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DISCLAIMER

This report was prepared as a result of work sponsored, paid for, in whole orin
part, by the South Coast Air Quality Management District (AQMD), in consultation with
the California Air Resources Board (ARB). The opinions, findings, conclusions, and
recommendations are those of Pacific Environmental Services, Inc. (PES) and do not
necessarily represent the views of AQMD. AQMD, its officers, employees, contractors,

‘and subcontractors make no warranty, expressed or implied, and assume no legal liability

for the information in this report. AQMD has not approved or disapproved this report,
nor has AQMD passed upon the accuracy or adequacy of the information contained
herein.
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EXECUTIVE SUMMARY

_ The motion picture and television industries are major contributors to the econ-
omy of Southern California. These industries rely heavily upon motion picture film
processing laboratories to develop, clean, and print copies of the films that are shown in

processes use tetrachloroethylene (perchloroethylene, or “perc”), which is released to the
atmosphere. Asa carcinogen, perc is the subject of several air pollution laws and regula-
tions, including the Ajr Toxics “Hot Spots” Information and Assessment Act of 1987
(AB 2588), Title IIT of the 1990 Clean Air Act Amendments, California’s Proposition 65,
and Rule 1401 of the South Coast Air Quality Management District (AQMD). .

In 1998, AQMD stafr conducted an assessment of the effects that the then new

amendments to Rule [401] would have on expansion of the motion picture film laboratory

wet gate printing or film cleaning equipment in the future if they do not avail themselves
of various “flexibility provisions” of Rule 1401 or use alternative materials and/or tech-
nologies that are currently available, '

The purpose of the present project was to assist the AQMD in developing a com-
prehensive emissions inventory for the motion picture film laboratory industry and to de-
velop air toxics risk reduction methods. :

OBJECTIVES

The objectives of this research program, which was conducted by Pacific Envi-
ronmental Services, Inc. were to (1) identify all facilities in the South Coast Air Basin
that do motion picture film printing and cleaning; (2) develop a comprehensive industry-
wide emission inventory database covering the motion picture film processing industry in
the Basin; and (3) identify, evaluate and recommend control equipment, material substi-
tution, process change, and other means for reducing risk due to air toxics emissions from

this industry. '

BASIC EQUIPMENT

Motion picture film is cleaned in enclosed cabinets under negative pressure. The
film is conveyed between a feed reel and a take-up reel, passing through a heated solvent
bath. Until several years ago, the solvent of choice was 1,1,1-trichloroethane (methyl
chloroform). Because of restrictions on the manufacture of ozone depleting compounds,
perchloroethylene (“perc”) has been substituted for 1,1,1-trichloroethane in many film
cleaning machines. Isopropyl alcohol and other volatile organic compounds (VOCs) are
also used. In the solvent bath, ultrasonic shock Waves are sometimes generated to re-
move impurities from the film. Additional scrubbing action is often available by engag-
ing a built-in rotary buffing system that is submerged in the bath. Next, as the film is
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coming out above the solvent bath, 2 high-pressure solvent jet 18 applied over the wet film-
surface to ensure no loose particles are carried away. Finally, 2 high-pressure air jet dries
the clean film. : :

1n optical printing from a color negative, scratches and other surface plemisheson
the negative show uP on the print. The main reason for this is that 2 signiﬁcant difference
in the refractive indexes of aif and film causes scattering of the light from the blemishes.
One way 10 avoid this problem is to have the light pass first through 2 medium whose 1€
fractive index is similar to that of the film. The most widely used medium for this pur-
pose 1s percmoroethy\ene, whose refractive index (1.505) is midway between those of
triacetate film and the gelatin coating on the emulsion side. Wet gate (or “liquid gate”)
printing has been used commercially in the motion p'\cture'industry for over 40 years. In
optical printing. light passes through the negative and is projected onto the unexposed
film. The negative runs through a printing gate between tWO glass plates. The liquid is
introduced under pressure to the space between the plates and 18 vremoved by vacuum. In
contact printing, the negative and print film are in direct contact, and the entire printer
movement is immersed in a liquid bath. Wet gates are sometimes used in telecine ma-
chines, which convert motion picture film to videotape.

RESULTS
Motion Picture Film Processing Facilities

There are 50 facilities in the District that print motion picture flm using wet gate
printers, use wet gate telecine machines, and/or clean motion picture film with organic

solvents. About three quarters of the facilities in the inventory are in Hollywood,
Burbank of Santa Monica. ' : :

‘Equipment Inventory

The survey :dentified and characterized 107 motion picture film cleaning ma-
chines, most of which use perchloroethy\ene (perc). Seven machines are used to clean 70
mm film. Therest clean 35 and 16 mm film.I” About 27 percent of the film cleaning
machines that use perc, and 53 percent of the machines that use VOC (including isopro-
pyl ‘alcohol) do not have permits from the AQMD. Most of the facilities have one or tWo
film cleaning machines; the maximum perfacility is ten.

The survey identified 102 wet gate printers, all of which use perchloroethylene as
the wet gate fluid. Roughly equal numbers of contact and optical printers use wet gates.
About 80 percent of the wet.gate printers have AQMD permits. The majority of facilities
in the inventory do not have any wet gate printers; those that do have printers have 1 t0
27. :

The survey found only oné facility that uses 2 wet gate telecine machine.

! Filin size was unknown for ten machines. .
2 . : i & » . . .
2 1p this report use of the term 335 film implies use of 16 mm film as well, unless otherwise noted.
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Film Footage

of film Processed per machine per day or per year varies widely from machine to ma-
chine. The medjan values for 35 mm film are 20,000 ft/day and 3,207,600 fi/yr. The
median values for 70 mm film are 20,000 ft/day and 4,000,000 ft/yr.

The facilities in the inventory print-199.6 million feet of film per year and a-
maximum of 3. | million feet per day.’ The great majority of this footage is 35 or |6 mm.
Contact and optical printing account for 153 million and 35 million ft/yr, respectively.

The type of printer is unknown for the rest of the footage. ’

Material Consumption

Film cleaning solvents currently used include perchloroethylene (6,070 gallyr),
1,1, 1-trichloroethane (2,900 gal/yr), other VvOC* (2,890 gal/yr), isopropyl alcohol (600
gal/yr), and HFE 7200 (a hydrofluoroether blend) (370 gal/yr). The mediag values of -
consumption per 35 mm fijm cleaning machine are 83 gal/yr of perchloroethylene, 126
gallyr of 1,1, l'-trichloroethane_,’ and 37 gal/yr of isopropy! alcoho], The median percho-
roethylene consumption per 70 mm film cleaning machine jg 52 gal/yr,

Wet gate printing consumes about 16,400 gal/yr of perc.’ The median values of
consumption per contact printer and per optical printer are 125 gal/yr and 97 gal/yr, re-
Spectively. : ’ ‘

Emission Control Devices

facilities. In some Systems, the captured pollutant is desorbed and recycled on-site, In
others, saturated carbon is removed from the premises and replaced with new adsorbent.

are controlled by disposable canisters; these represent 18 percent of the film cleaners in
the inventory. :

3 Footage data were provided for only 62 of the 102 printers in the inventory; therefore actual footage
printed js likely higher than that reported here, Note that emissigns data are more complete.

4 Hexane, cyclohexane and hydrotreated naphtha. ' o
Wet gate telecine Perc use and emjssions are included under optical printing, to preserve confidentiality of

data.
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Regenerative carbon adsorbers are used to treat 37 wet gate printers, while dis-
posable canisters are used for 11 printers; these represent 47 percent of the wet gate
printers in the inventory. : '

Emissions

_ In the following discussion, “maximum potential emissions” are total losses to the
atmosphere assuming no carbon adsorption. «Emissions from uncontrolled _equipment”
are losses from equipment not served by carbon adsorbers. «Emissions from controlled

equipment” are those downstream from external emission control equipment. “Net emis-
sions” are emissions to the atmosphere, t king controls into account, where applicable.

Basinwide net emissions of perc from film cleaning are 61,700 Ib/yr and 169
lb/day (30.9 tons/yr and 0.085 ton/day). About one quarter of the maximum potential
perc emissions and about 36 percent of the maximum potential 1,1,1 _trichloroethane
emissions are removed by carbon adsorbers. Volatile organic compound (VoG emis-
sions from film cleaning total 20,620 1b/yr and 56.5 b/day (10.1 tons/yr and 0.028
ton/day). None of these emissions are controlled. The median value of net emissions of
perchloroe‘thylene per facility from film cleaning 18 730 lb/yr.

Relatively few facilities account for the great majority of the emissions of 1,1,1-
trichloroethane. Emissions of perc are more evenly distributed than those of 1,1,1-
trichloroethane, but about 55 percent of the net emissions are from 14 percent of the fa-
cilities. : ' ' ,

Net perchloroethyl'ene emissions from contact printers, optical printers, and print-

ers whose type 1s not known are 20,420 1b/yr, 49,990 Ib/yr and 4,400 1b/yr, respectively. '

* About 72 percent of the emissions from contact printing and about 15 percent of the
emissions from optical printing are controlled. The median value of net emissions of
perchloroethylene per facility from wet gate printing is 40 Ib/yr. The top 25 percent of
the facilities account for 88 percent of the emissions from wet gate printing.

About 130,000 Ib/yr of emissions are not treated by carbon adsorption and are
therefore available for reduction. Film cleaning and optical printing are responsible for
84 percent of these uncontrolled emissions. ' '

Emission Factors

Detailed monthly data useful for calculating credible emission factors were avail-
able for nine devices at three facilities. Mean ‘perchloroethylene’ emission factors for film
cleaning ranged from 0.11 10 0.40 16/1000 feet of film cleaned. The mean perch‘loroeth-
ylene emission factor for contact printing was 2.6 16/1000 ft printed for on€ facility and
ranged from 0.032 to 0.18 1b/ 1000 ft at another. There appears to be a statistically sig-
nificant inverse relationship between film printing rate and the emission factor for contact
printing. ' '
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Emission factors were also derived from a subset of the annual film footage and -
solvent consumption values reported by facilities. The 95-percent confidence intervals _
for the mean emission factor for contact printers and optical printers were about 0.8 — | 8
and 0.7 - 1.7 1b/1000 ft, respectively; the difference in means was not statistically signifi-
cant, ' ' ~ '

The 95-percent confidence interval for the mean emission factor for 35-mm fijm
cleaning with perchloroethylene was about 0.3 t0 0.5 16/1000 ft. The interval for 70-mm
film cleaning with perchloroethylene was about 0.1t0'0.35 1b/1000 f,

Risk Reduction Measures

Currently used risk reduction or minimization measures include in-machine re-
covery and recycling, emission capture and removal, solvent substitution, and carefu]
housekeeping practices. In-machine recovery and recycling already goes a long way to-
wards reducing emissions, and the technology continues to improve. Carbon adsorption

is the only practical “add-on” measure for this industry. There is currently no practical

trichloroethane presently comprise about 30 percent of the total volume of film clea.ning
solvents. ' ' '

‘some cases. It is relatively non-toxic. Film cleaning solvent alternatives reviewed in-
cluded HFE 7200, AK-225, HFC-43-10 mee, IBB, hydrotreated naphtha, and n-propyl
bromide, , - ' ' ‘

The only near-term alternatives for risk reduction are increasing the extent to-
which perchloroethylene emissions are controlled by carbon adsorption and use of HFE
7200, AK-225, or HFC-43-10 mee in new or modified film cleaning machines. The costs
of these alternatives were estimated for two facility sizes, using U.S. Environmenta] Pro-
tection Agency methods. (HFE 7200 was used as the alternative solvent because some
Operating data for it were available.) The “base cases” were installation of one or eight

new perchloroethylene film cleaning machines without add-on controls.

For a small laboratory, ihe lowest incremental cost (over the base case) would be
use of HFE 7200 and no carbon adsorption,
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For the case of eight mach’mes, the lowest incremental cost (over the base case)

would be use of perchloroethylene and emission control with 2 regenerative carbon ad-
sorption system. ‘ -

RECOMMENDA_TIONS
Better Characterizntion of Emissions

- The emission factors developed in this project apply only to 2 limited number of
circumstances. For determining risk under Rule 1401/ 1402, better annual average and
maximum hourly emission estimates are needed. The material balance approach used for
most of the survey data cannot “see” the influence of procéss variables, such as film
speed. If the District wishes to obtain better emission estimates, then they could be ob-
tained through 2 systematic program of emissions testing. The purpose of the tests would
be to relate mass emissions to readily observable and quantifiable operating parameters.

The contractor recommends (1) testing a variety of film cleaning machines; (2)
continuous monitoring for perchloroethylene “n the vent duct from the cleaning ma-

chine’s cabinet, and from the cleaning room exhaust, using flame ionization analyzers

calibrated directly with perc; and (3) careful recording of process parameters, including
film size, film speed, and solvent bath temperature.

The contractor also recommends testing emissions from wet gates that are en-

closed during operation and whose vapors are exhausted in ducts, and, for non-enclosed

wet gates, sampling the exhaust ventilation from a relatively small room 110 which one ot
two printers is operating. As in the case of film cleaning machines, process parameters

' should be monitored continuously during each test. ‘

Pgrformanée Testing of Alternative Materials

1t would be to the advantage of the industry as & whole if the resources of the mo-

tion picture film laboratory industry, wet gate and cleaning machine manufacturers, the

AQMD, the California Air Resources Board, and solvent manufacturers could be pooled
to sponsor commercial-scale testing. This testing would resolve questions such as
‘whether isobutylbenzene leaves a residue on film, or what additives would enable various
solvents to clean more effectively. Ata minimum, isobutylbenzene should be tested ex-
tensively for use as wet gate fluid.
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1.0
INTRODUCTION

1.1 PURPOSE AND OBJECTIVES

~ The motion picture and television industries are major contributors to the econ-
omy of Southern California. These industries rely heavily upon motion picture film
processing laboratories to develop, clean, and print copies of the films that are shown in
movie theaters and broadcast on television. Other post production facilities add titles to
films or transfer motion picture film to videotape. Many of the printing and cleaning
processes use tetrachloroethylene (perchloroethylene, or “perc”), which is released to the
atmosphere. As a carcinogen, perc is the subject of several air pollution laws and regula-
tions, including the Air Toxics “Hot Spots” Information and Assessment Act of 1987
(AB 2588), Title III of the 1990 Clean Air Act Amendments, California’s Proposition 65,
and Rule 1401 of the South Coast Air Quality Management District (AQMD).

In 1998, AQMD staff conducted an assessment of the effects that the then new
amendments to Rule 1401 would have on expansion of the motion picture film laboratory
industry (Goss, 1998). The assessment included visits to several laboratories and a writ-
ten survey. The assessment concluded that some facilities may not be able to add new
wet gate printing or film cleaning equipment in the future if they do not avail themselves
of various “flexibility provisions” of Rule 1401 or use alternative materials and/or tech- -
nologies that are currently available. .

The purpose of the present project was to assist the AQMD in developing a com-
prehenswe emissions inventory for the motion picture ﬁlm laboratory industry and to de-
velop air toxics I‘lSk reduction methods

The contractor’s specific objecuves were to:

(1) Identify all facilities in the South Coast Air Basin that do motion pIC- -
ture film printing and cleaning; :

(2) Develop a comprehensive industrywide emission inventory database
coverino the motion picture film processing industry in the Basin; and

(3) Identify, evaluate and recommend control equxpment material sub-
stitution, process change, and other means for reducing I'lSk due to air
toxics emissions from thls industry.

1.2 PROCESS DESCRIPTIONS
1.2.1 Film Cleaning

°

Almost all motion picture film is cleaned in enclosed cabinets under negative
pressure. The following description is from the AQMD’s permit files. “Film to be
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cleaned is mounted on a feed reel. The film lead is threaded to a take-up reel, passing
through a warm solvent bath. The solvent is usually heated to about 120°F, well below
its boiling point. At this temperature, the solvent has an optimum cleaning effect. In this
solvent bath, ultrasonic shock waves are sometimes generated to remove impurities from
the film. Additional scrubbing action is often available by engaging a built-in rotary
buffing system that is submerged in the bath. Next, as the film is coming out above the
solvent bath, a high-pressure solvent jet is applied over the wet film surface to ensure no
loose particles are carried away. Finally, a high-pressure air jet dries the clean film.”

Almost all film cleaning machines that use chlorinated solvents (e.g. perchloro-
ethylene and 1,1, 1-trichloroethane) have a primary emission control system consisting of
refrigerated coils mounted in the freeboard area. Vapors condense on the coils and are
collected, desiccated, and stored for future use. The film cleaning machine can be oper-
ated as a still to recover spent solvent.

Most facilities house their film cleaning machines in'a dedicated room. Besides
the cleaning machines, the rooms typically contain drums of unused solvent, an apparatus
for attaching and removing film leaders, and various recordkeeping materials, such as
maintenance logs. Most models of film cleaning machines are vented through flexible
hoses to a wall or the ceiling. In some cases, the vent lines join a manifold, which carries
exhaust vapors to an emission control system on the outside. Many cleaning rooms also
have room exhaust systems. Because perc and other cleaning solvents afe heavier than
air, the pickups for these systems are near the floor.

