, ceramcs, decals, banners and textiles. It has been
estimated that there are nore than 40,000 screen printing
plants in the U S., nearly half of which print textiles®.

I nk systenms used in screen printing include ultraviolet
cure, waterborne, solvent borne and plastisol with plastisol
(pol yvinyl chloride) being mainly used in textile printing.
Sol vent based ink systens contain aliphatic, aromatic and
oxygenat ed organi c sol vents.

Bot h sheetfed and web presses are used. Depending on the
substrate printed, the substrate can be dried after each
station or, for absorbent substrates, after all colors are
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printed. Solvent and waterborne inks are dried in hot air or
infrared drying ovens. Dryer gases are partially recycled and
partially vented (either to the atnosphere or to a control
systen). Both thermal and catalytic oxidizers are in use on
screen printing dryer exhausts for solvent borne ink systens.
Overall control efficiencies of 70 to 80 percent are

achi evabl e®3.
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2.7 OTHER PRI NTI NG PROCESSES

Pl atel ess printing technologies are relatively new
processes used primarily for short runs on paper substrates.
These processes include electronic (e.g., laser printers),
el ectrostatic (e.g., xerographic copiers), nmagnetic, thernal
(e.g., facsimle machines) and ink jet printing. |In 1991,
pl at el ess printing processes accounted for 3 percent of the
total value of printing®. Electrostatic toners and ink jet
printer inks may contain HAP, however the quantities emtted
at any |location are small.
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3.0 CONTRCL TECHNOLOGY AND PERFORMANCE OF CONTROLS

3.1 | NTRODUCTI ON

There are two approaches to limtation of HAP in the
printing and publishing industry. The first approach is to
i nprove capture and control systenms or to add control devices
where none are in use. Capture and control can be addressed
separately, although in many cases, inproved capture is achieved
through an increase in the anount of air handled. This can
necessitate upgrades to existing control devices. The second
approach, focusing on pollution prevention, is to substitute | ow
HAP or HAP-free materials for materials (inks, coatings,
var ni shes, adhesives, priners, etc.) presently in use.

3.2 CAPTURE SYSTEMS

Capture systens are designed to collect solvent |aden air
and direct it to a control device. In heatset printing
processes, solvent is renoved fromthe printed substrate by
evaporation in a dryer. The exhaust fromthe dryer can be ducted
to a control device. Additional systens are often used to
col |l ect solvents which evaporate fromother parts of the printing
press, as well as those which escape fromthe dryer. In
addition, pressroomventilation air can be exhausted to a control
devi ce.

Differences in capture efficiency contribute nmuch nore to
the variation in overall efficiencies than the choice of control
device. Reported capture efficiencies ranged from estinates of
| ess than 50 percent to the 100 percent capture which is assuned
for systens neeting the requirenents of pernmanent total
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encl osures. Test procedures have been established for
determining capture efficiency® and for confirmng the presence
of permanent total enclosures.? Capture systens can be inproved
t hrough collection of additional solvent |aden air fromthe press
area and through construction of additional hoodi ng and press
encl osures. In theory, capture can be inproved to (nearly) 100
percent for any press or pressroomby retrofitting walls and
increasing ventilation to neet the requirenents of permanent

total enclosures. |In practice, it nay be prohibitively expensive
to retrofit some existing facilities.

3.2.1 Publication Rotogravure.

Wthin the publication rotogravure industry, all presses
have dryer exhaust gases routed to the solvent recovery system
Based on responses to the voluntary question |ist devel oped by
the EPA and the GAA, additional capture systens in place were
descri bed as dryer hood systens, partial upper deck encl osures,
full upper deck encl osures, enclosed presses, permanent total
encl osures, room encl osures, roons operated under negative
pressure and floor sweeps. It is not known whether the capture
systens described as encl osed presses and room encl osures neet
t he EPA definition of permanent total enclosure® Typically,
sol vent | aden air captured from several presses is conbined and
treated with a common sol vent recovery system The indivi dual
presses may have different capture devices, and different capture
ef ficiencies.

3.2.2 Product and Package G avure.

In the product and package gravure industry, many facilities
use |l ow VOC (and | ow HAP) inks and coatings. Dryer exhausts from
these facilities nay be captured and vented to the atnobsphere
w thout the use of a control device. Where solvent based inks
are in use, nore el aborate capture and control systens nay be
requi red. Capture systens in use at product and packagi ng
gravure facilities include conbinations of dryer exhausts, floor
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sweeps, collection ducting, hoods, press enclosures, total

encl osures, room encl osures, negative pressure pressroons,
partial enclosures and ink pan covers. Wth the exception of
total enclosures, none of these technol ogi es has a precise
definition wwth regard to capture efficiency. In many cases
terms are used interchangeably. \Were control devices are in
use, solvent laden air fromseveral presses may be conbi ned and
ducted to a conmmon control device.

3.2.3 Wde-web Flexographic Printing.

Capture systenms in use at flexographic printing facilities
i ncl ude conbi nati ons of dryer exhausts, floor sweeps, hoods, and
total enclosures. Capture efficiencies of between 50 and 100
percent were reported, although many respondents did not report
capture efficiencies.Many facilities, including nost sheetfed
corrugated box facilities have no capture systens and rely on
pressroom exhaust to the atnosphere to dilute the small anmount of
HAP present in the ink.
3.3 CONTROL DEVI CES

The control devices in use in rotogravure and fl exographic
printing processes include carbon adsorption, thernmal
incineration and catalytic incineration. The selection of a
control device is influenced by the type of inks (and other
materials) applied on the press, the volunme of solvent |aden air
to be treated and the operating schedule of facility. Design
procedures and limtations for these control devices are given in
t he EPA Control Technol ogi es Handbook*.
3.3.1 Carbon Adsorption.

Activated carbon is a material with a high surface area

whi ch adsorbs many organics fromair streans. Typically, solvent
| aden air is passed through two or nore fixed beds of granular
activated carbon. Oganic HAP in the air is adsorbed on active
sites on the carbon, until, at some point the capacity of the
carbon is exhausted, and the organics pass through unadsorbed.

3-3



Adsorbers are operated in parallel so that when the capacity of
one unit is exhausted, it can be renoved fromservice and a
second adsorber can be put into service. The exhausted carbon in
the first adsorber is then regenerated®.

In contrast to incineration techni ques, carbon adsorption
does not destroy the HAP in the treated air. Carbon adsorbers in
the printing industry are regenerated by passing steamthrough
t he carbon beds. The HAP is renoved fromthe carbon, and
transferred to the steam The steamHAP m xture is then
condensed, and the solvent separates fromthe water. The sol vent
can then be decanted for sale or reuse.

Car bon adsorption systenms can achi eve control device
efficiencies of 95 to 99 percent for sone organic HAP®. These
systens are nost suitable for solvent systens which are
imm scible with water, such as toluene and xylene. They are not
recommended for ketones such as nethyl ethyl ketone and net hyl
i sobutyl ketone.

3.3.2 Thernmal Incineration

Thermal incinerators are control devices in which the
solvent |laden air is preheated and the organic HAP are ignited
and conbusted to carbon dioxide and water. Dilute gas streans
require auxiliary fuel (generally natural gas) to sustain
conbustion. Various incinerator designs are used by different
manuf actures. The conbusti on chanber designs nmust provide high
turbul ence to mx the fuel and solvent |aden air. The other
requi renents are a high enough tenperature and a | ong enough
residence tinme to insure essentially conplete conbustion.
Thermal incinerators can be operated to achieve a wi de range of
control device efficiencies’. Efficiencies of 98 percent® to
greater than 99 percent are possi bl e®°.

Because the incinerator nust be in operation at tinmes when
HAP em ssions are very low (e. g. when presses are on standby
bet ween jobs) supplenental fuel requirenents will vary.
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I ncinerators are supplied with controls to start-up and bring the
conbustion chanber to the proper tenperature. These controls can
provide an interlock to prevent operation of the press until the
incinerator tenperature is adequate to insure destruction of HAP
3.3.3 Catalytic Incineration

Catal ytic incinerators are control devices in which the
solvent |laden air is preheated and the organic HAP are ignited
and conbusted to carbon dioxide and water. In the presence of a
catalyst, this reaction wll take place at | ower tenperatures
than those required for thermal incineration. Tenper at ur es
bet ween 350 and 500 degrees Cel sius are conmmon. The catalysts
are netal oxides or precious netals where are supported on
ceramic or netallic substrates. Catalytic incinerators can
achi eve control device efficiencies of 95 to 99 percent?',

From an operational standpoint, the |ower reaction
tenperature neans that the requirenment for supplenmental fuel is
reduced or elimnated during normal operation. The |ower
operating tenperatures will also decease the formation of oxides
of nitrogen

The use of a catalyst is inconsistent wwth certain ink
formul ations. Chlorinated solvents and sonme silicone ink
addi tives can poison or deactivate catalysts. Design of
catalytic incinerators varies from manufacturer to manufacturer.
The maj or differences involve the geonetry of the conbustion
chanber, the type of catalyst and support material, and the type
of contact between the gas and the catal yst.

3.4 PERFORMANCE OF CONTRCLS
3.4.1 Publication Gavure

The 27 plants currently operating in the U S. all use
tol uene based i nk systens, and operate sol vent recovery systens
whi ch include fixed bed activated carbon adsorption units which
are regenerated with steam Recovered solvent is added to the
as-purchased ink to adjust the viscosity as necessary. Excess
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recovered solvent is sold back to the ink manufacturers. Press
capture systens vary depending on the age of the press, however
the mpjority of the solvent is captured through the dryer
exhaust s.

A total of 31 separate solvent recovery systens are in
service at the 27 publication gravure plants. In addition, sone
pl ants have substituted non-HAP solvents for a portion of the
t ol uene based solvent in publication gravure ink.

Catal ytic and thermal oxidation systens are technically feasible
for control of publication gravure em ssions. These technol ogi es
offer little or no potential inprovenent in control and have
econom ¢ di sadvantages as they destroy rather than recover the
sol vent .

The control devices in use at all publication gravure
facilities are simlar in design and operation. Capture
efficiencies of between 85 and 100 percent were reported, however
this informati on was not available for the majority of the
presses. Control device efficiencies of 95 to 99.9 percent were
reported, however, these data were not reported for all control
systens. The nedian control efficiency reported was 98 percent.
One sol vent recovery system manufacturer estinmates control device
efficiencies for publication gravure systens at 97 to 99 percent.
This estimte excludes solvent retained in the web equal to
between 1 and 5 percent of that applied. This indicates a
maxi mum expected overal |l efficiency of 98 percent (i.e. 99
percent control of the 99 percent of the HAP which is not
retained).

Excl uding that portion of the HAP which is retained in the
web and emtted after it |eaves the press, control device
efficiencies can theoretically be inproved with thicker carbon
beds. Inprovenent in capture efficiency is expected to be nore
cost effective in many cases, as capture efficiencies of close to
100 percent have been achi eved using total enclosures.
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Overall efficiencies, based on |iquid-liquid mass bal ances
were reported for all control systens. Overall efficiency
represents the product of capture efficiency and control device
efficiency. These involve determ nations of total VOC present in
purchased i nk and other VOC containing materials, inventories of
sol vent recovery and use through tank |evel neasurenents, and
flow neters on ink distribution and recovered sol vent purchases.
These bal ances are conducted frequently by all facilities, and
are typically reported as nonthly averages.

Long term averages are highly accurate as noise from
measurenent errors is averaged out. The nature of the testing,
i. e. material balance, elimnates much of the error associ ated
wi th sanpling and anal ysis of stack em ssions. Analyses of VOC
and HAP content of inks and other materials are, however, subject
to chem cal analysis errors.

On an annual basis, overall efficiencies were reported in
the range of 83 to 109 percent. It should be noted that the
systemreporting 109 percent overall efficiency is able to
achi eve a sol vent recovery of over 100% by drawing air froma
pressroomcontroll ed by a separate control system containing
presses with a | ower capture efficiency. Thus, this control
system actual ly recovers fugitive em ssions froma separate
source, in addition to the emssions fromthe presses that it
controls.

Al facilities reported overall efficiencies achieved in
1992, and provided the range of overall efficiencies achieved
determ ned on a nonthly basis for 1992. Since sone facilities
operate nore than one control system data from 33 contro
systens were reported by the 27 facilities. The range of overal
control data reported for these control systens in the voluntary
responses provided to EPA is given in Table 3-1.



Table 3-1. Overall Control Efficiencies Reported for Publication
G avure Pl ants.

Basi s of Ranking | Best Month Annual Average | Wrst Mnth
Overall Control % % %
Best System 115 109 96
Medi an System 94 91.8 88
Wor st System 85 83 78

3.4.2 Product and Packagi ng Gravure

Product and packagi ng gravure facilities use a variety of
ink systens. Inks in use include toluene based inks which are
simlar or identical to those used in publication gravure (See
section 3.4.1), high VOC sol vent based inks with very | ow or no
HAP content, waterborne ink with | ow VOC and | ow HAP content and
wat erborne ink with [ ow VOC and no HAP content.

The type of ink used is influenced by factors including the
nature of the substrate printed, the type of product or package
printed, the age of the press and existing air pollution
regul ations and permt requirenents related to VOC em ssi ons.
Product and packagi ng rotogravure ink can contain HAP such as
t ol uene, hexane, nethyl ethyl ketone, nethyl isobutyl ketone,
nmet hanol and gl ycol ethers as well as non-HAP VOC such as et hyl
acetate propyl acetate and butyl acetate. The control
t echnol ogi es enpl oyed are influenced by the type of ink used.

Exi sting control technol ogies for product and packagi ng
rotogravure are directed to control of VOC. |In nost cases, the
HAP and non-HAP portion of the VOC present in the ink are equally
difficult to control

Based on data submtted in response to the ICR contro
devices in use at product and packaging gravure facilities
i ncl ude carbon adsorption, catalytic incineration, funme
i nci neration, fune/vapor incineration, (unspecified)
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i ncineration, funes burned in boiler, periodic recuperative

t hermal oxidation, recuperative incineration, regenerative

t hermal oxidation and regenerative thermal incineration. These
ternms refer to devices which can be divided into three groups:
carbon adsorption, thermal incineration and catalytic

i nci neration.

Em ssions data submitted in response to the ICR are based on
em ssions tests, equi pnent vendors guarantees and various types
of engineering estimates. 1In all cases, em ssions test data
refer to VOC emissions. It is assuned that recovery or
destruction of VOCis equivalent to that for HAP. Capture
efficiencies of between 30 and 100 percent were reported,
al t hough many respondents did not report capture efficiencies.
Control device efficiencies of between 89 and 100 percent were
reported by respondents reporting non-zero control device
efficiencies. Control device efficiencies were not reported by
all facilities which operate control devices.

Data on overall efficiency were reported for 87 control
systens. Sone facilities responding to the ICR did not operate
control systens. The 87 systens for which usable data were
avai l abl e cl ai ned overal |l efficiencies of between 45 and 100
percent. The basis for the estimtes vary. Were solvent
recovery systens are in place the overall efficiencies are
typically determ ned by liquid-liquid nmass bal ances (as descri bed
in Section 3.4.2). |If total enclosures are in place capture
efficiency is assuned to be 100 percent; control device
efficiency is cal cul at ed.

For catalytic and thermal incineration control devices test
data is available for overall efficiency in sone cases and for
control device efficiency in others. Were test data is
avai |l abl e for destruction across the control device, capture
efficiencies are often estimted using engi neering judgment.
Overall efficiencies incorporate these judgnents. |n many cases,
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either the control device efficiency or the capture efficiency
was based on vender guarantees and the overall efficiency was
estimated. I n general, when operated as designed, control
devices will out-performvender guarantees on an average basis.

It should be noted that the accuracy of the reported overal
efficiencies varies. In addition to the (presumably biased | ow)
dat a based on vendor guarantees, estimates nmade by operating
personnel of capture efficiency may not be realistic. There is,
however, |ess likelihood of a consistent bias (high or low) in
t hese esti mates.

Overall efficiency data were reported for 87 control
systens. Oher facilities had no control devices in place.
These data are of variable reliability, as described above. In
addition it should be recalled that reported efficiency data
pertain to VOC control and that the applicability of these data
to the HAP portion of the VOC has not been determ ned. The range
of overall efficiencies for carbon adsorption, catalytic
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incineration and all other types of incineration are given in
Tabl e 3-2.

Table 3-2. Overall Efficiencies Reported for Product and
Packagi ng Gravure Facilities with Control Systens.

Cont r ol Number of M ni mum Aver age Maxi mum
Devi ce Syst ens Efficiency | Efficiency Efficiency
Car bon 22 45 79.8 100

Adsor ption

Catal ytic 24 65 85.4 99.2

I nci neration

Ther mal 41 47. 5 83.6 99. 2

| nci neration

The range of control device efficiencies for the systens
where these data are reported is given in Table 3-3. Overall
efficiencies reported for three specific industry segnents are
given in Table 3-4. These data are also given for the major
sources (as determ ned by actual HAP em ssions) in the industry
segment s.

3.4.3 Wde-web Fl exographic Printing

Fl exographic printing facilities use a variety of ink
systens. Sol vent based inks are primarily fornmulated with non-
HAP sol vents which may contain small proportions of ethylene
gl ycol, glycol ethers and nethanol which are HAP. Sol vent based
inks are avail able for sone applications which are conpletely HAP
free. Capture and control systens used with these systens are
desi gned and operated for control of VOC. In the absence of
conpound specific performance data it is assunmed that individual
HAP are controlled to the sanme extent as VOC.

The type of ink used is influenced by factors including the
nature of the substrate printed, the type of product or package
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Tabl e 3-3. Control

Device Efficiencies Reported for Packagi ng and

Product Gravure Facilities with Control Systens.

Control Device

M ni mum Ef ficiency (%

Maxi mum Ef fi ci ency(%

| nci neration

Car bon 89 100
Adsor ption

Catal ytic 88. 8 99.7
I nci neration

Ther mal 88. 8 99.3

Table 3-4. Overall

Efficiencies by Industry Segnment for

Packagi ng and Product G avure Facilities with Control Systens

(Data for

Maj or sources in Parentheses).

| ndustry Segnent

Overall Efficiency (%

Paper/ Car dboard Only

45-98. 6 (65-95. 3)

Foi | /FilmOnly

65- 95

(65- 95)

Vi nyl Product

80-97. 7 (80-93)
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printed, the age of the press and existing air pollution

regul ations and permt requirenents related to VOC em ssi ons.
Packagi ng ink is subject to additional requirenents dependi ng on
the intended contents of the package.

Many wi de web flexographic printing facilities use
wat er borne inks with either no HAP or | ow HAP content. The
majority of these facilities have no control devices, and may
have converted from sol vent based to waterborne materials to
avoid the need to install control devices to conply with VOC
regul ations. Existing control devices for flexography are
directed to control of VOC. In nost cases, the HAP and non- HAP
portion of the VOC present in the ink are equally difficult to
control

Where control devices are in use, solvent |laden air from
several presses nmay be conbi ned and ducted to a comon control
device. In addition, HAP from fl exographic printing may be
ducted to control devices designed and operated for control of
HAP from ot her processes (such as rotogravure) operated at the
sanme plant.

Based on data submtted in response to the ICR contro
devices in use at flexographic facilities include carbon
adsorption, catalytic incinerators, and thermal incinerators
(including, but not limted to regenerative and recuperative).

Usable ICR data are reported by industry segnent and control
device in Table 3-5.

Em ssions data submtted in response to the ICRis based on
em ssions tests, equi pnent vendors guarantees and various types
of engineering estimates. 1In all cases, em ssions test data
refer to VOC emissions. It is assuned that recovery or
destruction of VOCis equivalent to that for HAP. Control device
efficiencies of between 90 and 99 percent were reported by
respondents reporting non-zero control device efficiencies.
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A total of 53 facilities operated control devices. Those
facilities which do not operate control devices were assuned to
emt 100% of the HAP used. Not all of the facilities which
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Table 3-5. Control Devices in Use by Fl exographic Printers.
Control Devi ce
None Catal ytic Thermal | ncinerator Sol vent Tot al
I nci nerat or ] ] Recovery
Segnent Recuperative Regenerati ve Q her
Cor rugat ed box 238 0 0 0 0 0 238
Fl exi bl e Packagi ng
Filmfoil 55 26 4 0 1 1 87
Paper/ car dboard 40 1 0 0 0 0 41
M xed/ unknown 43 15 1 2 1 1 63
Tot al 138 42 5 2 2 2 191
Pr oduct
Paper/ pl astic 9 0 0 0 0 0 9
Paper only 40 0 0 0 0 0 40
Tot al 49 0 0 0 0 0 49
Books/ directories 3 0 0 0 0 0 3
Newspaper s 8 0 0 0 0 0 8
Tot al 436 42 5 2 2 2 489




reported overall efficiencies provided separate data on capture
and control efficiencies. The basis for the estimtes vary.

