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1.

The proposed standards of performance would 1imit emissions of volatile
organic compounds (VOC's) from new, modified, and reconstructed
facilities that manufacture magnetic tape. dection 111 of the Clean
Air Act (42 U.S.C. 7411), as amended, directs the Administrator to
establish standards of performance for any category of new stationary
source of air pollution that ". . . causes or contributes significantly
to air pollution which may reasonably be anticipated to endanger public
health or welfare."

Copies of this document have been sent to the following Federal
Departments: Labor, Health and Human Services, Defense,
Transportation, Agr*cu1ture, Commerce, and Interior; the National
Science Foundation; the Council on Environmental Quality; State and
Territorial Air Pollution Program Administrators; EPA Regional
Administrators; Association of Local Air Pollution Control Officials;
Office of Management and Budget; and other interested parties.

The comment period for review of this document is 75 days from the date
of publication of the proposed standard in the Federal Register.
Mr. Gilbert H. Wood may be contacted at (919) 53I-5578 regarding the
date of the comment period.

For additional information contact:

Mr. James C. Berry .
Chemicals and Petroleum Branch (MD-13)
U. S. Environmental Protection 9ency
Research Triang]e Park, N.C. 27711
Telephone: (919) 541-5671

Copies of this document may be obtained from:
U. S. EPA Library SMD-35&

Research Triangle Park, N.C. 27711
Telephone: (919) 541-2777

National Technical Information Service

5285 Port Royal Road
Springfield, Va. 22161
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1. SUMMARY
1.1 REGULATORY ALTERNATIVES

This background information document (BID) supports proposal of the
new source performance standards for limiting emissions of volatile organic
compounds (VOC) from the magnetic tape coating industry. The development
of standards of performance for new, modified, or reconstructed stationary
sources of air pollution were dictated by Section 111 of the Clean Air Act
(42 USC 7411). The sources of the VOC emissions are the solvent storage
tanks, coating mix preparation equipment, and coating operation. The
regulatory alternatives considered are presented in Chapter 6. Regulatory
Alternatives I and IV represent the baselines, the levels of control that
would be experienced in the absence of an NSPS, for plants located in ozone
attainment and nonattainment areas, respectively. The remaining
alternatives represent additional control of emissions from the solvent
storage tanks, coating mix equipment, and coating operation in the magnetic
tape coating process.

Alternative I represents uncontrolled solvent storage tanks, mix
preparation equipment, and coating operations in magnetic tape coating
plants and is the level of control presently required of plants located in
ozone attainment areas. Alternative IV represents an overall control level
of 75 percent of the total emissions from the 1line and corresponds to the
Control Techniques Guideline (CTG) requirement of 0.35 kg of VOC per liter
of coating (2.9 1b VOC per gallon of coating) for existing paper coating
facilities and is based on application of reasonably available control
technology (RACT) to magnetic tape coating processes. The 75 percent
control level of Alternative IV can be achieved by capturing all drying
oven emissions and by venting ali of these emissions to a control device
that achieves 95 percent VOC control.

Alternatives II and III represent control levels achievable from
control of storage tanks and mix room equipment only. Alternative II
represents the estimated control level achievable by venting each storage
tank to the atmosphere through conservation vents and by placing sealed
covers on the individual pieces of equipment in the mix room and venting
the emissions from each of these to the atmosphere through conservation
vents. This represents an overall control level of 4 percent of the total
emissions from the 1ine. The level of control represented by
Alternative III is achievable by installing conservation vents on the
storage tanks and by placing domed covers on the individual mix equipment
and venting the emissions to a control device that is 95 percent efficient.
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This results in a 9 percent line control efficiency. The option of
controlling solvent storage tank emissions by venting the tanks to a
control device was not evaluated in conjunction with the other emission
sources because of the high costs that would be associated with
installation of this system.

Regulatory Alternatives V, VIII, and X are based on control of only
the solvent storage tanks with conservation vents and control of the
coating operation (application/flashoff area and drying oven).
Alternative V is based on an overall VOC reduction of 78 percent. The
control system for this alternative can be achieved by capturing
approximately 95 percent of all VOC emissions from the coating operation
and by venting all of these emissions through a control device that
achieves a 95 percent control efficiency. Alternatives VIII and X are
based on essentially complete capture of all emissions from the coating
operation and control of these emissions by a 95 and 98 percent efficient
control device, respectively. This results in an 83 percent control level
for Alternative VIII and a 85 percent control level for Alternative X.

Regulatory Alternatives VI, VII, IX, and XIA through XIV represent
various combinations of control levels achievable by control of solvent
storage tanks and of both the mix room equipment and the coating
operation. The control levels are the sum of the control levels for the
respective combinations of Alternatives II and III with IV, V, VIII, and X.

1.2 ENVIRONMENTAL IMPACT

The primary environmental pollutant from the magnetic tape coating
industry is the emission of VOC from the solvent storage tanks, mix
preparation equipment, and coating operation. Emissions of VOC can
potentially cause an air pollution problem because they are precursors to

the formation of ozone and oxygenated organic aerosols (photochemical
smog).

An overview of the potential environmental impacts that could result
from the implementation of the regulatory alternatives is presented in
Table 1-1. The impacts summarized in Table 1-1 are for fixed-bed carbon
adsorbers, the most common control device in the magnetic tape coating
industry. The impacts for other control devices are presented in
Chapters 7 and 8 and Appendix E. The estimated effects shown in this table
are based on comparisons between the regulatory alternatives and
baseline. For Regulatory Alternatives II and III, baseline is Alter-
native I. For Regulatory Alternatives V through XIV, baseline is
Alternative IV. The impacts represent changes above or below the baseline
regulatory alternative. Detailed analyses of the environmental and energy
impacts associated with each alternative are discussed in Chapter 7.

Nationwide VOC emissions from new, modified, or reconstructed magnetic
tape coating lines were estimated for the years 1985 to 1990. It is
projected that 21 new magnetic tape coating lines will be constructed by
1990. Under Regulatory Alternative I, in 1990, emissions from new lines
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TABLE 1-1. MATRIX OF ENVIRONMENTAL AND EQ?NOMIC
IMPACTS OF REGULATORY ALTERNATIVES?s
Solid

Air Naterb wasteb Energy Noise Economic
Administrative impact impact” impact® impact jmpact  impact
action (**) (*) *y () () (*)
Alternative I 0 0 0 0 0 0
0 percent control
Alternative Il +1 0 0 0 0 +1
4 percent control
Alternative III +2 0 -1 -2 0 -1
9 percent control
Alternative IV 0 0 0 0 0 0
75 percent control
Alternative V +1 -1 -1 -1 0 +1
78 percent control
Alternative VI +1 0 0 0 0 +1
79 percent control
Alternative VII +2 -1 -1 -1 0 +1
82 percent control
Alternative VIII +2 -1 -1 -2 0 +1
83 percent control
Alternative IX +2 -1 -1 -2 0 +1
84 percent control
Alternative X +2 0 +2 -4 0 -4
85 percent control
Alternative XIA +2 -1 -1 -2 0 +2
87 percent control
Alternative XIB +2 -1 -1 -2 0 +2
87 percent control
Alternative XII +3 0 +2 -4 0 -3
89 percent control
Alternative XIII +3 -1 -1 -2 0 +2
93 percent control

(continued)
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TABLE 1-1. (continued)

Solid
Air Naterb wasteb Energy Noise Economic
Administrative impact impact impact” impact impact impact
action (**) (*) *) () () (*)
Alternative XIV +3 0 +1 -4 0 -4
94 percent control
Delayed standard 0 0 0 0 0 0

3gaseline is Alternative I for Alternatives Il and III. Baseline is
Alternative IV for Alternatives V through XIV.

PThe impacts presented are for fixed-bed carbon adsorbers, the most common
control device in the magnetic tape coating industry.

KEY
~+Beneficial impact 0--No impact
-Adverse impact 1--Negligible impact
*Short-term impact 2--Small impact
**| ong-term impact 3--Moderate impact
***]rreversible impact 4--Large impact
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would reduce emissions from new lines to 2,040 Mg (2,250 tons) in 1990.

The most stringent level of control, Alternative XIV, would reduce voC
emissions in 1990 to 480 Mg (540 tons). The incremental impact of Alter-
native XIV on the baseline control case (Alternative IV) would be to reduce
nationwide VOC emissions from magnetic tape coating 1ines by an additional
76 percent in 1990.

Table 1-1 indicates that the regulatory alternatives are likely to
cause negligible to moderate adverse impacts in terms of water quality and
solid waste generation. The operation of fixed-bed carbon absorbers
produces wastewater containing dissolved organics. There are no wastewater
discharges from fluidized-bed carbon adsorbers, jncinerators, or condensa-
tion systems. At most lines in this industry, the wastewater is currently
discharged to publicly owned treatment works. Natfonwide in 1990, the
total quantity of wastewater produced under Alternative IV would be
approximately 17 million liters (5 million gallons). The implementation of
Regulatory Alternative XIII would cause the greatest increase in
wastewater, 25 percent, compared to Alternative IV. The operation of
fixed-bed and fluidized-bed carbon adsorbers generates some solid waste in
the form of waste carbon. The total quantities of solid waste
(fluidized-bed) generated on a national basis in the year 1990 under
Alternative IV would be approximately 20 Mg (22 tons) and under
Alternative XIII would be approximately 21 Mg (23 tons).

The VOC emission control equipment in the magnetic tape coating
industry utilizes energy in the forms of electricity, natural gas, and fuel
0il. The amount of energy required increases with increasing levels of voC
control. Under Regulatory Alternative IV, in 1990, new magnetic tape
coating lines would require 119 terajoules (TJ) (113 billion Btu) of energy
to operate VOC emission control devices. This is assuming that only carbon
adsorbers are installed to recover solvent emissions. Regulatory
Alternative XIV (incinerator) would require the largest amount of energy,
183 TJ (173 billion Btu).

The noise levels attributable to air pollution control equipment are
not a significant problem in the magnetic tape coating industry. Motors
and solvent laden air fans are responsible for the majority of the noise in
VOC control systems. Only negligible increases in noise levels occur as a
result of increasingly stricter regulatory alternatives.

1.3 ECONOMIC IMPACTS

The economic impacts of each regulatory alternative are presented in
Table 1-1. Cumulative capital control costs over the first 5 years would
be $19 million under Alternative XIII compared to $18 million for control
under the baseline, Alternative IV. Fifth year annualized costs under
Alternative XIII would amount to $85,600 compared with the annualized cost
of $846,000 for the baseline alternative. This is assuming only fixed-bed
carbon adsorbers are installed.

The economic analyses indicate that the worst-case maximum price
impact is 1.03 percent for Regulatory Alternative XIV. The requlatory
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alternatives would have 1ittle or no impact on the industry's growth rate
and structure. Detailed analyses of the costs and the economic impacts are
presented in Chapters 8 and 9.
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2. INTRODUCTION
2.1 BACKGROUND AND AUTHORITY FOR STANDARDS

Before standards of performance are proposed as a Federal regulation,
air pollution control methods available to the affected industry and the
associated costs of installing and maintaining the control equipment are
examined in detail. Various levels of control based on different
technologies and degrees of efficiency are expressed as regulatory
alternatives. Each of these alternatives is studied by the EPA as a
prospective basis for a standard. The alternatives are investigated in
terms of their impacts on the economics and well-being of the industry, the
impacts on the national economy, and the impacts on the environment. This
document summarizes the information obtained through these studies so that
interested persons will be able to see the information considered by the
EPA in the development of the proposed standards.

Standards of performance for new stationary sources are established
under Section 111 of the Clean Air Act (42 U.S.C. 7411) as amended,
hereafter referred to as the Act. Section 111 directs the Administrator to
establish standards of performance for any category of new stationary
source of air pollution which ". . . causes, or contributes significantly
to, air pollution which may reasonably be anticipated to endanger public
health or welfare."

The Act requires that standards of performance for stationary sources
reflect “. . . the degree of emission limitation and the percentage
reduction achievable through application of the best technological system
of continuous emission reduction which (taking into consideration the cost
of achieving such emission reduction, any nonair quality health and
environmental impact and energy requirements) the Administrator determines
has been adequately demonstrated." The standards apply only to stationary
sources, the construction or modification of which commences after the
standards are proposed in the Federal Register.

The 1977 amendments to the Act altered or added numerous provisions
that apply to the process of establishing standards of performance.
Examples of the effects of the 1977 amendments are:

1. EPA is required to review the standards of performance every
4 years and, if appropriate, revise them.
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2. EPA is authorized to promulgate a standard based on design,
equipment, work practice, or operational procedures when a standard based
on emission levels is not feasible.