" Some film cleaning machines are vented to a secondary control system, consisting
of a carbon adsorption bed. Carbon adsorption systems used by the industry include dis-
posable canisters and fixed-bed regenerative systems. In the latteér, the solvent is recov-
ered from the carbon bed and re-used,

1.2.2 Wet Gate Printing

In optical printing from a color negative, scratches and other surface blemishes on
the negative show up on the print. The main reason for this is that a significant difference
1 the refractive indexes of air and film causes scattering of the light from the blemishes.

" One way to avoid this problem is to have the light pass first through a medium whose re-
fractive index is similar to that of the film. The most widely used medium for this pur-
pose is perchloroethylene, whose refractive index (1.505) is midway between those of
triacetate film and the gelatin coating on the emulsion side (Schmidt, 1971). Wet gate (or
“liquid gate”) printing has been used commercially in the motion picture industry for
over 40 years. This process has several variations. In optical printing, light passes
through thenegative and is projected onto the unexposed film. The negative runs
through a printing gate between two glass plates. The liquid is introduced under pressure
to the space between the plates and is removed by vacuum. In contact printing, the
negative and print film are in direct contact, and the entire printer movement is immersed
in a liquid bath. Wet gates are sometimes used in telecine machines, which convert mo-
tion picture film to videotape. '



, Emissions from wet gate printers are generally uncontrolled, although some in-
stallations use carbon adsorption systems. : '

1.3 = OUTLINE OF THE REPORT
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| 2.0
SURVEY METHODS

2.1 DEVELOPMENT OF THE FACFILITIES LIST
2.1.1  Sources of Names '

On October 6, 1999, the AQMD provided the contractor with facility and equip-
ment information on 36 facilities in its jurisdiction (Goss, 1999). The facilities were cho-
sen for having basic equipment category (BCAT) codes 279 (miscellaneous air-dry
printing equipment), 362 (wet gate printing with perchloroethylene), and/or 408 (film
cleaning machine). . '

Another major source of names of potentially relevant facilities was an online
database maintained Dy InfoUS A.com,' a commercial mailing list provider. A search of
this database by standard industrial classification (SIC) code 781907, “Motion Picture °

‘Laboratories,” found the names of 14 facilities that were not already in the AQMD file.

Other sources Of potentially relevant facilities were:
o Listings in the Creative Industry Handbook and Film & Tape Storage directo-
ries;
o Listings of motion picture laboratories and film schools on various Internet

web sites;

o An Eastman Kodak Company directory of motion picture film-to-videotape
transfer facilities in Southern California;” and

e A customer listona RTI/Lipsner-Smith brochure.

Information on all putative motion picture film processing laboratories was en-
tered into atable called “Facilities” in & Microsoft Access™ database, which will be de-
scribed in Section 2.6. The table included names, addresses and telephone numbers and,
for the facilities identified by the AQMD, facility ID numbers, SIC codes and contact
names. .

2.1.2 Refinement of the F‘acility List

The sources named in the previous section yielded the names and at least partial -

" address information on 89 facilities. The Facilities database table was sorted alphabeti-

cally by facility name, street address, contact name, and telephone number. Where a fa-
cility identified by non-AQMD sources appeared to be a duplicate of one identified by

| Located at www.lookupusa.com.
2 Located at www.kodak,com/U S/en/motion/postProduction/transfer/la.shtml.
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-

the AQMD, only the AQMD record was kept. However, it was updated with information
from the other source(s). ' ‘

As a check on the faci lity list, a copy was sent to Local 683 of The International
Alliance of Theatrical Stage Employees, Moving Picture Technicians, Artists and Allied
Crafts of the United States and Canada (IATSE). The union was asked whether it was
aware of any other motion picture film laboratories in the AQMD. On November 15,
1999 the business representative of Local 683 confirmed that the tentative list of 73 fa-
cilities was complete. As no additional facilities were identified, the list of 73 became
the potential sample for the survey. ‘

2.2 NOTIFICATION LETTERS

On November 18, 1999 each facility on the final survey list was mailed a “notifi-
cation package” consisting of the following: :

* A notification letter on the contractor’s letterhead;
* An explanatory letter from the AQMD:;

* Aform for declaring that the facility is exempt; and
* Alist of data to be obtained at the site interview -

Appendix A contains a copy of the notification package. The notification letter
was sent to the latest known contact at each facility. It explained the objectives of the
survey and stated that any “confidential” or “trade secret” information obtained would be
held as such by the contractor and the AQMD. Attached to the notification letter was a
copy of an October 8, 1999 letter from Jili Whynot, which stated the AQMD’s policies
regarding treatment of confidentia] and-trade secret information, and encouraged the fa-
cility to provide the requested information, o

Because it was still uncertain. whether many of the facilities were indeed eligible
for the inventory, the notification package included a “Confirmation of Exemption From
Motion Picture Laboratory Survey” form. All three conditions on the form (no motion
picture film cleaning, no wet-gate printing, and no wet-gate telecine) had to be met before

a firm was exempted, Each facility was asked to sign and date the form and fax or mail it
back to the contractor. Twenty facilities claimed that they were exempt from the survey.
The potential sample thus became 53 facilities.

g



2.3 FIELD VISITS

About a week after the notification letters were mailed, the contractor began call-
ing facilities to schedule appointments for on-site inspections and data gathering. Per .
AQMD guidance, the highest priority for the field visits was given to firms that did not
have permits. Representatives of the contractor visited 34 of the 53 remaining facilities.
 Ofthese 19 had permits and 15 did not. The purposes of the site visits were:

To identify; enumerate and describe all film cleaning equipment, wet gates, and
emission controls; :

o« To obtain data on film footage, solvent purchase, hazardous waste disposal; and
operating COSsts; '

o To observe film handling and equipment maintenance practices; and
o To discuss risk reduction options with laboratory operators.

2.3.1 Field Data Formé

On each visit, the contractor’s representative brought-a set of forms for recording
observations and facility-specific data. Appendix A contains the forms, along with in-
structions to the field survey staff The same forms, minus the instructions, were faxed to
the laboratories that were not visited. (See Section2.4.) The forms are described briefly
as follows. -

Equipment Summary Form. The purpose of this form was to record data for
the facility’s equipment inventory. One section was for film cleaning machines
and the other was for wet gate printers. Data requested included make and model
of the device, whether it was used for 35 and 16 mm film or for 70 mm film, the
type of cleaning solvent or wet gate fluid, the AQMD permit number (if any), the
year the device was placed in service, and its maximum film-handling capacity.
A “device number” (which was sometimes a letter or a word) was assigned to
each device by the facility. ‘

Operating Data Form. This form was used to collect data on the amount of film
processed by, and the operating schedule for, each device. Each device was iden-
tified by the “device number” assigned on the previous form. The “General Op-
erating Schedule” was for the entire film cleaning or printing operation, rather
than for particular devices. For example, if the cleaning room was available 8
hours per day but only 1 hour was spent actually cleaning film, 8 hours were re-
ported. The “Monthly Activity Pattern” section of the form recorded the percent-
age of annual activity (usually measured by feet of film processed) in each month.

Solvent Inventory Form. This form was intended to record information neces-
sary to calculate emissions by material balance. It asked for the amounts of sol-

23



2.3.2

vent on hand at the end of 1997 and the beginning of 1998, and a list of all pur- .
chases in 1999.3 Tt also asked for information on waste disposal.

Control and Stack Information Form. One purpose of this form was to obtain
basic operating information on emission control devices currently used by each -
facility; this data would be useful in the risk reduction measure analyses. The

form also requested information on various release parameters, such as stack

height and volumetric flow rate, that could be used in risk assessment modeling in
the future.

Operating and Maintenance Costs Form. Information to be used in estimating

the costs of various alternative risk reduction measures was recorded on this form.
Questions covered film cleaning machines and carbon adsorption systems.

Site Visit Protocol

A visit typically began with a discussion with the facility representative about the

objectives of the survey and the types of information desired. Where facilities had pre-
pared some materials (such as invoices of solvent purchases) in advance, data gaps were
identified. The initial discussion also touched on some of the proposed alternatives to the
use of perchloroethylene in film cleaning. The facility’s special film cleaning require-
ments were also discussed. ’

Next, the contractor’s representative toured the facility. The tours included, ata

minimum, and wherever applicable:

¢ Film cleaning equipment;

s Motion picture film printers and/or telecine machines using wet gates;
e Unused solvent storage;

o Emission capture and control equipmeﬁt; and

e Film cleaning logs and other records

On the tour, the contractor sketched equipment layouts and ductwork and recorded vari-
ous observations. In many cases, typical operation of the film cleaning and printing

equipment was observed. The visit usually ended with a request for the information that
was not available that day. ’ '

_ 2.4

FAXED INFORMATION REQUESTS

Because of schedule conflicts and time limitations, it was not possible to visit all

the facilities eligible for the inventory. Eighteen facilities were given the option of filling

* out the field survey forms themselves and sending them back to the contractor. These
forms, along with an explanatory note, were faxed between December 6, 1999 and Janu-
ary 31, 2000. ' ' '

3 The AQMD requested that the inventory reflect the most recent data and operating conditions.
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2.5 PERMIT FILES

Eight facilities were either unwilling or unable to provide data for this inventory.
Emission inventory information for those facilities was obtained through a review of their
permit files at the AQMD. These files included permit applications, AQMD engineering
reviews, vendor brochures, and other useful information. .

2.6 SURVEY MANAGEMENT DATABASE

. A Microsoft Access™ database, designed for this project, kept track of the status
of each facility’s participation in the survey and recorded the information obtained. It
was also used to extract data for further analysis by Microsoft Excel™. For the field sur-
vey portion of the project, the database, which was called “movielabs.mdb,” kept track of
the response status (eliminated, need to visit, visited, etc.) of each facility. Information
on contact names, telephones and other facility data was updated continually. The data-
base made daily printouts of appointments and of facilities that had not yet been visited.
Later in the project, the equipment, material use, and operations information, as well as
the results of emission calculations, were entered into the database.

2.7 FOLLOW-UP

Very few facilities had all the requested information on hand for the site visit, and
most of the laboratories that filled out the faxed survey forms omitted at least some es-
sential information. Almost all facilities were re-contacted by telephone, mail, fax,
and/or e-mail. These follow-up communications-usually included a list of missing types
of information (e.g. purchases of perchloroethylene during the year). Telephone conver-
sations wére documented on forms designed for the project and kept in a loose-leaf note-
book. Copies of all faxes, letters and e-mails were archived.

2.8 FINAL SURVEY STATUS

Figure 2-1 summarizes the status of the survey. At least some useful emission in-
ventory information was obtained from 50 facilities. Twenty facilities were ineligible for
the inventory, usually because they claimed not to do any film cleaning or use wet gate
printers or telecine machines. Three facilities were confirmed to be out of business. As
will be discussed in Section 3.1, inventory data were obtained directly from 42 facilities
(84 percent of the final mventory), and from AQMD permit files for the rest.



IN INVENTORY
B INELIGIBLE
O OUT OF BUSINESS

Figure 2-1. Final Status of the Emission Inventory Survey.

2.9 EMISSION CALCULATIONS
2.9.1 Basic Method

Because reliable emission factor data (e.g. pounds emitted per 1,000 feet of film
cleaned) were unavailable, a material balance method was used to estimate losses to the
atmosphere. Emissions were computed by the following formula:

-

I

1-F+P-WE® o | [2-1]

~ where o

Amount on hand at end of previous year
Amount on hand at end of inventory year
Makeup solvent* applied during inventory year
Waste disposed for the inventory year

= Release fr actlon

o

I

Makeup solvent is comprised of solvent purchases plus solvent reclaimed on-site.
Reclaimed solvent includes condensate from vapor condensers in film cleaning machines
~ and the solvent desorbed from carbon adsorption beds. The amount of solvent reclaimed

°

4 Makeup solvent is defined as the solvent that must be added to a device's reservoir to replace that which
has been lost to evaporation or a waste stream.
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on-site at a given facility is generally unknown. However, the more that is reclaimed, the

" less that has to be purchased. It was assumed that on-site recycling (if any) was implicit

in the amount of solvent reported as purchased or used.

Waste disposal values were obtained, wherever possible, from hazardous waste
manifests. Only those waste shipment corresponding to solvent use in the inventory year
were considered. For example, suppose that one drum of waste was shipped at the be-
ginning of November of the year before the inventory year, and the next was shipped at
the end of February of the inventory year. The amount of waste assigned to the inventory
year would be (2 months/4 months) x 1 drum, or 0.5 drum. In the absence of any waste
analysis data, it was assumed that the waste contained 50 percent solvent by weight.

In Equation 2-1, the quantity (I - F F P - W) equals the maximum potential
(uncontrolled)‘emissions for the facility. The release fraction is defined as the fraction of
the maximum potential emissions that enter the atmosphere. Except for cases in which
add-on controls (e.g. carbon adsorbers) are applied, R = 1. Thus the emission reduction
which results from the use of internal controls, such as vapor condensers, is implicit in
the reduced value of the makeup solvent consumed; in the absence of those internal con-
trol, it is assumed, a greater quantity of makeup solvent would be needed for the same
amount of film processed.

For carbon adsorbers, the release fraction-was assumed to be equalto 1 -8, where
¢ is the control equipment’s capture and removal efficiency. Values of € reported by the
surveyed facilities or their consultants, or those assumed by the AQMD in permit appli-
cation reviews, Were used without adjustment.

"2.9.2 Other Special Cases

Several variations on the basic emission calculation method were used. A few fa-
cilities provided results of in-house tests of the efficiency of their cleaning and/or printing
equipment. Solvent mileage data from those tests were used in conjunction with con-
sumption figures t0 estimate emissions.

In many cases, facilities did not provide any information on I and F in Equation 2-
1. They did, however, have list of dates and amounts of recent solvent purchases. It
was assumed that the first purchase on the list was to replace solvent that had been con-
sumed up to the purchase date. The gallons or pounds of solvent from that first purchase
were ignored. Let PPy s P be the purchases on dates 1 through k, and let d be the
number of calendar days between the first and last days. Then average daily consump-

tion was calculated as:

c =(Zr)d o 12-2]

The average daily consumption was then multiplied by 165 to obtain the annual con-
sumption. _ '



Finally, if no other data were available, emission estimates contained in the facil-
ity’s AQMD permit file were used. In some cases, these estimates were provided as part
of the permit application, and in others, they were part of the AQMD’s engineering

analysis.
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3.0
EMISSION INVENTORY RESULTS

3

3.1  FACILITIES

At least some emission inventory data were received from 50 facilities in the
South Coast Air Basin. As seen in Figure 3-1, data from most of the laboratories were
obtained mainly by site visits. Ten facilities responded to faxed questionnaires, and were
not visited. Finally, information on eight facilities was obtained through a review of
AQMD permit files. Most of the facilities that were visited or surveyed by fax were
contacted again for additional or clarified information. '

PERMIT FILES _
16% .

FAXED SURVEY _
20%

. SITE VISIT
64%

Figure 3-1. Sources of Emission Inventory Information (50 Facilities).

3.1.1 Facility Types

Figure 3-2 shows the distribution of the facilities in the inventory by their princi-
pal business activity. The largest group consists of production and post-production fa-
cilities. These include motion picture and television studios, producers of television
commercials, and title houses. “Laboratories” are defined here as companies whose main
business is to print and/or.clean film. They comprise 26 percent of the inventoried.
Telecine houses make up another 22 percent. Finally, six companies specialize in preser-
vation and restoration of old films. - ’
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RESTORATION
12%

'STUDIQS/IPOST
s PRODUCTION
40%

TELECINE HOUSES
22%

LABORATORIES _/

26%

Figure 3-2. Distribution of Inventoried Facilities, by Type of Activity.

3.1.2  Geographic Distribution of Facilities in the Inventory

To preserve the confidentiality of the survey respohses, specific locations of the
facilities in the inventory cannot be provided. However, it may be noted that 37 of the 50
facilities (74 percent) are in Hollywood, Burbank or Santa Monica.