Sol vent recovery systens are in place at two facilities; overal
efficiency data for these control systens are typically

determ ned by liquid-liquid nmass bal ances (as described in
Section 3.4.1).

For catalytic and thermal incineration control devices test
data is available for overall efficiency in sone cases and for
control device efficiency in others. Were test data is
avai |l abl e for destruction across the control device, capture
efficiencies are often estimated using engi neering judgment.
Overall efficiencies incorporate these judgnents. |n many cases,
either the control device efficiency or the capture efficiency
was based on vender guarantees and the overall efficiency was
esti mat ed.

It should be noted that the accuracy of the reported overal
efficiencies varies. In addition to the (presumably biased | ow)
dat a based on vendor guarantees, estinmates nmade by operating
personnel of capture efficiency may not be realistic. There is,
however, |ess likelihood of a consistent bias (high or low) in
t hese esti mates.

Based on approxi mately 500 usable responses to the ICR, 125
facilities reported using no HAP what soever for fl exographic
printing. Overall efficiency data was reported for 53 control
systens. It should be noted that none of the facilities
operating control devices had HAP em ssions in excess of 25 tons
per year of HAP of 10 tons per year of any specific HAP
Reported efficiency data pertain to VOC control and the
applicability of these data to the HAP portion of the VOC has not
been determ ned. The range of overall efficiencies for carbon
adsorption, catalytic incineration and all other types of
incineration are given in Table 3-6.
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Most of the variation in overall efficiencies is due to
variation in capture efficiencies. Al of the reported control
device efficiencies were greater than 91 percent, although not
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Table 3-6. Overall Efficiencies Reported for Flexographic
Facilities with Control Systens.
Cont r ol Nunber of M ni num Aver age Maxi mum
Devi ce Syst ens Efficiency | Efficiency Efficiency
Car bon 2 91 93 95
Adsor pti on
Catal ytic 42 48 77 98
I nci neration
Ther mal 9 48 76 95
I nci neration

all facilities reporting overall efficiencies provided data on
control device efficiencies.
Contro

printing are conparable to those for

device capabilities applicable to fl exographic
packagi ng and product
in-l1ine

rotogravure (see Section 3.4.2). Capture systens for

presses are conparable to those for gravure presses. Capture
systens for dryer exhausts from common i npression and stack
presses may be less efficient than those for in-line presses.
The technol ogy and capabilities of total enclosures and press
roomventil ation described in Section 3.2 are applicable to
f | exographic printing.
3.5 LOWHAP AND HAP- FREE | NKS (AND OTHER NMATERI ALS)

Most facilities have adopted air pollution control
strategies directed towards elimnation or control of VOC. Many
VOC contro

Sonme existing regul ati ons have

| ow HAP i nks contain high proportions of VOC
devi ces al so control organic HAP
resulted in |lower VOC em ssions as sources converted from sol vent
conversion to

based to wat erborne inks. I n sone cases,

wat er borne i nks, which could result reduction in
VOC use, will be inhibited if HAP standards are fornulated in

terms of percentage reduction.

in significant
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The types of control devices used by facilities using
sol vent based inks, are not likely to adequately function as HAP
control devices when waterborne inks are used, because the dryer
exhaust streanms will contain relatively |arge anounts of water
and relatively |l ow heat content. In cases where | ow HAP (as
opposed to no HAP) inks are necessary for particular products or
packagi ng, the feasibilty of conversion to waterborne inks may
formthe basis for segnentation of the industry for HAP
regul ation. Conversion from solvent based inks to waterborne
inks may in sone cases increase the amount of HAP in the press
exhaust .
3.5.1 Publication Rotogravure

At present all publication gravure facilities use sol vent
systens based on HAP. The solvent in use is principally tol uene;
ot her aromatic HAP (xyl enes and et hyl benzene) are sonetines
present in the solvent blend. Eleven of the 33 control systens
use solvents which are 100 percent HAP. Sone facilities have
been able to print wth acceptable speed and quality using a
sol vent which contains a | ower proportion of HAP. Wile the
solvent in use is still 100 percent VOC, the substitution of non-
HAP sol vent represents a HAP pol |l ution prevention opportunity of
denonstrated feasibility.

As of yet, water-borne publication gravure inks have not
been devel oped which offer the production speed and print quality
of solvent based inks!?. The devel opnent of acceptable
wat er borne inks may represent a future pollution prevention
opportunity.

3.5.2 Product and Packagi ng Rotogravure

Pol lution prevention, in terns of HAP elim nation has been
achieved by many facilities in the packagi ng and product
rotogravure industry. |Inks wth zero HAP content are avail able
and in use at sone facilities in all industry segnents. In
addition, many facilities, particularly those printing on paper
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and cardboard packagi ng, use waterborne inks which contain only a
very | ow percentage of HAP. These inks typically contain a smal
proportion of glycol ethers which function to reduce surface
tension and inprove flow characteristics. The adoption of these
i nks by additional existing sources is a |likely consequence of

i ncreased regul ation of HAP emi ssions. It should al so be noted
that sonme sol vent based inks are conpletely HAP free.

Packagi ng and product rotogravure facilities produce a w de
vari ety of products. Flexible packaging producers, in
particular, print on many different substrates within the sane
facility. Low HAP inks may not be available to neet all of the
performance requirenents of these facilities. |In addition, many
facilities use hundreds of different inks to print various custom
colors required by their packagi ng customers. Low HAP inks may
not be available for all substrates in all of the colors required
by sone facilities. Existing facilities with well performng
control systens nmay have little incentive to nmake additi onal
investnments to adapt to inks with no HAP

Some sources currently use carbon adsorption steam
regeneration solvent recovery systens. These systens have
i nportant pollution prevention benefits, in that they recover
sol vent for reuse as opposed to thermal or catalytic destruction.
At present, solvent recovery systens work best wth HAP sol vents,
particularly toluene. Conversion to no HAP or | ow HAP acetate
based sol vent systens would conplicate or elimnate the utility
of these systens and increase VOC use. In cases where existing
sol vent recovery systens are performng well, they may represent
an overall pollution prevention benefit. One possibility would
be to regul ate product and packaging rotogravure facilities with
sol vent recovery systens under the sane standards which are
applied to publication rotogravure facilities.

3.5.3 Wde-web Flexographic Printing
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Pol lution prevention, in terns of HAP elim nation has been
achieved by many facilities in the flexographic printing
industry. 1Inks with zero HAP content are available and in use at
sone facilities in all industry segnents. In addition, many
facilities use inks which contain only a very | ow percentage of
HAP. These inks typically contain a small proportion of glycol
et hers which function to reduce surface tension and inprove fl ow
characteristics. The adoption of these inks by additional
existing sources is a |likely consequence of increased regul ation
of HAP em ssi ons.

Fl exographic printing facilities produce a wi de variety of
products. Fl exible packagi ng producers, in particular, print on
many different substrates within the sanme facility. Low HAP inks
may not be available to neet all of the performance requirenents
of these facilities. |In addition, many facilities use hundreds
of different inks to print various customcolors required by
t heir packagi ng custoners. Low HAP inks may not be avail able for
all substrates in all of the colors required by sone facilities.
Repl acenent of existing inks with inks containing | ess HAP (for
t hose applications for which satisfactory replacenents are
avai lable) is likely to occur.

Two specific exanples where pollution prevention strategies
are prom sing are corrugated box and newspaper production. In
both cases facilities using zero HAP i nks can produce nearly
i dentical products to those using |ow HAP inks. Increased
awar eness of the options available wll cause sone fl exographic
printers to elimnate HAP

Based on approxi mately 500 usable responses to the ICR, 125
facilities reported using no HAP what soever for fl exographic
printing. These facilities included 49 corrugated box
manuf acturers, 22 paper product manufacturers, 2 product
manuf acturers that nade at | east sone plastic products, one book
manuf acturer, and 51 fl exi bl e packagi ng manufacturers. O the
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fl exi bl e packagi ng manufacturers, 15 printed on paper substrates,
19 printed on foil or filmsubstrates. The remaining 17 flexible
packagi ng manufacturers either indicated that they printed on
bot h paper and filmor did not provide specific information about
substrate. It should be noted that 9 of these facilities
operated catalytic incinerators for VOC control. Sonme unknown
fraction of the facilities which reported no HAP use on press nmay
have been unaware of the HAP content. It is clear, however, that
HAP free fornul ations are available for printing on both porous
and non-porous substrates. Mny other facilities applied
materials on their flexographic presses which contained very | ow
proportions of HAP on an average annual basis.

The types of control devices used by facilities applying
sol vent based materials are not |likely to adequately function as
HAP control devices when waterborne inks are used, because the
dryer exhaust streans will contain relatively | arge anmounts of
water and relatively | ow heat content. |In cases where | ow HAP
(as opposed to no HAP) inks are necessary for particular products
or packaging, the feasibility of conversion to waterborne inks
may be a basis for segnentation of the industry for HAP
regul ation. Conversion from solvent based inks to waterborne
inks may in sone cases increase the anmount of HAP in the dryer
exhaust .
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4.0 MODEL PLANTS, CONTROL OPTI ONS, AND ENHANCED MONI TORI NG

4.1 | NTRODUCTI ON

Thi s chapter describes nodel plants, control options and
enhanced nonitoring options for specific segnents of the printing
and publishing industry. Mbdel plants were devel oped to eval uate
the effects of various control options on the source category.
Control options were selected based on the application of
presently avail able control devices and varying |l evels of capture
consistent with different |evels of overall control. Enhanced
nmonitoring options are specified to insure the consistent
per formance of control devices.
4.2 MODEL PLANTS

Model plants have been specified for three segnents of the
printing industry. Moddel plants have been selected to represent
the range of capacity and overall control efficiency existing in
t hese industry segnents as determ ned by responses to the
information coll ection requests.
4.2.1 Publication Rotogravure Mddel Plants

Model plants have been selected to represent a total
i ndustry popul ati on of 33 separate control systens at 27
publication rotogravure plants. Specifications for these plants
are given in Table 4-1. Information on HAP usage and overal
control efficiencies are available for the entire popul ati on.
Four nodel plants are based on size (based on ink usage) and
control efficiencies reported in voluntary responses to EPA
question lists. The large plants (Mbdel Plants 1 and 2) were
specified based on the 80th percentile of ink usage. The smal



plants (Model Plants 3 and 4) were specified based on the 20th
percentile of ink usage.
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Tabl e 4-1. Publication Rotogravure Mdel Plants.

Model Pl ant 1 2 3 4 5
Presses/ Stati ons 8/ 10 8/ 10 4/ 8 4/ 8 5/ 8
Pressroom Length (ft) 240 240 120 120 150
Pressroom Wdth (ft) 150 150 120 120 120
Pressroom Hei ght (ft) 30 30 30 30 30
HAP usage(| b/ yr) 22,500, 000 22,500, 000 6, 400, 000 6, 400, 000 14, 000, 000
HAP usage (g/min) 19, 435 19, 435 5,528 5, 528 12, 093
Capture Efficiency (% 98.1 90. 7 98.1 90. 7 80. 4
Control Efficiency (% 97.0 97.0 97.0 97.0 97.0
Overall Control (% 95. 2 88.0 95. 2 88.0 78.0
HAP controlled (Ib/yr) 21, 420, 000 19, 800, 000 6, 092, 800 5, 632, 000 10, 920, 000
HAP enitted (Ib/yr) 1, 080, 000 2, 700, 000 307, 200 768, 000 3, 080, 000
HAP retained (Ib/yr) 337, 500 337, 500 96, 000 96, 000 210, 000
HAP to Pressroon(l b/yr) 90, 000 1, 755, 000 25, 600 499, 200 2,534, 000
Pressroom Vol ume ( CF) 1, 080, 000 1, 080, 000 432, 000 432, 000 540, 000

Assuned 1.5% of HAP used is retained in the web,

and ultimately em tted outside the pressroom




Plants with a high Ievel of control (Mdel Plants 1 and 3)
were sel ected based on the 80th percentile of overall control
efficiencies. Plants with a |ow |l evel of control (Mdel Plants 2
and 4) were specified based on the 20th percentile of overal
control efficiency. One additional nodel plant (Mdel Plant 5)
was sel ected based on the | owest reported nonthly overall control
efficiency. The size of this plant was specified based on the
approxi mate size of the actual plant reporting this efficiency.

Presses under control at each nodel plant were specified
based on the approxi mate equi pnent in use at plants with this
| evel of ink usage. Pressroom di nensions were assuned based on
equi pnent size. Actual facilities may have nmultiple pressroons
under control by common systens, or nore w dely spaced presses
separated by other equipnment. Al plants in this segnment of the
i ndustry have simlar solvent recovery systens; nost of the
difference in overall control is due to variations in capture.
Al or nearly all of the HAP in use at the plants is accounted
for by overall liquid-liquid mass bal ances. Unrecovered HAP may
be due to fugitive em ssions, stack em ssions or residual solvent
shi pped out in the product (this is assunmed to be emtted at sone
stage in the life cycle of the product).

4.2.2 Product and Packaging Gravure Mddel Plants

Dat a provi ded by packagi ng and product rotogravure
facilities in response to the ICR were used to subcategorize this
part of the printing industry on the basis of substrate and end
use. The list of facilities for which usable information was
recei ved and the subcategories into which these facilities were
pl aced is described in Chapter 2.

HAP usage varied wdely anong the facilities. |In addition,
HAP usage as a proportion of total material applied on
rotogravure presses varied widely. At least twelve facilities
reported zero HAP usage, including one facility which applied
over 7 mllion pounds per year of inks and coatings. The
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availability of suitable | ow HAP or no HAP i nk may be dependent
upon the substrate and specific end product. In addition,

exi sting control devices, which in nost cases are designed and
operated for VOC control, may not be conpatible with | ow HAP
formul ati ons. Substitution of inks with | ower HAP content nay be
an inportant pollution prevention option at sone facilities.

O her facilities, which are operating efficient VOC control
systens may have little incentive to reduce the HAP content of
their inks.

Facilities printing on paper and cardboard packagi ng only,
filmand foil packaging only and vinyl products have been |isted
in Tables 4-2 through 4-4. Based on data submtted in response
to the ICR total ink (including coatings, adhesives, varnishes
and primers) use, HAP use associated with this ink use, estimated
overall control and probable major source status have been |isted
in these tables. 1In sone cases, data were inconplete or
anbi guous. These tables exclude facilities which print on both
paper or cardboard and foil or film and other m scell aneous
products. Lists of these facilities are given in Chapter 2.

Model plants were selected fromthe m d-range of the
identifiable major sources within each subcategory. It should be

noted that while this is representative of the sources which wll
be regulated, it is not necessarily representative of the
subcategory as a whole. Because of the varying approaches to
em ssions control used by the major sources in the packagi ng
subcategories (relatively high HAP use with extensive contro
versus relatively |l owHAP use with no control), two nodel plants
have been sel ected for paper/cardboard and foil/fil m packagi ng.
Model plant specifications are given in Table 4-5. |nk, HAP
and VOC use, overall efficiency and nunbers of presses and
stations were based on actual responses fromrepresentative
facilities in each sub-category.
4.2.3 Wde-web and Sheet Fed Fl exography Mdel Pl ants
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Data were provided by approxi mately 500 fl exographic
printing facilities in response to the ICR  The list of
facilities for which usable information was received is included
in Chapter 2. Responses were obtained fromprinters of flexible
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Table 4-2. HAP Use by Rotogravure Facilities Printing on Paper and Cardboard.

Conpany Nane I nk Usage HAP usage Over al | Maj or @ Em ssi ons
(1'blyr) (1'blyr) Control (% (1'blyr)
Al ford Packagi ng 1, 484, 884 78, 125 90 NO 7812
Allied Stanp Corporation 699, 562 111, 908 98 NO 2238
Ameri can Greetings 1, 650, 000 20, 040 0 NO 20040
Avery Denni son 879, 000 867, 000 89 YES 95370
Cl eo, Inc. 7, 400, 000 0 NA | NO 0
Decorative Specialties 374, 000 19, 185 0 NO 19185
I nternational, Inc.
Dopaco, Inc., Downi ngton 2,288, 742 939, 235 80. 6 YES 182211
Dopaco, Inc., Saint Charles 901, 135 191 0 NO 191
Dopaco, Inc. 1, 146, 807 2,423 0 NO 2423
Federal Paper Board Co., Inc., 4,144, 000 440, 084 70 YES 132025
W | m ngt on
Federal Paper Board Co., Inc., 1, 240, 840 1, 858 NA | NO NA
Dur ham
Graphi ¢ Packagi ng Cor porati on, 8,978, 632 796, 552 95.3 YES 37437
Lawr encebur g
Graphi ¢ Packagi ng Corporation, Paoli 534, 468 4,823 71.78 NO 1361
G avure Carton & Label 71, 360 14,190 0 NO 14190
Gravure Packagi ng, Inc. 1, 795, 000 205, 100 78.7 YES 43686
Hal | mark Cards, Kansas Gty 58, 000 6, 777 30 NO 4743
Hal | mark Cards, Leavenworth 2,629, 406 21, 880 45 NO 12034
I nt ernati onal Label Conpany 1,089, 824 316, 891 86. 83 YES 41734




Table 4-2. HAP Use by Rotogravure Facilities Printing on Paper and Cardboard.

Conpany Name I nk Usage HAP usage Overal | Maj or? Em ssi ons
(I'blyr) (I'blyr) Control (% (I'blyr)

International Playing Card & Label 2,856, 071 568, 680 85 YES 85302

Conpany

Janes River Paper Conpany, 1, 915, 572 575, 988 0 YES 575988

Darli ngt on

Janmes River Paper Conpany, Fort 1, 233, 549 147, 951 0 YES 147951

Smith

Janmes River Paper Conpany, Lexington 131,794 0 0 NO 0

Janmes River Paper Corporation, 4,343,000 115, 372 93 NO 8076

Kal amazoo

Jefferson Snurfit Corporation, 262, 923 91, 122 80 NO 18224

Chi cago

JSC/ CCA, Carol Stream 1, 060, 412 93,178 75 YES 23294

JSC/ CCA, Lockl and 1, 218, 069 66, 868 78.7 NO 14242

JSC/ CCA, North Wl es 819, 965 307, 574 90 YES 30757

JSC/ CCA, Santa O ara 1,673, 193 25, 139 0 NO 25139

JSC/ CCA, Stone Mountain 1, 219, 797 238, 190 95.5 NO 10718

Lux Packagi ng Ltd. 845, 985 46, 442 88.9 NO 5155

Mundet - Hernetite Inc., 1,149, 193 101, 856 NA | NA NA

Ri verwood I nternational USA Inc., 828, 788 1, 833 65 NO 641

Bakersfield

Ri verwood I nternational USA Inc., 789, 562 275, 294 71 YES 79835

G nci nnati

Ri verwood I nternational USA Inc., 3,832, 837 534, 045 65 YES 186915

West Mbnr oe
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Table 4-2. HAP Use by Rotogravure Facilities Printing on Paper and Cardboard.

Conpany Name I nk Usage HAP usage Overal | Maj or? Em ssi ons
(1'blyr) (1'blyr) Control (% (1'blyr)
Rosl yn Converters Inc. 3, 005, 492 2,079 98. 6 NO 29
Shanr ock Corporation 773,564 0 0 NO 0
Sonervill e Packagi ng NA NA 84.7 NA NA
St one Cont ai ner Corporation 648, 444 44,564 62.4 NO 16756
The C. W Zunbi el Conpany(d eneay) 422,603 0 0 NO 0
The C. W Zunbi el Conpany(Harris) 1,078, 595 179, 970 95 NO 8998
Uni on Canp Cor poration, Engl ewood 265, 650 160, 200 84.7 YES 24510
Uni on Canp Corporation, Spartanburg 2,065, 555 188, 456 76 YES 45229
Wal dorf Corporation, Chicago 600, 551 378, 408 79 YES 79465
Wal dorf Corporation, Saint Paul 964, 900 839, 594 NA | YES NA

NA=Not avai |l abl e, a=based on esti mated em ssi ons.