3. The term "standards of performance" is redefined, and a new term
"technological system of continuous emission reduction" is defined. The
new definitions clarify that the control system must be continuous and may
include a low- or nonpolluting process or operation.

4. The time between the proposal and promulgation of a standard under
Section 111 of the Act may be extended to 6 months.

Standards of performance, by themselves, do not guarantee protection
of health or welfare because they are not designed to achieve any specific
air quality levels. Rather, they are designed to reflect the degree of
emission limitation achievable through application of the best adequately
demonstrated technological system of continuous emission reduction, taking
into consideration the cost of achieving such emission reduction, any
ncnair quality health and environmental impact and energy requirements.

Congress had several reasons for including these requirements. First,
standards having a degree of uniformity are needed to avoid situations
where some States may attract industries by relaxing standards relative to
other States. Second, stringent standards enhance the potential for long-
term growth. Third, stringent standards may help achieve long-term cost
savings by avoiding the need for more expensive retrofitting when pollution
ceilings may be reduced in the future. Fourth, certain types of standards
for coal-burning sources can adversely affect the coal market by driving up
the price of low-sulfur coal or by effectively excluding certain coals from
the reserve base due to their high untreated pollution potentials.

Congress does not intend that new source performance standards contribute
to these problems. Fifth, the standard-setting process should create
incentives for improving technology.

Promulgation of standards of performance does not prevent State or
local agencies from adopting more stringent emission limitations for the
same sources. States are free under Section 116 of the Act to establish
even more stringent emission 1imits than those established under
Section 111 or than those necessary to attain or maintain the National
Ambient Air Quality Standards (NAAQS) under Section 110. Thus, new sources
may in some cases be subject to State limitations that are more stringent
than standards of performance under Section 111, and prospective owners and
operators of new sources should be aware of this possibility in planning
for such facilities.

A similar situation may arise when a major emitting facility is to be
constructed in a geographic area that falls under the prevention of
significant deterioration of air quality provisions of Part C of the Act.
These provisions require, among other things, that major emitting
facilities to be constructed in such areas are to be subject to best
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available control technology. The term "best available control technology"
(BACT), as defined in the Act, means

. . . an emission 1imitation based on the maximum degree of
reduction of each pollutant subject to regulation under this Act
emitted from or which results from any major emitting facility,
which the permitting authority, on a case-by-case basis, taking
into account energy, environmental, and economic impacts and
other costs, determines is achievable for such facility through
application of production processes and available methods,
systems, and techniques, including fuel cleaning or treatment or
innovative fuel combustion techniques for control of each such
pollutant. In no event shall application of "best available
control technology" result in emissions of any pollutants which
will exceed the emissions allowed by any applicable standard
established pursuant to Sections 111 or 112 of this Act.
(Section 169(3))

Although standards of performance are normally structured in terms of
numerical emission limits where feasible, alternative approaches are
sometimes necessary. In some cases, physical measurement of emissions from
a new source may be impractical or exorbitantly expensive. Section 111(h)
provides that the Administrator may promulgate a design or equipment
standard in those cases where it is not feasible to prescribe or enforce a
standard of performance. For example, emissions of hydrocarbons from
storage vessels for petroleum liquids are greatest during tank filling.
The nature of the emissions (i.e., high concentrations for short periods
during filling and low concentrations for longer periods during storage)
and the configuration of storage tanks make direct emission measurement
impractical. Therefore, a more practical approach to standards of
performance for storage vessels has been equipment specification.

In addition, under Section 111(j) the Administrator may, with the
consent of the Governor of the State in which a source is to be located,
grant a waiver of compliance to permit the source to use an innovative
technological system or systems of continuous emission reduction. In
order to grant the waiver, the Administrator must find that: (1) the
proposed system has not been adequately demonstrated; (2) the proposed
system will operate effectively and there is a substantial 1ikelihood
that the system will achieve greater emission reductions than the otherwise
applicable standards require or at least an equivalent reduction at
lower economic, energy, or nonair quality environmental cost; (3) the
proposed system will not cause or contribute to an unreasonable risk to
public health, welfare, or safety; and (4) the waiver when combined with
other similar waivers, will not exceed the number necessary to achieve
conditions (2) and (3) above. A waiver may have conditions attached to
ensure the source will not prevent attainment of any NAAQS. Any such
condition will be treated as a performance standard. Finally, waivers
have definite end dates and may be terminated earlier if the conditions
are not met or if the system fails to perform as expected. In such a



case, the source may be given up to 3 years to meet the standards and a
mandatory compliance schedule will be imposed.

2.2 SELECTION OF CATEGORIES OF STATIONARY SOURCES

Section 111 of the Act directs the Administrator to 1ist categories of
stationary sources. The Administrator ". . . shall include a category of
sources in such 1ist if in his judgment it causes, or contributes
significantly to, air poliution which may reasonably be anticipated to
endanger public health or welfare." Proposal and promulgation of standards
of performance are to follow.

Since passage of the Clean Air Amendments of 1970, considerable
attention has been given to the development of an approach for assigning
priorities to various source categories. The approach specifies areas of
interest by considering the broad strategy of the Agency for implementing
the Clean Air Act. Often, these areas are pollutants that are emitted by
stationary sources rather than the stationary sources themselves. Source
categories that emit these pollutants were evaluated and ranked considering
such factors as: (1) the level of emission control (if any) already
required by State regulations; (2) estimated levels of control that might
be required from standards of performance for the source category; (3)
projections of growth and replacement of existing facilities for the source
category; and (4) the estimated incremental amount of air pollution that
could be prevented in a preselected future year by standards of performance
for the source category. Sources for which new source performance
standards were promulgated or under development during 1977, or earlier,
were selected using these criteria.

The Act amendments of August 1977 establish specific criteria to be
used in determining priorities for all source categories not yet listed by
the EPA. These are: (1) the quantity of air pollutant emissions which each
such category will emit, or will be designed to emit; (2) the extent to
which each such pollutant may reasonably be anticipated to endanger public
health or welfare; and (3) the mobility and competitive nature of each such
category of sources and the consequent need for nationally applicable new
source standards of performance.

The Administrator is to promulgate standards for these categories
according to the schedule referred to earlier.

In some cases, it may not be immediately feasible to develop standards
for a source category with a high priority. This might happen if a
program of research is needed to develop control techniques or if techniques
for sampling and measuring emissions require refinement. In the developing
of standards, differences in the time required to compiete the necessary
investigation for different source categories must also be considered.
For example, substantially more time may be necessary if numerous pollutants
must be investigated from a single source category. Further, even late
in the development process, the schedule for completion of a standard may
change. For example, inability to obtain emission data from well-controlled
sources in time to pursue the development process in a systematic fashion
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may force a change in scheduling. Nevertheless, priority ranking is, and
will continue to be, used to establish the order in which projects are
initiated and resources assigned.

After the source category has been chosen, the types of facilities
within the source category to which the standard will apply must be
determined. A source category may have several facilities that cause air
pollution, and emissions from these facilities may vary according to
magnitude and control cost. Economic studies of the source category and of
applicable control technology may show that air pollution control is better
served by applying standards to the more severe pollution sources. For
this reason, and because there is no adequately demonstrated system for
controlling emissions from certain facilities, standards often do not apply
to all facilities at a source. For the same reasons, the standards may not
apply to all air pollutants emitted. Thus, although a source category may
be selected to be covered by standards of performance, not all pollutants
or facilities within that source category may be covered by the
standards.

2.3 PROCEDURE FOR DEVELOPMENT OF STANDARDS OF PERFORMANCE

Standards of performance must: (1) realistically reflect best
demonstrated control practice; (2) adequately consider the cost, the nonair
quality health and environmental impacts, and the energy requirements of
such control; (3) be applicable to existing sources that are modified or
reconstructed as well as to new installations; and (4) meet these
conditions for all variations of operating conditions being considered
anywhere in the country.

The objective of a program for development of standards is to identify
the best technological system of continuous emission reduction that has
been adequately demonstrated. The standard-setting process involves three
principal phases of activity: (1) information gathering; (2) analysis of
the information; and (3) development of the standard of performance.

During the information gathering phase, industries are questioned
through telephone surveys, letters of inquiry, and plant visits by EPA
representatives. Information is also gathered from other sources,
including a literature search. Based on the information acquired about the
industry, the EPA selects certain plants at which emission tests are
conducted to provide reliable data that characterize the pollutant
emissions from well-controlled existing facilities.

In the second phase of a project, the information about the industry
and the pollutants emitted is used in analytical studies. Hypothetical
"model plants" are defined to provide a common basis for analysis. The
model plant definitions, national pollutant emission data, and existing
State regulations governing emissions from the source category are then
used in establishing "regulatory alternatives." These regulatory
alternatives are essentially different levels of emission control.



The EPA conducts studies to determine the impact of each regulatory
alternative on the economics of the industry and on the national economy,
on the environment, and on energy consumption. From several alternatives,
the EPA selects the single most plausible regulatory alternative as the
basis for standards of performance for the source category under study.

In the third phase of a project, the selected regulatory alternative
is translated into performance standards, which, in turn, are written in
the form of a Federal regulation. The Federal regulation, when applied to
newly constructed plants, will limit emissions to the levels indicated in
the selected regulatory alternative.

As early as is practical in each standard-setting project, EPA
representatives discuss the possibilities of a standard and the form it
might take with members of the National Air Pollution Control Techniques
Advisory Committee. Industry representatives and other interested parties
also participate in these meetings.

The information acquired in the project is summarized in the
background information document (BID). The BID, the proposed standard, and
a preamble explaining the standard are widely circulated to the industry
being considered for control, environmental groups, other government
agencies, and offices within the EPA. Through this extensive review
process, the points of view of expert reviewers are taken into
consideration as changes are made to the documentation.

A "proposal package" is assembled and sent through the offices of EPA
assistant administrators for concurrence before the proposed standard is
officially endorsed by the EPA Administrator. After being approved by the
EPA Administrator, the preamble and the proposed regulation are published
in the Federal Register.

As part of the Federal Reqgister announcement of the proposed
regulation, the public is invited to participate in the standard-setting
process. The EPA invites written comments on the proposal and also holds a
public hearing to discuss the proposed standard with interested parties.
A11 public comments are summarized and incorporated into a second volume of
the BID. A1l information reviewed and generated in studies in support of
the standard of performance is available to the public in a "docket" on
file in Washington, D.C.

Comments from the public are evaluated, and the standard of
performance may be altered in response to the comments.

The significant comments and the EPA's position on the issues raised
are included in the "preamble" of a promulgation package, which also
contains the draft of the final regulation. The regulation is then
subjected to another round of review and refinement until it is approved by
the EPA Administrator. After the Administrator signs the regulation, it is
published as a "final rule" in the Federal Register.
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2.4 CONSIDERATION OF COSTS

Section 317 of the Act requires an economic impact assessment with
respect to any standard of performance established under Section 111 of the
Act. The assessment is required to contain an analysis of: (1) the costs
of compliance with the regulation, including the extent to which the cost
of compliance varies depending on the effective date of the regulation and
the development of less expensive or more efficient methods of compliance;
(2) the potential inflationary and recessionary effects of the regulation;
(3) the effects the regulation might have on small business with respect to
competition; (4) the effects of the regulation on consumer costs; and
(5) the effects of the regulation on energy use. Section 317 requires that
the economic impact assessment be as extensive as practicable.

The economic impact of a proposed standard upon an industry is usually
addressed both in absolute terms and by comparison with the control costs
that would be incurred as a result of compliance with typical, existing
State control reqgulations. An incremental approach is taken because both
new and existing plants would be required to comply with State regulations
in the absence of a Federal standard of performance. This approach
requires a detailed analysis of the economic impact of the cost
differential that would exist between a proposed standard of performance
and the typical State standard.

Air pollutant emissions may cause water pollution problems, and
captured potential air pollutants may pose a solid waste disposal
problem. The total environmental impact of an emission source must,
therefore, be analyzed and the costs determined whenever possible.

A thorough study of the profitability and price-setting mechanisms of
the industry is essential to the analysis so that an accurate estimate of
potential adverse economic impacts can be made for proposed standards. It
is also essential to know the capital requirements for pollution control
systems already placed on plants so that the additional capital
requirements necessitated by these Federal standards can be placed in
proper perspective. Finally, it is necessary to assess the availability of
capital to provide the additional control equipment needed to meet the
standards of performance.