3.2  EQUIPMENT INVENTORY
3.2.1 Film Cleaning Machines

The survey identified 107 motion picture film cleaning machines in the invento-
ried facilities. Tables 3-1 and 3-2 show how they are distributed by film size’ and by sol-
vent, respectively. Each table shows how many machines in each category have AQMD
permits or have permit applications pending. The great majority of the film cleaning ma-
chines in the Basin are used for 16- and 35-mm film. :

- About 58 percent of the film cleaning machines in the Basin use perc. Although it
is rapidly being phased out, 1,1, 1-trichloroethane is still used in 12 film cleaners. Isopro-
pyl alcohol is also used in 12 machines. Other solvents include cyclohexane, HFE 7200,
and hydrotreated naphtha. -

| Many 35-mm film cleaning machines are also used to clean 16-mm film.
* HFE 7200 is a tradename for a mixture of ethyl perfluoroisobutyl ether and ethyl perfluorobutyl pther.
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Of the 62 film cleaning machines that use
mits from the AQMD. Most of the isopropyl alcohol machines do not have permits.

perc, 17 (27 percent) do not have per-

: Table 3-1
DISTRIBUTION, OF FILM _CLEANING MACHINES BY FILM SIZE
] s 70 | Unknown{ Totals
Permitted 53 6 10 69
' Non-Permitted 37| 1 0 38
Totals 90 7 10 107

Tncludes both 35 mm and 16 mm film cleaning.

Table 3-2

DISTRIBUTION OF FILM CLEANING MACHINES BY TYPE OF SOLVENT
Solvent Permitted | Non-Permitted Totals
Perchloroethylene - 45 17 62
Isopropanol ' 5 7. 12
1,1, 1-Trichloroethane 9 3 12

| Other VOC* 10 10 20
| HEE 7200 0 1 1
Total 69 38 107

*OC = Volatile organic compounds.

Most of the facilities in the inventory have one or two film cleaning machines,
and the maximum number of film cleaners per laboratory is ten. Figure 3-3 shows the
distribution of numbers of film cleaners per facility. '

" 3.2.2 Wet Gate Printers

The survey identified 102 wet gate printers. Table 3-3 shows the breakdown by
type of printing (contact vs. optical) and permit status. There are roughly the same num-
ber of contact printers as there are optical models, and the great majority of wet gate
printers are now permitted. All the printers use perchloroethylene as the wet gate fluid,
although one facility uses a blend of perc and another compound.3 ’

3 Identity of the compound is unnamed to preserve confidentiality.
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No. of Facilities
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Number of Film Cleaning Machines -

-

Figure 3-3. Number of Film Cleaning Machines per Facility in the Inventory.

Table 3-3
DISTRIBUTION OF WET GATE PRINTERS BY TYPE AND PERMIT STATUS

Contact Opﬁcal Unknown| Totals
Permitted 35 41 6 82
‘Non-Permitted 9 7 4 20
Totals 44 48 10 102

Figure 3-4 shows the number of wet gate printers per facility in the inventory. The ma-
jority of the facilities in the inventory do not have any wet gate printers, and the most that
any laboratory has is 27, :
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Figure 3-4. Number of Wet Gate Printers per Facility in the Inventory.

3.2.3 Wet Gate Telecine

Only one facility was found to use a wet gate telecine machine. According to
several facility contacts, the current trend is to use “digital wet gates,” in which the po-
tential effects of scratches and other imperfections are removed electronically.

3.3 FILM FOOTAGE
3.3.1 Film Cleaning Machines

Table 3-4 shows the feet of film cleaned annually and per day, by film size and
solvent used. The facilities in the inventory clean about 543 million feet of film per year,
about 96 percent of which is for 16 or 35 mm film. Figure 3-5 shows the distribution of
the annual footage by solvent. Perchloroethylene is the only solvent used to clean 70 mm
film, and accounts for about 62 percent of all the cleaned footage (16, 35 and 70 mm)..

The feet of film processed per machine per day or per year varies widely from
machine to machine. The frequency distributions of feet per cleaner are not normal, and
“are skewed toward lower values; i.e. most of the machines have fairly low annual proc-
essing rates and a few have very high rates. Table 3-5 shows the median values and
ranges for feet cleaned per film cleaning machine, for machines using perchloroethylene,
1,1,1-trichloroethane, or isopropy! alcohol.
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Figure 3-5. Distribution of Annual Feet of Film Cleaned, by Cleaning Solvent.

Table 3-5
ANNUAL FEET OF FILM CLEANED PER FILM CLEANING MACHINE
Feet per Day - Feet per Year
Film Size Median Range |  Median Range
16 or 35 mm | 20,000 400 - 105,600 3,207,600 | 50,000 - 32,947,200
70 mm 20,000 | 6,000 -40,400 | 4,000,000 90,500 - 9,138,000

3.3.2 Wet Gate Printers

Table 3-6 shows the reported feet of film printed annually and per day by wet gate
printers, by film size and type of printer (contact or optical).4 The facilities in the inven-
tory reported printing about 200 million feet of film per year. The actual footage printed

4 The one wet gate telecine machine reported is included with the optical printers to maintain confidential-
ity. S : : ' k '
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is most likely significantly higher, because footage data were not supplied for 40 of the
102 printers in the inventory.

For the printers for which data are available and the printing method is known,
contact printing accounts for about 76 percent of the annual footage of 16- or 35-mm film
and 96 percent of the annual footage of 70-mm film. The two smaller film sizes com-
prise about 97 percent of all film printed, regardless of the printing method.

As with film cleaning, the amount of film printed per wet gate printer varies
widely. Table 3-7 shows the median values and ranges of feet printed per printer, by
printing type (contact vs. optical) and film size. 'The data in both Tables 3-6 and 3-7
show that, although there are roughly the same number of contact and optical printers in
the Basin, the contact printers have the greater workload.

. Table 3-7
FOOTAGE PRINTED PER WET GATE PRINTER
I;lzr: ‘Contact - : Optical®
- 16 or |Median 22,333 6,984
Feet per Day 35 mm |Range 200 - 252,000 226 - 48,000
70 mm |Median 252,000 12,000
: Range 252,000 - 252,000 1,800 - 12,000
. 16 or |Median 2,549,261 - 750,000
Feet per Year | 35 mm |Range | 11,765 - 28,080,000 11, 765 - 12,480,000
70 mm {Median 1,568,902 , 74,710
Range 1,568,902- 1,568,902 74,710 - 90,500

“Includes 35-mm wet gate telecine.

3.3.3 Wet Gate Telecine

To maintain confidentiality of data, the footage per telecine machine was com-
bined with the values for optical motion picture film printing in determining median and
ranges in Table 3-7. :



3.4 MATERIAL CONSUMPTION
3.4.1 Film Cleaning Machines

~ The facilities in the inventory have largely made the transition from using 1,1,1-
trichloroethane to using perchloroethylene and other solvents. At present, six types of
motion picture film cleaning solvents are used.’ Table 3-8 shows the annual basinwide
consumption volume for each solvent formulation. Perchloroethylene is the highest-
volume solvent, comprising almost half the total. Most of the rest of the cleaning solvent
use is accounted for by 1,1, 1-trichloroethane and a hexane/cyclohexane blend. Table 3-9
shows the annual consumption per machine for perchloroethylene, 1,1,1-trichloroethane
and isopropyl alcohol.

Table 3-8
ANNUAL BASINWIDE FILM CLEANING SOLVENT CONSUMPTION, BY
-SOLVENT TYPE
Solvent Gallons Percent
per Year of Total
Perchloroethylene ' 6,070 47
1,1,1-Trichloroethane 2,900 23
Other VOC ‘. 2,890 23
Isopropanol | 600 | 5
HFE 7200 370 3
Total 12,830 ~ 100
.Table 3-9

_CLEANING SOLVENT CONSUMPTION PER MACHINE, BY SOLVENT TYPE

(Consumption in Gallons/Year)

35 mm 70 mm
Median Range Median Range
Perchloroethylene ‘ 83 | 2-366 . 52| 0-122

1,1,1-Trichloroethane 126 | 0 - 1,248
Isopropyl Alcohol 37 6-99

5 Several additional types of solvents are permitted for some facilities, but are not currently used. Also, use
data were not reported for several types of solvents not reported here; their identities are not provided to
preserve confidentiality. - ' '
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3.4.2 Wet Gate Printing

Wet gate printing consumes about 16,400 gallons of perchloroethylene per year.
Table 3-10 shows the breakdown by printing type and by film size. This volume exceeds
that of the perc used in film cleaning by about 10,300 gal/yr. Table 3-11 shows how
much perc is used per wet gate printer.

Table 3-10

BASINWIDE CONSUMPTION OF PERCHLOROETHYLENE
IN WET GATE PRINTING (GALLONS/Y EAR)

Type of Printing 31565;1 70 mm | Total
| Contact 8,340 620 8,960
| Optical 7,070 40| 7,110
Unknown 330 | 0 330
Total 15,740 660 | 16,400
Table 3-11

PERCHLOROETHYLENE CONSUMPTION PER WET GATE PRINTER

(Consumption in Gallons/Year)

16 or 35 mm 70 mm
Median Range Median Range
Contact 125 | <1-676 156 156
Optical 97 | <1-676 16 6 -16
‘Unknown | - 79| 52 -117 " None

3.4.3 Wet Gate Telecine

To maintain confidentiality of data, the perchloroethylene use per telecine ma-
chine was combined with the values for optical motion picture film printing in Tables 3-
10 and 3-11.

35 EMISSION CONTROL DEVICES

The only type of “add-on” emission control device reported by the facilities in the
inventory is the carbon adsorber. As will be discussed in Section 4.1, two major catego-
ries of carbon adsorbers are used in this industry. In the first, the captured pollutant is



desorbed purified, and recycled on-site. In the other, saturated carbon is removed from
the premises and replaced with new adsorbent.

3.5.1 Film Cleaning

Perchloroethylene and 1,1,1-trichloroethane are the only pollutants whose film
cleaning emissions are controlled. Table 3-12 shows how many film cleaning machines
are controlled by each type of carbon adsorber. Figure 3-6 shows the extent of control of
perchloroethylene emissions from film cleaning, by number of devices.

Table 3-12 .
FILM CLEANERS CONTROLLED BY CARBON ADSORBERS

Regenerative . Disposable
Solvent Controlled N(?'. 9f Devices NC?'. (?f Devices
Facilities | Controlled| Facilities | Controlled
Perchloroethylene 1 8 5 8
1,1,1-Trichloroethane 1 -3 0 0
Totals 2 11| 5 8
Disposable AC

13%

Regenerative AC
13%

None
74%

Figure 3-6. Percentaoes of Devices Using Carbon Adsorption to Control Perch]oroethyl-
" ene Emissions From Film Cle:amncT

. -



) 352 Film Printing

Table 3-13 shows how many wet gate printers of each type

are controlled by each

type of carbon adsorber. Figure 3-7 shows the extent of control of perchloroethylene

emissions from wet gate printing, by number of devices. In contrast to fi

Im cleaning, al-

most half the wet gate printers in the inventory are served by emission control devices.

Table 3-13
WET GATE PRINT ERS CONTROLLED BY CARBON ADSORBERS
Regenerative Disposable

Printing Type N?.. ?f ) Devices | N(.).' ?f a Devices

Facilities” | Controlled | Facilities Controlled
Contact 2 23 2 6
Optical 3 14 3 5
Unknown 0 0 0 0
Totals 5 37 5 11

aat some facilities, the same carbon adsorber serves contact and optical printers.

%
A
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Disposable AC
11%
‘ .

_None
Regcner;ltivc AC 53 %
36%

.

Figure 3-7. Percentaoes of Devices Using Carbon Adsorption to Control Perchloroethyl-
ene Emissions From Wet Gate Printing. :

3.6  EMISSIONS
3.6.1 Film Cleaning

Table 3-14 shows the annual emissions of each solvent from film cleaning opera-
tions. In this table, as well as the other emission summary tables in this report, the col-
umns are defined as follows:

Maximum Potential Emissions: Total losses to the atmosphere assuming that
no controls (other than internal condensation and recycling systems) are used.
For equipment having external controls (e.g. carbon adsorbers), thls value is the
input to the emission control system.

Emissions From Uncontrolled Equlpment Losses to the atmosphere from
equipment having no external controls.

Emissions From Controlled Equipment: Emissions downstream of external
emission control equipment, such as carbon adsorbers. :

o
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Net Emissions: Emissions to the atmosphere, taking controls into account (only
where a.pplicable).6 '

Percent Control: The amount of pollutant that does not enter the atmosphere at
the facility, because it is either recycled on-site or is sent off-site for disposal.7

Table 3-14
EMISSIONS (LB/Y R) OF SOLVENTS FROM FILM CLEANING
— bmissions pmisstons
Maximum From From

Potential Uncontrolled Controlled Net Percent

Solvent ID | Solvent Name Emissions Equipment Equipment Emissions | Control
71-55-6 1.1,1-Trichloroethane . 32,250 20,580 120‘ 20,700 35.8
110-82-7 {Other voc? 16,670 16,670 O\ 16,670 0.0
upE [EE Bthoxy- 4370 4370 0 4370 0.0

nonafluorobutane) ’

67-63-0 |Isopropyl Alcohol 3,950 3,950 0 3,950 - 0.0
127-18-4 . Perchloroethylene 81,950 60,200r ’ },SOO 61,700{ 247

%/0OC other than isopropy! alcohol include cyclohexane (CAS 110-82-7), hexane (CAS 110-34-3) and
hydrotreated naphtha (CAS 64742-48-9).

~ Basinwide net emissions of perchloroethylene from film cleaning are 61,700 blyr
and 169 b/day (30.9 ton/yr and 0.085 ton/day). About one-quarter of the maximum po-
tential perc emissions and about 36 percent of the maximum potential 1,1,1-trichloro-
ethane emissions are removed by carbon adsorbers. Volatile organic compound (VOC)
emissions from film cleaning total 20,620 Ib/yr and 57 Ib/day (10.3 tons/yr and 0.028
ton/day). None of these emissions are controlled. '

’ Annual net emissions of perchloroethylene per facility range from 5.5 10 14,826
[b, with a median value of 732 Ib/yr. Inequalities of distribution of emissions per facility
can be visualized by means of Lorenz curves. The horizontal axis of these curves is the

cumulative percentage of facilities. The vertical axis is the cumulative percentage of total

net emissions. If all facilities had the same net emissions, the Lorenz curve would be a
straight line. The more unequal the distribution, the closer the curve moves to the lower
right corner. '

Figure 3-8 shows the Lorenz curves for net emissions of perc and 1,1,1-
trichloroethane. Relatively few facilities account for the great majority of the emissions
of 1,1,1-trichloroethane; indeed two-thirds of the emissions are from one facility. “Emis-
sions of perc are more evenly distributed than those of 1,1,1-trichloroethane, but are nev-

©

5 Net Emissions = Emissions From Uncontrolled Equipment + Emissions From Controlled Equipment
7 percent Control .= 100 X Maximum Potential Emissions - Net Emissions)/(Maximuun Potential Emis-
sions) ’ .



ertheless concentrated among a relatively small number. About 55 percent of the net perc
emissions from film cleaning are from 14 percent of the facilities. :

100

90 4 ]
[ ,’
]

80 A ’II
- K
3
.a 4 ’
E o]
s -
= Y = Perc
S 504 /” - = 14,17
r;' / P e S qual
P
E 40 1 / '
: s
Q

30 4

20 4

Cumu]ntii'e Pct of Facilities

Figure 3-8. Lorenz Curves for Emissions of Perc and 1,1,1-Trichloroethane.
'3.6.2 Wet Gate Printing |

Tables 3-15, 3-16-and 3- 17 show, respec’uvely, the annual inventoried perchloro-
~ ethylene emissions, by film size, for contact printers, optical printers, and printers whose
type was not reported.

Table 3-15

ANNUAL PERCHLOROETHYLENE EMISSIONS FROM CONTACT
WET GATE PRINTERS (LB/YR) ’

Emissions Emissions
Maximum From From ‘
Potential Uncontrolled | Controlled Net Percent
‘Film Size| Emissions Equipment Equipment Emissions Control
16/35 64,050 16,470 3,640 20,110 68.6
70 8,420 0 300 310 96.3
Total 72,470 16,470 3,9400 204200 718
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~ Table 3-16

ANNUAL PERCHLOROETHYLENE EMISSIONS FROM OPTICAL
WET GATE PRINTERS (LB/YR)

Emissions Emissions |

Maximum From From
Potential | Uncontrolled Controlled Net Percent
Film Size | Emissions Equipment Equipment | Emissions Control
35 58,020 49,450 520 49970 13.9
70 500 0 20 20 96.0
Total 58,520 49 4350 340 49,990 - 14.6

Table 3-17

ANNUAL PERCHLOROETHYLENE EMISSIONS FROM
WET GATE PRINTERS OF UNREPORTED TYPE (LB/YR)

Emiissions Emissions
Maximum From From
: Potential Uncontrolled | Controlled | Net Percent
Film Size Emissions Equipment Equipment Emissions | Control
16/35 4,400 4,400 0 4,400 0.0
70 : Not Applicable -'
Total 4,400| 4,400] 0| 4400 0.0

For all types of wet gate printing, emissions from printing of 16 and 35 mm film
far exceed those from printing of 70 mm film. This is due mainly to the fact that much
more of the two smaller sizes of film is printed, but is due also 0 the much greater extent
of use of emission controls for 70-mm printing. Although maximum potential emissions
from contact printing exceed those from optical printing (72,470 vs 57,400 Ib/yr), net
emissions from contact printing are lower. This is because about 72 percent of the emis-
sions from contact printing are controlled, while only 13 percent of those from optical
printing are treated. ‘

Annual net emissions of perchloroethylene per facility range from 0.8 to 57,283
[b, with a median value of 840 Ib/yr. Figure 3-9isa Lorenz curve for perc emissions
from wet gate printing. Itis clear that most of the emissions are concentrated in a few fa-
cilities. The»top 25 percent of the facilities account-for 88 percent of the emissions.
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Figure 3-9. Lorenz Curve for Emissions of Perc From Wet Gate Printing.