Tabl e 4-3. HAP Use by Rotogravure Facilities Printing Exclusively on Foil and Film
Conpany Name I nk used HAP used Overal | Majora Em ssi ons
(1'blyr) (1'blyr) Control (9% (1'blyr)

Al can Foil Products NA NA 95 YES NA
Anmerican Fuji Seal, Inc., Anaheim 104, 700 3,152 95 NO 157
Anmerican Fuji Seal, Inc., Fairfield 384, 706 77, 845 89 NO 8562
Decorati ng Resources 81, 473 65, 212 97 NO 1956
Par ambunt Packagi ng Cor poration, Chalfont 296, 351 2,692 74. 4 NO 689
Par ambunt Packagi ng Corporation, Longview 847, 883 109, 400 95 NO 5470
Screen Art 87,980 0 92 NO 0
Fres-Co System USA, | nc. 1, 665, 400 1,077,618 90 YES 107761
Par ambunt Packagi ng Cor porati on, 289, 395 67, 083 0 YES 67083

Mur f r eesbor o

Qui ck Rol|l Leaf Manufacturing Conpany 3, 500, 000 840, 000 93 YES 58800
Reynol ds Metal s Conpany 5, 315, 422 992, 744 65 YES 347460

NA=Not avai |l abl e,

a=based on estinmated en ssions.




Table 4-4. HAP Use by Rotogravure Facilities Printing Vinyl Products.
Conpany Name I nk HAP usage Efficiency | Mj or? Em ssi ons
| bs/yr | bs/yr %

Avery Denni son 2,037, 375 885, 6384 93 Yes 61, 998
Butler Printing & Lami nating 915, 500 803, 400 85 YES 120, 510
Col unbus Coat ed Fabrics 2,355,116 1,346, 742 NA | NA NA
Congol eum Cor por ati on, Marcus Hook 1, 830, 000 0 0 NO 0
Congol eum Cor poration, Mercerville 210, 000 173, 000 93 NO 12,110
Const ant Services, Inc. 222,622 206, 898 87 NA 26, 897
Decor Gravure Corporation 400, 000 400, 000 97.7 NO 9, 200
Decorative Specialties Int'l 101, 100 156, 644 97 NO 4,699
GenCorp Inc., Salem 1, 500 5,228 0 NO 5,228
GenCorp Pol ynmer Products, Col unbus 3,938, 395 3, 200, 000 80 YES 640, 000
GenCorp, Inc., Jeanette 182, 000 166, 000 NA | NA NA
Manni ngton M11ls, Inc. 1,242,127 190, 674 91.7 NO 15, 826
Newco | nc. 290, 874 270,014 NA | NA NA
Vernon Pl astics Conpany NA 549, 455 NA | NA NA

NA=Not avai | abl e.

a=based on estinmated en ssions.




Tabl e 4-5. Mddel Plant Specifications for Product/Packagi ng Rotogravure.
Model 1 2 3 4 5
Pl ant
Substrate Vi nyl Products Paper/ Car dboard Packagi ng Foi | / Fi | m Packagi ng
Ink Use, |b/year 1, 000, 000 1, 800, 000 2,000, 000 3, 000, 000 300, 000
VOC Use, | b/year 900, 000 1, 000, 000 800, 000 2,500, 000 150, 000
HAP Use, | b/year 900, 000 200, 000 600, 000 1, 000, 000 65, 000
Capture Efficiency, % 89 81 N A 95 N A
Control Device 95 97 0 95 0
Efficiency, %
Overall Efficiency, % 85 79 0 90 0
Presses/ St ati ons 8/ 4 4/ 8 1/6 2/ 8 4/ 6
F{ essg?om?'tmensi ons, 240 x 100 x30 150 x 120 x 30 100 x 30 x30 60 x 150 x 30 120 x120 x30

X X




packagi ng, products, corrugated cartons and newspapers. Flexible
packagi ng and products invol ved both porous and non-porous
substr at es.

HAP usage varied wdely anong the facilities. |In addition,
HAP usage as a proportion of total material applied on
fl exographic presses varied widely. Over 100 facilities reported
zero HAP usage; many nore reported HAP usage well bel ow one
percent of the total material applied. The availability of
suitable | ow HAP or no HAP ink is dependent upon the substrate
and specific end product. 1In addition, existing control devices,
whi ch in nost cases are designed and operated for VOC control,
may not be conpatible with | ow HAP formul ati ons. Substitution of
inks with | ower HAP content may be an inportant pollution
prevention option at sone facilities. Oher facilities, which
are operating efficient VOC control systens may have little
incentive to reduce the HAP content of their inks.

Alist of facilities for which usable data are available is
given in Table 4-6. Based on data submitted in response to the
I|CR, total ink (including coatings, adhesives, varnishes and
prinmers) use, HAP use associated with this ink use, estimted
em ssions and type of substrate have been listed in this table.
In sone cases, data were inconplete or anbi guous.

Model plants have been selected to represent those sources
which are likely to be regul ated under the standard. It should
be noted that while this is representative of the sources which
wll be regulated, it is not necessarily representative of the
sub-category as a whole. Three nodel plants are specified in
Table 4-7. Plants 1 and 2 and based on actual responses from
uncontrol l ed maj or sources due to flexographic printing. Model
plant 1 is a large plant using waterborne inks with a | ow HAP
concentration and no control device. WMdel plant 2 is a medi um
si zed plant using solvent based inks containing a significant
anount of HAP and no control device.
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A nunber of facilities operate flexographic printing
operations as well as other nore HAP intensive operations such as
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nane | NK ETC. HAP USED HAP PROD.
APPLI ED ON PRESS Em ssi ons
(I'blyr) (I'blyr) (I'blyr)
Abbott Box Co. Inc. 15, 000 10 10 b
Acorn Corrugated Box Co. 161, 000 0 0 b
Advance Packagi ng Corporation 122,100 1,591 1,591 b
Advance Packagi ng- Jackson 13, 400 745 745 b
Tennessee Packagi ng 19, 454 72 72 b
Koch Cont ai ner 2,154 0 0 b
Al'l -Si ze Corrugated Prods. 11,178 0 0 b
Conpak, Inc. 10, 295 193 193 b
Webcor Packagi ng Cor p. 122, 060 2,512 2,512 b
Castl e Rock Contai ner Conpany 231,768 10 10 b
Fl eet wood Cont ai ner & Di spl ay 78, 660 Not maj or b
Focus Packagi ng, |nc. 36, 000 0 0 b
Frank C. Meyer Conpany, Inc. 333, 045 0 0 b
GP- Al bany Pl ant 361, 893 3,619 3,619 b
GP- Ashebor o Pl ant 165, 206 1, 652 1, 652 b
GP- August a Pl ant 225, 000 4,500 4,500 b
GP- Bradford Pl ant 212, 664 2,127 2,127 b
GP- Buena Park Pl ant 1, 235, 300 12, 353 12, 353 b
GP- Cant on Pl ant 70, 627 706 706 b
GP- Chi cago Pl ant 135, 335 2,707 2,707 b
GP- G nci nnat i 114, 342 1,143 1,143 b
GP-Circleville Plant 224, 653 2,247 2,247 b
GP- d evel and Pl ant 134, 926 1, 349 1, 349 b
GP- d evel and Pl ant 131, 708 13,171 13,171 b
GP-Doraville Pl ant 114, 791 1,148 1,148 b
GP- Dubuque Pl ant 216, 303 649 649 b
GP- Frankl i n Pl ant 180, 000 12, 600 12, 600 b
GP-Hunt svill e Pl ant 187, 152 0 0 b
GP- Kansas City Pl ant 219,516 0 0 b
GP- Lake Pl acid Pl ant 721,374 0 0 b
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nane | NK ETC. HAP USED HAP PROD.
APPLI ED ON PRESS Em ssi ons
(I'blyr) (I'blyr) (I'blyr)

GP- Madera Cont ai ner Pl ant 213, 754 641 641 b
GP-'Martinsville Plant 250, 000 0 0 b
GP- Menphi s Pl ant 69, 786 209 209 b
GP-M | an Pl ant 190, 693 572 572 b
Mbdest o Pl ant 175, 052 525 525 b
GP-Monticell o Pl ant 26, 779 7,498 7,498 b
GP-M. dive Plant 212,188 664 664 b
GP-M. Wl f Plant 70, 586 212 212 b
GP-d ynpi a Pl ant 133, 080 1,198 1,198 b
GP- ol t ewah Pl ant 1, 000 40 40 b
GP- Gshkosh Pl ant 27,077 542 542 b
GP- Onosso Pl ant 94, 057 1, 882 1, 882 b
GP- Schenect ady Pl ant 57,763 1, 329 1, 329 b
GP- Sheboygan Pl ant 122, 629 2,453 2,453 b
GP- So. San Franci sco Pl ant 932, 691 2,798 2,798 b
GP- Spart anburg Pl ant 141, 211 0 0 b
GP- Val dost a Pl ant 540, 000 0 0 b
GP-Warren County Pl ant 120, 173 361 361 b
GP- st Monroe Pl ant 140, 969 5, 639 5, 639 b
GP- Waxahachi e Pl ant 228,934 9, 157 9, 157 b
GP-cul f States Paper Corp. 424, 405 0 0 b
I nternati onal Paper-Presque 101, 725 844 844 b
Isle

I nternati onal Paper - Auburndal e 223,525 1,182 1,182 b
I nternational Paper-Carson 375, 752 822 822 b
I nternati onal Paper- Chi cago 226, 287 770 770 b
I nternational Paper-Ci ncinnati 129, 055 523 523 b
I nternational Paper-Dallas 166, 287 390 390 b
International Paper-Detroit 146, 360 1,020 1,020 b
I nternati onal Paper Edi nburg 240, 391 856 856 b
I nt ernati onal Paper-El Paso 197,102 1, 900 1, 900 b
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nane | NK ETC. HAP USED HAP PROD.

APPLI ED ON PRESS Em ssi ons

(I'blyr) (I'blyr) (I'blyr)
I nternational Paper-Fond du Lac 230, 990 683 683 b
I nternati onal Paper-Geneva 98, 250 136 136 b
I nternati onal Paper- Geor get own 59,711 2,846 2,846 b
I nternational Paper-M nneapolis 95, 542 720 720 b
I nternational Paper-Mbile 230, 224 3,039 3,039 b
I nternational Paper-Mdesto 347, 046 1, 341 1, 341 b
I nternational Paper-M. Carnel 337,500 4,940 4,940 b
I nternational Paper-Nashville 245, 662 8, 685 8, 685 b
I nternati onal Paper-Put nam 228, 407 890 890 b
I nt ernati onal 247, 201 1,198 1,198 b
Paper-Russellville
I nternati onal Paper-San Jose 328, 783 775 775 b
I nt ernati onal Paper - Shreveport 417,513 0 0 b
I nternational Paper-Spring Hill 254, 985 3, 957 3, 957 b
International Paper-Statesville 158, 250 5,315 5,315 b
I nternational Paper Stockton 2,626 36 36 b
I nternational Paper-Tall man 447, 392 2,139 2,139 b
I nt ernati onal Paper-Woster 200, 425 859 859 b
I nt ernati onal 308, 312 2,312 2,312 b
Paper - Hopki nsvil l e
Janes River-Portland 124, 655 0 0 b
Jefferson Smurfit 6, 000 113 113 b
Cor p- Lexi ngt on
Jefferson Snmurfit-Renton 103, 004 483 483 b
Jefferson Snurfit Corp-Mincie 13,100 0 0 b
Jefferson Snurfit Corp-Portland 111, 952 0 0 b
JSC/ CCA- Ful t on 42,672 0 0 b
JSC/ CCA- Houst on 150, 200 2,148 2,148 b
Jefferson Snurfit 94, 733 344 344 b
Cor p. - Muskogee
Jefferson Smurfit Corp-H ghl and 101, 000 0 0 b
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nanme I NK ETC. HAP USED HAP PROD.

APPLI ED ON PRESS Em ssi ons

(I'blyr) (I'blyr) (I'blyr)
Jefferson Smurfit Corp-New 156, 597 815 815 b
Brunsw ck
Jefferson Snurfit 68, 000 0 0 b
Cor p-Chesterfield
Jefferson Snmurfit-Menphis 193, 043 3, 455 3, 455 b
Jefferson Snurfit -St.Louis 39, 000 0 0 b
Jefferson Snurfit MIpitas 210, 000 0 0 b
Jefferson Snurfit-Ft. Snith 6, 500 49 49 b
Jefferson Snurfit-Ft. Worth 186, 000 0 0 b
Jefferson Snurfit -Anderson 102, 625 1, 840 1, 840 b
Jefferson Snurfit-Mntgonery 252, 000 0 0 b
Jefferson Snurfit -MIford 63, 990 422 422 b
JSC/ CCA- Ast on 312, 136 1, 853 1, 853 b
Jefferson Snurfit-New hartford 121, 488 728 728 b
Jefferson Snurfit-Louisville 98, 300 1, 760 1, 760 b
Jefferson Snurfit-WIdwood 183, 798 1, 060 1, 060 b
Jefferson Snurfit -Wakefield 100, 300 496 496 b
Jefferson Snurfit-Knoxville na 1, 320 1, 320 b
Jefferson Snurfit-Jonesboro na 14 14 b
Jefferson Snurfit-Los Angel es 179, 367 0 0 b
JSC/ CCA-Bal ti nore 140, 170 894 894 b
Jefferson Snurfit-Corona 129, 419 0 0 b
Jefferson Snurfit-Dolton 151, 682 550 550 b
Jefferson Snurfit-Dallas 40, 300 22 22 b
JSC/ CCA- Fresno 135, 093 0 0 b
JSC/ CCA- G nci nnat i 178, 484 3,195 3,195 b
JSC/ CCA- Ravenna 75, 753 1, 356 1, 356 b
Jefferson Snurfit -LaPorte 174, 297 316 316 b
Jefferson Snurfit-Wnston-Sal em 240, 000 0 0 b
Jefferson Snurfit -Hunbol dt 11, 887 270 270 b
Jefferson Smurfit-Sioux Cty 160, 536 92 92 b
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nanme I NK ETC. HAP USED HAP PROD.
APPLI ED ON PRESS Em ssi ons
(I'blyr) (I'blyr) (I'blyr)

Jefferson Snurfit -Lancaster 79, 000 620 620 b
Jefferson Snurfit-Gal esburg 46, 149 0 0 b
JSC Preprint-Ci ncinnati 251, 500 0 0 b
Jefferson Snurfit 115, 466 0 0 b
- Mur f r eeesbor o

Jefferson Snurfit-Springfield 15, 589 0 0 b
Jefferson Snurfit - Shel by 83,773 586 586 b
Packaging Unlimted, |nc. 121, 382 6, 386 6, 386 b
Jefferson Snurfit -Chattanooga 120, 000 0 0 b
Lin Pac, Inc. 52, 289 3 3 b
Maf cot e | ndustries 138, 189 9, 130 9, 130 b
Maf cot e/ SWACO 96, 674 0 0 b
Mal nove, Inc. 27, 606 0 0 b
Massi | | on Cont ai ner 13, 000 0 0 b
Menasha Cor porati on 197, 095 282 282 b
M | waukee Cont ai ner 139, 571 2,791 2,791 b
PCA/ Akr on 21, 860 219 219 b
PCA/ Arl i ngt on 198, 800 1,998 1,998 b
PCA/ Ashl and 234, 000 2,340 2,340 b
PCA/ At | ant a 120, 000 1, 200 1, 200 b
PCA/ Buf f al o 62, 300 623 623 b
PCA/ Bur | i ngt on 305, 000 3, 050 3, 050 b
PCA/ Col by 116, 000 1, 160 1, 160 b
PCA/ Denver 119, 900 1,199 1,199 b
PCA/ Gar | and 145, 800 1, 458 1, 458 b
PCA/ Gas City 97, 300 973 973 b
PCA/ Gol dshor o 11, 400 114 114 b
PCA/ Graf t on 43, 000 430 430 b
PCA/ Grandvil |l e 110, 600 1, 106 1, 106 b
PCA/ Hanover 28, 000 280 280 b
PCA/ Har ri sonburg 160, 000 1, 200 1, 200 b
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nanme I NK ETC. HAP USED HAP PROD.
APPLI ED ON PRESS Em ssi ons
(I'blyr) (I'blyr) (I'blyr)
PCA/ H gh Poi nt 19, 100 191 191 b
PCA/ Honea Pat h 45, 950 460 460 b
PCA/ Jackson 137, 000 1, 370 1, 370 b
PCA/ Jacksonvi l | e 126, 700 1, 267 1, 267 b
PCA/ Knoxvi l | e 3,520 35 35 b
PCA/ Lancast er 187, 800 1, 878 1, 878 b
PCA/ Los Angel es 294, 000 1,470 1,470 b
PCA/ Mar shal | t own 129, 800 1, 298 1, 298 b
PCA/ M am 64, 300 643 643 b
PCA/ M ddl et own 75, 022 750 750 b
PCA/ M | waukee 38, 300 383 383 b
PCA/ M nneapool i s 78, 000 780 780 b
PCA/ Mor gant on 60, 800 1, 250 1, 250 b
PCA/ Newar k 76, 300 763 763 b
PCA/ Newber ry 109, 500 1, 095 1, 095 b
PCA/ Nor t hhanpt on 133, 900 1, 339 1, 339 b
PCA/ Oraha 90, 000 900 900 b
PCA/ Opel i ka 10, 600 106 106 b
PCA/ Phoeni x 98, 800 988 988 b
PCA/ Pi t t sbur gh 193, 800 1,938 1,938 b
PCA/ Pl ano 140, 600 1, 406 1, 406 b
PCA/ Pl ynout h 60, 500 605 605 b
PCA/ Ri chnond 49, 400 494 494 b
PCA/ Sal i sbury 97, 000 970 970 b
PCA/ Syr acuse 141, 800 1,418 1,418 b
PCA/ Tr ex| ert own 158, 332 1, 583 1, 583 b
PCA/ Vi ncennes 65, 500 655 655 b
PCA/ W nt er Haven 238, 800 2,388 2,388 b
Rand - Wi t ney/ Nort heast 18, 087 158 158 b

Cont ai ner
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nane | NK ETC. HAP USED HAP PROD.
APPLI ED ON PRESS Em ssi ons
(I'blyr) (I'blyr) (I'blyr)

Rand - Whi t ney/ Sout heast 17, 426 5 5 b
Cont ai ner Cor p.