2.5 CONSIDERATION OF ENVIRONMENTAL IMPACTS

Section 102(2)(C) of the National Environmental Policy Act (NEPA) of
1969 requires Federal agencies to prepare detailed environmental impact
statements on proposals for legislation and other major Federal actions
significantly affecting the quality of the human environment. The
objective of NEPA is to build into the decision-making process of Federal

agencies a careful consideration of all environmental aspects of proposed
actions.

In a number of legal challenges to standards of performance for
various industries, the United States Court of Appeals for the District
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of Columbia Circuit has held that environmental impact statements need not
be prepared by the Agency for proposed actions under Section 111 of the
Clean Air Act. Essentially, the Court of Appeals has determined that the
best system of emission reduction requires the Administrator to take into
account counterproductive environmental effects of proposed standards, as
well as economic costs to the industry. On this basis, therefore, the
Courts established a narrow exemption from NEPA for EPA determinations
under Section 111.

In addition to these judicial determinations, the Energy Supply and
Environmental Coordination Act (ESECA) of 1974 (PL-93-319) specifically
exempted proposed actions under the Clean Air Act from NEPA requirements.
According to Section 7(c)(1), "No action taken under the Clean Air Act
shall be deemed a major Federal action significantly affecting the quality
of the human environment within the meaning of the National Environmental
Policy Act of 1969." (15 U.S.C. 793(c)(1))

Nevertheless, the Agency has concluded that the preparation of
environmental impact statements could have beneficial effects on certain
requlatory actions. Consequently, although not legally required to do so
by Section 102(2)(C) of NEPA, the EPA has adopted a policy requiring that
environmental impact statements be prepared for various regulatory actions,
including standards of performance developed under Section 111 of the
Act. This voluntary preparation of environmental impact statements,
however, in no way legally subjects the Agency to NEPA requirements.

To implement this policy, a separate section is included in this
document which is devoted solely to an analysis of the potential
environmental impacts associated with the proposed standards. Both adverse
and beneficial impacts in such areas as air and water pollution, increased
solid waste disposal, and increased energy consumption are discussed.

2.6 IMPACT ON EXISTING SOURCES

Section 111 of the Act defines a new source as ". . . any stationary
source, the construction or modification of which is commenced . . ." after
the proposed standards are published. An existing source is redefined as a
new source if "modified" or “"reconstructed" as defined in amendments to the
General Provisions (40 CFR Part 60, Subpart A), which were promulgated in
the Federal Register on December 16, 1975 (40 FR 58416).

Promulgation of standards of performance requires States to establish
standards of performance for existing sources in the same industry under
Section 111(d) of the Act if the standard for new sources limits emissions
of a designated pollutant (i.e., a pollutant for which air quality criteria
have not been issued under Section 108 or which has not been listed as a
hazardous pollutant under Section 112). If a State does not act, the EPA
must establish such standards. General procedures for control of existing
sources under Section 111(d) were promulgated on November 17, 1975, as
Subpart B of 40 CFR Part 60 (40 FR 53340).
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2.7 REVISION OF STANDARDS OF PERFORMANCE

Congress was aware that the level of air pollution control achievable
by any industry may improve with technological advances. Accordingly,
Section 111 of the Act provides that the Administrator ". . . shall, at
least every 4 years, review and, if appropriate, revise . . ." the
standards. Revisions are made to ensure that the standards continue to
reflect the best systems that become available in the future. Such
revisions will not be retroactive but will apply to stationary sources
constructed or modified after the proposal of the revised standards.
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3. THE MAGNETIC TAPE MANUFACTURING INDUSTRY
PROCESSES AND POLLUTANT EMISSIONS

3.1 GENERAL

This chapter describes the magnetic tape coating industry, the
processes used in this industry, the sources of pollutant emissions, and
the factors affecting emissions.

3.1.1 Industry Description

The magnetic tape coating industry is included in two Standard
Industrial Classification (SIC) codes: 3679, "Electronic Components Not
Elsewhere Classified," and 3573, "Electronic Computing Equipment.” In the
manufacturing process, a mixture of magnetic particles, resins, and
solvents is coated on a thin plastic film. The emissions of concern are
volatile organic compounds (VOC) that result primarily from the
vaporization of solvents in the storage tanks, in the coating mix
preparation area, in the coating application/flashoff area, and in the
dryina oven. The drying oven is the largest emission source.

agnetic tape is used for audio and video recording and computer
information storage. Other uses of magnetic tape include magnetic cards,
credit cards, bank transfer ribbons, instrumentation tape, and dictation
tape.) Table 3-1 presents a summary of the physical parameters of products
in the three major magnetic tape categories.

Table 3-2 presents the names and locations of the domestic plants that
coat magnetic tape and the type of tape produced. There are 30 plants,
representing 24 companies, in 15 States. Unlike many manufacturing
processes, magnetic tape coating is not restricted to select regions of the
country by raw material or market requirements. California, with
11 plants, has the largest population. Seventeen (56 percent) of the
plants coat only one major type of product, eleven (37 percent) coat two
major types, and two (7 percent) coat thrge major types. Each plant
contains from one to seven coating lines.” Other related activities that
may take place at these plants include audio tape prerecording, record
production, and production of plastic cassette reels.

3.1.2 Industry Growth

The magnetic tape recording industry began in the late 1940's with
reel-to-reel audio tape recorders. Commercial industrial development of
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video and computer tape began in the 1950's, and individual home use of
these products has increased greatly since the mid-1970's.” Magnetic tape
production from 1976 to 1981 is shown in Figure 3-1. In 1981, the total
quantity of magnetlc tape shipped was approximately 736,000,000 m
(~7,925,000,000 ft°), of which 50 percent was audio tape, 31 percent was
computer tape, and 19 percent was video and instrumentation tape.” For
further details of the historical growth in this industry, see

Section 9.1.

0f the three major magnetic tape categories, computer and video tape
products are expected to experience the most rapid growth andaagdio tape
products are expected to experience almost negligible growth. ~ . Flexible
disk §ales-are expected to increase from 30 to 45 percent through
1990.°-° Two estimates of increased video tape production, based on
consumption of plastic film, prqjeg? an average annual growth of
~25 percent through the decade. "

3.2 PROCESSES AND THEIR EMISSIONS

3.2.1 Process Descriptions

The process for manufacturing magnetic tape consists of mixing the
coating ingredients (including the solvents), conditioning the base film,
applying the coating to the base film, orienting the magnetic particles,
removing the solvents by evaporation in a drying oven, and finisqing the
tape by calendering, rewinding, slitting, testing, and packaging. The
magnetic particles are bonded to the tape by a permanent coating¢ Solvents
are added to the coating mix to reduce viscosity and increase flow
properties, allowing the coating to be applied more uniformly. The
solvents must subsequently be removed. In some cases, removal of the
solvent causes the coating to harden; other coatings are chemically
reactive and cure through polymerization of the resin oligomers.

Figure 3-2 presents a schematic of a magnetic tape coating line. The voC
emissions are produced primarily during coating and drying of the tape and

in lesser amounts during solvent storage, mix preparation, and cleaning of
the equipment.

3.2.1.1 Raw Materials. Magnetic tape has two components, the
magnetic coating and the base support or web to which this coating is
applied. Several types of base films have been used, but polyester is the
most common type currently used because it has the best comQ;nation of
chemical and mechanical properties, availability, and cost. Polyester
film can be used with any magnetic tape coating formulation. The thickness
of the base fi]m yarjes with the product, ranging from 5.1 to 192 um (0.20

to 7.50 mils). The width of the film ranges from 7.6 to 122 cm (3
to 48 in.).

The exact composition of the coating may vary slightly with the
desired end use of the magnetic tape and the desired quality of
reproduction. However, the basic components (magnetic particles, binder,
solvents) are the same for all types of tape. Table 3-3 presents coating
composition ranges by both weight and volume.
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Four types of magnetic particles are used in magnetic tape: y-ferric
oxides, doped iron oxides, chromium dioxide, and meta]lic particles that
usually consist of elemental iron, cobalt, or nickel. _The magnetic
particles nogga]ly make up about 10 to 39 percent (by weight) of the
coating mix. ~°*

The binder (resin or cross-linker) is an organic polymer that holds
the magnetic material together in a flexible matrix that adheres to the
base film. Most coating m1xe§7contain thermoset binders, particularly
polyurethanes and polyvinyls. Tgelgoating mix normally contains about 2
to 20 percent (by weight) binder. ~*

Solvents are used to dissolve the binder polymers and to pr9 ide a
fluid medium for the dispersion of particles in the coating mix. The
major solvents used in the coating mix are tetrahydrofuran (THF), methyl
ethyl ketgne (MEK), methyl isobutyl ketone (MIBK), toluene, and cyclo-
hexanone. Various combinations of up to five of the solvents may be
used.  Factors affecting solvent selection are toxicity, availability,
cost, ease of solvent recovery after g§e20desired rate of evaporation, and
effect on solvent recovery equipment. “° The solvent in the coating mix
ranges from 50 to 85 percent (by weight).  The evaporation of these
solvents is the primary source of the VOC emissions from the coating
facilities.

Other coating components include: (1) dispersants (1 to 5 percent by
weight), to aid in deagglomeration of the magnetic particles;
(2) conductive pigments (1 to 4 percent by weight), to prevent the buildup
of static charge; (3) lubricants (less than 2 percent by weight), to
minimize head-tape friction, and thus, wear on the tape; and
(4) miscellaneous additives (1 to 3 percent by weight), such as pjld,
abrasives for cleaning the head or fungicides to control mildew. "*

3.2.1.2 Storage of Solvent. Generally, small tanks are used to store
solvents used in the production of tape. These tanks may be horizontal or
vertical and are sometimes below ground. The tanks operate at atmospheric
pressure or slightly above atmospheric pressure. ypically, there are from
5 to 12 tanks ranging in capacity from2§,§90 liters (1,000 gal) to
75,700 liters (20,000 gal) at a plant.y ~

3.2.1.3 Preparation of Coating Mix. The coating mix preparation room
js separate from the coating 1ine. One room may contain the mix
preparation equipment for all the lines at the plant. One set of mix
equipment can be used for more than one line or product. The nug§e§7of
pieces of mix equipment serving a line or product varies widely. ™~

The coating mix can be prepared on a batch or a continuous basis.
The process begins with the blending of the components in low shear
mixers. The mix is then transferred to a series of mills (ball, high
speed, colloid, small media, or roll), where the dispersing action of
beads, combined with the high shearing forces of the centrifugal mixing
action, thoroughly disperse the aggregates of magnetic particles without
reducing particle size. The final step in the process is polishing
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where the conductive carbon black is ad ed, The completed mix is then
continuously filtered in holding tanks.Y ~ Table 3-3 presents the range
of values for selected properties of coating mixes used in the industry.

3.2.1.4 Conditioning. Prior to the application of the coating mix,
the web must be prepared. Some precision products, such as videotape, have
a nonmagnetic coating on the back of the tape (backcoating) that provides a
conductive surface that minimi;gsa§tatic buildup, enhances handliing, and
increases abrasion resistance. " Backcoating is done prior to
application of the magnetic coating, using the same solvents and the §gme
equipment as are used in coating the tape with the magnetic material.

The thickne§s of the backcoat generally ranges from 1.0 to 1.5 um (0.04 to
0.06 mils).

As the web is unwound, it can be cleaned by wet or dry methods. It is

thenzgassed over rollers, which may be heated, to remove wrinkles from the
web.

3.2.1.5 Coating. In the coater, the web passes over a backup or
support roll while the coating mix is applied either by another roll or by
extrusion under pressure through a narrow slot in a die. The layer of wet
coating mix applied ranges in thickness from 2.4 to 63.5 um (0.09 to
2.5 mils).” The amount of coating mix applied by a coater is precisely
measured and controlled.

]

| There are four types of coaters used for production of all types of
magnetic tape: extrysion (slot die), gravure, knife, and reverse roll
(3-rol1l1 and 4-roll). Figures 3-3 and 3-4 present schematic drawings of
these coaters. Coaters range from 7.6 to 122 cm (3 to 48 in.) in width and
operate at speeds ranging from 53 to 198 meters per minute (m/min) (175 to
650 feet per minute [ft/min]).  Extrusion and gravure coaters apply
coatings uniformly at speeds in the higher end of the range. Knife coaters
are not typically used in the manufacture of precision products such as
computer tape. Reverse roll cggtggs are used in tape manufacturing when
thicker coatings are required.” The range of coating mix viscosity
that can be applied varies with the type of coater.