3.6.3 Wet Gate Telecine

Estimated perchloroethylene emissions from the one wet gate telecine machine in
the inventory are included with those for uncontrolled wet gate optical printing.

3.6.3 Potential for Additiona] Risk Reduction

Figure 3-10 shows the distribution of perchloroethylene emissions from equip-
ment that is not served by carbon adsorbers (or any other type of pollutant removal de-
vice). These are the emissions available for reduction. Film cleaning and optical printing
are responsible for about 84 percent of the emissions that are available for reduction.
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Figure 3-10. Distribution of Perchloroethylene Emissions Available for Reduction.

3.7  EMISSION FACTORS

One objective of this project was to develop useful emission factors for film-
cleaning and printing. The efficiency of these devices is generally expressed as “solvent
mileage,” or feet cleaned or printed per gallon of solvent. Various solvent mileage values
have been claimed in product literature and assumed in permit applications and evalua-
tions, but no peer-reviewed, publicly available documentation is available for any of the
values used. In addition, solvent mileage may vary with film size, film processing speed,
efficiency of on-board emission controls, equipment age, and other factors, .some of
which may not now be recognized.

It was hoped that the current project would obtain enough valid data to enable
calculation of emission factors, in units of mass per length of film processed. (These
units are proportional to the inverse of solvent mileage.) Good emission factors could
then be multiplied by actual or estimated film processing throughput to obtain emission
estimates. This project was successful only to a limited extent. It was outside the con-
tract scope to perform laboratory or field tests to determine the emission factors, and the
solvent use and film throughput values obtained through the survey were sometimes
highly uncertain. Nevertheless, some of the data obtained from the laboratories were of
sufficient quality to develop some useful emission factors.
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3.7.1 Emission Factors Derived From Monthly Logs

Three facilities provided data from monthly in-house logs of their solvent con-
sumption.® Facility A cleans 35 mm film with perch]oroethylene For one year, it kept
detailed monthly records of solvent consumption and film footage. Facility B kept rec-

ords of perchloroethylene consumption by a mixture of contact and optical printers, along -

with the corresponding footages of film printed. Unfortunately, the records do not ap-
portion the wet gate perc consumption or the film footage between the two types of print-
ers. Facility C uses perchloroethylene in three machines to clean 16 and 35 mm film.’

For seven to ten months per machine, the facility recorded the amounts of makeup sol-
vent and the corresponding operating hours. It also recorded similar information for an
isopropyl alcohol film cleaner and for three wet gate contact printers.

To obtain an indication of the variability in the emission factors, each monthly re-
cord at a given plant was treated as a separate “test run.” Emission factors were calcu-
lated by the following formula:

EF = 1000 pG/F [3-1]
where |
o) = Solvent density (Ib/gal)
G = QGallons consumed per time period
F. = Feetfilm processed during the same time period

In Equation 3-1, 1000 converts the units of the emission factor to 1b/1000 ft. The densi-
ties of perchloroethylene and isopropyl alcohol are 13.5 and 6.581 1b/gal, respectively.

Table 3-18 shows the mean emission factor for each case, along with its 95-
percent confidence interval. Although the film cleaner emission factor for perchloroeth-
ylene varies somewhat from machine to machine, the differences in means are not statis-
tically significant at the 95-percent confidence level. From this very limited data set, it
does not appear that film cleaning speed influences the emission factor.

There does, however, appear to be a relationship between printing speed and the
emission factor for the three contact printers at Facility C. Figure 3-11 shows the three
mean emission factors, each of which has a fairly tight confidence interval. The emission
" factor for the group of printers at Facility B is considerably higher than the ones calcu- -
lated for Facility C. Without more information on the printers at Facility B it is not pos-
sible to determine the reason for this difference.

8 To conserve anonyunty, the identities of the facilities will not be revealed.
® The breakdown between the two film sizes was not reported.
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Table 3-18 |
EMISSION FACTORS CALCULATED FROM MONTHLY FACILITY DATA

: Emission Factor (1b/1000 ft)
Film Process | No. of

Size Rate Data Lower Upper

Facility | Type of Device (mm) (ft/min) Points |Mean Bound Bound
A Film Cleaner 35 92.1 12 0.32 0.31 - 0.33
B | Printers Unknown| 70" 13 260  1.83 3.38
A Contact Printer | 16/35 60 14 0.18 0.13 0.23
Contact Printer | 16/35 180 14 0.032 0.022 0.043
Contact Printer 16/35 90 14 0.083 0.059 0.11
C | Film Cleaner 16/35 85 7 0.40 0.29 0.50
Film Cleaner 16/35 150 10 0.26 0.19 0.33
Film Cleaner 16/35 85 7 0.26 0.12 0.39
Film Cleaner” 16/35 85 4 0.11 0.082 0.13

*Mean value estimated from facility data; 95-percent confidence interval is 38 - 82 ft/min.

*Emissions are of isopropyl alcohol.
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Figure 3-1t. Emission Factors for Contact Printing at “Facility C.” .
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3.7.2 Emission Factors From Annual Process Values

Emission factors were also derived from a subseét of the annual film footage and
solvent consumption values reported by the facilities. The analysis excluded equipment
- for which either the footage or the solvent consumption was unknown. It also excluded
cases in which the solvent mileage had been assumed. A Grubbs test for outliers (Taylor,
1987) was applied to each data set. If the minimum was too low or the maximum was
too high (with a 1-percent risk of false rejection), it was discarded. The process was con-
tinued until the Grubbs test did not indicate the need to reject any further extreme values.

Figure 3-12 shows the mean and 95-percent confidence limits for the emission
factors for 35-mm contact and optical wet gate printing. A Student’s t-test showed that
the difference in means for the two types of printer is not statistically significant at the
95-percent confidence level (t =0.2999, tey = 2.0181, d.f. = 42). Note that the wet gate
printing emission factors determined in Section 3.7.1 are all outside the confidence limits
shown in Figure 3-12. The reason for this is unknown. There were not enough usable

~data to determine emission factors for 70-mm wet gate printing.

Figure 3-13 shows the mean and 95-percent confidence limits for the emission
factors for 35- and 70-mm film cleaning with perchloroethylene. The emission factors
“for 35- and 70-mm film sizes were 0.39 and 0.23 1b/1000 ft, respectively. A Student’s t-
test showed that the difference between these means is statistically significant at the 98-
percent confidence level (t = 2.5705, tei = 2.0930, d.f. = 19). The results presented in
Section 3.7.1 for film cleaners are consistent with the ranges shown in Figure 3-13.

- The mean and 95-percent confidence limits of the-emission factor for film clean-
ing with isopropyl alcohol'® were 0.18 and 0.035 - 0.32, respectively. The emission
factor developed for the one machine in Section 3.7.1 fits within these limits.

10 A_ll the maciﬂnes cleaned 16 or 35 mun film.
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Figure 3-13. Means and 95% Confidence Limits for Emission Factors for Film Clean-
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3.7.3 Discussion

The means and confidence limits presented in the previous section can be used to
gauge the uncertainty in emission estimates based on the emission factors developed
- here. The least uncertain estimates (+ 27 %) would be for cleaning 35-mm film with per-
chloroethylene. The most uncertain estimates (+ 81 %) would be for film cleaning with
~ isopropyl alcohol.

Uncertainty in emission factors may be the product of two types of causes. First,
fugitive emission rates may vary from one machine to another, as a result of differing
maintenance practices, film processing speeds, performance of vapor condensing equip-
ment, bath temperature and other factors, many of which are as yet unidentified. The
‘other main cause of uncertainty is in the measurement or estimation of the two variables
from which the emission factors are derived: volume of solvent consumed and length of
film processed. Many of the estimates of annual footage were obtained by multiplying a
“typical” value of feet per day by the number of operating days per year. No information
about the uncertainty in the daily footage value was available. Similarly, annual solvent
consumption was sometimes extrapolated to one year from a several months’ actual data.

As an illustration of the consequence of uncertainty in the underlying data, sup-

posed that the reported perc consumption and footage cleaned were 300 gallons and 10
million feet, respectively. The resulting emission factor would be (1000)(13.5)(300)/10°

= 0.405 1b/1000 ft. Now suppose that the two process variables were correct within 10
percent of their reported values. The range of estimates of the emission factor would be:

(1000)(13.5)(270)/(11 x 10%) = 0.331 [b/1000 ft
(1000)(13.5)(330)/(9 x 10°) = 0.495 16/1000 ft

Low
High

Given the uncertainty in the estimates of the process variables, the emission factor of
0.405 1b/1000 ft could be 18 percent low or 22 percent high.

In light of these uncertainties, the emission factors developed here should be ap-

plied with caution to the cases of individual pieces of equipment, such as in permit appli-
cations and health risk assessments. They are, however, useful for planning purposes.
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4.0
RISK REDUCTION MEASURES

One of the objectives of this project was to “identify, evaluate and recommend
control equipment, material substitution, process change, and other means for reducing
risk due to air toxics emissions from this industry.” In this report, “risk” is understood to
include both cancer risk and acute and chronic noncancer health risk, to the communities
near motion picture film processing facilities. As most of the facilities in the inventory '
are in or near residential areas, and are not likely to relocate, the only practical means of
risk reduction is to decrease emissions of toxic air contaminants. -

» Through the survey it became evident that the industry has already adopted sev-
eral means of reducing risk, including installation of emission control equipment and, to a
limited extent, switching to less toxic solvents. For example, as was shown in Section
3.6, perchloroethylene emissions from wet gate printing of 70 mm film are essentially all
treated by carbon adsorption. There is still, however, considerable room for improve-

ment, especially in film cleaning and wet gate optical printing.

Section 4.1 briefly reviews current risk reduction measures. Alternative measures
under active consideration (and limited application) are discussed in Section 4.2. Finally,
some alternative risk reduction scenarios are presented and ‘evaluated in Section 4.3.

4.1 REVIEW OF CURRENT RISK REDUCTION MEASURES

Whether in response to regulatory mandates or to reduce operating costs, the mo-
tion picture film laboratory industry has already implemented several types of risk reduc-
tion measures. These include: '

e In-machine recovery and recycling (for film cleaning);
s “Add-on” controls;

e Solvent substitution; and

o Improved maintenance practices

4.1.1 In-Machine Recovery and Recycling

The great majority of film cleaning machines that use chlorinated solvents use
built-in vapor condensation systems for primary emission control. Vapors from the
heated immersion tank are condensed on refrigerated cooling coils. The condensate is
later distilled, filtered, desiccated and saved for future use. The same equipment can be
used to distill and recover solvent sludge.” As long as the equipment is properly main-
tained and operated, the same solvent can be reused numerous times, reducing the need
for replacement. ) ‘

4-1



A similar recovery and recycling system is used for film cleaning with HFE 7200.
However, only two of the twelve machines that use isopropyl alcohol are capable of re-
covering solvent,! and none of the other cleaning solvents is recycled.

The survey found only one wet gate (serving a telecine machine) whose vapors
were recovered.

4.1.2 “Add-Onb” Controi§

Except for the one wet gate telecine machine in the survey, the only type of “add-
on” control device observed was the carbon adsorber. Other common organic pollutant
control devices have obvious drawbacks. Incineration of chlorinated solvents can gener-
ate hydrochloric acid and other undesirable products of incomplete combustion. Addi-
tional refrigeration beyond that provided by the cleaning machines’ primary controls is
not likely to be economical. '

Eight film cleaning machines (at five facilities) and eleven wet gate printers (at
five facilities) are served by once-through, disposable canister systems. In these devices,
vapors are drawn through one or more beds containing activated carbon. For a given type
and granular size of activated carbon, the amount of solvent that can be adsorbed onto
and retained in the carbon bed depends upon the pollutant concentration and the tem-
perature. After the bed’s capacity is reached, the solvent begins to desorb. Facilities
having these devices usually monitor the pollutant’s concentration in the exhaust from the
carbon bed; when it reaches a given level, then a new bed is installed and the old one is
taken away for regeneration. Carbon recyclers do not recover the adsorbed solvent from
the carbon. They heat the carbon to reactivate it, and the heating drives off the solvent
(which is treated by an afterburner). - .

Regenerative carbon adsorbers are used to control emissions from 11 film clean-
ing machines (at 2 facilities) and 37 wet gate printers (at 5 facilities). Steam is passed
through the carbon to desorb the solvent. These devices require at least two beds; one is
used to treat emissions while the other is being desorbed. The solvent and the steam con-
densate are then separated. In this industry, it is very important to remove as much water
as possible, as it has a deleterious effect on film emulsions. The separation should be at
as low a temperature as is practicable, because the higher the temperature, the more solu-
ble the two compounds are in each other (Fasci, 2000).

- 4.1.3 Solvent Substitution

There is currently no practical substitute for perchloroethylene in wet gate print-
ing. One facility uses a mixture of perc and a volatile organic compound” in its wet
gates. The admixed compound does not have a favorable refractive index (see Section
4.2.2) and has other undesirable properties, but its use does reduce the consumption (and

emissions) of perc.

! Whether they do recover it is unknown..
2 The identity of the compound is confidential.



As was seen in Section 3.4.1, the alternatives to perc and 1,1,1-trichloroethane
that are currently used for film cleaning in the AQMD include isopropyl alcohol, hexane,
hydrotreated naphtha, and HFE 7200.> These compounds account for about 30 percent of
the total volume used. They, along w1th other alternative solvents, will be discussed fur-
ther in Section 4.2.2.

4.1.4 Maintenance Practices

Significant fugitive emissions can occur from poor maintenance practices, in-
cluding improper solvent storage and handling. However, no evidence of grossly inade-
quate maintenance practices (as are often seen in other industries) was observed during
the site visits. Indeed, many steps are taken to minimize solvent losses. For example,
~ perchloroethylene is typically delivered to film cleaning machines from sealed, pressur-

“ized drums. When a sensor in the cleaning machine determines that the liquid level in the
machine’s reservoir is too low, a solenoid valve opens and solvent flows out from the
drum. When the reservoir is full, the valve closes.

Many motion picture film laboratories contract with maintenance companies to
perform routine maintenance operations at fixed time intervals. The maintenance techni-
cian checks and replaces buffers and filters and sometimes performs repairs. Two poten-
tially significant leak sources on a film cleaning machine are the spray jets and the air
knife (Tisch, 1999b). Routine maintenance often includes checking and adjustmo these
elements.

~ Recordkeeping practices in the surveyed facilities range from poor (or nonexist- -

ent) to outstanding. There is generally no way to monitor solvent delivery to individual
machines, since the delivery systéms are not metered. The amount of solvent remaining
in a drum could be determined by weighing the drum, but this is rarely done. Many -
cleaning machines have totalizing hour meters, which many facilities read periodically.

“Given the film speed (which is set by the operator) and a difference between successive
hour meter readings, one can calculate the footage of film cleaned. Other facilities record
the number and/or lengths of film reels cleaned on their machines.

Although recordkeeping practices in many facilities could be improved, most of
“the emission reductions achievable through better operating and maintenance procedures
have already being realized. This approach was not explored further.

~ 4.1.5 NESHAP Requirements

~ On December 3, 1999, the U.S. Environmental Protection Agency (USEPA)
amended its National Emission Standards for Halogenated Solvent Cleaning (40 CFR
Part 63, Subpart T) to include “continuous web cleaning machines,” such as motion pic-
‘ture film cleaning machines. The standard applies to cleaning with one or more of six
chlorinated solvents, including 1,1,1-trichloroethane and perchloroethylene. Under this

3 Other solvents, such as AK-225 and HFE-43-10 mee, have been used by at least one laboratory in the
AQMD during the past few years, but, to the best of the contractor’s knowledge are not used as of this -
writing. .
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national emission standard for hazardous air pollutants (NESHAP), “existing machines”
are those placed in service before November 29, 1993 and “new” machines are those
placed in service on or after that date. According to the results of this survey, most of the
film cleaners in the Basin would qualify as new under the NESHAP.