Rand - Wi tney Contai ner Corp. 91, 727 0 0 b
Rock- Tenn- Har ri son 25, 000 0 0 b
Rock- Tenn - Chattanooga 30, 000 300 300 b
Rock- Tenn- St one Mount ai n 117, 624 1, 340 1, 340 b
Rock- Tenn- Lebanon 104, 400 0 0 b
Rock- Tenn- Mar shvi l | e 15, 000 0 0 b
Rock- Tenn- Eut aw 200, 000 500 500 b
Rock- Tenn- Conway 28,719 4 4 b
Rock- Tenn Greenville 125, 000 0 0 b
Seal ri ght Packagi ng Co. 326, 000 0 0 b
Uni on Canp Corp. - Tucker 126, 000 2,720 2,720 b
Wabash Pi oneer Cont ai ner Corp. 498, 303 2,145 2,145 b
Westvaco-Baltinore 305, 000 15, 410 15, 410 b
West vaco- Buffal o 219, 000 1, 590 1, 590 b
West vaco Chi cago 423, 000 290 290 b
West vaco- Cl evel and OH 205, 000 870 870 b
West vaco- Cl evel and TN 290, 000 5, 300 5, 300 b
West vaco- Col unbus 249, 000 1, 900 1, 900 b
st vaco- Eat on 292, 000 4,740 4,740 b
st vaco- Gast oni a 125, 000 2,630 2,630 b
West vaco- Meri di an 214, 400 1, 400 1, 400 b
West vaco- Ri chnond 128, 000 560 560 b
West vaco- Fl expak- Ri chnond 482, 000 0 0 b
Weyer haeuser -West br ook 145, 609 790 790 b
Weyer haeuser - Cedar Rapi ds 151, 270 1, 971 1, 971 b
Weyer haeuser - Tanpa 464, 367 421 421 b
Weyer haeuser -Franklin 540, 817 3, 366 3, 366 b
Weyer haeuser - Tucker 1,674,177 151 151 b
Wl anette -Beaverton 435, 581 0 0 b
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nane | NK ETC. HAP USED HAP PROD.
APPLI ED ON PRESS Em ssi ons
(I'blyr) (I'blyr) (I'blyr)

Wl anette -Buena Park 394, 942 0 0 b
Wllanette -Dallas 383, 384 0 0 b
Wl lanette -Kansas City 140, 814 0 0 b
WIllanette - Tacona 130, 604 0 0 b
WIllamette -Aurora 435, 235 962 962 b
Wl lanette -Beaverton 2 237,772 311 311 b
Wl anmette -Ellvue 460, 521 1, 895 1, 895 b
W Il anmette -Bell maw 265, 373 355 355 b
Wl lanette -Bow ing G een 226,528 516 516 b
Wl anmette -Cerritos 268, 859 515 515 b
Wl anette -Conpton 403, 363 685 685 b
WIllanmette -Dallas 2 299, 787 684 684 b
Wl lanette -Del aware 679, 079 3,334 3,334 b
WIllanmette -El k Gove 223,379 447 447 b
WIllanmette -Ft. Snmith 231, 814 440 440 b
WIllanette -CGol den 58, 801 90 90 b
Wllanmette -Giffen 380, 183 1,784 1,784 b
Wl anette -Indianapolis 63, 083 159 159 b
Wl lanette -Kansas City 168, 945 338 338 b
WIlanette 41, 256 80 80 b
-Lincoln

Wllanette -Louisville 11, 924 16 16 b
Wl lanmette -Lunberton 41, 488 191 191 b
W Il anmette -Matthews 90, 770 203 203 b
W Il anmette -Menphis 40, 958 214 214 b
WIllanette - Mbses Lake 302, 716 549 549 b
Wllanette - Newt on 65, 621 475 475 b
Wl anette -Sacranento 297, 249 537 537 b
Wl lanette -San Leandro 423, 133 590 590 b
Wl anette -Sanger 227,039 496 496 b
WIlanette -Sealy 133, 688 289 289 b
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nane | NK ETC. HAP USED HAP PROD.
APPLI ED ON PRESS Em ssi ons
(I'blyr) (I'blyr) (I'blyr)
WIllanmette -St. Paul 81, 811 118 118 b
WIlanmette -West Menphis 157, 355 177 177 b
Anerican Greetings Corp 230, 000 7, 400 7, 400 d
Aver y- Denni son 15, 954 0 0 d
Cadi |l l ac Products, Inc.Paris 250, 633 27, 334 27, 334 d
Cadi |l l ac Products, Inc. 25,516 3, 039 3, 039 d
Cleo, Inc. 20, 000 400 400 d
Crystal Tissue 125, 333 170 170 d
Ei senhart Wl | coverings Co. 63, 076 321 321 d
Pi oneer Bal | oon Conpany 113, 820 1,484 1,484 d
WAl dan Paper Services, Inc. 550, 000 0 0 d
Anerican Greetings Corp. Aftan 4,187, 556 0 0 e
Deco Paper Products, |nc. 571, 308 4, 055 4, 055 e
Desi gn Containers, Inc. 11, 201 21 21 e
GP- LaG ange 36, 941 843 843 e
GP- Pl at t sbur gh 1,757, 500 0 0 e
GP- Croset t 652, 182 8, 424 8, 424 e
GP- Pal at ka 329, 000 0 0 e
GP-Brattl eboro 134, 810 125 125 e
GP- Bel | i ngham 76, 650 0 0 e
G | man Converted Products 913, 367 5, 460 5, 460 e
Hal | mar k Cards 69, 900 14 14 e
Janmes River Darlington 234,017 5,277 5,277 e
Janes River - Easton 93, 644 0 0 e
Janmes River-Lexington 88, 592 0 0 e
Janmes River-I|ndi anapolis 281, 088 0 0 e
John H. Harl and Conpany 121, 650 0 0 e
Kookaburra USA LTD 55, 329 0 0 e
Mai | - Wl | Envel ope 103, 150 426 426 e
Moor e, Business Forns and 124 1,101 1,101 e

Syst ens
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nane | NK ETC. HAP USED HAP PROD.
APPLI ED ON PRESS Em ssi ons
(I'blyr) (I'blyr) (I'blyr)
NCR Cor p. 117, 290 0 0 e
Procter and Ganbl e- Al bany 636, 886 0 0 e
Proct er/ Ganbl e- Mehoopany 949, 300 0 0 e
Procter/ Ganbl e- G een Bay 423, 400 0 0 e
Proct er/ Ganbl e- Oxnard 113, 450 0 0 e
Sol o Cup Conpany- Bel an 38, 680 0 0 e
Sol o Cup Conpany- Chi cago 18, 870 0 0 e
The Standard Regi ster Conpany 209, 305 1 1 e
Susan Crane, Inc. 136, 840 0 0 e
Toph- Gsage 60, 000 0 0 e
Toph- Covi ngt on 203, 963 0 0 e
Ward/ Kraft, Inc. 37,783 5 5 e
Beach Products 260, 000 1, 660 1, 660 e
West vaco- Springfield 855, 473 0 0 e
West vaco-W I | i ansburg 929, 945 7,284 7,284 e
West vaco- At |l ant a 840, 289 0 0 e
West vaco- Nort h Chi cago 546, 821 7,277 7,277 e
West vaco- | ndi anapol i s 890, 044 4,608 4,608 e
West vaco- Dal | as 721, 007 5, 662 5, 662 e
West vaco- Los Angel es 831, 225 2,656 2,656 e
West vaco- San Franci sco 460, 905 0 0 e
Arcata G aphi cs\ Ki ngsport 57,117 0 0 g
R R Donnell ey & Sons Conpany 367, 200 100 100 g
West ern Publishing Co., Inc. 57, 200 5,475 5,475 g
I nterstate Packagi ng Corp. 217,277 8, 361 2,341 h
Anmeri can Packagi ng-Storry Cty 892, 160 7,660 7,660 h
Anmeri can Packagi ng- Col unbus 1, 869, 137 3,293 3,293 h
Avery- Denni son, K & M Divi sion 28, 500 19, 950 19, 950 h
Bagcraft Corporation of America 650, 000 15, 000 15, 000 h
Bancroft Bag, Inc 1,522,877 350, 870 350, 870 h
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nanme I NK ETC. HAP USED HAP PROD.
APPLI ED ON PRESS Em ssi ons
(I'blyr) (I'blyr) (I'blyr)

Bi ngo Paper Inc. 38, 701 0 0 h
Chanpi on- Nor ri st own 294,738 23, 832 23, 832 h
Chanpi on-d i nt on 167, 415 18, 728 18, 728 h
Chanpi on-O nstead Falls 304, 197 19, 028 19, 028 h
Chanption-Ft. Wirth 192, 319 14, 790 14, 790 h
Chanpi on- At hens 285, 554 22,213 22,213 h
Bem s Conpany- Crosett 530, 107 0 0 h
Benmi s Conpany- Menphi s 323, 542 2,070 2,070 h
Bem s Conpany- M nneapol i s 16, 000 0 0 h
Beni s Conpany- Onaha 665, 336 1,728 1,728 h
Bem s Conpany- Peori a 318, 364 3,021 3,021 h
Bem s Conpany- Pepperel | 182, 063 0 0 h
Bem s Conpany- Seattle 105, 275 2,377 2,377 h
Bem s Conpany- Vancouver 437,010 0 0 h
Benmi s Conpany-Wchita 7,138 0 0 h
Graphi ¢ Packagi ng Cor p. 195, 031 0 0 h
Hal | mark Cards 72,286 846 846 h
I nternati onal Paper- Canden 663, 359 0 0 h
I nternational Paper-Mbile 650, 000 355 355 h
I nternational Paper-Pittsburg 195, 000 0 0 h
I nternational Paper-W I nm ngton 396, 000 57 57 h
Janmes River -Ft. Smith 41, 959 2,937 2,937 h
Janmes River - Specialty 12,500 0 0 h
Tabl et op

Janmes River Corp - Wausau Pl ant 425, 873 291 291 h
Mead Packagi ng 2,267,734 564 564 h
Percy Kent Bag Co., Inc. 665, 500 0 0 h
The Robi nette Conpany 633, 000 0 0 h
Seal ri ght Packagi ng Co. 82,491 0 0 h
Uni on Canp- Savannah 320, 362 4,416 4,416 h
Uni on Canp- Spart enburg 1,476, 648 21,420 21,420 h
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nane | NK ETC. HAP USED HAP PROD.
APPLI ED ON PRESS Em ssi ons
(I'blyr) (I'blyr) (I'blyr)

Uni on Canp- Hazl et on 206, 000 0 0 h
Uni on Canp- Hanf ord 155, 864 1, 045 1, 045 h
Uni on Canp- Si bl ey 435, 923 13, 500 13, 500 h
West vaco, Liquid Packaging 135, 900 8,524 8,524 h
Wllanmette Industries, Inc. 1,070, 078 0 0 h
Al usui sse- Shel byville 206, 000 1, 000 282 m
Equi table Bag Co., Inc 1, 805, 400 46, 152 13, 107 m
Al usui sse- New Hyde Park 2,030, 000 76, 000 15,124 m
Bryce Corporation 2,045, 155 0 0 m
BRC, A Division of Bryce 294, 587 34 14 m
Cor por ati on

Bemi s -Terre Haute 5,114, 960 27, 267 7,089 m
Beni s - Oshkosh 2,619, 780 108, 864 14, 261 m
Benmis M I print Denmark 1, 268, 300 2,118 593 m
Bemis MIprint Lancaster 3,644, 494 1,628 133 m
Spec- Fab 34, 088 681 102 m
Spi ral kote, Inc. 844, 943 19, 360 6, 970 m
d enroy, Inc. 124, 809 0 0 m
Smurfit Flexible Packagi ng 90, 167 7,731 951 m
Kl eart one, Inc. 118, 953 2,271 227 m
Packagi ng Products Corp., Rone, 338, 780 12,792 1, 254 m
GA Di vi si on

Pacquet Oneida, |nc. 712, 400 1,735 226 m
West vaco Envel ope Springfield 453, 238 36, 470 6, 565 m
Fabri con Products 287,616 4,172 1,168 m
Al usui sse- Bel | wood 1, 540, 000 8, 000 2,160 m
Uni on Canp-Asheville 224, 842 5,193 2,700 m
Graphi ¢ Packagi ng Corporation 120, 000 100, 000 9, 100 m
Anmeri can Packagi ng Phi |l adel phi a 89, 756 243 243 m
Anmeri can Packagi ng Rochester 49, 557 250 250 m
Bel | Packagi ng Corp 27,832 453 453 m
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nane | NK ETC. HAP USED HAP PROD.

APPLI ED ON PRESS Em ssi ons

(I'blyr) (I'blyr) (I'blyr)
Bormar ko, | nc 499, 260 0 0
Bryce Corporation 3, 060, 900 0 0 m
Burrows Paper Corporation - Ft. 344, 426 6, 180 6, 180
Madi son Facility
IOel | o-Wap Printing Conpany, 170, 120 2,453 2,453 m

nc.
ICharl est on Packagi ng Conpany, 415, 057 350 350 m
nc.

Beni s Cur wood- Mur physbor o 330, 112 12, 329 12, 329 m
Beni s Cur wood- New London 2,919, 293 38, 367 38, 367 m
Di xi co, Inc. 734,273 0 0 m
Fabri con Products 104, 364 1,158 1,158 m
fp Webkote, Inc. 111, 606 19, 800 19, 800 m
Gat eway Packagi ng 10, 000 200 200 m
Geif Bros. Corp 279, 494 0 0 m
H S. Crocker Co., Inc. 91, 823 0 0 m
Har go- Harri sburg 349, 576 0 0 m
Har gr o- Edi nbur gh 200, 942 7702 7,702 m
| P- Jackson 591, 966 942 942 m
| P-Peori a 325, 387 33, 827 33, 827 m
| P- Menasha 100, 254 6, 490 6, 490 m
| P-Lancast er 24,124 1,477 1,477 m
| P- Kaukauna 525, 606 3,189 3,189 m
| P- Knoxville 127, 235 55 55 m
Janes River -Canas 68, 000 0 0 m
Janes River-Hazel wood 991, 726 923 923 m
Janes River-Menasha 64, 025 28 28 m
Janes River-San Leandro 866, 000 0 0 m
Longhorn Packagi ng, |nc. 29, 894 m
Neenah Printing - Wde Wb 364, 376 1,924 1,924 m
Fl exo Pl ant
M dwest Fil m Corp 276, 679 20 20 m
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nane | NK ETC. HAP USED HAP PROD.
APPLI ED ON PRESS Em ssi ons
(I'blyr) (I'blyr) (I'blyr)
NCR - B.F.D. 33, 342 0 0
INi chol s Paper Products Co., 86, 289 418 418 m
nc.
Phoeni x Products Co., Inc. 61, 040 16, 656 16, 656 m
Sol ar Press 131, 324 0 0
St andard Packagi ng & Printing 305, 000 0 0 m
Cor p.
Sunri se Packagi ng, Inc. 632, 789 4,579 4,579 m
Super pac, |Inc. 560, 300 7,039 7,039 m
Teepak, Inc. 816, 691 0 0 m
Uni on Canp-Monticello 368, 000 12,232 12,232 m
Uni on Canp-Tifton 469, 967 0 0 m
Vi tex Packagi ng, |nc. 502, 402 5,819 5,819 m
Akron Beacon Jour nal 308, 031 3,018 3,018 n
Fort Wayne Newspapers 381, 022 0 0 n
Macon Tel egraph 195, 000 1, 053 1, 053 n
394, 237 0 0 n
Modest o Bee
The Fresno Bee 699, 367 0 0 n
M am Heral d Publishing Co. 981, 662 22,743 22,743 n
Press Tel egram 236, 000 82 82 n
Provi dence Journal Conpany 930, 300 2,902 2,902 n
Bonar Packagi ng, |nc. 334, 260 13,401 3, 886 p
Ceor gi a- Paci fi c-Warwi ck 721, 500 210 84 p
Par ambunt Packagi ng- Longvi ew 169, 577 109, 200 5, 460 p
Par ambunt Packagi ng- Chal f ont 440, 317 1, 154 196 p
Acti on Packagi ng 120, 370 602 138 p
Al'l - Pak, Inc. 254,199 748 187 p
Atlanta Fil m Converting Co, 398, 621 0 0 p
I nc.
,lAut omat ed Packagi ng Systens, 344, 101 2,329 326 p
nc.
Aut omat ed Label Systens Co. 346, 955 1,461 136 p
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nane | NK ETC. HAP USED HAP PROD
APPLI ED ON PRESS Em ssi ons
(I'blyr) (I'blyr) (I'blyr)

Banner Packagi ng, |nc. 1,718, 688 46, 311 12, 967 p
Cryovac- | owa Park 70, 786 350 182 p
Cryovac- Cedar Rapi ds 248, 500 8, 100 1,944 p
Cryovac- Si npsonville 1, 060, 000 1,515 348 p
Bem s Conpany- Hazel t on 7,622,511 59, 472 13, 381 p
Cel l o-Foil Products, Inc. 551, 055 0 0 p
Excel si or Transparent Bag MG 1, 358, 606 5, 300 1, 007 p
Corp

Fl ex- Pak, Inc. 400, 694 0 0 p
Har go- Boyer st own 605, 047 1,876 413 p
Hunt sman Packagi ng Products, 409, 000 10, 205 1, 765 p
Cor p
Smurfit Flexible Packagi ng 392,612 ?2?? p
Mar gl o Packagi ng Cor p. 13, 506 333 130 p
Package Printing Co., Inc. 108, 896 0 p
Package Products Flexible 2,360, 000 0 0 p
Cor por ati on

Packagi ng Materials 7686 0 0 p
I ncor por at ed

Packagi ng Products Corp. 397, 000 5,904 1,830 p
Pl asti c Packagi ng, Inc. 1,002, 196 126 41 p
Pl'i con Corp. 216, 717 11, 740 3,992 p
Poly Pl astic Packagi ng, |nc. 55, 229 506 104 p
Uni on Canp- Tomah 305, 483 117, 815 16, 494 p
Union Canp -Griffen 383, 193 2,180 109 p
Fentral States Diversified, 200, 288 1,973 322 p

nc.

Mohawk Northern Pl astics, |nc. 101, 214 3,684 280 p
Mai ne Poly, Inc. 312, 000 4,996 999 p
Anko Pl astics, Inc. 370, 630 21, 354 21, 354 p
Anagram I nternational, Inc. 254, 542 3,436 3,436 p
Arcon Coating MIls, Inc. 261, 812 787 787 p
Arkansas Poly, Inc. 145, 796 2,134 2,134 p
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nane | NK ETC. HAP USED HAP PROD.

APPLI ED ON PRESS Em ssi ons

(I'blyr) (I'blyr) (I'blyr)
Johnson Bryce Corp. 230, 390 0 0 p
Bryce Dixico 505, 943 52 52 p
Buckeye Cont ai ner 37,775 0 0 p
Buckeye Packagi ng 115, 737 0 0 p
Cadi |l ac Products, Inc. 158, 021 0 0 p
G ark Container, Inc. 81, 660 5,216 5,216 p
C. P. C Packaging, Inc. 9,725 1, 945 1, 945 p
Bem s - Fl enm ngton 53, 139 56 56 p
Custom Poly Bag, Inc. 71,417 0 0 p
Dart Contai ner Corporation 26, 149 0 0 p
Dynam ¢ Packagi ng, |nc. 189, 489 1,591 1,591 p
Eski mo Pi e Corporation 41, 767 0 0 p
Fl exo Transparent, Inc. 107, 033 11, 094 11, 094 p
CGentry Poly Specialties, |Inc. 38,192 0 0 p
@ul f Coast Plastics Div. 9,702 0 0 p
Dairy-M x, |nc.
Hargro Heal th Care Packagi ng 24,335 0 0 p
Hone Pl astics, Inc. 35, 000 700 700 p
Carolina Printing & Converting 162, 739 10, 694 10, 694 p
A Division of Interflex
Janmes River-Geensburg 4,756, 127 0 0 p
Janes River-New Castle 874, 312 31 31 p
Janmes River-Par chnment 150, 000 0 0 p
Janmes River-Portl and 407, 858 292 292 p
Janmes River- Shreveport 2,088, 304 0 0 p
Lin Pac 317, 468 298 298 p
M d- West Poly Pak, Inc. 25, 015 112 112 p
M T.P. Industries, Inc. (Mason 125855 0 0 p
Transpar ent PkQ)
Onens-111inois, Inc. 1, 438, 000 42,086 42,086 p
Packagi ng I ndustries, Inc. 836, 972 12,117 12,117 p
Packagi ng Products Corporation 188, 780 7,693 7,693 p
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Table 4-6. HAP Use on Fl exographic Presses (See Notes Foll owi ng Table).

Nanme I NK ETC. HAP USED HAP PROD

APPLI ED ON PRESS Em ssi ons

(I'blyr) (I'blyr) (I'blyr)
Packagi ng Specialties, Inc. 598, 431 14, 425 14, 425 p
Par ambunt Packagi ng- Shel byville 320, 770 1,169 1,169 p
Par anobunt Packagi ng 566, 370 96, 821 96, 821 p
- Mur f reesbor o
Phoeni x Packagi ng 8,170, 551 19, 784 19, 784 p
Vi skase Cor p. 103, 718 5,924 5,924 p
Pl asti ¢ Packagi ng Corp 65, 560 0 0 p
Poly Pl astic Packagi ng, |nc. 26, 800 226 226 p
Pol yfl ex Film & Converti ng, 566, 106 0 0 p
I nc.
Rex- Rosenl ew | nternati onal , 494, 445 1 1 p
I nc.
Seal ri ght Packagi ng Conpany 429, 758 12,729 12,729 p
Packagi ng I ndustries, Inc. 836, 972 12,117 12,117 p
Selig Sealing Products, Inc. 16, 950 26 26 p
Sout hern Col ortype Co., Inc. 65, 176 332 332 p
Speci alty Contai ner Corporation 60, 819 45, 790 45, 790 p
Tennessee Press, Inc. 1,546, 762 0 0 p
Uni fl ex, Inc. 208617 208, 617 50, 068 p
Uni on Canp- Shel byville 256, 216 0 0 p
Uni on Canp- Dent on 269, 994 13, 499 13, 499 p
Uni on Canp- Freenman Fi el d 332, 087 558 558 p
Uni on Canp Corp., Richnond 217, 253 0 0 p
Vi skase Cor p. 103, 718 5,924 5,924 p
Zims Bagging Co., Inc. 1, 400 25 25 p
Not es: b=corrugated box, d=paper/plastic products, e=paper products, g=books,

h=paper packagi ng, nem xed packagi ng,

n=newspapers,

p=pl asti c packagi ng
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Table 4-7. Model Plant Specifications for Flexography.