/

{ Inmediately following the coater, the web is guided through an
orientation field consisting of an electromagnet or permanent magnet, which
aligns the individual magnetic particles in the direction of the intended

recording. Webs from h;gh3§1exib1e disks are produced do not go through
the orientation process.y

the coating application and oven areas\, where dirt and unclean work areas

High performance tapes require c{Fan working conditions, especially in
may lead to poor tape quality. ¢

3.2.1.6 Drying. (The coated web then passes through a drying oven,
where the solvents in the coating mix evaporate. Figure 3-5 presents a
schematic of an air flotation oven, the type of oven typically used in
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this industry. In this oven, the web is supported on both sides by jets of
drying air and never touches any metal, thus reducing abrasion and
deformation and elimimating the need for reorientation of the magnetic
particles after dryingj Ovens range from 0.§6t971.2 m (2 to 4 ft) in width
and 12.2 to 30.5 m (40’ to 100 ft)ain length. Oven temperatures range
from 36° to 132°C (97° to 270°F).

The airflow within the oven is countercurrent to the direction the web
is traveling. The air is conditioned before entering the oven to remove
dust particles and to adjust the temperature and humidity. Air from other
parts of the coating 1ine may be used, and the air may be recirculated
within the oven. The airflow rate in the oven is adjusted so that the
solvent concentration is maintained between 10 and 40 percent of the lower
explosive 1imit (LEL) of the solvent/air mixture for the particular solvent
or solvent mix usedFj Total individual oven exhaust flow rates range from
1.2 to ~§.7 standard' m”/s (2,500 to 12,000 standard cubic feet per minute
[scfm]).” The higher airflows include some air from the coater that is
routed through the oven. Airflow rates vary with the 1ine size, solvent
evaporation rates, and company practice.

3

3.2.1.7 Finishing Processes. The dry coated web is passed between
several galgnggring rolls that compact the coating and smooth the surface
finish.\ »7 s The amount of calendering performgg varies with the
product{ and not all products require compressing. The final dry coating
thickness on the web ranges from 1.0 to 10.8 um (0.04 to 0.4 mils)
depending on the product specification.

Nondestructive quality testing is performed on up to 100 percent of
the final product. The percentage of tape tested increases as the level of
precision required in the final product increases. The web may then be
s1it into the desired tape widths by means of a rotary shearing
operation. Flexible disks are ngt slit; instead, dies are used to punch
the disks from the finished web. The final product is then packaged.
Some plants ship the coated webs in bulk to other facilities for slitting
and packaging.

3.2.2 Uncontrolled VOC Emissions

3.2.2.1 Sources of Emissions and Factors Affecting Emissions. The
, VOC emissions are released from several points in the production of
~ magnetic tape. These sources are identified in Figure 3-2. The potential
uncontroiled VOC emissions from a facility are no less than the total
amount of solvent used in the coatings and in cleanup of the coater and the
ancillary equipment.) A1l of the solvent from the coating operations will
evaporate. Information on total solvent use in coatings in 1979 at 16
magnetic tape facilities shows that annual uncontrolled VOC emissions from
coating operations at individual facilties ranged from 230 to 4,630 Mg (253
to 5,100 tons). The estimated average annual uncontrol]eg emissions rate
from these facilities was 1,673 Mg (1,844 tons) per year.’® Factors
affecting the rate and location of VOC emissions are discussed below.




Emissions from outdoor solvent storage tanks result from both working
losses and breathing losses due to diurnal temperature changes. The VOC
emissions depend on the tank size, solvent vapor pressure, number of volume
turpovers, and temperature.

In the coating preparation room, VOC's are emitted from the individual
_mixers and holding tanks, from the transfer of the coating mix between
equipment, and from intermittent activities such as changing the filters in
the holding tanks. The emissions will be intermittent or continuous,
depending on whether the method of preparation is batch or continuous.

There are no VOC emiésTaqs from mills that are permanently sealed and
operate under pressure.

Emissions from the coating area come from the evaporative loss of
solvent around the coating head and from the exposed web as it travels from
the coater to the oven entrance. The magnitude of these losses is a
function of line width and speed, coating thickness, volatility of the
solvent(s), temperature, distance between coater and oven, and air
turbulence in the coating area.\

In the drying oven, the rate of evaporation of the solvents is
affected by the temperature, airflow rate and direction, and the line
speed. The airflow rate is adjusted to keep the VOC level below the LEL.

\gf the total VOC emissions from the mix preparation room and the
coatinhg operation (coater head and drying oven), approximately 10 percent
are ewltted from the mix room and approximately 90 percent from the coating
line. 0f the total VOC emissions from the coating operation,
approximately 10 percent are emitted f T the application/flashoff area and
approximately 90 percent from the ovenfi Because the oven evaporates all

of the solvent fyom the coating, there are no VOC emissions from the steps
after the oven.

Information on 15 facilities in 1979 shows that the amount of solvent
used for cleaning of coating equipment varied from 0 to 18 p gcent of the
total solvent used at the plants; the average was 6 percent. Much of
this solvent stays in the liquid phase and can be reused o[uis disposed in
accordance with solid waste and water quality regulations.

3.2.2.2 Total Industry Uncontrolled Emissions. A1l the solvent used
in the coating of magnetic tape is volatilized and, if not recovered or
destroyed, could be released to the atmosphere. Thus, potential total
industry uncontrolled emissions from coating operations are approxi-
mately equal to the total amount of solvent used by the industry in the
coating operation. Data on total solvent use in coatings in 1979 at
16 facilities were used to estimate an average solvent use of 1,672 Mg
(1,844 tons) per facility. Multiplying the average use value by the
number of operating facilities using significant amounts of solvents in
1979 (21) resulted in an estimated 35,100 Mg (38,700 tons) of potentially

uncon;go]led VOC emissions from magnetic tape coating operations nation-
wide.




3.3 BASELINE

The baseline emission level represents the level of control that is
expected without a new source performance standard. Typically, this level
of control reflects the emission levels required under existing State
regulations. The baseline is used to evaluate the impacts of the
regulatory alternatives to be selected for analysis.

3.3.1 Existing Emission Limits

Table 3-4 summarizes the State and local regulations applicable to VOC
emissions from magnetic tape coating plants. Eleven States (with 16
plants) 1imit VOC emissions to 0.35 kg/e (2.9 1b/gal) of coating applied,
excluding water. This level of contrg! is required by an existing Control
Techniques Guidelines (CTG) document. One State and two of California's
air quality districts (with a total of seven plants) 1imit VOC emissions to
0.12 kg/2 (1.0 1b/gal) of coating. For 15 States, the National Ambient Air
Quality Standard for ozone is the only applicable regulation. Of the 35
States without existing magnetic tape coating plants, 18 have applicable
emission 1imits of 0.35 kg/e (2.9 1b/gal) of coating applied, excluding
water. Ten of these have exemptions for sources using or emitting less
than a specified amount of coating or VOC's.

An examination of attainment and nonattainment area policies show that
the majority of magnetic tape facilities will be subject to regulations no
more stringent than that required by the CTG document.

3.3.2 Determination of Baseline Level

Because there are few State or local rggulations that require controis
on storage tanks less than or equal to 76 m~ (20,000 gal) or coating
preparation equipment, the basgline level for these sources is no control
(0 percent) on all new plants.

Two baseline levels were established for the coating operation
(application/flashoff area and oven) based on existing State and local
regulations. Some State regulations for ozone attainment areas would allow
small new coating operations to be uncontrolled. Also, despite the
potential for net credits resulting from solvent recovery, there are
existing plants that do not control emissions from this source. Therefore,
an uncontrolled (0 percent reduction) baseline was established.

Existing State and local regulations and the positive economics of
solvent recovery necessitated the establishment of a second baseline level
of control for the coating operation. Emissions from coating operations in
ozone nonattainment areas are limited to 0.35 kilograms of VOC emitted per
liter of coating applied (2.9 pounds of VOC emitted per gallon of coating
applied). Assuming a typical coating composition of 0.72 kilogram of VOC
per liter of coating (6 pounds of VOC per gallon of coating) [3.5 kilograms
of VOC per liter of solids (29 pounds of VOC per gallon of solids)], a
baseline level equivalent to an 83 percent reduction of VOC emissions from
an uncontrolled coating operation was established.
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AREA OF SHIPMENTS

ft2

(x10%

Figure 3-1. Annual shipments of blank magnetic tape.3
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COATING KNIFE

COATING MIX

—> SLOT DIE
X
-+
WEB
SUPPORT ROLL
WEB
SUPPORT
CHANNEL
FLOATING KNIFE COATER EXTRUSION (SLOT DIE) COATER

Figure 3-3. Coating head configurations.
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Figure 3-4,

Metering-type coating heads.
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TABLE 3-2. PLANTS COATING MAGNETIC TAPE?

Facility/location

Type of tape

Audio

Video

Computer

Otherb

Alabama
Sony, Dothan
Ampex, Opelika

Arizona
IBM, Tucson

California
Los Angeles Area
Certron, Anaheim
American Video Tape, Gardena
Spectrotape, Colton

Bay Area
Precision Media, Sunnyvale
Verbatim, Sunnyvale
Xidex, Sunnyvale
Ampex, Redwood City
(research facility)
Memorex, Santa Clara
Tandy Magnetic Media,
Santa Clara
Ventura County
3M, Camarillo
San Diego County
Spin Physics (Kodak),

San Diego (research facility)

Colorado
IBM, Boulder
Brown Disk Manufacturing,
Colorado Springs
Connecticut
Capitol Magnetic Products,
Glenbrook
Columbia Magnetics, Danbury

Georgia
Columbia Magnetics, Carrollton

I111inois
TRI, Cary
Wabash DataTech, Huntley
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TABLE 3-2.

(continued)

Facility/location

Type of tape

Audio

Video

Computer

Othe\r‘Lr

Maryland
Malco Plastics, Garrison

Massachusetts
BASF Systems, Bedford

Minnesota
3M, Hutchinson

New Jersey
3M, Freehold

P nnsylvania
Pfizer, Easton®

(research facility)

South Dakota
Syncom, Mitchell

Tennessee
NCR, Morristown

Texas
Tandy Magnetics, Ft. Worth
Graham Magnetics, Graham

x

gAs of September 1984.

types of magnetic tape.

Includes bank transfer ribbons, mag cards, credit card tape, and other

CUses atypical coating formulations for research on magnetic particles.
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TABLE 3-3. SELECTED COATING MIX PROPERTIES'

Parameter Unit Range
Solids % by weight 15-50
% by volume 10-26
voC % by weight 50-85
% by volume 74-90
Density of coating kg/1 1.0-1.2
1b/gal 8-10
Density of coating solids kg/1 1.2-4.0
1b/gal 23-33
Resins/Binder % by weight of solids 15-21
Magnetic particles % by weight of solids 66-78
Density of magnetic material kg/1 1.2-4.8
1b/gal 10-40
Viscosity Paes ) 2.7-5.0
Tbges/ft 0.06-0.10
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TABLE 3-4.

STATE REGULATIONS ON EMISSIONS OF VOLATILE ORGANIC
COMPOUNDS FROM THE MAGNETIC TAPE COATING INDUSTRY™ —

Regulation
State kg/r 1b/gal NAAQS? Comments
Alabama* 0.35 2.9
Alaska X
Arizona* Emission 1imit of 40 1b/day, if
in excess of emission limit,
85 percent reduction required.
Applies to organic emissions that
have been heat cured, heat
polymerized or gaked. Applicable
_ in Pima County.
P kansas® 0.36 3.0
California*-- VOC emissions resulting from
Bay Area 0.12 1.0 cleaning of coating line
equipment are exempted.
San Diego 0.265 2.2 0.265 for low solvent technology;
County 0.12 1.0 0.12 for add-on controls; for
exemptions for sources emitting
<6.5 kg/day (14.3 1b/day).
scaqupd 0.265 2.2
Ventura Co. 0.120 1.0
Colorado* 0.35 2.9
Connecticut* 0.35 2.9
Delaware® 0.35 2.9 Sources emitting <40 1b/day are
exempted.
Florida® 0.35 2.9 Sources emitting <15 1b/day and
<3 1b/h are exempted.
Georgia* 0.35 2.9
Hawaii X
Idaho X
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TABLE 3-4. (continued)

Regulation

State kg/t 1b/gal NAAQS? Comments

[11inois* 0.35 2.9

Indiana® 0.35 2.9

Towa X

Kansas X

Kentucky® Affected facility must not dis-
charge >15% by weight of VOC
compounds net input into facil-
jty; facility is exempted if
coating is <2.9 1b/gal VOC (less
water).

Louisiana® 0.35 2.9 Sources emitting <100 1b/d are
exempted.