The NESHAP’s requirements depend upon how the machine is classified under
its provisions. A film cleaning machine is considered to be a subset of “in-line solvent
cleaning machines” and is not a “remote reservoir continuous web cleaning machine”
(Almodovar, 2000). Because of this classification, the most important sections of the
NESHAP for the purposes of this analysis are 40 CFR 63.463(g) and its alternative, 40
CFR 63.464. These will now be discussed. : '

Unless an alternative compliance option is chosen (see below), all “new” halo-
genated solvent film cleaning machines must use one of the following three emission
control approaches [40 CFR 463(g)(1)(iD)]:

(A) Superheated vapor or superheated part technology, and a freeboard refrig-
eration device; '

(B) A freeboard refrigeration device and a carbon adsorber with a capture-and-'
removal efficiency of at least 70 percent, and an exhaust concentration less

than 100 ppm; or
- (C) Superheated vapor or superheated part technology and a carbon adsorber

Because the film cleaning machines currently in use do not use superheated vapor
or superheated part technology, only option B would apply. Most film cleaners using
1,1,1-trichloroethane or perchloroethylene already have freeboard refrigeration devices,
but most of them are not vented to carbon adsorbers. From the contractor’s review of the
survey responses and the AQMD permit files for several facilities, it appears that the car-
bon adsorption systems currently in use satisfy the removal efficiency and exhaust con-
centration requirements. In addition, most facilities appear to be substantially in compli-
ance with the operations and maintenance requirements of 40 CFR 463(g), which will not
be detailed here.

A key question is whether a facility can comply with the NESHAP without need-
ing to add a carbon adsorption system. An alternative set of standards is contained in 40
CFR 63.464. The key requirements for film cleaning machines are:

o The owner must maintain a log of solvent additions and deletions for each
machine;

e The three-month rolling average emissions from the machine cannot ex-
ceed 153 kilograms per square meter per month (kg/m*-mo) for existing
machines or 99 kg/m2-mo for new machines; and



e Exceedances of the emission limits must be reported

The owner of a film cleaning machine can also comply with the standard by dem-
onstrating, through a method detailed in the NESHAP, that the overall cleanmg system -
control efficiency is at least 70 percent. -

‘ Data for determining whether currently used film cleaning machines meet this al-
ternative standard are currently unavailable.
4.2  IDENTIFICATION OF RISK REDUCTION ALTERNATIVES
4.2.1 Wet Gate Printing

Any substitute for perchloroethylene in wet gate printing must, at a minimum;

e Have an acceptable index of refraction;
e Not damage film; and
¢ Pose less of a community and occupational health risk than perc

The index of refraction of a substance is the ratio of the velocity of propagation of
light waves in a vacuum to their velocity of propagation in the substance (Gray, 1963).
Figure 4-1 shows a ray of light passing from one medium to another. Medium 1 could be
the wet gate fluid and Medium 2 could be the film, or vice versa. As seen in the figure,
the incident light changes direction (is “refracted”) as it passes through the interface be-
tween the two media. The amount of bending is governed by Snell’s law, Wthh states
(USGSA, 1996): :

n;sin ®; = npsin ©,

where
ni, ny. = Index of refraction of medium 1, medium 2
0, = Angle (with respect to the normal) at Wthh the incident ray strikes
the-boundary .
O, = Angle (with respect to the normal) at which the refracted ray travels

- To minimize the scattering of light from scratches and other imperfections in the film, it
is desirable that ®; and ®, be as close to each other as possible; in the ideal case, they
would be equal. By Snell’s law, then, the index of refraction of the wet gate medlum
should be as close as possible to the index of refraction of the film.



Incldent Ray Reflected Ray
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Medlum 1: |
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Snell's law

Figure 4-1. Refraction of Light and Snell’s Law (USGSA, 1996).

The index of refraction of cellulose acetate, a common film base, 1s 1.46 t0 1.50
(Bolz and Tuve, 1976). The index of refraction of perchloroethylene at 20°C is 1.5055
(Budavari et al., 1996). Suppose that, in an optical printer, light shines through the film
into a wet gate fluid between the negative and the film to be printed. If the incident angle.
is 1°, and the wet gate fluid is perchloroethylene, then by Snell’s Law, the refracted angle
is 0.983°, a difference of only 0.017°.

To date, the only perc substitute used for commercial wet gate printing is isobu-
tylbenzene (CAS 538-93-2). Isobutylbenzene (IBB) has a refractive index of 1.4928 '
(Budavari et al., 1996), which is close to that of perc. Forthe preceding example, the re-
fracted angle would be 0.991° if IBB were the wet gate fluid; the difference would be
0.009°, which would be less diffraction than when perc is used. ‘

IBB is used for printing at a laboratory in Sweden. A person familiar with the
Swedish operation told the contractor that IBB works well and does not leave a residue
on the film (Orhall, 1999). A Dutch film laboratory is considering switching to the com-
pound for printing, but has not had time to modify its printing equipment and test the
chemical (Treuren, 2000).

- Some operational problems may be associated with use of isobutylbenzene in wet
gate printing. It reportedly has a longer drying time than perc, so film must be printed at
lower speeds (Pettrone, 2000; Treuren, 1999). A representative of a film cleaning ma-
chine manufacturer stated that IBB does leave a residue (Tisch, 1999a).

o " Concern over worker health and safety has been expressed. Isobutylbenzene has
a National Fire Protection Association (NFPA) flammability rating of 2, indicating that it
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“must be moderately heated or exposed to relatively high ambient temperatures before
ignition can occur” (CDC, 2000). IBB’s flash point is 131°F (Sax and Lewis, 1989),
while the temperature in the wet gate is normally about 85°F (Little, 2000). Concern has
been expressed about the use of IBB to print highly combustible nitrate film.* In the one
known use of IBB for wet gate printing, the local fire department found no potential fire
danger (Orhall, 2000). IBB has a NFPA reactivity rating of 0, which means that it is
“normally stable, even under fire conditions, and ... not reactive with water” (UK, un-
dated). The contractor is unaware of any mechamsm by which IBB could decompose in
the atmosphere to benzene or other toxic air contaminants.

Exposure to isobutylbenzene may result in eye, skin, or lung irritation (Fisher
Scientific, Inc., 1999). Inhalation at high doses may cause central nervous system de-
pression and asphyxiation. However, IBB is not the subject of any Federal or State envi-
ronmental or occupational exposure limitations, and has not been listed as a carcinogen
by any governmental agency.

4.2.2 Film Cleaning

Some requirements for a good film cleaning solvent are (Orhall, 1995):

e Not a health or env1ronmental hazard
* Not a fire hazard
» Colorless _
¢ Good film wetting properties
e Not viscous '
» Does not dissolve or react with the film base
¢ Does not react with or extract components of the emulsion
* Not corrosive to equipment
~ s Easily rem-oved'from the film surface
¢ Not too volatile
e Not exorbitantly expensive

Another consideration in evaluating alternative film cleaning solvents is the type of
cleaning that is to be performed. For example, isopropy! alcohol can be (and is) substi-
tuted for perc for cleaning films contaminated with dust particles but not with large
amounts of organic matter. The alcohol will not remove the organic material well
enough. Isopropyl alcohol is used mainly in post production facilities, such as telecine
houses

Eastman Kodak Company has tested a variety of film cleaning solvents and has
posted a summary of its findings on the Internet (Kodak, 2000). Table 4-1 contains some
of the data from the most recent posting. The Kodak table was used to identify solvents
for further investigation in this project. They are discussed later in this section.

* The identity of the laboratory expressing this coucern is confidential.
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Table 4-2 summarizes pertinent physical properties of existing and alternative
film cleaning solvents. A few generalizations can be made about these properties. Sol-
vents with high boiling points tend to have longer drying times; on the other hand, they
are less volatile and easier to condense. The density must be taken into account when
estimating mass emissions; if two solvents have the same mileage (feet per gallon), the
one with lower density will have lower emissions per foot of film cleaned. Solvents with
higher surface tension are harder to rinse from the objects being cleaned than are those
with lower surface tension. The kauri butanol (KB) value is one measure of the ability
of a solvent to dissolve organic material; the higher the KB value, the better. However, it
should be pointed out that there is no ASTM method or other standard method to measure
film cleaning ability. For the “Cleaning Ability” judgments in Table 4-1, Kodak pre-
pared its own film samples with the types of contamination that it wished to test (Pet-
trone, 2000). ' o

The vapor pressure of a solvent is a measure of its tendency to volatilize. Sub-
stances with high vapor pressure dry more quickly, and tend to leave less of a residue,
than do substances with lower vapor pressures. Note that Table 4-2 gives values only for
20°C or 25°C, and that the increase in vapor pressure at higher temperatures (such as in a
film cleaning machine) varies widely from compound to compound. The solubility of

water in a solvent is of concern because of the adverse effects of water on emulsions.
The solublhty in water is a measure of the ease of separation of the water and solvent,
e.g. in the condensate from steam stripping of a carbon adsorptxon bed. The viscosity af-
fects the amount of energy needed to transport fluids; the more viscous the fluid, the
higher the energy requirement. A chemical is called flammable if its flash point is less
than 100°F and combustible if its flash point is greater than that value. The relative
evaporation rate (RER) is the ratio of a solvent’s mass emission rate (at a given tem-
perature) to that of n-butyl acetate; the higher the RER, the faster a substance will evapo-
rate.

The ozone depletion potential (ODP) is a measure of the reactivity of a com-
pound with stratospheric ozone. For reference, the ODP of CFC-11 is 1.0. The global
warming potential (GWP) characterizes a substance’s tendency to behave as a green-
house gas (i.e. to prevent long-wave radiation from leaving the atmosphere) over a 100-
year lifetime in the atmosphere; the reference pointis 1 for carbon dioxide.

- Table 4-3 summarizes the regulatory status of currently used and potential alter-
native film cleaning solvents. Note that the AQMD requires a permit for film cleaning
with any of the solvents listed.
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Table 4-3
REGULATORY STATUS OF ALTERNATIVE FILM CLEANING SOLVENTS

Hydro

treated
Regulatory Attribute 1,1,-TCA Perc |HFE 7200| AK-225 | IPA IBB | Naptha
Volatile Organic Compound No No - No No Yes Yes Yes
(Ozone Depleter Yes No No ,Yes No No No
(5lobal Warming Compound Yes No Data Yes Yes No No No
Unit Risk Factor (Cancer)” None 59x10°| None None - | None | None None

Acute Non-Cancer Reference . »
68,000 20,000 None None 3,200 | None None

: b
Exposure Level

Chronic Non-Cancer Reference

. None 40 None None | 7,000° | None None
Exposure Level
Subject to NESHAP Yes Yes No No No No No
AB 2588 Pollutant Yes Yes -No No Yes No No
Requires AQMD Permit Yes Yes Yes. Yes Yes Yes Yes
Rule 1401/1402 Compound Yes Yes No No Yes No No

*Source: AQMD, 1999b. Units are (ug/m”™. -
hS«haur_ce: AQMD, 1999a. Units are pg/m’..
*Source: AQMD, 1999b. Units are pg/nr’.
9proposed for implementation under Rule 1401.

- Some of the alternative film cleaning solvents will now be described in more de-
tail. The intention is not to recommend any particular alternative, but rather to summa-
rize available information. :

HFE 7200

3M Company has synthesized a family of hydrofluoroethers (HFEs) for use in de-
greasing and other types of cleaning, and is now actively marketing the compounds (3M,
1998a, 1998b). The compounds of interest to this study are ethyl perfluoroisobutyl ether
and ethyl perfluorobutyl ether, which both have the formula CJFsOC,Hs (CAS 163702-
06-5 and 163702-05-4), and have the trade name HFE 7200. Among HFE 7200’s desir-
able properties are: - : :

» No ozone depletidn;
e NotaVOC
‘e Higher boiling point than 1,1,1-trichloroethane; and

e Relatively low toxicity

_ Eastman Kodak Company performed tests on HFE 7200, perchloroethylene and
1,1,1-trichloroethane to examine their tendency to leach triphenylphosphate plasticizer
from acetate film (Pettrone, 1999). The HFE 7200 caused the least leaching.
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_ RTI/Lipsner Smith Company has developed a new film cleaning machine, the
CF82OO specifically for use with HFE 7200 (Lipsner Smith, 1999; Tisch, 1999¢). Be-
_cause HFE 7200’s solvent power is less than that of perchloroethylene, the new machine
incorporates increased ultrasonic energy. It was also necessary to replace nylon tubing
with copper and Viton gasketry with Teflon and Teflon-coated Viton, because of HFE
7200's tendency to degrade the older machine’s materials. Note that it is possible to

modify the Model CF3000-MK VI and the Model CF7200 for use with HFE 7200.

Tests were recently conducted by RTI/Llpsner Smxth Company, 3M and Eastman
Kodak Company at one of the laboratories in the mventory to evaluate the performance
and costs of HFE 7200. The laboratory was pleased with the results and told the con-
tractor that film processing speed increased significantly. ’

HFE is considerably more expensive than 'perchloroethylene. Prices range from
$17 to $20 per pound, although discounts for large-volume purchases are likely.

AK-225

Asahiklin AK-225 is the trade name for a mixture of two hydrochlorofluorocar-
bons, 3,3-dichloro-1,1,1,2,2-pentafluoropropane (CAS 422-56-0), also known as HCFC-
225ca; and 1,3-dichloro-1,1,2,2,3-pentafluoropropane (CAS 507-55-1, also known as
HCFC-225cb. Manufactured in Japan, the product has been marketed in the U.S. since .
1994, chiefly as a replacement for CFC-113 in precision cleaning operations (Levin,
2000). Although the material is relatively expensive ($12.50'to $14.00 per pound), it can
be readily recovered, distilled and recycled at the point of use.

In cleaning tests performed for the National Aeronautics and Space Administra-
tion (NASA), HCFC-225 showed better cleaning performance than trichloroethylene,
perc and ethanol (Blesmger and Beeson, 1995). Eastman Kodak Company tested Asa-
hiklin AK-225 solvent in a Lipsner Smith CF3000-Mark VI film cleaning machine.
Various negative, intermediate and positive films were run through the machine up to ten
times and examined for changes in dimensional and dye stability. No changes in the film
- stability were found (Kurz, 1995).

HCFC-225 has not been listed as a carcinogen. Asahi Glass Company has set an
acceptable exposure level of S0 ppm for an 8-hour time-weighted average (AGC, 1999).
The product is not considered a VOC by AQMD Rule 102. Asa hydrochloroﬂuorocar-
bon, it has less ozone depletion potentlal than the chlorofluorocarbons it replaces, but is
scheduled for phaseout by 2015. As is the case with HFE 7200, equipment using HCFC-
225 must have Viton parts retrofitted with polytetrafluoroethylene (PTFE) seals, gaskets
and o-rings, since the solvent swells fluorinated elastomers (AGC, Undated).

The contractor is aware of two laboratories in the Basin that may have used AK-
225 for film cleaning. One laboratory recently used a solution of AK-225 and isopropyl

*The identity of the laboratory is coxtﬁdentiadl.
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‘alcohol for film cleaning for several months.” According to this laboratory, the mixture
reportedly cleaned grease, fingerprints and other organic contaminants more effectively
than HFE 7200 but not as well as 1,1,1-trichloroethane or perc. The other laboratory has
a permit to use AK-225 but is not currently using it.

HFC-43-10 mee

HFC-43-10 mee is manufactured by DuPont Fluorochemicals under the trade
name Vertrel® XF. It is also known as 1, 1,1,2,2,3,4,5,5,5-decafluoropentane or 2,3-
dihydroperfluoropentane. Used alone or in various azeotropic blends, Vertrel XF was de-
signed as a replacement for CFC-113 in vapor degreasing. Advantages of HFC-43-10
mee are its high vapor pressure and the fact it is not a VOC, an ozone depleting com-
pound or a hazardous air pollutant. It does have a global warming potential, however
(one fourth that of carbon dioxide). The suitability of this compound. for cleaning film is
uncertain. Kodak rated it as “adequate,” and, according to DuPont, “neat Vertrel® XF has
limited solvency for many higher molecular weight materials, ssuch as hydrocarbon oils,
silicone oils, waxes and greases” (DuPont, 1998). A 90:10 mixture of HFC-43-10 mee
and isopropyl alcohol is available under the trade name Vertrel® X-P10. The mixture is
not an azeotrope but DuPont states that “compositional changes stabilize within the safe
operating range.” '

The contractor is aware of one laboratory in the Basin that has a permit to use .
Vertrel® XF and/or Vertrel® XM (a blend with methanol) in film cleaners. The laboratory

" is not presently using either product.