Model Pl ant 1 2 3
Substrate Mul ti-wall bags | Fil mPackagi ng Paper/ Fi | m Pkg
| nk Use | b/ year 1, 500, 000 800, 000 1, 500, 000
VOC Use | b/ year 25, 000 550, 000 1, 100, 000
HAP Use | b/ year 21, 000 100, 000 8, 000
Capture Efficiency % 0 0 78
Control Device % 0 0 94
Efficiency

Overal | Efficiency % 0 0 73
Presses/ St ati ons 12/ 4 6/ 6 6/ 6

Pr essr oom Di nensi ons

ft x ft x ft

150 x 90 x 30

150 x 90 x 30

150 x 90 x 30




rotogravure. Mdel plant 3 represents a flexographic printing
operation which is not a nmajor source when consi dered al one.
Sone fl exographic operations of this nature will conme under the
NESHAP r egul ati ons because of other HAP em tting operations at
the facility. It is possible that nore flexographic facilities
wi |l be regul ated because of non-fl exographic printing em ssions
t han because of the HAP which results from fl exographic
operations by thensel ves.

4.3 CONTROL OPTI ONS

4.3.1 Control Options for Publication Rotogravure

Al'l publication rotogravure plants in the United States
presently use sol vent recovery systens incorporating activated
carbon adsorption and steamregeneration. Control device
efficiencies of 95 percent to greater than 99 percent were
reported. The recovered solvent is blended with purchased ink to
mai ntai n the proper viscosity for printing. Excess solvent is
resold to the ink manufacturers.

Most of the variation in overall efficiencies reported by
publication gravure facilities is due to variations in capture
systens. In all cases, dryer exhausts, containing relatively
concentrated solvent |aden air, are ducted to the sol vent
recovery system Additional solvent |osses during the printing
process result from evaporation fromink fountains, escape of
solvent laden air fromdriers (e. g. carried out with web between
stages) and residual solvent left in substrate after the final
press station. Non-production solvent |osses occur from
uncontrol |l ed proof presses, off-press cylinder cleaning, and the
storage, m xing, shipping and receiving of ink and sol vent.

Control options include varying degrees of inprovenent in
capture and reduction in HAP content of ink. Inproved capture
i nvol ves contai nnent of additional solvent |aden air. Capture
t echnol ogi es, beyond collection and ducting of dryer exhausts,
presently in use include floor sweeps, partial and full upper
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deck hooding of the presses, and total enclosures. Total

encl osures are used in conjunction with collection and treatnent
of all pressroomventilation air. Control options involving air
handl i ng can be specified in ternms of varying degrees of air
collection, up to and including construction of (or conversion of
exi sting pressroons to) permanent total enclosures. |nprovenents
to press capture systens, including "close-in" hooding, wll
result in |ess HAP escaping to the pressroom Reduced flows of
HAP to the pressroomw || decrease the overall air treatnent
requirenents (with or without a total enclosure) if pressroom
ventilation air nust be treated to i nprove overall efficiency.

Al'l inproved capture and control options, costed in Chapter
6, require the handling and treatnment of additional volunmes of
air. The increnental solvent captured will be present at | ower
concentrations than the solvent |aden air presently ducted to the
sol vent recovery systens. |In the case of total enclosure
systens, the HAP concentration in the additional air wll
approxi mate that of the pressroom Pressroom concentrations of
tol uene, the HAP present in highest concentration in the ink (and
the pressroomair), are limted by occupational health
considerations to 100 ppnv.

It may be econom cally advant ageous to pretreat the
additional air resulting frominprovenents in capture efficiency
usi ng solvent concentrator systens. It should be noted that
systens of this type are not presently in use in the publication
gravure industry segnment; they are, however, in use in related
applications including control of paint spray booth em ssions.
Concentrator systens are designed to adsorb solvents fromdilute
air streanms. The sorbent (activated carbon or zeolite) is
regenerated with hot air. The regeneration air requirenent is
only about ten percent of the volune of air treated. Thus the
dilute solvent |laden air streamis converted to a concentrated
regeneration air streamwhich is exhausted to anot her control
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device. In this case, the exhaust fromthe concentrator system
may be ducted to the existing solvent recovery system Sone
increase in capacity of the existing solvent recovery systens my
be required.

The substitution of non-HAP solvents for a portion of the
HAP sol vents in the ink is a control option which may be used to
decrease HAP em ssions w thout increasing either the capture
efficiency or the control device efficiency. This control option
may not be available to all facilities. No information is
avai l abl e on the cost and effects on output quality resulting
from substitution of non-HAP solvents for HAP such as tol uene.

It should be noted that while substitution of non-HAP sol vents
for HAP coul d be encouraged as a pollution prevention option, it
does not significantly affect VOC em ssions.

Al l denonstrated control options include the use of sol vent
recovery systens as the control device. The systens of
denonstrated effectiveness are conposed of fixed bed activated
carbon adsorption units which are cyclically regenerated with
steam These systens include regenerati on gas condensers and
sol vent/wat er decanters.

The distinction anong the control options is the capture
system enpl oyed. The specification of ventilation, hooding and
ducting for increnmental inprovenments to existing systens is site
specific. There are an infinite nunber of gradations between
exi sting capture systens and permanent total enclosures. Table
4-8 lists control options which represent discrete |evels of
capture.

In all cases pollution prevention could be encouraged by
allowing credit for elimnation of HAP em ssions through
substitution of non-HAP sol vent for HAP. A reduction in HAP
em ssions through substitution, conbined with sonme degree of
i nprovenent in capture can achieve the sanme reduction in HAP
em ssions as that of the specified control option.
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4.3.2 Control Options for Product and Packagi ng Rot ogravure

Packagi ng and product rotogravure plants in the United
States use a variety of control technologies. Control strategies
are influenced by the conposition of inks and other naterials
applied on the press, and regulatory requirenments. In nost
cases, regulations presently in effect limt em ssions of VOC
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Table 4-8. Control Options for Publication Rotogravure Plants.

Opt i on Control Device Capture System
A Sol vent recovery system Draw 50% of required pressroom
with carbon adsorption and |ventilation air through concentrator to
st eam r egener ati on. exi sting solvent recovery system
B Draw 100% of required pressroom
ventilation air through concentrator to
exi sting solvent recovery system
C Construct permanent total enclosure and

draw 100% of required pressroom
ventilation air through concentrator to
exi sting solvent recovery system




Control devices presently in operation were, for the nost part, specified and operated to
meet VOC em ssions requirenents. Were ink systens are primarily based on non- HAP
solvents, no data have been collected to denonstrate the effectiveness of existing control
devices with respect to individual HAP. Were HAP (e. g. toluene) based inks are used,
control device efficiencies are directly relevant to HAP control .

The selection of ink is influenced by the substrate printed and the perfornance
requi renents of the packaging or product. Air pollution regulations in force at the tine
of construction of the facility or specification of the control device also influence the
type of ink system

Control technol ogies presently in use anong maj or sources include activated carbon
sol vent recovery systens, catalytic incinerators and oxidizers, and thermal incinerators
and oxidi zers. These devices are capable of controlling greater than 95 percent of nost
vol atil e organi c conpounds when properly designed and operated. Mich of the variation in
overall control efficiencies achieved with any of these control devices is due to
variation in capture efficiency. Were presses are |ocated wthin permanent total
encl osures capture efficiencies are assuned to be 100 percent. In other cases, capture
ef ficiencies depend on the type of capture devices and pressroomventilation systens in
use.

Sone plants have adopted waterborne ink technol ogies to reduce VOC em ssions. In
many cases, low VOC ink formulations are used with no control devices. Capture systens at
these facilities serve to collect dryer exhausts and vent themto the atnosphere. Sone
formul ations are HAP free; many | ow VOC wat erborne i nk systens do contain snall
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per cent ages of HAP (typically glycols, glycol ethers or

al cohol s) .
Control options for packagi ng and product rotogravure plants
are given in Table 4-9. In options A and B, a control device is

used with different |evels of capture efficiency. The control
devi ce can be sel ected based on the ink systemin use, or if nore
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Table 4-9. Control Options for Packagi ng and Product Rotogravure Pl ants.

Opt i on Control Device Capture System
A Sol vent recovery system or Treat dryer exhaust plus 50
catalytic incinerator or thermal percent of required pressroom
i nci nerator dependi ng on ink air with control device.

systemin use.

Per manent Total Encl osure

Use of ink containing | ess than None
1.5 percent HAP




than one type of device is potentially suitable, on the basis of
cost. As described above, all control devices presently in use
in this segnent of the industry can achieve efficiencies of nore
than 95 percent. Option C provides for the use of |ow HAP ink
with no control, provided that em ssions do not exceed those of
pl ants using sol vent based inks with a high HAP content using an
efficient capture and control system
4.3.3 Control Options for Wde-web and Sheet Fed Fl exography
Most fl exographic printing facilities, and all flexographic

printing facilities outside of the flexible packaging industry,
operate w thout control devices. Control strategies are
i nfluenced by the conposition of inks and other materials applied
on the press, and regulatory requirenents. Control devices
presently in operation were, for the nost part, designed and
operated to neet VOC em ssions requirenents. Were ink systens
are primarily based on non-HAP sol vents, no data have been
collected to denonstrate the effectiveness of existing control
devices with respect to individual HAP

The selection of ink (and other materials such as adhesives,
prinmers and varni shes) is influenced by the substrate printed and
t he performance requirenents of the packaging or product. Air
pollution regulations in force at the tine of construction of the
facility or specification of the control device also influence
the type of ink system

Sone plants have adopted waterborne ink technol ogies to
reduce VOC em ssions. In many cases, |low VOC ink formul ati ons
are used with no control devices. Capture systens at these
facilities serve to collect dryer exhausts and vent themto the
at nosphere. Sonme fornul ations are HAP free; many | ow VOC
wat er borne ink systens contain small percentages of HAP
(typically glycols, glycol ethers or alcohols). Many
fl exographic printers use solvent based fornul ati ons which are
conpletely HAP free. |In sone cases, solvent based inks contain
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smal | percentages of the sane HAP used in waterborne materials.
Sone of these facilities operate VOC control devices. 1In the
absence of conpound specific data on HAP control, HAP renova
efficiencies are estimated on the basis of VOC renoval

ef ficiencies.

Control technol ogies presently in use include activated
carbon sol vent recovery systens, catalytic incinerators and
oxi di zers, and thermal incinerators and oxidizers. These devices
are capable of controlling greater than 95 percent of nost
vol atil e organi c conpounds when properly designed and operat ed.
Much of the variation in overall control efficiencies achieved
with any of these control devices is due to variation in capture
efficiency. Were presses are |located wthin pernmanent total
encl osures capture efficiencies are assuned to be 100 percent.
In other cases, capture efficiencies depend on the type of
capture devices and pressroomventilation systens in use. None
of the flexographic facilities using control devices for
materials applied on fl exographic presses are najor sources on
the basis of reported HAP em ssions.

Control options for flexographic printing facilities are
given in Table 4-10. 1In options A and B, a control device is
used with different |evels of capture efficiency. The control
device can be selected based on the ink systemin use, or if nore
than one type of device is potentially suitable, on the basis of
cost. As described above, all control devices presently in use
in this segnent of the industry can achieve efficiencies of nore
than 95 percent, at high concentrations of HAP in the sol vent
| aden air. (It may be difficult to reach this |evel of control
device efficiency at | ower HAP concentrations.) Option C
provi des for the use of low HAP ink with no control, provided
that em ssions do not exceed those of plants using solvent based
inks with a high HAP content using an efficient capture and
control system

4-42



4.4 ENHANCED MONI TORI NG
4.4.1 Enhanced Mnitoring for Publication Gavure

Al'l existing publication rotogravure facilities nonitor
control system performance using liquid-liquid mass bal ances.
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Tabl e 4-10. Control Options for Flexographic Printing Plants.

Opt i on

Control Device

Capture System

A

Sol vent recovery system or
catal ytic incinerator or thermal
i nci nerator depending on ink
systemin use.

Treat dryer exhaust plus 50
percent of required pressroom
air wwth control device.

Per manent Total Encl osure

Use of ink containing |less than 1
percent HAP

None




These mass bal ances provi de average recovery data averaged over
the reporting period. Because the HAP em ssions are recovered,
rat her than destroyed, any intermttent systemfailures,
decreases in control device efficiency or increases in fugitive
em ssions will be reflected in the overall mass balance. This
met hod provi des an average of continuous overall efficiency
(rather than an average of discrete neasurenents of contro
device efficiency).

4. 4.2 Enhanced Mnitoring for Product and Packagi ng Rotogravure

Facilities operating solvent recovery systens nonitor
control system performance using liquid-liquid mass bal ances.
These mass bal ances provide recovery data averaged over the
reporting period. Because the HAP em ssions are recovered,
rat her than destroyed, any intermttent systemfailures,
decreases in control device efficiency or increases in fugitive
em ssions wll be reflected in the overall mass bal ance. Since
this nethod provides an average of continuous overall efficiency
(rather than an average of discrete neasurenents of contro
device efficiency) enhanced nonitoring is not recomended for
this industry segnent.

Facilities operating thermal incinerators or catalytic
i nci nerators nust nonitor control device performance. Continuous
em ssion nmonitoring may not be reliable for em ssion streans in
whi ch the HAP present nmakes up a snmall percentage of the VOC
present, as is the case in many em ssion streans from packagi ng
and product rotogravure printing. The output of continuous
em ssions nonitors may not reflect the HAP concentration of the
em ssions streamdue to differences in response anong the HAP
non- HAP VOC, and products of inconplete conbustion.

Conti nuous control device neasurenent should be required for
facilities operating thermal incinerators or catalytic
incinerators. Variations in conbustion tenperature affect the
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performance of these devices. The operators of thermal and
catalytic incinerators should install, calibrate, maintain, and
operate a tenperature nonitoring device in accordance with the
manuf acturer's specifications. The tenperature should be

mai ntai ned at a tenperature equal to or higher than the
tenperature at which conpliance was denonstrat ed.

4.4.3 Enhanced Mnitoring for Wde-web and Sheet Fed Fl exography

Based on responses to the ICR, none of the flexographic
printing facilities operating control devices had HAP em ssions
in excess of 25 tons per year of HAP or 10 tons per year of any
specific HAP. Facilities affected by a MACT standard regul ati ng
HAP em ssi ons whi ch operate control devices should be subject to
t he same enhanced nonitoring requirenments as product and
packagi ng gravure facilities (see Section 4.4.2).

Facilities controlling HAP em ssions through the use of |ow
HAP i nk fornmul ati ons shoul d mai ntai n docunentation confirmng the
HAP content of the materials applied on flexographic presses. In
the event that specifications provided by ink suppliers are
i nadequate to establish the HAP content, additional conpositional
anal yses shoul d be conducted by the facility.
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5.0 ENVI RONVENTAL AND ENERGY | MPACTS OF CONTRCL OPTI ONS

5.1 ENERGY | MPACT
5.1.1 Publication Rotogravure

Energy requirenents for inplenentation of the control
options for publication gravure plants include electricity to
collect and treat additional ventilation air, natural gas to heat
air for desorption of HAP recovered by the concentrators, and
addi tional steamrequired for regeneration of the increnental
activated carbon and recovery of the increnmental HAP. The
control options will recover increnental amounts of tol uene,
whi ch has a heating value but is not used as a fuel. Energy use
has been estimated for each of the 27 publication rotogravure
facilities. The sumof the increased energy requirenents is
given in Table 5-1. Control options B and C have equal energy
requi renents.

Energy inpact cal cul ati ons were based on the assunption of
1.5 percent solvent retention in the substrate. Uncontrolled and
unretained HAP is assuned to be available in pressroomair at 50
ppmv. Ventilation requirenents are estinmted based on the vol une
of air necessary to dilute the uncontrolled and unretained HAP to
this level. Fan power requirenents are based on noving 50
percent (Control option A) or 100% (Control options B and C) of
the pressroomventilation requirenent through concentrator
systens plus the desorption gas. The desorption gas flowrate is
10 percent of the gas treated. The concentrator is assuned to be
93 percent efficient (this assunption is subject to change,
shoul d test data becone available); the increnental adsorption
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capacity devoted to the concentrated streamis assuned to be 98
percent efficient.
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Table 5-1. Energy Inpact of Control Options for Publication
Rot ogravure Pl ants.

Ener gy | nmpact Control Option A Control Options B & C
Fan Power (kwhr/yr) 26, 100, 000 52,100, 000

Nat ural Gas 553, 000, 000 1, 100, 000, 000

( SCF/ yr)

The concentrator is assunmed to be desorbed with 300 degree F air
heated with natural gas at 90 percent efficiency. Increnental
carbon capacity is desorbed with 2 pounds steam per pound of HAP
based on nodel plant calculations. Table 5-1 gives the energy

i npact of the control options, assum ng natural gas fired boilers
are used to generate increnmental carbon regeneration steam

5.1.2 Product and Packagi ng Rot ogravure

Energy requirenents for inplenentation of the control
options A and B for package and product gravure plants include
electricity to collect and treat additional ventilation air and
natural gas for auxiliary fuel required for HAP destruction.
Energy use has been estinmated for 36 package and product
rotogravure facilities with |arge enough em ssions to be covered
under the MACT standard. The sum of the increased energy
requirenents for control options A and B have been estimated in
Tabl e 5-2. These estimates are based on inprovenents to capture
(wth incineration of the recovered fugitive em ssions) at 28
facilities, and installation of capture systenms and control
devices at 6 presently uncontrolled facilities. Two facilities
whi ch apply materials which are | ess than 4 percent HAP, and have
no control devices, are excluded fromthe estimate.

Electricity and natural gas requirenents have been based on
t he nodel plant cal culations. Mdel plants with control devices
had average electricity and gas requirenents of 16 kwhr and 9000
SCF per pound of increnentally controlled HAP. Mbdel plants
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Tabl e 5-2. Energy Inpact of Control Options for Product and
Packagi ng Gravure Pl ants.

Ener gy | npact Control Option A Control Option B
Fan Power (kwhr/yr) 47,000, 000 70, 000, 000
Nat ural Gas 1.8 E 10 3.0 E 10
( SCF/ yr)

w t hout control devices had average electricity and gas

requi renents of 11 kwhr and 2000 SCF per pound of increnentally
controlled HAP. Control option B provides overall control

equi valent to 96.5 percent of HAP usage. This is consistent with
a 98 percent efficient control device, allowing for 1.5 percent
HAP retention in the printed substrate. Control option A

provi des for varying overall efficiencies depending on the
capture efficiency of the existing system HAP retention may
vary, but this will have only a small effect on energy
requirenents.

Control option C could represent a decrease in energy
requirenents if facilities which presently operate incinerators
converted to ink formulations with | ower HAP content. Under sone
ci rcunst ances, operation of existing incinerators would no |onger
be required. This would result in the elimnation of al
auxiliary fuel requirenents. These energy savings would not be
realized by facilities presently operating control devices for
VOC control unless waterborne (I ow HAP, | ow VOC), formnulations
were used. The energy inpact of this control option has not been
estimated because it is inpossible to predict what fornmul ations
woul d be used to conply.

5.1.3 Wde-web and Sheet Fed Fl exography
Energy requirenents for inplenentation of the control

options A and B for wide web fl exography plants include
electricity to collect and treat additional ventilation air and
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natural gas for auxiliary fuel required for HAP destruction. It
is estimated that 50 facilities may have em ssions | arge enough
to be covered by the standard based on estimated "potential to
emt". This includes all facilities providing responses to the
|CR wi th HAP usage of at |east 10,000 pounds in 1992. Sone of
these facilities may have permt restrictions or other
[imtations which would keep their potential to emt bel ow 25
tons HAP per year (or ten tons of any single HAP). O these
facilities, 15 presently operate control devices. The follow ng
di scussion assunes that the 35 flexographic printing facilities
not presently operating control devices will conply with the
standard by reducing their HAP usage and the remaining facilities
will inprove capture and control.

The sum of the increased energy requirenents for control
options A and B have been estimated in Table 5-3. These
estimates are based on inprovenents to capture (with incineration
of the recovered fugitive em ssions) at 15 facilities. Energy
requirenments will increase if facilities which presently have no
control devices install themto neet the standard. Energy
requi renents may decrease sonewhat if sone of the facilities
consi dered on the basis of HAP usage are not mmjor sources by
reason of limtations of their potential to emt.