Maine® For surface coating of paper:
controlled through Maine Air
Emission Licensing Mechanism.
State requires Best Practical
Treatment with at least 90%
control.

Maryland* 0.35 2.9

Massachusetts* 0.35 2.9

Michigan® 0.35 2.9 Sources emitting <100 1b/d or
<2,000 1b/month are exempted.

Minnesota* X

Mississippi X

Missouri® 0.35 2.9 Sources emitting <100 tons/yr in
Kansas City or <50 tons/yr in St.
Louis are exempted.

Montana X

Nebraska X

Nevada X
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TABLE 3-4. (continued)
Regulation

State kg/t 1b/gal NAAQS? Comments

New Hampshire® 0.35 2.9 Sources emitting <100 tons/yr are
exempted.

New Jersey* 0.35 2.9

New Mexico X

New York 0.35 2.9 In metropolitan New York City,
sources using <5.0 gal/day of
coating are exempted; in upstate
New York, sources using <30.0
gal/day are exempted.

North Carolina®  0.35 2.9

¥ rth Dakota X

Ohio® 0.35 2.9 Coating lines using <3 gallons of
coating per day are exempted.

Oklahoma No discharge of more than
3,000 1b of organics in 1 day or
more than 450 1b in 1 hour, 90%
reduction by incineration, 85%
reduction by adsorption or any
process of equivalent relia-
bility and effectiveness.

Oregon® 0.35 2.9

Pennsylvania* 0.35 2.9 For existing sources only. State
requires BACT for new sources.

Rhode Island® 0.35 2.9

South Carolina®  0.35 2.9

South Dakota* X

Tennessee* 0.35 2.9 For existing sources, State
requires BACT; RACT or LAER for
new sources.

Texas* 0.35 2.9 Applicable for Fort Worth facil-

ity only. Emissions limits are
determined regionally.
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TABLE 3-4. (continued)

Regulation
State kg/2 1b/gal NAAQS? Comments
Utah® 0.35 2.9
Vermont® 0.35 2.9
Virginia® 0.35 2.9 Sources emitting up to

7.3 tons/yr, 40 1b/d, and 8 1b/h
are exempted.

Washington® 0.35 2.9 Uncontrolled emissions allowed if
VOC from coater, dryer, and
flashoff area <600 1b in any
given 24-h period.

West Virginia X

Wisconsin® 0.35 2.9 From a paper coating 1ine or from
each fabric coating applicator.

Wyoming X

*States with existing magnetic tape coating facilities.
ANAAQS = National Ambient Air Quality Standard for hydrocarbons only.
bContro] required of captured emissions.
State regulations on emissions of volatile organic compounds from the
surface coating of paper and fabric.
dSouth Coast Air Quality Management District.
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4. EMISSION CONTROL TECHNIQUES
4.1 INTRODUCTION

Emissions from magnetic tape coating plants result from evaporation of
solvent from solvent storage, coating mix preparation, coating application,
and the curing of the coating in the ovens. A complete air pollution
control system for a magnetic tape manufacturing plant consists of a VOC
capture or containment system and an emission control device. This chapter
describes the technology available for capture and control of emissions
from all of the sources mentioned above and the expected levels of control
achievable.

4.2 CONTROL SYSTEMS

Table 4-1 presents control devices currently used to control the
coating operation emissions. The add-on technologies used to control voC
emissions are absorption, adsorption, condensation, and incineration. The
theory and principles of these control systems are discussed briefly. The
design and operation of the systems are presented with emphasis on factors
that affect their use by the magnetic tape industry. Absorption systems
are not discussed even though one is operated by a magnetic tape plant.
This older system reportedly achieves a lower remov§12efficiency (85 to
95 percent) than do other types of control devices. s

4.2.1 Adsorption

éarbon adsorption has been used for 50 years by many industries to
recover a variety of organics from solvent laden air (SLA) streams.’ This
technology reduces VOC emissions by adsorbing the organic compounds from
the SLA onto the activated carbon bed.\ The organics are subsequently
desorbed and recovered.) The exhausts from more 7han one coating operation
are commonly vented to the same carbon adsorber. { There are two general
types of adsorption systems, fixed-bed and fluidized-bed systems.//

4.2.1.1 Fixed-Bed Carbon Adsorbers. For most of the 50 years that
carbon has been used as a commercial adsorbant, it has been available
only in a fixed-bed process. The typical thickness of a carbon bed
within a vertical or horizontal metal vessel is 15 to 76 centimeters (6
to 30 inches).” The SLA is fed beneath the bed, and the organics are
adsorbed as the air passes up through the bedS 6The SLA can also be fed
with a downward flow to minimize bed 1ifting.”»” Most fixed-bed
adsorbers have multiple beds to allow simultaneous adsorption and
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TABLE 4-1. CONTROL-DEVICES USED ON COATING OPERATIONS’

Control device contﬁgi gzvices Percentage
Carbon adsorber

--fixed-bed 14 38.9

--fluidized-bed 3 8.3
Condenser system 2 5.6
Incinerator

--production lines? 5 13.9

--research lines 2 5.6
Absorber 1 2.7
NoneP 9 25.0

A0ne company will change to a carbon adsorber in the
bnear future.

Companies with plans to install a control device in
the near future are included in this category.
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desorption and, thus, continuous operation. Figure 4-1 is a schematic of a
two-unit fixed-bed adsorber. When the VOC concentration in the air
discharge from a bed starts to increase, or at a preset time interval, the
inlet SLA is routed to a different carbon bed, and the nearly saturated bed
is regenerated. Regeneration is usually accomplished using low pressure
steam. The steam heats the bed to desorb the solvents and acts as a
nonflammable carrier gas. Typical steam requirements range from 4 to 9 kg
of steam per kg of Eegovered solvent (4 to 9 pounds of steam per pound of
recovered solvent). *  After regeneration, the carbon bed is dried and
cooled to improve the ability of the carbon to adsorb organic compounds.
The mixture of steam and organic vapors exhaust from the adsorber and is
condensed in a heat exchanger; the condensate is routed to a decanter (see
Figure 4-1). In the decanter, the solvent floats on the organic-soluble
water layer. Both water and organics are drawn off to storage or further
treatment.

The parameters considered in the design of a fixed-bed carbon
adsorption system are:

Type of solvent(s);

SLA inlet concentration;

SLA flow rate;

Temperature of the inlet SLA;

Relative humidity of the inlet SLA;
Type and amount of carbon;

Superficial bed velocity;

Bed pressure drop;

. Cycle time;

10. Degree of regeneration of the carbon bed;
11. Pressure and temperature of steam; and
12. Condenser water outlet temperature.

.

OO~ D WN -
.

The first five parameters are characteristics of the production
process. The next three are design parameters for the adsorber. The
remaining parameters are operating variables that affect the performance of
the adsorber. Table 4-2 presents process parameters representative of
several magnetic tape plants presently controlled by carbon adsorbers.

The SLA discharge from the oven must be cooled to below approximately
38°C (100°F) to optimize adsorption. A minimum of 20 to 40 percent
relative humidity should be achieved, especially if ketones are to be
adsorbed, because the heat dissipated QX evaporation of water helps prevent
heat buildup and subsequent bed fires. Filtration equipment may also be
required if there is particulate matter in the dryer exhaust. Particulate
matter will coat the carbon and plug the voids between carbon particles,
decreasing adsorbtivity and increasing pressure drop.

Major problems encountered in the operation of fixed-bed carbon
adsorption systems in the magnetic tape industry include fouling of beds,
corrosion, and bed fires. Carbon beds foul when the carbon cannot be
regenerated with normal steam temperature and pressure. Fouling reduces
adsorbtion and requires early replacement of the carbon. Carbon beds
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TABLE 4-2. PROCESS PARAMETERS FOR MAGNETIC TAP|
PLANTS CONTROLLED BY FIXED-BED CARBON ADSORBERS

Parameters Range Typical range"
SLA flow rate 1.4 to 9.3 m3/s 2.4 to 4.7 m3/s
(3,000 to (5,000 to
19,800 scfm)@ 10,000 scfm)
SLA inlet conceB- 50 to 7,000 <2,500
tration, ppmv
SLA temperature 21 to 93°C 27° to 49°C
(70° to 200°F) (80° to 120°F)
SLA relative humidity 30 to 55 percent N/AC
am3/s Cubic meters per second at standard conditions.

scfm = Standard cubic feet per minute where standard conditions are as
bdefined in 40 CFR 60.2 (i.e., 20°C [68°F] and 101.3 kPa [29.92 in. Hgl).
ppmV = Parts per million by volume.

CN/A = Not applicable.
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can be fouled by high boiling compounds, high molecular weight compoungs,
and compounds that may polymerize or oxidize on the carbon particles. I
the magnetic tape 1nqgs§ry. carbon life has been reported to vary from

6 months to 7 years. "*

n

Corrosion can be a problem in fixed-bed carbon adsorption systems used
to recover ketones because of the formation of acidic compounds in the wet
steam. Ketones are commonly used at magnetic tape coating plants;
corrosion can be avoided by the use of corrosion-resistant materials.
Additional problems with ketones include plugging of the carbon bed by
oxidation of the ketones. The oxidation reaction products of cyclohexanone
are solids, which can rapidly plug the carbon adsorption system and cause
corresponding loss in activity.

Adsorption is an exothermic phenomenon; typically, 465 to 700
kilojoules (kJ) (200 to 300 British thermal units [Btu]) are generated per
kg (pound) of solvent adsorbed. If sufficient air is not present to
carry this heat off, the bed may ggerheat, resulting in poor adsorption
ind, in extreme cases, bed fires. Fires are predominantly associated
with adsorption of ketone1§o1vents and are more likely to occur after
addition of fresh carbon.

Solvents recovered by an adsorber may be purified by distillation and
reused in the mix formulation. Typical purification systems consist of a
decanter and several distillation columns. Caustic drying systems may also
be used to remove water from the solvent. The materials of construction of
the distillation system are a function of the types of solvents to be
recovered. If ketones are present, expensive corrosion-resistant materials
are required. The complexity and the recovery efficiency of the
distillation system will vary with the amount of water in the recovered
solvent, the number of solvent components, the desired purity of the
recovered solvents, and 1ine operations.

Long-term average VOC control efficiencies of 95 percent are,
achievable with well-designed and -operated fixed-bed adsorbers.
Magnetic tape manufacturers operate 14 fixed-bed carbon adsorption units.

Most were built during the last 5 to 7 years. Two of these were tested by
EPA and are described below.

Plant A installed its system in 1980 to recover toluene and
tetrahydrofuran (THF) from a tape coating operation. The system consists
of three beds and a purification section. The degign flow for the
adsorption unit is 6.3 cubic meters per second (m°/s) (13,400 standard
cubic feet per minute [scfm]). Solvent concentrations in the inlet
stream range from 50 to over 2,400 parts per million by volume (ppmV),
depending Qp the number of coating lines operating, line speed, and coating
thickness. Outlet solvent concentrations vary from near 0 to 100 ppmV,
depending upon adsorption-desorption cycle timing. The EPA test measured

average VOC removal efficiency 3t 99.9 percent, using a gas chromatograph
with flame-ionization detector.
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Plant B installed its adsorber in 1975 to recover solvent from two
coating lines. The adsorber was redesigned in 1978. The solvent used at
the plant is a mixture of toluene, THF, mefhyl ethyl ketone (MEK), methyl
isobutyl ketone (MIBK), and cyclohexanone. The recovery section consists
of three pairs of fixed carbon beds and a purification system. Only two
pairs of beds are operated at any glyen time while the third pair is either
down for maintenance or.on standby. The design flow rate for the
adsorber units is 9.7 m”/s at 27°C (20,600 actual cubic feet per minute
[acfm] at 80°F) with inlet solvent concentrations ranging from 2,000 to
5,000 ppmV depending on the line speed, number of lines in operation, and
the type of magnetic tape being groduced. Outlet concentrations from the
beds varied from 35 to2 50 ppmV. The efficiencies of the beds ranged
from 91290 98 percent. The efficiency varied with the age of the
carbon. Solvent vapor concentrations were measured using the same
procedure used for Plant A. //

/

4.2.1.2 Fluidized-Bed Carbon Adsorbers. In fluidized-bed systems,
adsorption and desorption are carried out continuously in the same
vessel. Figure 4-2 presents a flow diagram of a fluidized-bed carbon
adsorber. The system consists of a multistage, countercurrent, fluidized-
bed adsorption section; a pressure-sealing section; and a desorption
section. Nitrogen gas is used as a carrier to remove the solvent vapors
from the desorption section. The pressure-sealing section prevents air
from entering the mixture of solvent and nitrogen vapors. The regenerated
carbon is carried by air from the bottom to the top of the column.