Isobutylbenzene

Isobutylbenzene was introduced in the previous section as a potential wet gate
fluid. The compound is currently being used by a laboratory in Sweden for film cleaning
(Orhall, 1995). Experience in cleaning film has generally been good. Problems with IBB
are an unpleasant odor and a corrosive effect on some rubber and plastic materials. Seals,
gaskets and other cleaning machine components need to be replaced with Viton", Tef-
lon®, or Neoprene”. In addition, concern has been expressed that the temperature of the
air knives in film cleaning machines is close to the flash point of IBB.> Note, however,
that the flash point of isopropyl alcohol is lower than that of IBB, and experience has
shown that it can be used safely for film cleaning. '

Hvdrotreated Naphtha

~ Hydrotreated naphtha (CAS 64742-48-9) is a mixture of aliphatic hydrocarbons.
A mixture formulated specifically for motion picture film cleaning is manufactured by
Signal, Inc. in Canada (Picha, 2000). As was discussed in Section 3, one film laboratory
in the Basin uses the c:on’1pound.6 Favorable characteristics of the solvent, according to
the manufacturer (Signal, Inc., Undated), include: |

6 The supplier of the hydrotreated naphtha used by this facility was not reported.
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e Not an ozone depleter

e More stable than 1,1, 1-trichloroethane; will not hydrolyie or oxidize in
air; : '

¢ Not reportable under SARA Title 11, Section 313;

e Does not remove plasticizefs from triacetate film base;

« Nota suspected carcinogen or hazardous air pollutant; and
¢ No changes in dye stability in accelerated aging tests

One potential problem with hydrotreated naphtha is its low flash point. The manufacturer
recommends that cleaning be conducted at 82°F or below.

Sanlab Systems in Toronto, ON (Canada) manufactures a film cleaning machine
that uses hydrotreated naphtha (Wayne, 2000). The machine uses 12 particle transfer
rollers (PTRs) to remove surface dirt; the wet cleaning portion is optional. After the
PTRs, the film passes through a static electricity removal unit, in which radioactive polo-
nium ionizes the surrounding air; any charge remaining on the film is neutralized. The
hydrotreated naphtha is applied to the film by two buffers, then removed by two sets of
two buffers each. The maximum film throughput is 125 ft/min, although the machine
normally operates at about 100-ft/min. According to the manufacturer, this device can
clean all but the most heavily soiled film. The cost is approximately $14,000. This year,
the first sale to a U.S. laboratory was made. '

No published data on solvent mileage for the Sanlab machine were available.
However, the manufacturer said that one laboratory was able to clean 4,000 feet of film
~ with less than 1 liter of solvent (Wayne, 2000). The corresponding mileage would be
>15,140 ft/gal. No attempt is made to recover and recycle the solvent.

According to a laboratory in Toronto that recently purchased a Sanlab cleaning
machine, hydrotreated naphtha has a slight odor, which is not nearly as unpleasant as that

of perchloroethylene (Stojanovic, 2000).

N-Propyl Bromide

Several years ago, n-propyl bromide (CAS 106-94-5) was discussed as a possible
alternative to perc for film cleaning (Lingelbach, 1996, Zwaneveld, 1996). The com-
pound is produced by Albemarle Corporation under the trade name ABZOL, and is used
as a drop-in replacement for 1,1,1-trichloroethane in precision cleaning and vapor de-
greasing (Albemarle Corporation, 1997; Chang, 1999). However, in tests at one labora-
tory in Burbank’ n-propyl bromide caused triacetate film to curl, and it is expected to
have similar effects on polyester (Estar) based films (Zwaneveld, 1996). In other tests,
Eastman Kodak concluded that the solvent curled film and removed plasticizers, even
* when diluted with other materials ( Pettrone, 2000). Finally, in light of reported repro-
.ductive problems associated with 2-bromopropane, a contaminant of industrial-grade n-

7 Laboratory was not identified.
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propyl bromide, the Occupational Safety and Health Administration (OSHA) has recom-
mended that both chemical be tested under the National Toxicology Program (Anon., '
2000). In conclusion, it is highly unlikely that ABZOL will be used in film cleaning.

4.3  EVALUATION OF ALTERNATIVES

At this writing it appears that, unless a laboratory in the Basin wishes to experi-
ment with isobutylbenzene, there is no commercially available alternative to the use of
perchloroethylene in wet gate printing. Some laboratories have asked chemical compa-
nies to develop a “new molecule” that would have the appropriate refractive index and
other desirable features, but the manufacturers have evidently declined to do so (Pettrone,
2000). Given the apparent successful use of IBB in at least one laboratory, it should be
explored further as a near-term substitute for perchloroethylene.

For film cleaning, the only two near-term risk reduction alternatives are increas-
ing the extent to which perchloroethylene emissions are controlled by carbon adsorption,
and use of alternative solvents such as HFE 7200, AK-225 or HEC-43-10 mee in new or
modified film cleaning machines. These alternatives were evaluated further.

4.3.1 Definition of Scenarios

The cost analysis examined several hypothetical scenarios in which two laborato-
ries (one small, one large) wish to expand their operations by purchasing and using new
film cleaning machines. The “base case” consisted of purchasing state-of-the-art film
cleaners that use perchloroethylene, with no add-on controls. The objective of the cost
- analysis was to estimate the incremental costs, i.e. the cost over and above the cost of the
base case, of various alternative risk reduction strategies. - ’

Table 4-4 defines the scenarios examined. For the small laboratory, the two risk
reduction alternatives are secondary emissions treatment using a simple activated carbon

Table 4-4
SCENARIOS EXAMINED FOR COST ANALYSIS
‘ IC\IZS.C CII\L;Z; Solvent | Add-On Controls
S-B 1 Perchiloroethylene None
S-1 1 Perchloroethylene | Activated carbon canister
S-2 1 HFE-7200 None -
L-B . 8. | Perchloroethylene | None .
L-1 '8 Perchloroethylene | Carbon adsorption with regeneration |
L-2 8 HFE-7200 None
L-3 8 "HFE-7200 Carbon adsorption with regeneration
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canister system gwith no on-site recycling); and use of HFE 7200 ina machine with no

add-on controls.® For the large laboratory, the choices are use of a regenerative carbon

adsorption system (with on-site recycling); use of HFE 7200 in a machine with no add-on

controls; and use of HFE 7200 in a machine whose emissions are treated by a regenera-

tive carbon adsorption system. In the last case, the main purpose of the carbon adsorp-
tion system is to recover HFE 7200 for re-use, rather than pollution control per se.

A canister-type carbon adsorber consists of a vessel, activated carbon, inlet con-
nection and distributor leading to the carbon bed, and an outlet connection for the puri-
fied gas stream. The carbon canisters are not intended for desorption on-site. However,
the carbon may be regenerated at a central facility. Once the carbon reaches a certain
VOC content, the unit is shut down, replaced with another, and disposed of or regener-
ated by the central facility.

The second type of carbon adsorption unit is a fixed-bed system. Fixed-bed ad-
sorbers may be operated in either intermittent or continuous modes. In intermittent op-
eration, the adsorber removes the organic contaminant for a specified time (the "adsorp-
tion time"), which corresponds to the time during which the controlled source is emitting
the pollutant(s) to be controlled. After the adsorber and the source are shut down (e.g.,
overnight), the unit begins the desorption cycle, during which the captured pollutant is
removed from the carbon. This cycle, in turn, consists of three steps: (1) regeneration of
the carbon by heating, generally by blowing steam through the bed in the direction oppo-
site to the gas flow; (2) drying of the bed, with compressed air or a fan; and (3) cooling
the bed to its operating temperature via a fan. (In most designs, the same fan can be used
for both bed drying and cooling.) At the end of the desorption cycle (which usually lasts
1 to 1.5 hours), the unit sits idle until the source starts up again. In continuous operation,
a regenerated carbon bed is always available for adsorption, so that beds can be provided:
while one is adsorbing, the second is desorbing or idle. As each bed must be large
enough to handle the entire gas flow while adsorbing, twice as much carbon must be pro-
vided than for an intermittent system handling the same flow.

4.3.2 Incremental Cost Analysis Methods

Table 4-5 lists the major assumptions used in scoping the scenarios and the cost
arxalyses.9 For the small laboratory scenarios, the general procedures of the USEPA’s
OAQPS Control Cost Manual, 5% Edition (Vatuvak, 1996) were followed to design 2

" carbon canister system and estimate its capital and operating costs. Wherever possible,
data from vendors of activated carbon and carbon adsorption systems were used. For the
large laboratory case, a spreadsheet template from the USEPA’s “COS$T-AIR” collection
(Vatuvak, 1999) was used. Again, actual data from vendors were used wherever possible
to replace the spreadsheet’s defaults. v

¥ The same analysis could be performed with AK-225 or HFC-43-10 mee. HFE 7200 was analyzed be-
cause some operating data were available. . '
9 A detailed description of the cost analyses is provided in Appendix B.
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Table 4-5.
MAJOR ASSUMPTIONS USED IN COST ANALYSIS

| Parameter . | Value Units | Comments

Solvent mileage, perc machine | 54,000 | ft/gal | 75th percentile of values from survey

Solvent mileage, HFE machine | 70,000 ft/gal | Vendor literature

Film processing rate ' 5,225 fi/hr | Median value from survey
Annual perc use per machine 82.5 gal/yr | Median value from survey
‘Exhaust air flow per machine 150 ofm | Median value from survey
Cost of new machine 80,500 $ Vendor quote (Tisch, 2000)
Interest rate for capital recovery 7 % Vatuvak, 1999

Because the objective of the analysis was to compare incremental costs, those
costs that did not vary from one alternative to another were not included.'® For example,
the analysis did not include the cost of labor and materials for operating and maintaining
the film cleaning machines. Total annual costs were calculated as follows:

C = [(Capital Cost) X (Capital Recovery Factor)] + Operating Costs

Note that the costs of obtaining permits to construct (including consulting fees) were in-
cluded in the capital cost and then annualized with the capital recovery factor. Note also
that, for the cases involving carbon adsorption with on-site regeneration, the cost is re-
duced by a credit for the recovered solvent. Finally, the total annual cost for each alter-
native was divided by the annual film footage cleaned and muitiplied by 100; the units of
comparison were therefore dollars per 100 feet cleaned. '

4.3.3 Results of Incremental Cost Analysis

Table 4-6 shows the results of the incremental cost analysis. For the small labo-
ratory, it would be relatively less expensive to switch to an HFE 1200 machine without
add-on controls. For the large laboratory, the cost per 100 feet of film cleaned would
actually decrease if a carbon adsorber with on-site generation were used, inasmuch as 90
percent of the perchloroethylene would be recovered for re-use. The incremental cost of
purchasing and using an HFE 1200 machine would be about 26 cents per 100 feet of film
cleaned. Case L-3 was discarded after analysis showed that a regenerative carbon ad--
sorption system would not be physically or economically feasible. (See Appendix B.)

1 Except for the film cleaning machines, whose unit price did not vary among alternatives.
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Table 4-6

RESULTS OF INCREMENTAL COST ANALYSIS

Annualized Capital Cost Operating Cost
case | Eaqipment] LY Tt | oang [ReEEO| g | Grond | Iorement
S-B $0.26 $0.01 $0.27 $0.02 © $0.01 $0.03 $0.29
S-1 $0.28 $0.02 $0.30 $0.35 $0.02 $0.37 $0.67
S-2 $0.26 $0.01 $0.27 $0.29 $0.00 |  $0.29 $0.56
L-B $0.26 $0.00 $0.26 $0.02 $0.01 .$0.03 $0.29
L-1 $0.30 $0.01 $0.31 $0.07 $0.01 $0.08 $0.28 (80.01)
L-2 $0.26 $0.00 $0.26 $0.29 $0.00 $0.29 $0.55 $0.26

Regulatory costs (i.e. those for permits to construction, annual permit renewal,
and emission fees, plus associated consulting) account for no more than about 2 cents per
100 feet of film cleaned. They do not affect significantly the differences among the al-

ternatives.
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5.0
CONCLUSIONS AND RECOMMENDATIONS

5.1  CONCLUSIONS
5.1.1 Motion Picture Film Processing Facilities

(1) This project determined that there are 50 facilities in the District that print
motion picture film using wet gate printers, use wet gate telecine machines,
and/or clean motion picture film with organic solvents.

(2) Inthe inventory, 20 facilities are motion picture and television studios, pro-
ducers of television commercials and title houses; 13 specialize in printing
and cleaning film; 11 are telecine houses; and 6 preserve and restore old
films.

(3) About three quarters of the facilities in the inventory are in Hollywood,
Burbank or Santa Monica.

5.1.2 Equipment Inventory

Motion Picture Film Cleaning Equipment

(1) The survey identified and characterized 107 motion picture film cleaning ma-
chines, most of which use perchloroethylene (perc).

2) Seven machines are used to clean 70 mm film. The rest clean 35 and 16 mm
film.! :

(3) About one quarter of the film cleaning machines that use perc do not have
permits from the AQMD.

(4) Most of the facilities have one or two film cleaning machmes the maximum
- per fac1hty is ten.

Wet Gate Printers

(1)- The survey identified 102 wet gate printers, all of which use perchloroethy]-
ene as the wet gate fluid.

- (2) Roughly equal numbers of contact and optical printers use wet gates.
(3) About 80 percent of the wet gate printers have AQMD permits.

(4) The .majority of facilities in the inventory do not have any wet gate printers;
those that do have printers have 1 to 27.

. " Film size was unknown for ten machines.
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5.1.3

The survey found only one facility that uses a wet gate telecine machine.

Film Footage

Motion Picture Film Cleaning Equipment

(M

@)
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The facilities in the inventory clean 543 million feet of film per year, and a
maximum of 2.1 million feet per day. The overwhelming majority of this
footage is 35 or 16 mm.

Perc is used to clean all the 70 mm film and about 61 percent of the rest.

The feet of film cleaned per machine per day or per year varies widely from
machine to machine. The median values for 16 or 35 mm film are 20,000
ft/day and 3,207,600 ft/yr. The median values for 70 mm film are 20,000
ft/day and 4,000,000 ft/yr.

Wet Gate Printers

(1)

Footage data were provided for only 62 of the 102 printers in the inventory;

therefore actual footage printed is likely higher than that reported here.

@

®3)

(4)

The facilities in the inventory print 199.6 million feet of ﬁhﬁ per year and a
maximum of 3.1 million feet per day. The great majority of this footage is 35
or 16 mm. '

Contact and optical printing account for 152.8 million and 36.6 million ft/yr,
respectively.2 The type of printer is unknown for the rest of the footage.

The amount of film printed per year per wet gate printer varies widely from
device to device. The median values for 35 mm contact and optical printers
are 2.5 million and 750,000 fi/yr, respectively.”

5.1.4 Material Consumption

Motion Picture Film Cleaning Equipment

Q)

@

Film cleaning solvents currently used include perchloroethylene (6,070
gal/yr), 1,1,1-trichloroethane (2,900 gal/yr), other volatile organic com-
pounds (VOC) (2,890 gal/yr), isopropyl alcohol (600 gal/yr), and HFE 7200
(a hydrofluoroether blend) (370 gal/yr). '

The median values of consumption per 35 mm film cleaning machine are 83
gal/yr of perchloroethylene, 126 gal/yr of 1,1,1-trichloroethane, and 37 gal/yr
of isopropyl alcohol. :

2 Transfer by wet gate telecine is included in the total for optical printing.
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Wet Gate Printers

(D
2)

Wet gate printing consumes about 16,400 gal/yr of perc

The median values of consumptlon per contact printer and per optical printer
are 125 gal/yr and 97 gal/yr, respectively.?

5.1.5 Emission Control Devices

M

@

®3)

The only type of “add-on” emission control device reported is the carbon ad-
sorber. In some systems, the captured pollutant is desorbed and recycled on-
site. In others, saturated carbon is removed from the premxses and replaced
with new adsorbent.

Perchloroethylene and 1,1,1-trichloroethane are the only pollutants whose
film cleaning emission are controlled. Eleven devices are controlled by re-

‘generative systems and eight are controlled by disposable canisters.

Regenerative carbon adsorbers are used to treat 37 wet gate printers, while
disposable canisters are used for 11 printers.

5.1.6 Emissions

In the followmg discussion, “maximum potential emissions” are total losses to the
atmosphere assuming no carbon adsorption. “Emissions from uncontrolled equipment” -
are losses from equipment not served by carbon adsorbers. “Emissions from.controlled
equipment” are those downstream from external emission control equipment. “Net emis-
sions” are emissions to the atmosphere, taking controls into account, where applicable.

Motion Picture Film Cleani.ng Equipment

)

@)
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Basinwide net emissions of perc from film cleaning are 61. 700 Ib/yr and 169
lb/day (30 9 tons/yr and 0.085 ton/day)

About one quarter of the maximum potential perc emissions and about 36
percent of the maximum potential 1,1,1-trichloroethane emissions are re-
moved by carbon adsorbers.

Volatile organic compound (VOC) emissions from film cleaning total 20,260
lb/yr and 56.5 Ib/day (10.1 tons/yr and 0.028 ton/day) None of these emis-
sions are controlled.

The median value of net emission of perch]oroethylene per facility from film
cleanmg is 732 lb/yr.

(5) Relatively few facilities account for the great majority of the emissions of

1,1,1 tnchloroethane



(6) Emissions of perc are more evenly distributed than those of 1,1,1-
trichloroethane, but about 55 percent of the net emissions are from 14 percent
of the facilities.

Wet Gate Printers

(1) Net perchloroethylene emissions from contact printers, optical printers, and
printers whose type is not known are 20,420 Ib/yr, 49,990 Ib/yr and 4,400
Ib/yr, respectively.’