Electricity and natural gas requirenents have been based on
t he nodel plant cal culations. Mdel plants with control devices
had average electricity and gas requirenments of 30 kwhr and 5400
SCF per pound of increnmentally controlled HAP. Control option B
provi des overall control equivalent to 93.5 percent of HAP usage.
This is consistent with a 95 percent efficient control device,
allowng for 1.5 percent HAP retention in the printed substrate.
Control option A provides for varying overall efficiencies
depending on the capture efficiency of the existing system HAP
retention may vary, but this will have only a small effect on
energy requirenents.
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Table 5-3. Energy Inpact of Control Options for Wde-web and
Sheet Fed Fl exography.

Ener gy | npact Control Option A Control Option B
Fan Power (kwhr/yr) 1, 770, 000 3, 540, 000
Nat ural Gas 318, 000, 000 637, 000, 000
( SCF/ yr)

Control option C could represent a decrease in energy
requirenents if facilities which presently operate incinerators
converted to ink formulations with | ower HAP content. Under
someci rcunst ances, operation of existing incinerators would no
| onger be required. This would result in the elimnation of al
auxiliary fuel requirenents. These energy savings would not be
realized by facilities presently operating control devices for
VOC control unless waterborne (I ow HAP, | ow VOC), formulations
were used. The energy inpact of this control option has not been
estimated because it is inpossible to predict what fornmul ations
woul d be used to conply.

5.2 AIR | MPACTS
5.2.1 Publication Rotogravure

The major air inpact of inplenenting the control options is
reduced em ssions of HAP to the atnosphere. Mnor inpacts are
associated wth the production and use of electricity and fuel
required for fans, desorption gas heaters, and boilers generating
steam for increnental carbon regeneration requirenents. Table
5-4 lists air inpacts for the control options. |Inpacts
associated with electric utility generation are assuned to be 3.6
granms sul fur dioxide and 560 grans carbon di oxi de per kwhr.

5.2.2 Product and Packagi ng G avure

The major air inpact of inplenenting the control options is
reduced em ssions of HAP to the atnosphere. Mnor inpacts are
associated wth the production and use of electricity required
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Table 5-4. Ar Inpact of Control Options for Publication
Rot ogravure Pl ants.

Air | npact Control Option A |Control Options B & C
HAP El i m nat ed 7,000 14, 000
(Ton/yr)

Sul fur Di oxi de 103 206

Emtted (Ton/yr)

Car bon Di oxi de 50, 000 100, 000
Emtted (Ton/yr)

for fans and auxiliary fuel for incinerators. Table 5-5 lists
air inpacts for the control options. Estimates for options A and
B are based on upgrades to 28 facilities presently
oper ati ngcontrol devices and installation of capture and control
systens at 6 facilities. Estimates for option C are based on the
34 facilities considered for options A and B plus two additional
facilities presently applying fornulations containing | ess than 4
percent HAP. |[npacts associated with electric utility generation
are assuned to be 3.6 grans sul fur dioxide and 560 grans carbon
di oxi de per kwhr.
5.2.3 Wde-web and Sheet Fed Fl exography

The major air inpact of inplenenting the control options is

reduced em ssions of HAP to the atnosphere. Mnor inpacts are
associated wth the production and use of electricity required
for fans and auxiliary fuel for incinerators. Table 5-6 lists
air inpacts for the control options. Estimates for options A and
B are based on upgrades to 15 facilities presently operating
control devices. Estinmates for option C are based on a total of
50 facilities (an additional 35 facilities not presently
considered for options A and B are included). |Inpacts associated
with electric utility generation are assunmed to be 3.6 grans

sul fur di oxi de and 560 granms carbon di oxi de per kwhr.
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Table 5-5. Air Inpact of Control Options for Product and
Packagi ng Rot ogravure Pl ants.

Air | npact Option A Option B Option C
HAP El i m nat ed 1800 2600 2400
(Ton/yr)
Sul fur Di oxi de 1900 2800 NA
Emtted (Ton/yr)
Car bon Di oxi de 31000 47000 NA
Emtted (Ton/yr)

NA=Not avai | abl e.

Table 5-6. Air Inpact of Control Options for Wde-web and Sheet
Fed Fl exography.

Air | npact Option A Option B Option C
HAP El i m nat ed 29 59 830
(Ton/yr)

Sul fur D oxi de 7.0 14 NA
Emtted (Ton/yr)

Car bon Di oxi de 20, 000 39, 000 NA
Emtted (Ton/yr)

NA=Not avail abl e.
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5.3 WATER | MPACTS
5.3.1 Publication Rotogravure

Water inpacts resulting frominplenentation of the contro
options are insignificant. Small increases in boiler bl owdown
may be associated with the increnental increase in steamrequired
for recovery of incremental HAP. This water will be of
relatively high quality.

5.3.2 Product and Packagi ng Rot ogravure and W de-web and Sheet
Fed Fl exography

Water inpacts resulting frominplenentation of the contro
options are insignificant. Control option C does not assune
conversion to waterborne inks. |[|f waterborne inks are adopted,
pressroomcleaning will be done with water which nmay generate an
addi tional |ow vol une wastewat er stream
5.4. SCLI D WASTE | MPACT
5.4.1 Publication Rotogravure

The inpact of the control options on solid waste wll be
negligible. The increnmental carbon will require replacenent
every five to ten years. It is expected that nost of this
material will be sold for reprocessing into other products and
w Il not becone solid waste. The concentrators are expected to
| ast 15 years or |onger.

5.4.2 Product and Packagi ng Rot ogravure and W de-web Fl exography

The inpact of the control options on solid waste wll be
negligible. |If catalytic incinerators are used, catalyst
repl acenent may be necessary every ten years. Spent catalyst my
require disposal as hazardous waste.
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6.0 MODEL PLANT CONTROL OPTI ON COST

6.1 | NTRODUCTI ON

Model plants, and the criteria used to choose them have been
described in Chapter 4. Control options applicable to specific
segnents of the printing and publishing industry have al so been
described in Chapter 4. This chapter describes the estimted
costs of applying the control options to the nodel plants.
6. 2 PUBLI CATI ON ROTOGRAVURE

Model plant specifications are given in Table 6-1. These
are based on several assunptions. HAP retention in the web is
assuned to be 1.5 percent of that used. This nmaterial is not
emtted in the pressroomor dryer. Pressroomventilation rates
have been proposed based on the volunme of air necessary to dilute
the fugitive em ssions to acceptable |levels for the health and
safety of the operators. This ventilation my be presently
supplied by doors, wi ndows and | eaks to the atnosphere.
Pressroom vol unmes have been assunmed based on the nunber and size
of the presses in the nodel plants. Corresponding air exchange
rates are |isted, however, only the assuned ventilation rate
affects the anount of air to be treated. The pressroom vol une
and air exchange rates can vary to provide the assuned
ventilation rate. The pressroom and control systens are assuned
to operate 120 hours per week.
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The control options apply to increnental capture and control
of fugitive emssions. The control options involve collecting
and treating pressroomair containing fugitive HAP which escapes
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Table 6-1. Publication Rotogravure Mdel Plant Specifications Used for Control Option

Costi ng.

Model Pl ant 1 2 3 4 5
Presses/ St ati ons 8/ 10 8/ 10 4/ 8 4/ 8 5/ 8
Pressroom Length (ft) 240 240 120 120 150
Pressroom Wdth (ft) 150 150 120 120 120
Pressroom Hei ght (ft) 30 30 30 30 30
Hap usage (Ib/yr) 22,500, 000 | 22,500,000 | 6,400, 000 6, 400, 000 | 14, 000, 000
HAP usage (g/ m n) 19, 435 19, 435 5,528 5,528 12, 093
Capture Efficiency (% 98.1 90. 7 98.1 90. 7 80. 4
Control Efficiency (% 97.0 97.0 97.0 97.0 97.0
Overal |l Control (% 95. 2 88.0 95. 2 88.0 78.0
HAP control led (Ib/Yr) 21, 420, 000 | 19, 800, 000 6, 092, 800 5,632,000 | 10, 920, 000
HAP emitted (Ib/Yr) 1, 080, 000 2, 700, 000 307, 200 768, 000 3, 080, 000
HAP retained (Ib/Yr) 337, 500 337, 500 96, 000 96, 000 210, 000
HAP to Pressroom (I b/ Yr) 90, 000 1, 755, 000 25, 600 499, 200 2,534, 000
Pressroom Vol une ( CF) 1, 080, 000 1, 080, 000 432, 000 432, 000 540, 000
Air Change Rate(/hr) 2 30 2 30 60
Vent. Rate (SCFM 36, 000 540, 000 14, 400 216, 000 540, 000
Pressroom Conc. (| b/acf) 6. 66e- 06 8. 66e- 06 4. 74e- 06 6. 16e- 06 1. 25e-05
Pressroom Conc. (ppm 28.3 36.8 20.1 26.2 53.2
Assuned pressroom vol unme based on new installation information. Assunmed 1.5% of HAP used is
retained in the web, and ultimately enmtted outside the pressroom Operating tinme based on 1980
NSPS. Assuned plant (and concentrator) operation 5 days/wk; 24 hr/day.




the existing capture system Since the pressroomair is at
relatively | ow concentration, cost cal cul ati ons are based on use
of a concentrator system The assuned concentrator
specifications are given in Table 6-2. Control option A has not
been applied to nodel plants 1 and 3, as increnental HAP
reduction would be negligible for these cases. The concentrator
systens are assuned to be 93 percent efficient (this assunption
is subject to revision if test data becone avail abl e) and exhaust
a streamof 10 percent of the volune of the treated pressroom
air. This concentrated exhaust streamis assunmed to be added to
t he carbon adsorption/steamregeneration solvent recovery system
The capital costs of these systens for the three control options
are given in Tables 6-3 through 6-5. Concentrator system costs
wer e based on tel ephone quotes fromthree vendors. An upgrade to
t he existing solvent recovery systemto account for the increased
capacity required to treat the concentrator exhaust is included
in Tables 6-3 through 6-5. These costs are detailed in Tables 6-
6 and 6-7. The inclusion of solvent recovery system upgrade
costs is conservative as existing solvent recovery systens may be
adequate to treat the increnental concentrator exhaust flows. In
this case, increased regeneration frequencies could be required.
Control option Cincludes retrofit construction of a permanent
total enclosure. These costs are estimated in Table 6-8 and
included in Table 6-5. Total enclosure costs are based on the
construction of two new walls and the presence of two existing
wal | s. Depending on the existing structure, total enclosure
costs could be higher or |ower than those esti nated.

Total annual costs have been estimated for the three control
options in Tables 6-9 through 6-11. These estimtes include
recovery of capital costs based on a 7 percent interest rate and
a 15 year equipnent life. Operating costs include utilities,

| abor, materials, tax, insurance and adm nistration. Additional
notes to the cost calculation tables are given in Table 6-12.
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Cost effectiveness of the control options applied to the nodel
plants is given in Table 6-13. Cost effectiveness varies between
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Tabl e 6-2. Publication Rotogravure Control Device Specifications usedfor Control Option

Costi ng.

Concentrator System Control Option A

Model Pl ant 2 4 5
Flow to Concentrator (scfn) 300, 000 100, 000 300, 000
Fl ow from Concentrator (scfm 30, 000 10, 000 30, 000
HAP to Concentrator (Ib/yr) 975, 000 231,111 1,407,778
Incremental Control (lb/yr) 879, 548 208, 485 1, 269, 956
Increnental Control Efficiency (% 3.91 3.26 9. 07
New overall Control (% 91.9 91.3 87.1
Concentrator System Control Options B & C

Model Pl ant 1 2 3 4 5
Fl ow to Concentrator (scfm 36, 000 540, 000 14, 400 216, 000 540, 000
Fl ow from Concentrator (scfm 3, 600 54, 000 1, 440 21, 600 54, 000
HAP to Concentrator (Ilb/yr) 90, 000 1, 755, 000 25, 600 499, 200 2,534, 000
Incremental Control (lb/yr) 81, 189 1,583, 186 23, 094 450, 328 2,285,921
Increnental Control Efficiency (% 0. 36 7.04 0. 36 7.04 16. 33
New overal |l Control (% 95. 6 95.0 95. 6 95.0 94. 3
Assuned 93% concentrator efficiency.




Tabl e 6- 3.
Systens for

Capi t al
Contro

Option A at Model

Costs of Concentrator/ Sol vent Recovery
Publ i cati on Rotogravure

Pl ant s.
Model Pl ant 2 4 5
| nt ake Rate (SCFM 300, 000 100, 000 300, 000
| nt ake rate (ACFM 327,473 109, 158 327,473
Exhaust rate (SCFM 30, 000 10, 000 30, 000
Install ed Cost--Note 1 $3, 600, 000 | $1, 200, 000 | $3, 600, 000
Site Preparation-Note 2 360, 000 120, 000 360, 000
Duct Length (ft)--Note 12 180 60 180
Duct Di aneter (in) 60 60 60
Duct Cost @126/ft 22, 680 7, 560 22, 680
Sol vent Recovery System 19, 040 7,955 24, 536
upgr ade
Cost including duct and 4,001, 720 1, 335,515 4,007, 216
site Prep.
Engi neeri ng, supervision, 1, 240, 533 414, 010 1, 242, 237
construction, field
expenses, fee, start-up,
per formance test and
contingenci es-Note 3
Total Capital Cost- 5,242, 253 1,749, 524 5,249, 453
Concentrator System
Capi tal Recovery 0. 1098 0. 1098 0. 1098
factor-Note 4
Annual i zed Capital Cost $575, 571 $192, 088 $576, 362

Sol vent
6- 6.

recovery system upgrade costs are detailed in Table
See notes to cost calculations in Table 6-12.
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Table 6-4. Capital Costs of Concentrator/Solvent Recovery Systens for Control Option B at

Model Publication Rotogravure Pl ants.

Mbdel Pl ant 1 2 3 4 5
I nt ake Rate (SCFM 36, 000 540, 000 14, 400 216, 000 540, 000
I ntake rate (ACFM 39, 297 589, 451 15, 719 235, 780 589, 451
Exhaust rate (SCFM 3, 600 54, 000 1, 440 21, 600 54, 000
Installed Cost--Note 1 $432, 000 $6, 480, 000 $172, 800 $2, 592, 000 $6, 480, 000
Site Preparation-Note 2 $43, 200 $648, 000 $17, 280 $259, 200 $648, 000
Duct Length (ft)--Note 12 30 330 30 150 330
Duct Dianeter (in) 60 60 60 60 60
Duct Cost @126/ft $3, 780 $41, 580 $3, 780 $18, 900 $41, 580
Sol vent Recovery System upgrade $5, 000 $26, 725 $5, 000 $14, 140 $34, 542
Cost including duct and site $483, 980 $7, 196, 305 $198, 860 $2, 884, 240 $7,204, 122

Preparation

Engi neeri ng, supervision,
construction field expenses, fee, $150, 034 $2, 230, 855 $61, 647 $894, 114 $2, 233, 278
start-up, perfornmance test and
conti ngenci es-Note 3

Total Capital Cost- Concentrator $634, 014 $9, 427, 159 $260, 507 $3, 778, 355 $9, 437, 400
System

Capital Recovery factor-Note 4 0.1098 0.1098 0.1098 0.1098 0.1098
Annual i zed Capital Cost $69, 611 $1, 035, 051 $28, 602 $414, 843 $1, 036, 176

Sol vent recovery system upgrade costs are detailed in Table 6-7.
See notes to cost calculations in Table 6-12.
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Table 6-5. Capital Costs of Concentrator/Solvent Recovery Systens for Control Option C at
Model Publication Rotogravure Pl ants.

Mbdel Pl ant 1 2 3 4 5
I nt ake Rate (SCFM 36, 000 540, 000 14, 400 216, 000 540, 000
I ntake rate (ACFM 39, 297 589, 451 15, 719 235, 780 589, 451
Exhaust rate (SCFM 3, 600 54, 000 1, 440 21, 600 54, 000
Installed Cost--Note 1 $432, 000 $6, 480, 000 $172, 800 $2, 592, 000 $6, 480, 000
Site Preparation-Note 2 $43, 200 $648, 000 $17, 280 $259, 200 $648, 000
Duct Length (ft)--Note 12 30 330 30 150 330
Duct Dianeter (in) 60 60 60 60 60
Duct Cost @126/ft $3, 780 $41, 580 $3, 780 $18, 900 $41, 580
Sol vent Recovery System upgrade $5, 000 $26, 725 $5, 000 $14, 140 $34, 542
Cost including duct and site Prep. $483, 980 $7, 196, 305 $198, 860 $2, 884, 240 $7,204, 122
Engi neeri ng, supervision,
construction, field expenses, fee, $150, 034 $2, 230, 855 $61, 647 $894, 114 $2, 233, 278
start-up, perfornmance test and
conti ngenci es-Note 3
Total Capital Cost- Concentrator $634, 014 $9, 427, 159 $260, 507 $3, 778, 355 $9, 437, 400
System
Per manent Total Enclosure $44, 704 $44, 704 $28, 284 $28, 284 $31, 568
Construction Cost
Total Capital Cost $678, 718 $9, 471, 864 $288, 790 $3, 806, 638 $9, 468, 968
Capital Recovery factor-Note 4 0. 1098 0. 1098 0. 1098 0. 1098 0. 1098
Annual i zed Capital Cost $74, 520 $1, 039, 960 $31, 708 $417, 948 $1, 039, 642




Per manent total enclosure costs are detailed in Table 6-8. Sol vent

detailed in Table 6-7.

See notes to cost calculations in Table 6-12.

recovery system upgrade costs are
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Table 6-6. Capital Costs of Required Solvent Recovery System

Upgrades for Control Option A at Mdel Publication Rotogravure
Pl ant s.

Model Pl ant 2 4 5

I ncrenental Flow Rate 30, 000 10, 000 30, 000

(SCFM

Pressroom Concentrati on 36.8 26. 2 53.2

(PPM

Concentrat or Exhaust Conc. 342 244 495

(PPmM

| ncrenmental HAP Loadi ng 140. 6 33.3 203.0

(1'b/hr)

Adsorption Tinme (hr) 2 2 2

Equi | i brium Adsorptivity 0.31 0. 30 0. 32

(I'b toluene/lb carbon)

Wor ki ng Capacity (Ib 0. 154 0. 148 0. 160

HAP/ | b car bon)

Carbon Required (IDb) 1827 449 2532

Adsor ber Vol une Required 109. 59 26. 97 151. 95

(CF)

Adsor ber Length (ft) 16 9 22

Adsorber Dianeter (ft) 3 2 3

Adsor ber Surface (sf) 164. 934 62. 832 221. 4828

Adsor ber Cost ($1989) $14, 389 $6, 791 $18, 099

Adsor ber Cost ($1993) $14, 474 $6, 831 $18, 205

Carbon Cost @2.50/1b $4, 566 $1, 124 $6, 331

Adsor ber Cost including $19, 040 $7, 955 $24, 536

car bon

Not e:
i ndex factor of (394.4/392.1).

Costs escal ated to 1993% usi ng Marshal

and Swi ft cost
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Table 6-7. Capital Costs of Required Solvent Recovery Upgrades for Control Options B and
C at Mddel Publication Rotogravure Plants.

Mbdel Pl ant 1 2 3 4 5
I ncrenental Fl ow Rate ( SCFM 3, 600 54, 000 1, 440 21, 600 54, 000
Pressroom Concentration (ppm 28.3 36.8 20.1 26.2 53.2
Concentrat or Exhaust Conc. (ppm 263 342 187 244 495
I ncrenental HAP Loading (I b/hr) 13.0 253.0 3.7 72.0 365. 3
Adsorption Tinme (hr) 2 2 2 2 2
Equi | i brium Adsorptivity (I b toluene/lb 0. 30 0.31 0.29 0. 30 0.32
car bon)

Wor ki ng Capacity (I'b HAP/ I b carbon) 0.15 0.15 0.14 0.15 0.16
Carbon Required (Ib) 174 3288 51 971 4558
Adsor ber Vol ume Required (CF) 10. 41 197. 26 3.08 58. 25 273.51
Adsorber Length (ft) NOTE 13 16 NOTE 13 19 22
Adsorber Dianmeter (ft) NOTE 13 4 NOTE 13 2 4
Adsor ber Surface (sf) NOTE 13 226. 1952 NOTE 13 125. 656 301. 5744
Adsor ber Cost ($1989) NOTE 13 $18, 397 NOTE 13 $11, 645 $23, 011
Adsor ber Cost ($1993) NOTE 13 $18, 505 NOTE 13 $11, 713 $23, 146
Car bon Cost @2.50/1b NOTE 13 $8, 220 NOTE 13 $2, 427 $11, 396
Adsor ber Cost including carbon $5, 000 $26, 725 $5, 000 $14, 140 $34, 542

Not e:

Costs escal ated to 1993$% using Marshall

See notes to cost calculations in Table 6-12.

and Swi ft cost

i ndex factor of (394.4/392.1).