The SLA is introduced into the bottom of the adsorption section of the
column and passes upward countercurrent to the flow of carbon particles.
Adsorption occurs on each tray as the carbon is fluidized by the SLA. The
carbon falls down the column through a system of overflow weirs. Below the
last tray, the carbon falls to the desorption section where indirect
heating desorbs the organic compounds from the carbon; hot nitrogen gas
passes through the bed countercurrent to the carbon flow and removes the
organic compounds. The desorption temperature is normally around 121°C
(250°F) but can be raised to 260°C (500°F) to remove buildup of high-
boiling materials. The desorption section is maintained contiggous1y at
the temperature required to volatilize the adsorbed compounds. The
solvent and nitrogen mixture is directed to a condenser where the solvent
can be recovered for reuse. The nitrogen is sent through the "secondary
adsorber" (top layer of carbon in the desorption section), which removes
residual solvent from the nitrogen, and is then recycled.

The microspherical particles of carbon used in a fluidized-bed are
formed by spray-drying molten petroleum pitch. The caggon particles are
easily fluidized and have strong attrition resistance. The adsorptive

propert19§ of carbon made this way are similar to those of other activated
carbons.

The parameters considered in design of a fluidized-bed carbon adsorber
system are:
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Type of solvent(s);

SLA inlet concentration;

SLA flow rate;

Temperature of the inlet SLA;

Relative humidity of the inlet SLA;

Superficial bed velocity;

Bed pressure drop;

Rate of carbon flow;

Degree of regeneration of the carbon (bed); and
Condenser water outlet temperature.

OWVWONOOBEWNF

—
.

The first five parameters are characteristics of the production process.
The next two are design parameters for the adsorber. The next three are
operating parameters. The rate of carbon flow is set by the operator to
achieve desired control efficiency. Just as with the fixed-bed, the dryer
exhaust gas (the SLA) must be cooled before it reaches the adsorber in
order to optimize the carbon's adsorbability. Pressure drop per stage
normally ranges from 1 to 2 kilopascals (kPa) (4 to 8 in. water), with six
to eight stages required, depending on the application. The pressure drop
across the entire bed is 6 to 16 kPa (24 to 64 in. water). The gas
velocity through the adsorption section is as high as 1 m/s (200 fpm),
which is two to four times that used in fixed bed adsorbers. For a given
flowzgate, this high gas velocity reduces the cross-sectional area of the
bed.

The primary problem that may occur with operation of fluidized-bed
adsorbers is fouling of the carbon. The same factors that affect fouling
of carbon in fixed-bed adsorbers also affect the carbon used in fluidized-
bed adsorbers. Corrosion is generally not a problem in fluidized-bed
adsorbers; because stripping is by nitrogen rather than steam, the water
content of the recovered solvent is low, typically 5 percent or less. The
only water present in the recovered solvent is that which was adsorbed from
the SLA. Thus, generally, the carbon adsorber need not be made of
expensive corrosion-resistant materials. Bed fires are generally not a
problem in fluidized-bed adsorbers because the relatively high superficial
velocities and the intimate contact between the SLA and activated carbon
eliminate the possibility of hot spot formation. However, hot spots can
form, depending on the solvents adsorbed, if the bed is shut down before
being completely stripped. Shutdowns resulting from meghanica] problems
could create conditions leading to potential bed fires.

A distillation system may not be required for a fluidized-bed
adsorption system because of the low wQEer content of the recovered solvent
(1ess than 5 percent water by weight). Cleanup can be as simple as
drying by the addition of caustic soda. Of the three facilities in this
industry using a fluidized-bed system, two fagi]ities dry with caustic
soda, and one distills the recovered solvent.

Fluidized-bed systems are new to this industry. Consequently, only
limited test data are available. At one facility, thezgesign efficiency is
96 to 98 percent for SLA concentrations of 2,000 ppmV. The actual
efficiency is somewhat less (93 to 94 percent) because of lower inlet
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concentrations (200 to 2,000 ppmV), contamination o§7tgg carbon with
benzoic acid, and varying SLA operating conditions.” "*

4.2.1.3 Disposable-Canister Unit Carbon Adsorber. In this system, a
prefabricated canister containing activated carbon is connected to the
emission source vent. The principle of operation is the same as that of a
fixed-bed carbon adsorber except that there is no regeneration of spent
carbon. Rather, the canister and contents are removed for disposal, and a
new canister is installed. The actual useful 1ife depends on the size of
the can1§§er and the type and amount of vapors to which the carbon is
exposed.

As with other fixed-bed systems, bed overheating can be a problem if
these systems are used to recover ketones. Overheating can be circumvented
by keeping the carbon damp. However, keeping the carbon damp reduces the
effectiveness of carbon adsorption; consequently, a larger unit must be
provided than would be 1ndicateg from the design calculations involving
adsorption rates on dry carbon.

Disposable canisters are used for flows generally less than 0.05 m/s
(100 acfm) with low organic loading. They can be used to control emissions
from solvent storage tanks and mix room equipment, which have inherently
low flow rates and solvent concentrations. Although no magnetic tape line
is known to use canisters in this manner, they have been used to contrgl
solvent storage tank and reactor vessel emissions in other industries.

4.2.2 Condensers

(Condensers recover VOC emissions by cooling the SLA below the dew
point of the solvent (or solvent mixture) and collecting the droplets of
solvents. The temperature reduction necessary to condense the solvent
vapor depends on the vapor pressure of the solvents in the gas stream. Two
types of commercially available condensation systems have been used to
recover VOC from drying ovens at magnetic tape plants. These systems
differ (1) in the design and operation of the drying oven (i.e., use of
nitrogen or air in the oven) and (2) in the method of cooling the SLA
(i.e., 1iquid nitrogen or refrigeration).

4.2.2.1 Condensation System Using Nitrogen Atmosphere. Figure 4-3
presents a flow diagram of a condensation system that uses a nitrogen-
blanketed drying oven and a nitrogen-cooled heat exchanger. The inerting
curtains shown in Figure 4-3 prevent both airflow into the oven and VOC
flow from the oven. Fume collection hoods may also be located near the
ovens and curtains to capture any gases escaping from these areas.

Nitrogen is used in the drying oven to permit operation with high
solvent vapor concentrations without danger of explosion. The nitrogen
recycled through the oven is monitored and operated §? maintain solvent
vapor concentrations of 10 to 30 percent, by volume. The higher the
solvent concentration, the smaller the auxiliary equipment required and
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the less the makeup nitrogen required. This allows economical solvent
recovery.

Solvents are recovered by sending a bleed stream of approximggely
1 percent of the recycle flow through a shell-and-tube condenser. The
1iquid nitrogen is on the tube side, and the solvent-laden nitrogen passes
over the outside of the tubgasurfaces. Vapors condense on the tubes and
drain to a collection tank. The nitrogen that vaporizes in the heat
exchanger is directed to the oven and inerting curtains. To avoid solvent
condensation in the oven and to maintain the product cure rate, the
temperature in the oven must be substantially above the dew point of the
solvent vapor.

This nitrogen-blanketed system is water-free; hence, the cost of a
disti]1a§10n system may be avoided, especially if the coating uses a single
solvent. One magnetic tape plant now uses this type of condenser, and at

least oge ggher manufacturer is considering purchase of this type of
system,™ "¢

The parameters considered in the design and operation of an inert gas
condensation system are:

1. Type of solvent(s);

2. Temperature of the solvent-laden nitrogen bleed stream;
3. Solvent-laden nitrogen flow rate; and

4, Concentration of VOC in nitrogen.

The first two parameters are characteristics of the production process.
The remaining parameters are design characteristics of the condenser.

The primary operating problem anticipated with this condenser design
is the possibility of air leaking into the oven and loss of an inert
atmosphere. If air leakage occurred, an explosion hazard might exist;
therefore, it is necessary to maintain the system at a slight positive
pressure. Because of the inert atmosphere and low water content, corrosion

is not a problem; therefore, no special materials of construction are
required.

The only practical way to determine overall efficiency of this type of
system is by measuring the solvent used at the coater and the solvent
recovered. There are no exhaust stacks (the nitrogen js recirculated), and
all emissions are fugitive from the ends of the oven.

4.2.2.2 Condensation System Using An Air Atmosphere. Figure 4-4
presents a fiow diagram of this system in which SLA is drawn from a
tightly sealed drying oven through a counterflow heat exchanger. There,
the SLA is cooled to reduce the heat load on the refrigerated condenser.
The solvent and water fggmed by the refrigerated condenser are stored
for further processing. The cooled solvent-free air is then blown
back through the heat exchanger for preheating before being returned to
the oven. Orying ovens used with this system must be relatively tight,
i.e., have minimum air leakage and be equipped with solvent vapor
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concentration monitoring devices. Typically, these ovens are designed to
operate at 40 to 50 percent of the lower explosive Timit (LEL), 9p solvent
concentrations of <0.5 percent (by volume) for typical solvents.

The condensate contains small amounts of water from the water vapor in
the oven exhaust. Solvent purification can be accomplished by caustic
drying or by di§§il1ation, depending on the solvent purity
specifications. One magnetic tape plant presently uses this type of
condenser to recover cyclohexanone from the SLA.

The factors important in the design and operation of a condenser using
a counterflow heat exchanger are:

. Type of solvent(s);
. SLA flow rate;
. Temperature of the SLA at the heat exchanger inlet;
. SLA concentration in the oven exhaust;
. Temperature of the refrigerated air returned to the heat
r «changer; and
6. Operating temperature of the refrigeration coil.

N wWwWn =

The first four parameters are characteristics of the production process.
The remaining parameters are operating variables that may affect the
performance of the condenser.

This condensation system requires careful control of the evaporators
when high water vapor concentrations are present in the SLA to prevent
freezing. Corrosion problems are not expected for this system if the water
content of the recovered solvent is less than 5 percent. Consequently,
recovery of ketones or solvent mixtures containing ketones does not require
the use of special construction materials if the device is properly
operated.

4.2.3 Incinerators

<Incineration is the combustion of organic compounds by exposure to
hightemperatures in the presence of air within a combustion chamber;
carbon dioxide and water are the products of combustion. Incinerators are
used to control VOC emissions at several magnetic tape plants (see

Table 4-1). They are selected if recovery of solvents is not economically
feasible or practical such ag at small lines and research lines using a
variety of solvent mixtures. Incinerators used in this industry may be
of thermal or catalytic design and may use primary or secondary heat
recovery to reduce energy consumption.,

4.2.3.1 Thermal Incinerators. Thermal incinerators are usually
refractory-lined combustion chambers with a burner located at one end. In
these units, part of the SLA is passed through the burner along with an
auxiliary fuel. The combustion gases exiting the burner blend with the
by-passed SLA and combust the solvents in the SLA. With most solvents,

iomp1ete ggsgguction is obtained in 0.75 seconds at temperatures of 870°C
1600°F)." " »
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Factors important in incinerator design and operation include:

1. Type and concentration of voC;

2. SLA flow rate;

3. SLA temperature at incinerator inlet;
4. Burner type;

5. Efficiency of flame contact (mixing);
6. Residence time;

7. Auxiliary fuel firing rate;

8. Amount of excess air;

9. Firebox temperature; and

0. Preheat temperature.

The first three parameters are characteristics of the production process.
The next three parameters are characteristics of the design of the
incinerator. The auxiliary fuel firing rate is determined by the type and
concentration of VOC, the SLA flow rate, firebox temperature, and the
preheat temperature. The last four parameters are operating variables that
may affect the performance of the incinerator. With well-designed and
-operated 1nc1nerators,“YOQzdestructigqmgfficiencies of 98 percent or
better can be achieved." s*2- - T

At magnetic tape plants using thermal incinerators for control of vOC
emissions, a typical voC concentration is ~2,500 ppmV of solvents such as
MEK, MIBK, tgluene, and cyclohexanone. IhgssLA flows typically range from
1.4 to 4.7 m’/s (~3,000 to 10,000 scfm).’s

4.2.3.2 Catalytic Incinerators. Catalytic incinerators use a
catalyst to promote the oxidation rate of VOC. The SLA is preheated by a
burner or heat exchanger and then brought into contact with the catalyst
bed where oxidation occurs. Common catalysts used are platinum or other
noble metals on alumina pellets or honeycomb support. Catalytic

thermal incinerators while operating much cooler, f.e., 400° to 540°C (750°
to 1000°F). Thus, catalytic incinerators can oper te with significantly
lower energy costs than can thermal incinerators. Construction materials
may also be less expensive because of the lower dperating temperatures.