(2) About 72 percent of the emissions from contact printing and about 15 percent
of the emissions from optical printing are controlled.

(3) The'median value of net emissions of perchloroethylene per facility from wet
gate printing is 840 lb/yr.

(4) The top 25 percent of the facilities account for 88 percent of the emissions
from wet gate printing.

Potential for Emission Reduction

About 130,000 Ib/yr of perc emissions are not treated by carbon adsorption and
are therefore available for reduction. Film cleaning and optical printing are responsible
for 84 percent of these uncontrolled emissions.

5.1.7 Emission Factors"

Emission Factors Derived From Monthly Logs

(1) Detailed monthly data useful for calculating credible emission factors were
available for nine devices at three facilities.

(2) Mean perchloroethylene emission factors for film cleaning ranoed from 0.11
to 0.40 1b/1000 feet of film cleaned.

(3) The mean perchloroethylene emission factor for contact printing was 2.6
1b/1000 ft printed for one facility and ranged from 0.032 to 0.18 1b/1000 ft at

another.

(4) There appears to be a statistically significant inverse relationship between
film printing rate and the emission factor for contact printing.

messnon Factors From Annual Process Values -

(1) . Emission factors were also derived from a subset of the annual film footage
and solvent consumption values reported by the facnlmes

3 Emissions from wet gate telecine are included in the total for optical printing.
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The 95-percent confidence intervals for the mean emission factor for contact
printers and optical printers were about 0.8 — 1.8 and 0.7 — 1.7 1b/1000 f, re-
spectively; the difference in means was not statistically significant.

The 95-percent confidence interval for the mean emission factor for 35-mm
film cleaning with perchloroethylene was about 0.3 to 0.5 1b/1000 ft. The
interval for 70-mm film cleaning with perchloroethylene was about 0.1 to
0.35 1b/1000 ft.

Variability in emission factors is due to differences among machines in
maintenance practices, film processing speeds, performance of vapor conden-
sation equipment, solvent temperature, and other factors. Some variability is
also due to uncertainty in the underlying estimates of film footage and sol-
vent consumption. '

Risk Reduction Measures

(D
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Currently used risk reduction or minimization measures include in-machine
recovery and recycling, emission capture and removal, solvent substitution,
and careful housekeeping practices.

In-machine recovery and recycling already goes a long way towards reducing
emissions, and the technology continues to improve.

" Carbon adsorption is the only practical “add-on” measure for this industry.

There is currently no practical substitute for perchloroethylene in wet gate
printing.

The alternatives to-perc and 1,1, 1-trichloroethane comprise about 30 percent
of the total volume of film cleaning solvents.

Any substitute for perchloroethylene in wet gate printing must have an ac-
ceptable index of refraction, not damage film, and pose less of a community
and occupational health risk than perc. :

Isobutylbenzene (IBB) has been used in Sweden as a wet gate fluid with sat-
isfactory results. Because it has a low flash point, it may pose a fire hazard in
some cases. It is relatively non-toxic.

Film cleaning solvent alternatives reviewed included HFE 7200, AK-225,
IBB, hydrotreated naphtha, and n-propy! bromide. '

The only near-term alternatives for risk reduction are increasing the extent to
which perchloroethylene emissions are controlled by carbon adsorption and
use of HFE 7200, AK-225, or HFC-43-10 mee in new or modified film
cleaning machines.

wn
'
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(10) The costs of these alternatives were estimated for two facility sizes, using
U.S. Environmental Protection Agency methods and data from the survey
and from vendors. The “base cases” were installation of one or eight new
perchloroethylene film cleaning machines without add-on controls.

(11)For a small laboratory, the lowest incremental cost (over the base case) would
be use of HFE 1200 and no carbon adsorption.

(12) For the case of eight machines, the lowest incremental cost (over the base
case) would be use of perchloroethylene and emission control with a regen-
erative carbon adsorption system.

‘5.2  RECOMMENDATIONS

The contractor recommends the following actions.

5.2.1 Better Characterization of Emissions

The emission factors developed in this project apply only to a limited number of
circumstances. For determining risk under Rule 1401/1402, better annual average and
hourly emission estimates are needed. The material balance approach used for most of
the survey data does not explicitly take into account the influence of process variables,
such as film speed. If the District wishes to obtain better emission estimates, then they
could be obtained through a systematic program of emissions testing. The purpose of the
tests would be to relate mass emissions to readily observable and quantifiable operating
parameters. '

Testing of Film Cleaning Machines

Recommended features of a program to test film cleaning machines are:

o Testing a variety of film clléaning machines, of at least two generations of
primary controls (e.g. the Lipsner Smith CF3000 and the CF7200);

e Continuous monitoring for perchloroethylene in the vent duct from the
cleaning machine’s cabinet, and from the cleaning room exhaust, using

flame ionization analyzers calibrated directly with perc; and

e Careful recording of process parameters, including film size, film speed,
and solvent bath temperature. :

Note that the volume of perchloroethylene consumed during the test need not be re-
cqrded. ‘ :

5-6



Testing of Wet Gate Printers

Testing of wet gate printer emissions poses more of a challenge, since, in many
cases, the wet gates are not enclosed. Construction of a temporary total enclosure (TTE),
the customary solution to this problem, may not be practical. However, some wet gate
systems are enclosed during operation, and vapors are exhausted in ducts. The evapora-
tion rate of perchloroethylene would tend to be higher in an enclosure, due to convective
mass transfer. As a compromise, it might be possible to sample the exhaust ventilation
from a relatively small room in which one or two printers is operating. As in the case of
film cleaning machines, process parameters should be monitored continuously during
each test. ‘

5.2.2 Performance Testing of Alternative Materials

It was learned during the survey that several laboratories, including both small-
and large-volume operations, have conducted in-house tests of alternative cleaning sol-
vents. It would be to the advantage of the industry as a whole if the resources of the mo-
tion picture film laboratory industry, wet gate and cleaning machine manufacturers, the
District, and solvent manufacturers could be pooled to sponsor commercial-scale testing.
This testing would resolve questions such as whether isobutylbenzene leaves a residue on
film, or what additives would enable various solvents to clean more effectively. Ata
minimum, isobutylbenzene should be tested extensively for use as wet gate fluid.
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g the ]’ 13100 Brooks Drive, Suite 100

"

; 0"" Baldwin Park, CA 91706

" ) (626) 856-1400

i) e (4 3 ' FAX (626) 814-0820

_7 PACIFIC ENVIRONMENTAL SERVICES, INC. | hitp//www.pes.com
Y95, 199(’ November 18, 1999

Dear Plant Manager:

The South Coast Air Quality Management District (SCAQMD) has selected Pa-
cific Environmental Services, Inc. (PES) to conduct a survey of companies that have mo-
tion picture film cleaning and/or printing operations, or that transfer images from moticn
picture film to videotape. One purpose of the survey is to gather information that can be
used to estimate emissions of air pollutants from these operations. Another purpose is to
evaluate the feasibility of various ways to reduce emissions and the resulting health risk
to the community. .

If this plant does not clean or print motion picture film on the premises and
does not use a wet-gate telecine machine, then please fill out and sign the attached ex-
emption form and fax it or mail it back to us.

You may be assured that any information given to PES that you identify as “con-
fidential” or “trade secret” will be held as such by PES and the SCAQMD. (Please see
the attached letter from the SCAQMD for more information, including assurances of con-
fidentiality.) - 4

et

Because the number of plants involved is small, PES plans to visit each one to
obtain the information in person. We will be calling you in the next few weeks to sched-
ule an appointment for one of our air quality engineers and a representative of the
SCAQMD to visit you. During the visit, we would like a tour of your operation, to see
what types of equipment you have, how chemicals are stored and handled, and, where
applicable, what measures you take to control your emissions. We would also like to
hear your opinions about the practicality of various alternatives for reducing air pollutant
emissions. Finally, we need to gather data on material use, feet of film processed, etc. so
that we can estimate emissions.

Attached is a list of the specific types of information that we will need. We
would appreciate it if you could have the data available for us at the time of our visit. If
you have any questions about this project, please call me at (626) 856-1400 or call the
SCAQMD contract manager, Tracy Goss, at (909) 396-3106.

Sincerely yours,

Pacific Environmental Services, Inc.

Michael B. Rogozen, D Env.

Principal Investigator
SCAQMD Motion Picture Laboratory Survey

Attachments
WASHINGTON, D.C. « RESEARCH TRIANGLE PARK, NC * LOS ANGELES, CA » CINCINNATI, OH )



5 South Coast
4 Air Quality Management District

— 21865 E. Copley Drive, Diamond Bar, CA 91765-4182
el (009) 396-2000 - http://www.aqmd.gov

October 8, 1999

Dear Motion Picture Film Processing Lab Operatbr:

Pacific Environmental Services (PES) is under contract to conduct a research study for
the South Coast Air Quality Management District (AQMD). The purpose of the study is
to gather pertinent information and develop an emissions inventory and health risk
reduction guidelines for motion picture film processing laboratories.

During this process, PES will be surveying all laboratories regarding their operations and
use of chemicals in the cleaning and printing of film. Any information given to PES that
is identified as “CONFIDENTIAL” or «“TRADE SECRET” will be held as such by PES
and the AQMD. The final report for this effort will not contain any facility-specific
information. The information you and other companies provide will be used only in
summary format and will not be distinguishable to any particular facility.

It should be noted that the AQMD is subject to the California Public Records Act
(Government Code section 6250 et seq.) and information received may be subject to
public disclosure if ordered by a court after finding the information was not properly
declared trade secret. Information that is considered trade secret includes, but is not
limited to, formulas, software, plan patterns, processes, tools, mechanisms, compounds,
procedures, production data, or compilation of information which is not patented.
Information used to calculate air emissions may be trade secret. However, emissions data
are not trade secret.

We ask that you assist us with this research bﬁf meeting with PES and proViding the
requested information. If you have any questions, please contact the District Contract
‘Manager for this effort, Tracy A. Goss, P.E. at (909) 396-3106.

Thank you for your assistance.
Sincerely,
Jill Whynot
Planning and Rules Manager

TG
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INFORMATION NEEDS FOR EMISSION INVENTORY
SURVEY OF MOTION PICTURE LABORATORIES

FACILITY DATA.

Address of physical location Telephone and fax numbers
Mailing address ‘ SIC code

‘Contact name and title Number of employees .

SCAQMD Facility ID number (if any)

EQUIPMENT AND PROCESS IDENTIFICATION

Make and model of each film cleaning device ‘ ‘

Make and model of each motion picture film printer Type(s) of wet gate(s)
Make and model of each telecine machine

For each device, typical and maximum processing capacity (e.g. feet film per minute)

MATERIAL USE INFORMATION

MSDS for the perc used in wet gate printing or telecine

MSDS for solvent(s) used in film cleaning

Annual, maximum daily, and maximum hourly feet of film processed by each device
Amount of perc and other chemicals on hand (gallons or pounds) at start and end of 1998
Amount of perc and other chemicals purchased in 1998 (need purchase records)
Hazardous waste manifests for all perc and other solvents disposed of in 1998
Hazardous waste manifests for carbon recycled (where applicable)

Hazardous waste manifests for filters and buffers disposed of in 1998

Capital and O&M costs for cleaning, printing and pollution control equipment

OPERATING SCHEDULE

Hours/day, days/week and weeks/year that equipment is operating
Percent of annual activity that occurs in each month
Equipment maintenance schedules

EMISSION CONTROL EQUIPMENT

Type of equipment

Emission source(s) controlled

SCAQMD permit numb er(s) ‘

Volume of air treated (cubic feet per minute)

Control efficiency (provide copy of source test or manufacturer’s guarantee)
Percent down time for control equipment '

STACK PARAMETERS

Length(s), width(s) and height(s) of the building(s) where the equipment is located
If emissions are through a stack, what are the stack’s height (from the ground), diameter,
temperature, and flow rate? - :




- Pacific Environmental Services, Inc. . SCAQMD Motion Picture Laboratory Slirvey

CONFIRMATION OF EXEMPTION FROM
MOTION PICTURE LABORATORY SURVEY

This facility is exempt from Pacific Environmental Services, Inc.’s survey for the
South Coast Air Quality Management District because: - ‘

v No motion picture film is cleaned on the premises;
and

Vird,

v No wet-gate (liquid-gate) printing of ‘motion picture film is done on the
premises;

and

¥ No wet-gate (liquid-gate) telecine transfers are performed on the premises.

. Name
- Title

Company

Facility Address

Signature Date

Please fax your signed response to Dr. Michael Rogozen at (626) 814-0820 or mail it to:

Dr. Michael Rogozen

SCAQMD Motion Picture Laboratory Survey.
Pacific Environmental Services, Inc.

13100 Brooks Drive, Suite 100

Baldwin Park, CA 91706

Thank you for youf cooperation.
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INSTRUCTIONS FOR INTERVIEWERS
SCAQMD MOTION PICTURE FILM PROCESSING SURVEY

. Explain the survey project to the facility représentative. Give him or her the
opportunity to sign the “opt out” form if applicable.

_ Tour the facility, including:

All rooms that have film cleaning machines
~ All printers that have wet gates ‘

L]

b . .
e Perc or other chemical reservoirs and/or drum storage areas
o Control equipment (if applicable) '

_ Make a diagram of the flow of perc through the facility, including

Distribution from central reservoir to intermediate reservoirs (if any)
Capture apparatus

Fugitive emission points

General building exhaust points

Control equipment (if any)

_ Fill ot the field survey forms from your observations and data that the plant
provides. ' ‘

s Copy information from purchase records, hazardous waste manifests, source test
reports, etc. (We don’t need copies of the documents themselves.)

o Note on the forms any data that were unavailable at the time of your visit.

. Reviéw the facility’s equipment maintenance schedule (if any) and ask if it differs
from what is recommended by the manufacturer(s). ‘

. Discuss whatever risk reduction alternatives we have information about, including
cleaning with HFE, use of IBB in wet gate printing, etc. '

e Are they aware of the alternative(s)?

o What do they perceive as the pros and cons?



EQUIPMENT SUMMARY FORM

Survey ID No. C Date ]
Initials ‘ |
FILM CLEANING MACHINES
Sal- Year
Device | Make Model 35/70{ vent | Permit No. Placed | Capacity
H_ No. ' Code in Service| (ft/min)
Solvent code: P = perc, | = isopropanol, * = other (specify)
WET GATE PRINTERS
- | Sol- Year
Device { Make Model 35/70| vent | Permit No. Placed | Capacity
No. Code in Service| (ft/min)

Solvent code: P = perg, | = isopropanol, * = other (specify)

©
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Survey ID

. ..-=";

CONTROL INFORMATION

Type of device

Manufacturer

Modvel

Date Installed

AQMD Permit No.

Volume of air treated (cfm)

CONTROL AND STACK INFORMATION

Date

Initials

Control efficiency (capture, control, overall)

Percent downtime

RELEASE PARAMETERS

Value Units l

Building width

) Building length

Building height

Stack height above ground

Stack diameter

Stack Velocity

Stack temperature

Volumetric Flow Rate

CONTROL DIAGRAM




OPERATING AND MAINTENANCE COSTS FORM

Survey ID Date
Initials
OPERATING COSTS
Film Cleaning Machines
Units Amount
Operating labor Person-hrs/week
Solvent cost $/drum (inc. shipping)
Power draw Watts
Solids disposal $/drum
Sludge disposal $/drum
Carbon Adsorption Systems
Units Amount
Operating labor Person-hrs/week
Carbon replacement frequency Times/yr
Carbon cost $/replacement
Steam price (if applicable) - $/1000 Ib
Cooling water price (if applicable) $/1000 gal
Electrical consumption Kwh/yr
MAINTENANCE COSTS
Film Cleaning Machines
| Units Amount
Maintenance labor Person-hrs/week
Replacement buffers No. per year
Replacement buffer cost $/each
Replacement filters No. per year
Replacement filter cost $/each
Carbon Adsdrption Systems
Units Amount

Maintenance labor

Person-hrs/week

Replacement parts (other than carbon)
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Appendix B
COST ANALYSIS METHODS

B.1 ~ DEFINITION OF SCENARIOS AND SCOPING OF CONTROLS
B.L.1 Case S-B: Single Film Cleaning Machine Using Perchloroethylene

This scenario consists of the purchase of one new 16/35 mm film cleaning ma-
chine that uses perchloroethylene (perc). No add-on emission controls are included. Ac-
- cording to the survey, the 75" percentile of solvent mileage for 16- and 35-mm film
cleaners using perc was 54,000 ft/gal, and the median film cleaning speed was 5,225
ft/hr. Finally, the median perc consumption per machine was 82.5 gal/yr. -

]

Uncontrolled Emissions (5225 ft/hr)(gél/SéiOOO ft)(13.5 1b/gal)(hr/60 min)

0.02177 Ib/min

Il

The median exhaust flow rate for this type of film cleaning machine was 125
ft*/min. :

B.1.2 Case S-1: Single Film Cleaning Machine Using Perchloroethylene With
Activated Carbon Canister

This scenario has the same operating parameters as Case S-B, except that perchlo-
roethylene in the film cleaner’s exhaust is vented to one or more removable activated
carbon canisters. The mass concentration of perc in the exhaust is:

Co = (0.02177 Ib/min)/(125 f*/min) = 0.0001742 [b/f

An adsorption isotherm for perc at 25°C and 1 atm on Calgon Carbon Corporation
BPL4X6 activated carbon was obtained from the carbon manufacturer (Fuller, 2000). It
is shown in Figure B-1. The 25°C (77°F) temperature was assumed to apply to the case
of the film cleaning machine exhaust.