Table 6-8. Capital Costs of Permanent Total Enclosure for Control Option C at Mbdel
Publ i cati on Rotogravure Pl ants.

Wal | Dinensions (ft) 240 x 30| 240 x 30120 x 30120 x 30| 150 x 30
Wal | Dinensions (ft) 150 x 30 | 150 x 30| 120 x 30| 120 x 30| 120 x 30
Total Area-Two Walls (SF) 11700 11700 7200 7200 8100
Large Door Dinensions (ft) 6 x 10 6 x 10 6 x 10 6 x 10 6 x 10
Smal | Door Di nensions (ft) 8 x 4 8 x 4 8 x 4 8 x 4 8 x 4
wal | Cost $42,694 | $42,694 | $26, 274 | $26, 274 $29, 558
Lar ge Door Cost 1850 1850 1850 1850 1850
Smal | Door Cost 160 160 160 160 160
Total Cost $44,704 | $44,704 | $28,284 | $28, 284 $31, 568

Assunptions: Two existing walls, two walls to be constructed, one | arge door
and one small door to be added. 8" concrete (sand aggregate) block, 3/8"
nmortar joint, tooled one side. Large door-Al um num door and frane incl uding
hardware and closer. Small door-16 gauge steel, 5" deep.

Costs fromWaier, Phillip R et al.,Means Building Construction Cost Data,
51st Annual Edition, R S. Means Conpany, 1992.




Tabl e 6-9. Total Annual Costs for Control Option A at Mdel Publication Rotogravure

Pl ant s.

Control Option/Mdel PIant A-2 A-4 A-5
Annual i zed Capital Cost $575, 571 $192, 088 $576, 362
Operating Costs
El ectricity-Concentrator-Note 5 146, 867 48, 956 146, 867
Gas- Concentrator-Note 6 44,973 14,991 44,973
St eamt Recovery System Upgrade-Note 14 10, 286 2,531 14, 261
Operating | abor-Note 7 58, 662 19, 554 58, 656
Supervi sory Labor-Note 8 8, 799 2,933 8, 798
Mai nt enance Labor-Note 9 64, 528 21,509 64, 522
Mat eri al s-Note 10 64, 528 21, 509 64, 522
Property tax, |nsurance and

Admi ni strative-Note 11. 209, 690 69, 981 209, 978
Total Annual Costs $1, 183, 905 $394, 053 $1, 188, 939
Sol vent Recovery Credit-Note 15 $131, 932 $31, 273 $190, 493
Net Annual Costs $1, 051, 972 $362, 780 $998, 445
See notes to cost calculations in Table 6-12.




Tabl e 6-10. Total Annual Costs for Control Option B at Mddel Publication Rotogravure

Pl ant s.

Control Option/Mdel PIant B-1 B- 2 B-3 B-4 B-5
Annual i zed Capital Cost $69, 611 $1, 035, 051 $28, 602 $414, 843 $1, 036, 176
Operating Costs
El ectricity-Concentrator-Note 5 17, 624 264, 361 7, 050 105, 744 264, 361
Gas- Concentrator-Note 6 26, 909 403, 638 10, 764 161, 455 403, 638
St eam Recovery System 977 18, 515 289 5, 467 25,671
Upgr ade- Note 14
Operating | abor-Note 7 9,777 107, 547 29, 331 48, 885 107, 547
Super vi sory Labor-Note 8 1, 467 16, 132 4,400 7,333 16, 132
Mai nt enance Labor-Note 9 10, 755 118, 302 32, 264 53, 774 118, 302
Mat eri al s-Note 10 10, 755 118, 302 32, 264 53, 774 118, 302
Property tax, |nsurance and

Admi ni strative-Note 11. 25, 361 377,086 10, 420 151, 134 377, 496
Total Annual Costs $173, 235 $2, 458, 934 $155, 383 $1, 002, 409 $2, 467, 624
Sol vent Recovery Credit-Note 15 $12,178 $237, 478 $3, 464 $67, 549 $342, 888
Net Annual Costs $161, 057 $2,221, 456 $151, 919 $934, 859 $2, 124, 736

See notes to cost calculations in Table 6-12.
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Tabl e 6-11. Total Annual Costs for Control Option C at Mdel Publication Rotogravure
Pl ant s.

Control Option/Mdel PIant C1 C2 C3 C4 C5
Annual i zed Capital Cost $74, 520 $1, 039, 960 $31, 708 $417, 948 $1, 039, 642
Operating Costs
El ectricity-Concentrator-Note 5 17, 624 264, 361 7, 050 105, 744 264, 361
Gas- Concentrator-Note 6 26, 909 403, 638 10, 764 161, 455 403, 638
St eam Recovery System 977 18, 515 289 5, 467 25,671
Upgr ade- Note 14
Operating | abor-Note 7 9, 777 107, 547 29, 331 48, 885 107, 547
Super vi sory Labor-Note 8 1, 467 16, 132 4, 400 7,333 16, 132
Mai nt enance Labor-Note 9 10, 755 118, 302 32, 264 53, 774 118, 302
Mat eri al s-Note 10 10, 755 118, 302 32, 264 53, 774 118, 302
Property tax, |nsurance and

Admi ni strative-Note 11. 27, 149 378, 875 11, 552 152, 266 378, 759
Total Annual Costs $179, 932 $2, 465, 631 $159, 620 $1, 006, 645 $2, 472, 353
Sol vent Recovery Credit-Note 15 $12,178 $237, 478 $3, 464 $67, 549 $342, 888
Net Annual Costs $167, 754 $2, 228, 153 $156, 156 $939, 096 $2, 129, 465

See notes to cost calculations in Table 6-12.




Tabl e 6-12. Notes to Control Cost Cal cul ations for Nbdel

Publ i cati on Rotogravure Pl ants.

Note 1. From t el ephone quotes; $12/SCFMinstall ed
price--nodul ar: no econom es of scale

Note 2 Arbitrarily assunmed 10% of installed cost.

Not e 3. 31% of installed cost, per EPA Handbook
( EPA/ 625/ 6-91/ 014)

Note 4 15 years at 7%

Note 5 Vol unme is 110% of intake rate, pressure drop =6 in.
water, fan efficiency is 65% electricity at
0. 06/ kwhr

Not e 6. Desorption air at 300 degrees F. Desorption gas
flowrate =10% i ntake flowrate. Gas at $5/ MM Bt u.

Note 7. O 5 hr/shift per concentrator, $25/hr including
over head.

Not e 8. 15% of operating | abor

Note 9 110% of operating | abor

Not e 10. | Assuned equal to mai ntenance | abor.

Note 11. | 4% of total capital cost

Note 12. |30 ft length of 5 ft dianmeter duct in parallel.

Note 13. | The existing adsorbers can be operated to handl e the
smal | additional |oading. A nom nal upgrade cost is
gi ven as a upper bound estimate.

Note 14. [ 0.3 I b steam | b carbon. Steam at $6/1000 | b.

Not e 15. | Recovered tol uene val ued at $0.15/1Db.
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Tabl e 6-13. Cost Effectiveness of Concentrator Systens for Increnental Control of
Publ i cati on Rot ogravure Model Pl ants.
Control Option A
Model Pl ant 2 4 5
HAP Reduction (Ib/yr) 879, 548 208, 485 1, 269, 956
Annual Cost $1, 051, 972 $362, 780 $998, 445
Cost Effectiveness ($/Ton) 2,392 3,480 1,572
Control Option B
Model Pl ant 1 2 3 4 5
HAP Reduction (Ib/yr) 81, 189 1,583, 186 23, 094 450, 328 2,285, 921
Annual Cost $161, 057 $2, 221, 456 $151, 919 $934, 859 | $2,124,736
Cost Effectiveness ($/Ton) 3, 967 2, 806 13, 157 4,152 1, 859
Control Option C
Model Pl ant 1 2 3 4 5
HAP Reduction (Ib/yr) 81, 189 1,583, 186 23, 094 450, 328 2,285, 921
Annual Cost $167, 754 $2, 228, 153 $156, 156 $939, 096 | $2, 129, 465
Cost Effectiveness ($/Ton) 4,132 2,815 13, 524 4,171 1, 863




$1500 and $14, 000 per ton of HAP reduction. The cost per
incremental ton of HAP reduction is highest at the nodel plants
with high I evels of baseline HAP control, as these plants have
| ess fugitive em ssions available for capture and treatnent. The
annual costs for these plants are |ower than the annual costs for
the nodel plants with low | evels of baseline control as |ess
additional air nust be handled at the well controlled plants.
6. 3 PRODUCT AND PACKAG NG ROTOGRAVURE

Model plant specifications are given in Table 6-14. These
are based on several assunptions. HAP retention in the web is
assuned to be 1.5 percent of that used. This nmaterial is not
emtted in the pressroomor dryer. Pressroomventilation rates
have been proposed based on the volunme of air necessary to dilute
the fugitive em ssions to 50 ppnmv VOC. The concentration of HAP
in the pressroomvaries depending on the conposition of the
materials applied. Ventilation air to dilute fugitive em ssions
may be presently supplied by doors, w ndows, and | eaks to the
at nosphere. Pressroom vol unes have been assuned based on the
nunber and size of the presses in the nodel plants. The
pressroom and control systens are assunmed to operate 80 hours per
week.

Control options A and B, as described in chapter 4, apply
to increnental capture and control of fugitive em ssions from
exi sting capture systens at the nodel plants. Control options A
and B involve collecting and treating pressroom air containing
fugitive HAP which escapes the existing capture system Costs
have been estimated on the basis of thermal incineration of this
pressroomair stream Specifications for thermal incinerators
applicable to the nodel plants are given in Table 6-15. |In many
cases, catalytic incineration would be appropriate for the
solvents in use. Catalytic incineration systens would have | ower
operating costs and m ght have total annualized costs than the
estimates for thermal incineration systens. |n sone cases,
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concentrator systenms (see Section 6.2) mght be used to reduce
the size and capital and operating costs of the incinerator.
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Tabl e 6-14. Mbdel

Pl ant Specifications for

Product and Packagi ng Rot ogravure.

Model Pl ant 1 2 3 4 5
Substrate Vi nyl Paper/ Car dboar d Foi I / Fi | m Packagi ng
Product s Packagi ng
Presses/ St ati ons 8/ 4 4/ 8 1/ 6 2/ 8 4/ 6
Pressroom Di nensi ons ft x ft x ft 240 x 100 150 x 120 x 100 x 30 | 60 x 150 x 120 x
x30 30 x30 30 120 x30
I nk Use | b/ year 1, 000, 000 1, 800, 000 2, 000, 000 3, 000, 000 | 300, 000
VOC Use | b/ year 900, 000 1, 000, 000 800, 000 2,500,000 | 150, 000
HAP Use | b/ year 900, 000 200, 000 600, 000 1, 000, 000 65, 000
Capture Efficiency % 89 81 N A 95 N A
Control Device Efficiency % 95 97 0 95 0
Overall Efficiency % 85 79 0 90 0
HAP Control | ed | b/ year 765, 000 158, 000 0 900, 000 0
HAP Ret ai ned | b/ year 13, 500 3, 000 9, 000 15, 000 975
HAP t o Pressroom I b/ year 121, 500 39, 000 591, 000 85, 000 64, 025
VOC Controll ed | b/ year 765, 000 790, 000 0 2, 250, 000 0
VOC Ret ai ned I b/ year 13, 500 15, 000 12, 000 37,500 2,250
VOC to Pressroom I b/ year 121, 500 195, 000 788, 000 212,500 147, 750
Pressroom VOC Conc. ppm 50 50 50 50 50
Pressroom HAP Conc. ppm 50.0 10.0 37.5 20.0 21.7

N A=Not appl i cabl e.




Tabl e 6-15.

| nci nerator Specifications for

Product and Packagi ng Rot ogravure Contr ol

Opt i ons.

Thermal Incinerator--Control Option A

Model Pl ant 1 2 3 4 5
VOC Mol ecul ar Vi ght 92.1 88.9 91.1 89.7 89. 8
Ventilation Rate SCFM 37, 845 62, 925 248, 140 67, 960 47,182
I nci nerator Intake SCFM 18, 922 31, 462 124,070 33, 980 23, 591
VOC to | ncinerator | b/ yr 60, 750 97, 500 394, 000 106, 250 73, 875
HAP t o I nci ner at or | b/ yr 60, 750 19, 500 295, 500 42,500 32,013
I ncremental HAP Contr ol | b/yr 57,713 18, 525 280, 725 40, 375 30, 412
I ncrenental Control Effic. % 6.4 9.3 46. 8 4.0 46. 8
New Overal | Control % 91 88 47 94 47
Thermal Incinerator--Control Option B

Model Pl ant 1 2 3 4 5
VOC Mol ecul ar Vi ght 92.1 88.9 91.1 89. 7 89. 8
Ventilation Rate SCFM 37, 845 62, 925 248, 140 67, 960 47,182
I nci nerator Intake SCFM 37, 845 62, 925 248, 140 67, 960 47,182
VOC to | ncinerator | b/ yr 121, 500 195, 000 788, 000 212,500 147, 750
HAP t o I nci ner at or | b/yr 121, 500 39, 000 591, 000 85, 000 64, 025
I ncremental HAP Contr ol | b/ yr 115, 425 37, 050 561, 450 80, 750 60, 824
I ncrenental Control Effic. % 12.8 18.5 93.6 8.1 93.6
New Overal | Control % 98 98 94 98 94

Assune: HAP is toluene (MA£92.1),

Pressroom ventilation incinerator efficiency=95%

Non- HAP VOC i s et hyl

acetate (MAEB8. 1)




The capital costs of these systens for control options A and
B are given in Tables 6-16 and 6-17. These costs are based on
the OAQPS Control Cost Manual!. The capital cost for contro
option B includes retrofit construction of a permanent total
encl osure. The basis of this cost estimate is given in Table
6-18, and included in Table 6-17. Total enclosure costs are
based on the construction of two new walls and the presence of
two existing walls. Depending on the existing structure, total
encl osure costs could be higher or |ower than those esti mated.

Total annual costs have been estimated for control options A
and B in Tables 6-19 and 6-20. These estimates include recovery
of capital costs based on a 7 percent interest rate and a 15 year
equi pnent |ife. Operating costs include utilities, |abor,
materials, tax, insurance and adm nistration.

Cost effectiveness of the control options applied to the
nmodel plants is given in Table 6-21. Cost effectiveness varies
bet ween $10, 000 and $48, 000 per ton of HAP reduction. The cost
per increnental ton of HAP reduction is highest at the nodel
plants with high |l evels of baseline HAP control, as these plants
have | ess fugitive em ssions available for capture and treatnent.
The annual costs for these plants are | ower than the annual costs
for the nodel plants with |low | evels of baseline control as |ess
additional air nust be handled at the well controlled plants.

Control option Cinvolves the use of |ow HAP ink. The
adoption of this control option could, in sone cases, represent a
net savi ngs over baseline levels of control. The applicability
of this option depends to a |large extent on the type of printing
and the performance requirenents of the product or package. Sone
facilities, printing on both porous and non-porous substrates
report either zero or very |low HAP use as a proportion of tota
materials applied on rotogravure presses. \Were feasible,
conversion to | ow HAP inks could result in substantial reductions
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in operating costs. Cost reductions fromconversion to | ow HAP
i nks have not been cal cul ated, because | ow HAP inks nmay still
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Tabl e 6-16. Capital Costs for Thermal Incinerators at Mdel Product and Packagi ng
Rot ogravure Plants - Control Option A

Model Pl ant 1 2 3 4 5
I nci nerator Intake SCFM 18, 922 31, 462 124,070 33, 980 23, 591
VOC to | ncinerator | b/ yr 60, 750 97, 500 394, 000 106, 250 73, 875
HAP t o I nci ner at or | b/ yr 60, 750 19, 500 295, 500 42,500 32,013
Control Efficiency % 95 95 95 95 95
Heat Recovery % 70 70 70 70 70

Costs (19889%)

I nci nerator, auxiliary equi pnent

i nstrunentation, sales tax, and freight 302, 738 343,780 484, 445 350, 460 319, 903
Direct Installation Cost 90, 822 103, 134 145, 334 105, 138 95, 971
Indirect Installation Cost 93, 849 106, 572 150, 178 108, 643 99, 170
Site Preparation 30, 274 34, 378 48, 445 35, 046 31, 990
Total Costs (1988%) 517, 683 587, 864 828, 402 599, 287 547,034
Total Costs (1993%) 587, 497 667,143 940, 119 680, 106 620, 806
Capital Recovery Factor 0.1098 0.1098 0.1098 0.1098 0.1098
Annual i zed capital cost $64, 507 $73, 252 $103, 225 $74, 676 $68, 164

Direct Installation includes foundation, supports, handling, erection, electrical, piping, insulation for
ductwork, and painting. |Indirect installation cost includes engineering, construction and field expenses,
contractor fees, start-up, performance test, and contingencies. Costs based on QAQPS Control Cost Manua
(EPA 450/ 3-90- 006, January 1990). Costs escalated to 1993% using Marshall and Sw ft Cost |ndex

(Fact or =966. 9/ 852. 0) .




Table 6-17. Capital Costs for Thermal Incinerators at Mdel Product and Packagi ng
Rot ogravure Plants - Control Option B.

Model Pl ant 1 2 3 4 5
I nci nerator Intake SCFM 37, 845 62, 925 248, 140 67, 960 47,182
VOC to | ncinerator | b/ yr 121, 500 195, 000 788, 000 212,500 147, 750
HAP t o I nci ner at or | b/ yr 121, 500 39, 000 591, 000 85, 000 64, 025
Control Efficiency % 95 95 95 95 95
Heat Recovery % 70 70 70 70 70

Costs (1988$%)

I nci nerator, auxiliary equi pnent

i nstrunmentation, sales tax and freight 360, 020 408, 828 576, 107 416, 769 380, 431
Direct Installation Cost 108, 006 122, 648 172, 832 125, 031 114,129
Indirect Installation Cost 111, 606 126, 737 178, 593 129, 198 117,934
Site Preparation 36, 002 40, 883 57,611 41, 677 38, 043
Tot al Equi pnent Costs (1988%) 615, 634 699, 096 985, 143 712,675 650, 537
Tot al Equi pnent Costs (1993%) 698, 659 793, 374 1,117,998 808, 786 738, 268
Per manent Total Enclosure (1993$%) 39, 231 31, 568 16, 241 24,999 28, 284
Cost i ncludi ng PTE (19939%) 737, 890 824,942 1, 134, 239 833, 785 766, 552
Capital Recovery Factor 0. 1098 0. 1098 0. 1098 0.1098 0. 1098
Annual i zed capital cost $81, 020 $90, 579 $124, 539 $91, 550 $84, 167
Direct Installation includes foundation, supports, handling, erection, electrical, piping, insulation for
ductwork, and painting. Indirect installation cost includes engineering, construction and field expenses,
contractor fees, start-up, performance test, and contingencies. Permanent total enclosure costs based on

assunptions in following table. Costs based on QAQPS Control Cost Manual (EPA 450/ 3-90-006, January
1990) . Costs escal ated to 1993% using Marshall and Swift Cost |ndex (Factor=966.9/852.0).




Tabl e 6-18. Total Enclosure Construction Costs for Product and Packagi ng Rotogravure -
Control Option B.

Model Pl ant 1 2 3 4 5
Wal | Dinensions (ft ) 240 x 30| 150 x 30| 100 x 30| 150 x 30| 120 x 30
Wal | Dinensions (ft ) 100 x 30| 120 x 30 30 x 30 60 x 30| 120 x 30
Total Area- Two Walls (SF) 10200 8100 3900 6300 7200
Large Door Dinensions (ft x ft) 6 x 10 6 x 10 6 x 10 6 x 10 6 x 10
Smal | Door Dinensions (ft x ft) 8 x 4 8 x 4 8 x 4 8 x 4 8 x 4
Wal | Cost $37,221 | $29,558 | $14,231 | $22,989 | $26, 274
Lar ge Door Cost 1850 1850 1850 1850 1850
Smal | Door Cost 160 160 160 160 160
Total Cost $39, 231 | $31,568 | $16,241 | $24,999 | $28, 284

Assunptions: Two existing walls, two walls to be constructed, one | arge door and one
smal | door to be added. 8" concrete (sand aggregate) block, 3/8" nortar joint, tooled
one side. Large door-Al um num door and frane including hardware and cl oser. Snall
door-16 gauge steel, 5" deep.