Factors important in the design and operation of a catalytic
incinerator include the factors affecting thermal incinerators as well as
the operating temperature range of the catalyst. The operating temperature
range for the catalyst sets the upper VOC concentration that can be

greater than about 700°C (1300°F) severely reduces catalyst act:ivity.“S
Consequently, the heating value of the inlet stream must be limited
Typically, inlet voC concentrations must be less than 25 percent of the

LEL. The possibility of catalyst Eoisoning is also a limiting factor in
the use of catalytic incineration.

4.2.3.3 Heat Recovery. Heat recovery offers a means of reducing
the energy consumption of the incinerator or another process in the
plant. Primary heat recovery refers to the transfer of heat from the
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hot incinerator effluent to a relatively cool incinerator inlet VOC
stream. Secondary heat recovery refers to exchange of heat from the
incinerator to any other process.

Plants using primary and secondary heat recovery with typical thggma1
efficiencies can achieve overall heat recoveries of 70 to 80 percent.
Actual overall energy savings obtained will vary with the VOC concentration
in the oven exhaust, the incinerator operating temperature, and the ability
of the plant to incorporate primary and secondary heat recovery.

4.2.4 Flare Systems

Flares are a method of controlling VOC emissions by thermal
destruction. Although flares are a proven technology that is used for
controlling a wide range of gaseous emissions in other industries, flares
are not presently used in the magnetic tape coating industry. A brief
description of flare technology, factors affecting performance, and the
potential of flares as a VOC control method for ovens, mix preparation
¢ uipment, and solvent storage tanks are discussed in this section.

4.2.4.1 Operating Principles. Flaring is an open combustion process
in which the oxygen required for combustion is provided by the air around
the flame. Good combustion in a flare is governed by flame temperature,
residence time of components in the combustion zone, turbulent mixing of
the components to complete the oxidatjgn reaction, and the amount of oxygen
available for free radical formation.

There are two types of flares: ground level flares and elevated
flares. In an elevated flare system, process off-gases are sent to the
flare through the collection heater. The off-gases entering the heater can
vary widely in volumetric flow rate, moisture content, VOC concentration,
and heat value. They can be used for almost any VOC stream and cap handle
fluctuations in VOC concentration, flow rate, and inerts content.

The VOC stream enters at the base of the flame where it is heated by
already burning fuel and pilot burners at the flare tip. If the gas has
sufficient oxygen and residence time in the flame zone, it can be
completely oxidized. The high volume of fuel flow in a flare requires more
combustion air at a faster rate than simple gas diffusion can supply, so
flare designers add steam or forced air injection nozzles to increase gas
turbulence in the flame boundary zones and, thus, draw in more combustion
air and improve combustion efficiency. Steam injection promotes smokeless
flare operation by minimizing the cracking reactions that form carbon, but
it also causes increased noise and cost. Typically 0.15 to 0.5 kg of steam
per kg of flare gas (0.15 to 0.5 1b of steam per 1b of flare gas) is
required; with air-assisted flares, steam is not required. Air assist is
rarely used on large flares because airflow is difficult to control when
the gas flow is intermittent. Gases with heating values of below about

18 MJ/SEW (500 Btu/scf) may be flared smoke free with steam or air
assist.
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Ground flares are usually enclosed and have multiple burner heads that
are staged to operate based on the quantity of gas released to the flare.
The energy of the flared gas itseif (because of the high nozzle pressure
drop) is usually adequate to provide the mixing necessary for smokeless
operation and air or steam assist is not required. A fence or other
enclosure reduces noise and light from the flare and provides some wind
protection. Ground flares are less numerous and have less capacity than
elevated flares. Typically they are used to burn gas "continuously" while
steam-assisted elevated f]ares are used to dispose of large amounts of gas
released intermittently.

4.2.4.2 Design Factors. The factors important in the design and
~operation of a flare are:

1. Flammability l1imits of the gases flared;
2. Auto-ignition temperatures of the gases;
3. Heating values of the gases;

4. Density of the gases; and

5. Efficiency of flame contact (mixing).

4.2.4.3 Control Efficiency. After reviewing the results of several
studies, the EPA has concluded that 98 percent combustion efficiency can be
achieved by steam-assisted flares burning gases with exit flow velocities
less than 19 m/s (63 ft/sec) and with heat contents over 11 MJ/scm (300
Btu/scf) and by flares operated without assist with exit flow velocities

less than 18 m/s (60 f{/sec) and burning gases with heat contents over 8
MJ/scm (200 Btu/scf).

4.2.5 Conservation Vents and Pressure Relief Valves

Conservation vents have long been used to minimize tank“lo§§es from a
variety of industries including magnetic tape manufacturers. - These
vents are valves that are permanently attached to the outside of sealed,
vapor-tight vessels. These valves open when either positive or negative
pressure within a vessel exceeds predetermined values. These pressure and
vacuum settings are achieved by weights inside the vent. Conservation
vents reduce VOC emissions that would occur because of cyclic changes in

the temperature of the liquid inside a vessel. These losses are called
breathing losses.

Figure 4-5 presents a diagram of a conservation vent. The vessel
pressure is applied to the underside of the pressure pallet and the top
side of the vacuum pallet. As long as the vessel pressure remains
within the valve pressure and vacuum settings, the pallet remains in
contact with the seat rings, and no venting or breathing takes place.
The pressure pallet 1ifts from its seat ring when the vessel pressure
reaches the valve pressure setting and allows the excess pressure to
vent to the atmosphere. As the vessel pressure drops below the valve
setting, the pressure pallet returns to the closed position. For a
negative pressure (vacuum), the vacuum pallet lifts from its seat ring
when the vessel vacuum reaches the valve vacuum setting, allowing air to
flow into the vessel to relieve the excess vacuum condition. The vacuum
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pallet returns to 1tssqorma1 position as the vessel vacuum drops below the
valve vacuum setting. Conservation vents will not prevent the tank from
venting when 1t is filled (working losses) because the internal pressure
will exceed the set pressure on the valve.

The amount of VOC emission reduction achieved by conservation vents
depends on the solvent vapor pressure, the diurnal temperature change, the
tank size, and the vent pressure and vacuum settings. Breathing and
working losses from solvent storage tanks can be estimatgg using emission
equations developed by the American Petroleum Institute. Assuming a
yearly average diurnal temperature change of 11°C (20°F) and the model
storage tank parameters, these equations yield estimates for breathing
losses of 17 t9385 percent of the total annual emissions from solvent
storage tanks. Conservation vents set at 0.215 kPa (1/2 ounce) vacuum
and 17.2 kPa (2.5 psig) pressure control a]lsgf the breathing losses, for
an average overall efficiency of 50 percent.

A pressure relief valve operates in a manner similar to that of the
conservation vent. These valves operate at higher pressures achieved by
internal springs, not weights, and usually do not have any vacuum
settings. The pressure relief valves control all of the breathing losses
and much of the working losses. Based on the average vapor pressures of
the solvents in this industry and a pressure setting of 103 kPa (15 psig),
a control efficiency of 90 percent was calculated for pressure relief
valves.

4.3 VOC EMISSION CAPTURE SYSTEMS

Although some web coaters sweep VOC from the coating room to the
atmosphere as part of a ventilation program to minimize worker exposure,
many others use a capture system to gather emissions from storage tanks,
mix preparation equipment, coating operations, and miscellaneous other
sources to deliver them to emission control devices. If a source is
enclosed, total capture may be achieved. Otherwise, the ratio of VOC
emitted to VOC delivered to the control device, or “"capture efficiency," is
a function of the design and the specifics of the operation. This section
contains a description of capture systems used on solvent storage tanks,

mix rooms, coaters, and drying ovens and identifies factors that affect
their performance.

4.3.1 Capture of Emissions From Solvent Storage Tanks

The VOC emissions from solvent storage tanks in this industry can be
100 percent captured if the tanks are sealed and the conservation vents are
vented to the control device. At least six magnetic tape coating plants
control VOC emissions from solvent storage fanks by venting into the carbon
adsorber that serves the coating operation.

4.3.2 Capture of Emissions From Mix Rooms

The VOC emissions from equipment in the mix room may be captured to
varying degrees by a room ventilation system, by covering all mix tanks

4-19



(using pressure-tight covers) and venting to the control device, or by
ventilation hoods.

Room ventilation systems evacuate air from the room or rooms in which
the coating mix is prepared. Ideally, the air exhausted by this type
ventilation system may be used as oven make-up air and then sent to a
control device. Presently, it is more often discharged directly to the
atmosphere. Three plantg are known to vent the room air to the atmosphere,
oven, or control device.

By tightly covering, sealing, and venting the mix equipment (i.e.,
premixers, holding tanks), effective capture of emissions can be achieved
with a minimum airflow rate. Forced ventilation of tanks, however, can
affect the composition of the coating mix; thus, use of sucgssystems
requires regular monitoring of the coating mix composition. The SLA
discharged from the room or mix equipment can be used as part of the oven
make-up air or sent to the control device. Seven plants are known to cap
and vengumix equipment through the oven or directly to a control
~avice. Two plants have completely sealed the tanks and control
emissions by conservation vents that are exhausted to the atmosphere.
Three p1an§§ partially cover the top of the tanks with plastic to reduce
emissions.

The least effective method of capturing fugitive VOC emissions in the
mix room is the use of local ventilation near sources of VOC. Collection
hoods may be placed under or suspended over mixers, holding tanks, sinks,
and filter changing areas. Separation distances for this equipment can
be as great as 3 m (10 ft). To achieve good capture velocities, large
airflow rates must be used. Two plants use hoods over the mix equipment
and vent to the control device.

4.3.3 Capture of Emissions From Coating Operations

4.3.3.1 Coating Application/Flashoff Capture System. Total
enclosures, room ventilation, partial enclosures, Tocal point ventilation,
and overhead hoods are used to capture fugitive emissions from the
coater. Total enclosures and room ventilation are typically used at new
plants because of the improved product quality control that cap_be achieved
by controlling the quality of the air which enters the system.

The most effective emission capture system is a total enclosure.
If total enclosures are maintained at a negative pressure, containment
is complete because the draft would cause inflow of air through any
opening in the enclosure, such as the s1it where the film enters. Eight
magnetic tape plants have installed total enclosures on coating lines. *
Two types of total enclosures are used by the magnetic tape industry.
One type encloses the entire applicator area, allowing access through
doors to the application system. The second type is a smaller,
tight-fitting structure around the equipment only. Figure 4-6
illustrates one design of a total enclosure. Typically, ventilation
rates are adjusted to avoid concentrations that exceed either the
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thre§po1d 1imit value for occupational exposures or 25 percent of the
LEL. At some plants the SLA from the coater head and web enclosure is
directed to the drying oven. This reuse of the air reduces the total
airflow rate to the control system. At other plants, the exhaust is sent
directly to the control deglce. Total enclosures have been used at some
plants for up to 12 years.

In many web coating industries such as magnetic tape, publication
rotogravure, and pressure sensitive tapes and labels, the coating room
serves as a "total enc]osg e." At least two magnetic tape plants control
the room ventilation air. In such a case, the coating room ventilation
air may be directed to a control device [see Figure 4-7(a)]. The cost of
such a control scheme can be significantly reduced by recycling the bulk of
the coating room ventilation air and withdrawing only a portion for
delivery to the control device. For example, as shown in Figure 4-7(b),
perhaps only 10 percent of the coating room ventilation air need be
directed to the control device; the rest is recirculated. This
dramatically reduces the size and cost of the control equipment required.
1.2 coating room ventilation air may also be used as oven makeup air,
tuereby enriching it and further minimizing the total air volume delivered
to the control device. Obviously, it is advantageous to withdraw the air
richest in organics to the oven to minimize organic build-up in the

workroom areas. This might be accomplished by situating a hood as shown in
Figure 4-7(c).

At least one plant has both the total enclosure and the room
ventilation ducted to the control device. Each coater enclosure is
operated at slight negative pressure. The air is pulled from the enclosure
by a fan and exhausted to the SLA duct. The air into the coating room that
houses the total coater enclosure is drawn from the room by fans. The
coating room air is vented directly into the oven room and eventually used
as oven make-up air. The air from the oven is ducted to the SLA.

A less effective method of confining VOC emissions is partial
enclosure of the coating application/flashoff area. A wide range of
capture efficiencies are achievable depending on the design of the partial
enclosure and the airflow velocities. For a given design, the larger the
air velocity, the higher the capture efficiency. However, the cost of the
system and control device (if applicable) are very dependent on the airflow

rate, and it becomes uneconomical to operate with large flow rates and high
capture efficiencies.