The dénsity of dry air at 77°F is 0.07398 Ib/f? and its molecular weight is 28.966
Ib/lb-mole (Jorgensen, 1970). Therefore:

I

(0.0001742 Ib/£t%)/(165.85 1b/lb-mole)
1.0503 x 10°° Ib-moles/f®

(0.07398 1b/£%)/(28.966 Ib/Ib-mole)

2.554 x 10 Ib-moles/ft?

(1.0503 x 10°)/(1.0503 x 10 + 2.554 x 107
0.000411 = 411 ppm

Molar Concentration of perc

Molar Concentration of air

Mole fraction perc

B-1
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From the adsorption isotherm, the holding capacity of the carbon at 411 ppm is 51
g perc per 100 g solvent. Using the OAQPS Control Cost Manual's terminology, w.
(max)=0.51.

The mass flow rate of perc from the film cleaner is:
mp = (0.02177 Ib/min)(60 min/hr) = 1.3062 Ib/hr

The annual hours per year during which the film cleaner is actually operating (and
during which emissions must be treated) is:

(82.5 gal/yr)(13.5 Ib/gal)/(1.3062 Ib/hr)
852.66 hr/yr

Oa

The total annual carbon requirement, Mcy, is found from:
Mc] = mp @A / We

Where w is the capacity of the carbon bed (with a safety factor). The O4AQPS Control
Cost Manual uses a safety factor of 0.5. Therefore:

We = 0.5 w, (max) = (0.5)(0.51) = 0.255 Ib perc/lb carbon

Therefore the amount of carbon needed for one year’s operation is:

(1.3062)(852.66)/(0.255)
4.367.6 Ib carbon

M

Il

For an additional margin of safety, this amount was rounded up to 4,500 Ib carbon.
Comparable facilities maintain 200 to 400 1b of carbon on site at a given time. It was as-
sumed that this system would have two 200-1b drums. Therefore, carbon would have to
be replaced about 11 times per year. '

B.1.3 Case S-2: Single Film Cleaning Machine Using HFE 7200

RTI Lipsner Smith’s Model CF8200 film cleaning machine was assumed to have
a solvent mileage of 70,000 ft/gal when using HFE 7200. It was also assumed that the
machine can clean 225 feet of film per minute, while a machine using perc can clean 90
feet per minute. The hourly processing rate is therefore (5225 ft/hr)(225/90) = 13,062.5
fi/hr. ,

It was assumed that the HFE 7200 machine cleans the same amount of film per .
year as the perc machine in Case B-1. The perc machine cleans 54, OOO ft per gallon of

solvent.

Annual Footage (Base)

'(82.5 gal/yr perc)(54000 ft/gal perc)
4,455,000 ft/yr |



HFE 7200 Consumption = (4455000 ft/yr)/(70000 ft/gal HFE)
63.6 gal/yr

B.1.4 Case L-B: Eight Film Cleaning Machines Using Perchloroethylene

In this scenario, the laboratory purchases eight new 16/35 mm film cleaning ma-
chines using perc. The per-machine film processing, solvent consumption and exhaust
~ air flow rates are the same as in Case S-B. - ‘

B.1.5 Case L-1: Eight Film Cleaning Machines Using Perchloroethylene, Served By
a Regenerative Carbon Adsorption System ’

This scenario is the same as Case L-B, except that the laboratory also constructs
and uses a fixed-bed carbon adsorber, from which it recovers perc for re-use. The system
was scoped using the carbon adsorption spreadsheet in the U.S. Environmental Protection
Agency’s “COS$T-AIR” collection (Vatuvak, 1999). A printout of a portion of the
spreadsheet is in Section B.3. In general, the inputs to the spreadsheet were proportional
to those developed in Section B.1.2. For example, the inlet stream flow rate was (8)(125
ft>/min) = 1,000 ft¥/min. Table B-1 lists the key inputs to the spreadsheet. It was as-
sumed that at least one film cleaning machine would be operating at any given time, so
that cleaning would take place 24 hours per day, 5 days per week, 52 days per year (6,240
hr/yr). ’ : ,

Tt was assumed that the perc removal rate would be 90 percent. The actual re-
moval rate would probably be higher, but the AQMD has frequently assumed 90 percent
in its permit application reviews.

Table B-1

KEY INPUT VARIABLES TO COST SPREADSHEET: 8 PERC FILM
CLEANING MACHINES WITH REGENERATIVE CARBON ADSORBER

Input Parameter Units Value
Inlet Stream Flow Rate acfm 1000
Perc Removal Rate | % 90
Adsorption Time " hr/day 24
Desorption Time hr/day 8
No. of Adsorbing Vessels | 1
No. of Desorbing Vessels 1
Operating Hours | hr/yr 6240



B.1.6 Case L-2: Eight Film Cleaning Machines Using HFE 7200, With. No Add-On
Emission Controls

In this scenario, the laboratory purchases eight new 16/35 mm film cleaning ma-
chines usmg HFE 7200. The per-machme film processing, solvent consumption and ex-
haust air flow rates are the same as in Case S-2. '

B.1.7 Case L-3: Eight Film Cleaning Machines Using HFE 7200, With Carbon
Adsorber to Recover Solvent

In this scenario, a regenerative carbon adsorber is used solely for the purpose of
recovering HFE 7200 for re-use in the eight film cleaning machines, rather than for
“emission control.”

As discussed in Section B.1.3, the hourly film processing rate per machine is
13,062.5 fi/hr. For 8 machines, the rate would be 104,500 ft/hr. The mass flow of HFE
7200 from the eight machines’ combined exhausts would be:

(104500 ft/hr)(gal/70000 ft)(11.93 lb/gal)
17.8101b/hr
0.2968 1b/min

HFE 7200 Mass Flow

I

Assuming the same exhaust flow rate as with the perc film cleaner, the mass concentra-
tion of HFE in the exhaust is: :

Cure = (0.2968 Ib/min)/[(8)(125 ft*/min) = 0.0002968 1b/ft? .
(0.0002968 Ib/£%)/(264 Ib/Ib-mole)
1.1242 x 10°® Ib-moles/f?
(1.1242 x 10%)/(1.1242 x 10® + 2,554 x 107)
0.0(5043997 = 440 ppm

Molar Concentration of HFE

Mole fraction HFE

No adsorption isotherms for HFE 7200 were available. However, 3M Perform-
ance Materials Division has developed an adsorption isotherm for HFE 7100 on West-
vaco BX7540 activated carbon (Hill, 2000). Since HFE 7100 has a lower molecular
weight than HFE 7200, its adsorption on activated carbon would be less efficient than for
HFE 7200. The following analysis is therefore somewhat conservative. An equation fit-
ted to experimental data for adsorption of HFE 7100 is (Hill, 2000):

Y = (30.925)(1.1339) P/(1 + 30.925 P)
~ where o
Y. = Loading (g HFE 7100 per g carbon)
P = Partlal pressure of HFE 7100 in the inlet stream



Letting P = 0.00043997 and substituting the value into the isotherm equation results in a
predicted capacity of 0.01522 g HFE 7100 per g carbon (0.01522 ib HFE 7100 per Ib
carbon). Note that the lowest partial pressure value used to develop the curve fitting
equation (other than a forced value of zero) was about 0.05. Therefore this analysis uses
a value at the lowest end of the range of predictability of the isotherm equation.

The system was scoped using the same carbon adsorption spreadsheet in the U.S.
Environmental Protection Agency’s “COS$T-AIR” collection as was used for Case L-1
(Vatuvak, 1999). It was assumed that at least one film cleaning machine would be oper-
ating at any given time, so that cleaning would take place 24 hours per day, 5 days per
week, 52 days per year (6,240 hr/yr).

It was assumed that the HFE 7200 recovery rate would be 90 percent, as was the
case with perc. However, no data on the recoverability of HFE 7200 from activated car-
bon were available, and there is a possibility that the compound will decompose in the
presence of steam.

When these and other assumptions were input to CO$T-AIR, the cost model
yielded quite unrealistic design features. Apparently, an HFE recovery system of the
type modeled cannot be designed. This scenario was therefore discarded.

B.2 COST ANALYSIS
B.2.1 Capital and Operating Costs

Because the objective of the analysis was to compare incremental costs, those
costs that did not vary from one scenario to another were not included. For example, one
would expect the operating labor costs for a film machine to be about the same, no matter
which solvent is used. Total annual costs were calculated as follows:

C = [(Capital Cost) x (Capital Recovery Factor)] + Operating Costs

The costs of obtaining permits to construct (including consulting fees) were included in
the capital costs and then annualized with the capital recovery factor.! The total annual-
ized cost for each alternative was divided by the annual film footage cleaned and multi-
plied by 100; the units of comparison were therefore dollars per 100 feet cleaned:

Table B-2 lists some of the key unit cost assumptions. Tables B-3 and B-4 show
the results of the capital and operating cost calculations, respectively. Included in Table
"B-4 is the total annual cost per 100 feet of film cleaned.

B.2.2 Incremental Costs

Table B-5 shows the incremental costs of the alternatives, with reference to the
two baseline cases (Cases S-B and L-B). v

! Note that the CO$T-AIR spreadsheet uses a five-year capital recovery factor for replacement carbon for
the fixed beds in regenerative systems. :

B-6



Table B-2

UNIT COST ASSUMPTIONS

Input Parameter ' Units © Value
Film Cleaning Machine Each $80,500.00
Carbon Price ; $/1b $2.29
Cost of Perc $/1b $0.69
Cost of HFE 7200 | $/lb $17.00
Steam Price ' §/1000 1b 36.00
Cooling Water Price $/1000 gal $0.20
Taxes, Insurance, Administration % of capital cost 4
Annual Interest Rate® ' - % 7

“The AQMD uses an interest rate of 4 percent in its analyses. The 7 percent rate is used
by the U.S. Environmental Protection Agency.

Note that the use of the U.S. Environmental Protection Agency’s interest rate,
rather thanthe rate used by the AQMD, has a negligible effect on the total or incremental
costs per 100 feet of film.
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Table B-5
INCREMENTAL COSTS FOR FILM CLEANING ALTERNATIVES

Annualized Capital Cost Operating Cost

Case | Equipment Reg(;l(l)z;?ry Total 0O&M Reggi::my Total , (,Itroatl;;i :r)fer:g:i:
S-B $0.26 $0.01 $0.27 $0.02 $0.01 $0.03 0200
S-1 . $0.28 $0.02 $0.30 $0.35 $0.02 $0.37 $0.67 | $0.38
S-2 $0.26 $0.01 $0.27 $0.29 $0.00 $0.29 $0.56 $0.27
L-B $0.26 $0.00 $0.26 $0.02 $0.01 $0.03

L-1 $0.30 | - $0.01 $0.31 $0.07 $0.01 $0.08 $0.28 1  (850.01)
L-2 $0.26 $0.00 $0.26 30.29 $0.00 | - $0.29 $0.55 $0.26

B-10



APPENDIX C
COST CALCULATION SPREADSHEET FOR CASE L-1



Case L-1: Regenerative Carbon Adsorber Serving
8 Perc Film Cleaning Machines

TOTAL ANNUAL COST SPREADSHEET PROGRAM--CARBON ADSORBERS [1]
COST BASE DATE: Third Quarter 1989 [2]
VAPCCI (Fourth Quarter 1998--FINAL): (3] 102.5

INPUT PARAMETERS:

-- Inlet stream flowrate (acfm): 1000
-- Inlet stream temperature (oF): 77
-—- Inlet stream pressure (atm): : 1
-- VOC to be condensed: ' PERCHLOROCETHYLENE
-- Inlet VOC flowrate (lb/hr): 10.4496
-— VOC molecular weight (lb/lb-mole): .. 165.85
-— VOC inlet volume fraction: : 4.116519E-04
-- VOC inlet concentration (ppmv): 412
—-— VOC inlet partial pressure (psia): 0.0060
-- Required VOC removal (fraction): 0.900
-- Freundlich isotherm equation constants for VOC (see Table 1 below):
VOC number (enter Table 1 # or zero, 0
K: 0.000
M: 0.000
-~ Yaws isotherm equation constants (see Table 2 below):
VOC number (enter Table 2 #or zero, 39
1.40596
0.20802
-0.02097
-—~ Adsorption time (hr): ' 24.0
—-- Desorption time (hr): 8.0
-— Number of adsorbing vessels: . 1
-- Superficial carbon bed velocity (ft/min): 75
-— Carbon price ($/1lb): 2.29
-— Material of construction (see list below):([4] 1

DESIGN PARAMETERS:

-— Carbon equilibrium capacity--Freundlich (lb VOC 0.0000

" " ' " 0.5100
-— Carbon working capacity (lb VOC/lb carbon): 0.2550
-— Number of desorbing vessels: _ 1
-- Total number of vessels: 2
-~ Carbon requirement, total (lb): 1967
-~ Carbon requirement per vessel (lb): - 983
-—- Gas flowrate per vessel (acfm): 1000
-- Adsorber vessel diameter (ft): ' 4,120
-- Adsorber vessel length (ft): ' 6.459
-~ Adsorber vessel surface area (ft2): 110.27
-— Carbon bed thickness (ft): 2.459

~- Carbon bed pressure drop (in. w.c.): [5] 8.315



H
3

/

Case L-1: Regenerative Carbon Adsorber Serving

8 Perc Film Cleaning Machines

CAPITAL COSTS

Equipment Costs (§):
—-— Adsorber vessels
-- Carbon

-— Other eguipment (condenser, decanter, etc.)

Total equipment cost (§)-~base:

! o ! ' —--escalated:

Purchased Equipment Cost (S):
Total Capital Investment (S):

(s/

" ANNUAL COST INPUTS:

Operating factor (hr/yr):
Operating labor rate ($/hr):
Maintenance labor rate ($/hr):
Operating labor factor (hr/sh):

Maintenance labor factor (hr/sh):

Electricity price ($/kWhr) :
Recovered VOC value ($/1b):
Steam price ($/1000 1b):

Cooling water price ($/1000 gal):

Carbon replacement labor ($/1b):
Overhead rate (fraction):

Annual interest rate (fraction):
Control system life (years):

Capital recovery factor (system) :

Carbon life (years):

Capital recovery factor (carbon):

Taxes, insurance, admin. factor:

6240
12.00
13.20
0.0
0.5
0.09
0.6%900
6.00
0.20
0.05
0.6
0.07
10
0.1424
5
0.2439

0.04

ANNUAL COSTS:

——.-_._-..._—_—....-_-————-———.—_——_———-——..—..

Operating labor
Supervisory labor
Maintenance labor
Maintenance materials
Electricity

Steam .

Cooling water

Carbon replacement
Overhead

Taxes, insurance, administrative
Capital recovery

5,148
5,148
965
1,369
157
1,210
6,178
4,690
15,987

21,038
4,504

33,777

59,321
67,431

72,826
117,249

117.2

_——-————-.-_——_—-._—-———————_——.._——_-—_—-.-—_..-._——-._— 0 e e e e it e

Potal Annual Cost (without credits)

Recovery credits
Total Annual Cost (with Ccredits)

} " ” "

!

/

(40,493)

360
0.96

T e e ——————————— e e e e o o o e

e e . s st s et



Case L-1: Regenerative Carbon Adsorber Serving
8 Perc Film Cleaning Machines

(1] This program has been based on data and procedures in Chapter 4
of the OAQPS CONTROL COST MANUAL (5th edition).

(2] Base equipment costs reflect this date.

(3] VAPCCI = vatavuk Air Pollution Control Cost Index (for carbon
adsorbers) corresponding to year and quarter shown. Base equipment
cost, purchased equipment cost, and total capital investment have been
escalated to this date via the vapPccI and control equipment vendor data.

[4] Enter one of the following: carbon steel--'1'; 316 stainless steel--—
"1.3'; Carpenter 20 (CB=3)--'1.9"; Monel-400--'2.3"; Nickel-200--'3.2";

titanium--'4.5".

[{5] This is the carbon bed pressure drop ONLY. There will be additional
pressure drop through the ductwork . For estimating ductwork pressure losses,
see Chapter 10 of the OAQPS CONTROL COST MANUAL (5th edition).



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