Costs fromWaier, Phillip R et al., Means Building Construction Cost Data, 51st Annual
Edition, R S. Means Conpany, 1992.




Tabl e 6-19. Total Annual Costs for Thermal Incinerators at Mdel Product and Packagi ng
Rot ogravure Plants - Control Option A

Mbdel Pl ant | 1 | 2 | 3 | 4 | 5
El ectricity Required kW 77.37 128. 66 507. 34 138. 95 96. 47
Nat ural Gas Required SCFM 231 386 1516 417 289
El ectricity Cost-Note 1 $/yr 19, 365 32, 202 126, 980 34,778 24,145
Gas Cost-Note 2. $/yr 173, 217 290, 146 1, 138, 602 312,811 217,107
Operating Labor-Note 3. $/yr 3, 886 3, 886 3, 886 3, 886 3, 886
Mai nt enance Labor-Note 4 $/yr 3,718 3,718 3,718 3,718 3,718
Mai nt enance Mat'l-Note 5 $/yr 3,718 3,718 3,718 3,718 3,718
Over head- Note 6 $/yr 6, 793 6, 793 6, 793 6, 793 6, 793
Ot her costs-Note 7 $/yr 23, 500 26, 686 37, 604 27,204 24,832
Capi tal Recovery [ s/ yr | 64,507 | 73,252 | 103, 225 | 74,676 | 68, 164
Total Annual Cost | | 298,704 | 440,401 | 1,424 526 | 467,584 | 352,363
Note 1. Fan power based on 4 inch pressure drop through incinerator and 15 inch pressure drop through
70% efficient heat exchanger. Fan/notor efficiency = 60% Operation 4171 hours per year. Electricity
cost = 0. 06/ kWhr.
Note 2 Qperation at 1400 degrees F, 4171 hours per year. Gas at $0.003/ SCF.
Note 3. Operator labor 0.5 hr/shift at $12.96/hr. Supervisory | abor = 15% of operating |abor.
Note 4. Mintenance |abor 0.5 hr/shift at $14.26/ hr.
Note 5. Mai ntenance material assumed equal to nmintenance | abor.
Note 6. Overhead assuned 60% of | abor plus maintenance naterial s.
Note 7. Administrative charges, property taxes and insurance assuned to be 4% of total capital cost.




Tabl e 6-20. Total Annual Costs for Thermal Incinerators at Mdel Product and Packagi ng
Rot ogravure Plants - Control Option B.

Mbdel Pl ant | 1 | 2 | 3 | 4 | 5
Electricity Required kW 154. 74 257. 32 1014. 68 277.9 192. 94
Nat ural Gas Required SCFM 462 772 3032 834 578
Electricity Cost-Note 1 $/yr 38, 730 64, 404 253, 960 69, 556 48, 290
Gas Cost - Note 2. $/yr 346, 434 580,292 | 2,277,204 | 625,622 434,214
Oper ating Labor -Note 3. $/yr 3, 886 3, 886 3, 886 3, 886 3, 886
Mai nt enance Labor-Note 4 $/yr 3,718 3,718 3,718 3,718 3,718
Mai nt enance Mat'|-Note 5 $/yr 3,718 3,718 3,718 3,718 3,718
Over head- Note 6 $/yr 6, 793 6, 793 6, 793 6, 793 6, 793
Ot her costs- Note 7 $/yr 27, 946 31, 735 44, 720 32, 352 29, 530
Capi tal Recovery ls/yr | 81,020 | 90,579 | 124,539 | 91,550 | 84,167
Total Annual Cost | | 512,245 | 785125 | 2 718,538 | 837,195 | 614 316
Note 1. Fan power based on 4 inch pressure drop through incinerator and 15 inch pressure drop

t hrough 70% ef fici ent heat exchanger.

Fan/ not or efficiency

60%

Operation 4171 hours per

cost.

year. Electricity cost = 0.06/kWr.

Note 2 Qperation at 1400 degrees F, 4171 hours per year. Gas at $0.003/ SCF.

Note 3. Operator labor 0.5 hr/shift at $12.96/hr. Supervisory |abor = 15% of operating |abor.
Note 4. Mintenance |abor 0.5 hr/shift at $14.26/ hr.

Note 5. Mai ntenance material assunmed equal to nmintenance | abor.

Note 6. Overhead assuned 60% of | abor plus mmintenance naterial s.

Note 7. Administrative charges, property taxes and insurance assuned to be 4% of total capital




Tabl e 6-21. Cost Effectiveness of Control Options A and B for Increnental Control at
Model Product and Packagi ng Rotogravure Plants.

Model Pl ant 1 2 3 4 5
Control Option A

HAP Reduction (I b/yr) 57,713 18, 525 280, 725 40, 375 30, 412

Annual Cost $298, 704 $440, 401 [$1, 424, 526 $467, 584 $352, 363

Cost Effectiveness ($/Ton) 10, 351 47, 547 10, 149 23,162 23,173
Control Option B

HAP Reduction (Ib/yr) 115, 426 37, 050 561, 450 80, 750 60, 824

Annual Cost $512, 245 $785, 125 [$2, 718, 538 $837, 195 $614, 316

Cost Effectiveness ($/ Ton) 8,876 42, 382 9, 684 20, 735 20, 200




require operation of a control device to neet VOC em ssions
standards established by other regulations.
6.4 W DE-WEB AND SHEET FED FLEXOGRAPHY

Model plant specifications are given in Table 6-22. These
are based on several assunptions. HAP retention in the web is
assuned to be 1.5 percent of that used. This nmaterial is not
emtted in the pressroomor dryer. Pressroomventilation rates
have been proposed based on the volune of air necessary to dilute
the fugitive em ssions to 50 ppmv VOC. The concentration of HAP
in the pressroomvaries depending on the conposition of the
materials applied. Ventilation air to dilute fugitive em ssions
may be presently supplied by doors, w ndows, and | eaks to the
at nosphere and by exhaust fans discharging directly to the
at nosphere. Pressroom vol unes have been assuned based on the
nunber and size of the presses in the nodel plants. The
pressroom and control systens are assunmed to operate 80 hours per
week.

Control options A and B apply to increnental capture and
control of uncontrolled em ssions and fugitive em ssions at the
nmodel plants. Control options A and B involve collecting and
treating pressroomair containing uncontrolled HAP (nodel plants
1 and 2) or fugitive HAP which escapes the existing capture
system (nodel plant 3). Costs have been estimated on the basis
of thermal incineration of this pressroomair stream
Specifications for thermal incinerators applicable to the nodel
plants are given in Table 6-23. In many cases, catalytic
i ncineration woul d be appropriate for the solvents in use.

Catal ytic incineration systens would have | ower operating costs
and m ght have |lower total annualized costs than the estimates

for thermal incineration systens. |In sonme cases, concentrator

systens (see Section 6.2) mght be used to reduce the size and

capital and operating costs of the incinerator.
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The capital costs of these systens for control options A and
B are given in Tables 6-24 and 6-25. These costs are based on
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Tabl e 6-22. Mddel Plant Specifications for Flexography.
Mbdel Pl ant | 1 | 2 | 3
Substrate Mul tiwall Bags Fi | m Packagi ng Paper/ Fi | m Pkg
Presses/ St ati ons 12/ 4 6/ 6 6/ 6
Pressroom Di nensi ons ft x ft x ft 150 x 90 x30 150 x 90 x30 150 x 90 x 30
I nk Use | b/ year 1, 500, 000 800, 000 1, 500, 000
VOC Use | b/ year 25, 000 550, 000 1, 100, 000
HAP Use I b/ year 21, 000 100, 000 8, 000
Capture Efficiency % 0 0 78
Control Device Efficiency % 0 0 94
Overal |l Efficiency % 0 0 73
HAP Control |l ed | b/ year 0 0 5840
HAP Ret ai ned | b/ year 315 1, 500 120
HAP to Pressroom | b/ year 20, 685 98, 500 2,040
VOC Control | ed | b/ year 0 0 803, 000
VOC Ret ai ned | b/ year 375 8, 250 16, 500
VOC to Pressroom I b/ year 24,625 541, 750 280, 500
Pressroom VOC Concentration ppm 50 50 50
Pressroom HAP Concentrati on ppm 46. 9 19 1
Assunmed HAP i s nethanol (MA32), Non-HAP VOC is ethyl acetate (MM88.1). Assunmed 1.5% of HAP and

VOC used is retained in the substrate and ultinmately emtted outside the pressroom

Assuned plant (and control

system operates 16 hr/day,

5 day/ week.




Tabl e 6-23.

| nci nerator Specifications for

Fl exogr aphy Contr ol

Opt i ons.
Thermal Incinerator--Control Option A
Model Pl ant 1 2 3
VOC Mol ecul ar Wi ght 35.5 66. 8 87
Ventil ation Rate SCFM 19, 899 232, 654 92, 492
I nci nerat or | ntake SCFM 9, 950 116, 327 46, 246
VOC to | ncinerator | b/yr 12, 313 270, 875 140, 250
HAP to | ncinerator | b/ yr 10, 343 49, 250 1,020
| ncrenment al HAP | b/yr 9, 825 46, 788 969
Contro
| ncrenental Control % 46. 8 46. 8 12. 1
Ef ficiency
New Overal |l Control % 46. 8 46. 8 85.1
Thermal Incinerator--Control Option B
Model Pl ant 1 2 3
VOC Mol ecul ar Wi ght 35.5 66. 8 87
Ventil ation Rate SCFM 19, 899 232, 654 92, 492
I nci nerat or | ntake SCFM 19, 899 232, 654 92, 492
VOC to | ncinerator | b/yr 24,625 541, 750 280, 500
HAP to | ncinerator | b/ yr 20, 685 98, 500 2,040
| ncrenent al HAP | b/ yr 19, 651 93, 575 1,938
Contro
| ncrenental Contr ol % 93.6 93.6 24. 2
Ef ficiency
New Overal |l Control % 93.6 93.6 97.2
Assune: HAP is nethanol (MAE32), Non-HAP VOC is ethyl acetate

( MAE8S. 1)

Pressroom ventilation incinerator efficiency = 95%
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Tabl e 6-24. Capital

Costs for Ther mal

| nci nerators at Mbde

Fl exographic plants - Control Option A
Model Pl ant 1 2 3
I nci nerat or | ntake SCFM 9, 950 116, 327 46, 246
VOC to | ncinerator | b/yr 12, 313 270, 875 140, 250
HAP to | ncinerator | b/ yr 10, 343 49, 250 1,020
Control Efficiency % 95 95 95
Heat Recovery % 70 70 70
Costs (19889%)
I nci nerator, auxiliary equi pnent
i nstrunentation, sales tax, and 257, 811 476, 716 378, 535
freight
Direct Installation Cost 77,343 143, 015 113, 560
Indirect Installation Cost 79,921 147, 782 117, 346
Site Preparation 25,781 47,672 37, 853
Total Costs (1988%) 440, 856 815, 185 647, 294
Total Costs (1993%) 500, 311 925,120 734, 588
Capital Recovery Factor 0.1098 0.1098 0.1098
Annual i zed capital cost $54,934 |$101,578 | $80, 658
Direct Installation includes foundation, supports, handling,
erection, electrical, piping, insulation for ductwork, and
painting. Indirect installation cost includes engineering,
construction and field expenses, contractor fees, start-up,
performance test, and contingencies. Costs based on OAQPS
Control Cost Manual (EPA 450/ 3-90-006, January 1990). Costs

escal ated to 1993% usi ng Marshal

(Fact or =966. 9/ 852. 0) .

and Swi ft Cost

| ndex
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Tabl e 6-25.

Capital Costs for Thernal

| nci nerators at Mbde

Fl exographic plants - Control Option B.
Model Pl ant 1 2 3
| nci nerat or | ntake SCFM 19, 899 232, 654 92, 492
VOC to I ncinerator | b/ yr 24,625 541, 750 280, 500
HAP to | ncinerator | b/ yr 20, 685 98, 500 2,040
Control Efficiency % 95 95 95
Heat Recovery % 70 70 70
Costs (19889%)
I ncinerator, auxiliary
equi pnent, instrunentation, 306, 588 566, 916 450, 156
sal es tax and freight
Direct Installation Cost 91, 976 170, 075 135, 047
Indirect Installation Cost 95, 042 175, 744 139, 548
Site Preparation 30, 659 56, 692 45, 016
Total Equi pment Costs (19889%) 524, 265 969, 427 769, 767
Total Equi pment Costs (19939%) 594, 967 |1, 100, 162 873,577
Per manent Total Enclosure 28, 284 28, 284 28, 284
(19939%)
Cost including PTE (1993%) 623, 251 |1, 128, 446 901, 861
Capital Recovery Factor 0.1098 0.1098 0.1098
Annual i zed capital cost $68, 433 |$123, 903 $99, 024
Direct Installation includes foundation, supports, handling,
erection, electrical, piping, insulation for ductwork, and
painting. Indirect installation cost includes engineering,

construction and field expenses, contractor fees, start-up,
performance test, and contingencies. Permanent total

encl osure costs based on assunptions in follow ng tabl e.
Costs based on QAQPS Control Cost Manual (EPA 450/ 3-90-006
January 1990). Costs escalated to 1993% using Marshall and
Swi ft Cost |Index (Factor=966.9/852.0).
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the OAQPS Control Cost Manual 2. The capital cost for contro
option B includes retrofit construction of a permanent total
encl osure. The basis of this cost estimate is given in Table
6-26, and included in Table 6-25. Total enclosure costs are
based on the construction of two new walls and the presence of
two existing walls. Depending on the existing structure, total
encl osure costs could be higher or |ower than those esti mated.
Total annual costs have been estimated for control options A and
B in Tables 6-27 and 6-28. These estimates include recovery of
capital costs based on a 7 percent interest rate and a 15 year
equi pnent |ife. Operating costs include utilities, |abor,
materials, tax, insurance and adm nistration.

Cost effectiveness of the control options applied to the
nmodel plants is given in Table 6-29. Cost effectiveness varies
bet ween $30, 000 and $60, 000 per ton of HAP reduction for nodel
plants 1 and 2. For nodel plant 2, a large part of the cost nmay
be justified on the basis of non-HAP VOC control. Costs per ton
of HAP reduction at nodel plant 3 are extrenely high because of
the dilute nature of the fugitive HAP. This type of plant would
be expected to neet the standard by reducing the HAP content of
its ink, or limting its potential to emt in some other way.

Control option Cinvolves the use of |ow HAP ink. The
adoption of this control option could, in sone cases, represent a
net savi ngs over baseline levels of control. The applicability
of this option depends to a |large extent on the type of printing
and the performance requirenents of the product or package. Sone
facilities, printing on both porous and non-porous substrates
report either zero or very |low HAP use as a proportion of tota
materials applied on flexographic presses. Were feasible,
conversion to | ow HAP inks could result in substantial reductions
in operating costs. Cost reductions fromconversion to | ow HAP
i nks have not been cal cul ated, because | ow HAP inks may stil
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require operation of a control device to neet VOC em ssions
standards established by other regulations.
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Tabl e 6-26. Total Enclosure Construction Costs for Flexographic

Plants - Control Option B.

Wal | Dinensions (ft) 150 x 30
Wal | Dinensions (ft) 90 x 30
Total Area- Two Walls (SF) 7200
Large Door Dinensions (ft x ft) 6 x 10
Smal | Door Dinensions (ft x ft) 8 x 4
Wal | Cost 26274
Lar ge Door Cost 1850
Smal | Door Cost 160
Total Cost $28, 284

Assunptions: Two existing walls, two walls to be
constructed, one |arge door and one snall door to be
added. 8" concrete (sand aggregate) block, 3/8" nortar
joint, tooled one side. Large door-Al um num door and
frame including hardware and closer. Small door-16
gauge steel, 5" deep.

Costs fromWaier, Phillip R et al., Means Buil ding
Construction Cost Data, 51st Annual Edition, R S. Means
Conpany, 1992.
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Tabl e 6-27. Total Annual Costs for Thermal |Incinerators at Mbdel
Fl exographic Plants - Control Option A

Model Pl ant 1 2 3

Electricity Required kW 40. 7 475. 7 189.1
Nat ural Gas Required SCFM 123 1436 569
El ectricity Cost-Note 1 $/yr | 10,185 119, 069 47, 334
Gas Cost - Note 2 $/yr | 92,660 |1,078,176|427, 316
Operating Labor-Note 3. $/yr 3, 886 3, 886 3, 886
Mai nt enance Labor-Note 4 |$/yr 3,718 3,718 3,718
Mai nt enance Mat'l-Note 5 |$/yr 3,718 3,718 3,718
Over head- Not e 6 $/yr 6, 793 6, 793 6, 793
O her costs-Note 7 $/yr | 20,012 37, 005 29, 384
Capital Recovery $/yr | 54,934 101, 578 80, 658
Total Annual Cost 195,906 |1, 353,943(602, 807

Note 1. Fan power based on 4 inch pressure drop through
incinerator and 15 inch pressure drop through 70%
efficient heat exchanger. Fan/notor efficiency = 60%
Qperation 4171 hours per year. Electricity cost =

0. 06/ kWwhr .

Note 2. Operation at 1400 degrees F, 4171 hours per year.
Gas at $0. 003/ SCF.

Note 3. QOperator labor 0.5 hr/shift at $12.96/ hr.
Supervi sory | abor = 15% of operating | abor.

Note 4. WMuai ntenance | abor 0.5 hr/shift at $14. 26/ hr.

Note 5. Maintenance material assuned equal to maintenance
| abor.

Note 6. Overhead assuned 60% of | abor plus maintenance
materi al s.

Note 7. Adm nistrative charges, property taxes and
i nsurance assuned to be 4% of total capital cost.
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Tabl e 6-28. Total Annual Costs for Thermal |ncinerators at Mbdel
Fl exographic Plants - Control Option B.

Model Pl ant 1 2 3
Electricity Required kW 81.4 951.5 378. 2
Nat ural Gas Required SCFM 247 2872 1138
El ectricity Cost-Note 1 [$/yr | 20, 369 238, 138 94, 669
Gas Cost-Note 2. $/yr | 185,311 |2, 156, 352 854, 631
Operating Labor-Note 3. $/yr 3, 886 3, 886 3, 886
Mai nt enance Labor-Note 4 [$/yr 3,718 3,718 3,718
Mai nt enance Mat'l-Note 5 [$/yr 3,718 3,718 3,718
Over head- Note 6 $/yr 6, 793 6, 793 6, 793
O her costs-Note 7 $/yr | 24,930 45, 138 36, 074
Capital Recovery $/yr | 68,433 123, 903 99, 024
Total Annual Cost 317,158 |2,581, 646 1,102,513

Note 1. Fan power based on 4 inch pressure drop through
incinerator and 15 inch pressure drop through 70% effi ci ent
heat exchanger. Fan/notor efficiency = 60% Operation 4171
hours per year. Electricity cost = 0.06/ kWr.

Note 2. Operation at 1400 degrees F, 4171 hours per year.
Gas at $0. 003/ SCF.

Note 3. QOperator labor 0.5 hr/shift at $12.96/ hr.
Supervi sory | abor = 15% of operating | abor.

Note 4. WMai ntenance | abor 0.5 hr/shift at $14. 26/ hr.

Note 5. Maintenance material assuned equal to mai ntenance
| abor.

Note 6. Overhead assumed 60% of |abor plus maintenance
mat eri al s.

Note 7. Adm nistrative charges, property taxes and insurance
assuned to be 4% of total capital cost.
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Tabl e 6-29.

Cost Effectiveness of Control

Options A and B for

Control of Model Flexographic Printing Plants.
Model Pl ant 1 2 3
Control Option A
HAP Reduction (Ib/yr) 9, 825 46, 788 969
Annual Cost $195, 906 |$1, 353,943 $602, 807
Cost Effectiveness ($/Ton) 39, 879 57,876 |1, 244,184
Control Option B
HAP Reduction (Ib/yr) 19, 651 93, 575 1, 938
Annual Cost $317, 158 |$2,581, 646|%1, 102, 513
Cost Effectiveness ($/Ton) 32,279 55,178 |1,137,784
6. 5 REFERENCES
1. U S. Environnental Protection Agency. QOAQPS Control Cost
Manual , Fourth Edition. EPA-450/3-90-006, January, 1990.
p. 3-42 to 3-58.
2. U S. Environnental Protection Agency. QOAQPS Control Cost
Manual , Fourth Edition. EPA-450/3-90-006, January, 1990.

p. 3-42 to 3-58.
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