Partial enclosure systems observed at magnetic tape plants consist of
flexible vinyl strips hung around the coating application/flashoff area to
form a curtain. With these systems, some confinement of fugitive emissions
is achieved while ease of access is maintained. The VOC emissions are
removed grom inside the enclosure by overhead hoods or point ventilation
systems. The fugitive emissions so contained can be vented through the
drying oven and into the control device a]tggugh many plants discharge
these emissions directly to the atmosphere.
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Point ventilation systems may also be used to capture fugitive
emissions from the coater. These systems locate air intake ducts as close
to the fugitive emission source as possible. Overall capture efficiencies
achieved by point ventilation systems are low because of the relatively
small areas they influence. The SLA from the point ventilation system may
also be routed to the drying ovens and then to the control device.

At a few plants, fugitive emissions from the coater and the wet web
are unconfined by curtains and are captured by ventilation hoods. These
hoods can be located above or below the coater and wet web. Overhead hoods
may be suspended 0.3 to 1.5 m (1 to 5 ft) above the coater. Collection
hoods (f]oor sweeps) may be placed 1 to 1.5 m (3 to 5 ft) under the coater
and web.  To achieve good capture, large airflow rates must be used with
either of these hood systems. Capture efficiencies achieved by these hoods
can be low because the distance between the hood opening and the emission
source allows turbulence to disperse the emissions.

4.3.3.2 Drying Oven Ventilation. Well-ventilated ovens are designed
to -oerate at a s1ightly negative pressure. The oven is sealed to prevent
any loss of VOC vapor to the room air. The area of web entry and exit
openings is minimized with no substantial pressure differentials across
these openings.

4.4 VOC EMISSION CAPTURE SYSTEMS AND CONTROL DEVICES COMBINED

The installation of a total enclosure around the coater and
application/flashoff area and the ventilation of the enclosure and oven
to control device can achieve a theoretical control efficiency ranging
from 95 to 98 percent. The 95 percent is achieved by using a carbon
adsorber or condenser; the 98 percent is achieved by using an
jncinerator. Based on the data presented below, the documented

efficiencies of a total enclosure and carbon adsorber range from 93 to
95 percent.

Actual efficiencies may be lower because enclosure doors are opened
occasionally during coating operations, and slits must be provided in the
enclosure to allow the web to enter. Drying ovens also have openings to

allow the web to pass through and have doors that are opened to observe the
web during drying.

There are nine magnetig“tape plants that use this type of VOC emission
capture and control system. Two magnetic tape industry representatives
have stated that coating operation VOC emission reductions of 95 percent
have been achieved using a total enclosure and carbon adsorber.

Control efficiency information was also obtained from another
industry similar to the magnetic tape industry. The pressure sensitive
tape and label (PSTL) industry is an industry in which solvent-based
coatings are applied to a continuous web of back material with coating
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and drying processes and VOC capture and control systems very similar to
those used in the coating of magnetic tape. Typical coatings used in the
PSTL industry contain the same weight percent voc as typical coatings in
the magnetic tape industry. The same types of coating applicators and
drying ovens are used in both industries. The most common contro] device
in both industries 1s a fixed-bed carbon adsorber. At one plant tested in
the PSTL industry, the building in which the coaters are located is sealed

relative to the outdoors. The drying ovens operate at a slight negative
Pressure relative to the room, and the oven make-up air is pulled directly

a liquid materiaj balance.
4.5 LOW-SOLVENT TECHNOLOGY

The use of low-solvent coatings such as high solids coatings and
waterborne coatings instead of solvent borne coatings 1s another method of
reducing vVOC emissions. Research in the areas of low-solvent coatings for
magnetic tape continues; however, these technologies are not used in any
existing commercial facilities,sgngono new facilities that incorporate
these technologies are planned.”’~ Conceivably, solvent usage may be
reduced through the use of reduced solvent coatings in conjunction with an
electron-beam curing process. One vendor predicts that electron-beam
Curing will eliminate the need for solvent 1in coatings within the next 2 to
3 years; howevergloggers are less definite about the potentia] growth of

this technology.®'s Therefore, cog;ings involving organic solvents are
expected to continye for many years.

A change to either of the two types of low-solvent coatings would
result in a decreased airflow through the drying oven. High solids
coatings would require less air than conventionai coatings to dilute the
small amount of solvent to 25 Percent of the LEL, The amount of air

conventional solvent borne coating. For the solvents used in this
industry, the aijr volume required to €vaporate 3.8 liter () (1 ga;) of
solvent to ¢5 percent of the LEL ranges from about 230 m (8,000 ft ) to
about 320 m (11,300 ft ). At 82°C (180°F), the amount of air needed to
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5. MODIFtCATION AND RECONSTRUCTION

Standards of performance apply to facilities for which construction,
modification, or reconstruction commenced (as defined under 40 CFR 60.2)
after the date of proposal of the standards. Such facilities are termed
"affected facilities." Standards of performance are not applicable to
"existing facilities" (i.e., facilities for which construction, modifi-
cation, or reconstruction commenced on or before the date of proposal of
the standards). An existing facility may become an affected facility and,
therefore, be subject to the standard of performance if the facility
undergoes modification or reconstruction.

Modification and reconstruction are defined under 40 CFR 60.14 and
60.15, respectively. These general provisions are summarized in
Section 5.1. Section 5.2 discusses the applicability of these provisions
to magnetic tape manufacturing facilities.

5.1 PROVISIONS FOR MODIFICATION AND RECONSTRUCTION
5.1.1 Modification

With certain exceptions, any physical or operational change to an
existing facility that would increase the emission rate to the atmosphere
from that facility of any pollutant covered by the standard would be
considered a modification within the meaning of Section 111 of the Clean
Air Act. The key to determining if a change is considered a modification
is whether actual emissions to the atmosphere from the facility have
increased on a mass per time basis (kg/h [1b/h}) as a result of the
change. Changes in emission rate may be determined by the use of emission
factors, by material balances, by continuous monitoring data, or by manual
emission tests in cases where the use of emission factors does not clearly
demonstrate that emissions do or do not increase. Under the current
regulations, an emission increase from one facility may not be offset with
a similar emission decrease at another facility to avoid becoming subject
to new source performance standards (NSPS). If an existing facility is
determined to be modified, it becomes an affected facility, subject to the
standards of performance for the pollutant or pollutants that have
increased due to modification. A1l emissions, not just the incremental
increase in emissions, of the pollutants that have increased from the
facility must be in compliance with the applicable standards. A
modification to one existing facility at a plant will not cause other
existing facilities at the same plant to become subject to the standards.



Under the regulations, certain physical or operational changes are not
considered to be modifications even though emissions may increase as a
result of the change (see 40 CFR 60.14(e)). For the most part, these
exceptions are allowed because they account for fluctuations in emissions
that do not cause a facility to become a significant new source of air
pollution. The exceptions as allowed under 40 CFR 60.14(e) are as
follows:

1. Routine maintenance, repair, and replacement (e.g., lubrication of
mechanical equipment; replacement of pumps, motors, and piping; cleaning of
equipment);

2. An increase in the hours of operation;

3. Use of an alternative fuel or raw material if, prior to proposal
of the standard, the existing facility was designed to accommodate that
alternate fuel or raw material;

4. The addition or use of any system or device whose primary
function is to reduce air pollutants, except when an emission control
system is replaced by a system determined by the EPA to be less environ-
mentally beneficial;

5. Relocation or change in ownership of the existing facility; and

6. An increase in the production rate without a capital
expenditure. A capital expenditure is defined in 40 CFR 60.2 as an
expenditure for a physical or operational change to an existing facility
which exceeds the product of (1) the applicable "annual asset guideline
repair allowance percentage" specified in the latest edition of Internal
Revenue Service (IRS) Publication 534 and (2) the existing facility's basis
(fixed capital cost), as defined by Section 1012 of the Internal Revenue
Code. However, the total expenditure for a physical or operational change
to an existing facility must not be reduced by any "excluded additions" as
defined in IRS Publication 534, as would be done for tax purposes. For the
magnetic tape industry, the asset guideline repair allowance is 15 percent
as defined under Asset Guideline Class 26.2--Manufacture of Convert?d
Paper, Paperboard, and Pulp Products, which includes paper coating.

An owner or operator of an existing facility who is planning a
physical or operational change that may increase the emission rate of a
pollutant to which a standard applies shall notify the appropriate EPA

regional office 60 days prior to the change, as specified in
40 CFR 60.7(a)(4).

5.1.2 Reconstruction

An existing facility may become subject to NSPS if it is recon-
structed. Reconstruction is defined as the replacement of the components
of an existing facility to the extent that (1) the fixed capital cost of
the new components exceeds 50 percent of the fixed capital cost required to
construct a comparable new facility, and (2) it is technically and
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economically feasible for the facility to meet the applicable standards.
Because the EPA considers reconstructed facilities to constitute new
construction rather than modification, reconstruction determinations are
made irrespective of changes in emission rates.

The purpose of the reconstruction provisions is to discourage the
perpetuation of an existing facility for the sole purpose of circumventing
a standard that is applicable to new facilities. Without such a provi-
sion, all but vestigial components (such as frames, housing, and support
structures) of the existing facility could be replaced without causing the
facility to be considered a "new" facility subject to NSPS. If the
facility is determined to be reconstructed, it must comply with all of the
provisions of the standards of performance applicable to that facility.

If an owner or operator of an existing facility is planning to replace
components, and the fixed capital cost of the new components exceeds
50 percent of the fixed capital cost of a comparable new facility, the
owner or operator must notify the appropriate EPA regional office 60 days
before the construction of the replacement commences, as required under
40 CFR 60.15(d).

5.2 APPLICATION TO MAGNETIC TAPE MANUFACTURING FACILITIES
5.2.1 Modification

5.2.1.1 Solvent Storage Tanks. Few, if any, changes in the physical
configuration of storage tanks that would increase emissions are anti-
cipated. Because replacement of frames, housings, and supporting
structures would not increase emissions from a storage tank, such replace-
ment would not constitute a modification. Increasing emissions by
increasing solvent throughput would not be considered a modification
because no capital expenditure would be associated with the increased
throughput. The addition of a tank to a coating l1ine without a corre-

emissions from the coating line by <0.05 percent. Thus, few, if any,
modifications of solvent storage tanks are expected.

5.2.1.2 Coating Mix Preparation Equi ment. No changes in the
physical configuration of coating mix preparation equipment that would
increase emissions are expected. Mixers, mills, and tanks are used
indefinitely andzrepaired as needed except for replacement to achieve
process changes.” These repairs would not result in increased VOC
emissions. The addition of pieces of mix equipment without a corre-
sponding increase in solvent use would not be considered a modification.
Such an addition might change the relative emissions from the mix room
and coating operation, but the total emissions from the coating line
would not increase. The addition of mix equipment with increased through-
put for increased production may be considered a modification, depending on
the capital cost of such an addition.
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Because of the large variations in the types, sizes, and, thus, cost
of mix room equipment used in the magnetic tape coating industry, it would
be necessary to determine if the capital cost of any modification to the
mix room is greater than 15 percent of the existing facility's capital cost
on a case-by-case basis.

Operational changes that might increase VOC emissions would be a
change in the length of time required to prepare coating mixtures or a
change in the raw materials. A change in processing time would not
constitute a modification, however, because it would be an increase in
hours of operation, which is exempted under 40 CFR 60.14(e) from modifi-
cation determinations. A change in raw materials processed would only be
considered a modification if the mix equipment were not designed to
accommodate the new raw materials before proposal of the standard. For
example, if the new raw materials chemically react with the materials used
to construct the mix equipment, it could be considered that the mix
equipment was not designed to accommodate the new raw materials. However,
the same coating mix preparation equipment is used to prepare the known
ran 2 of gommercia1 coatings for audio, video, and computer tape
pre.ticts.”  Thus, modifications of coating mix equipment are not
expected.

5.2.1.3 Coating Operation. Potential modifications of magnetic
tape coating operations and processes include changes to increase produc-
tion and changes in the method of applying the magnetic coating mixture to
the plastic film. Changes in the application method could increase the VOC
emission rate of the coating operation if the new method applied thicker
coatings or coatings with a higher solvent content. If these changes can
be accomplished with the existing coater, these changes would not be
considered modifications. If these changes require the installation of a
new coater, the cost may be large enough to be considered a modification.
However, the trend in this industry is towards thinner coatings.

Production increases can also increase the VOC emission rate from a
coating operation. The productivity of a magnetic tape coating operation
is determined by the web width, the 1ine speed, the hours of operation, and
the efficiency of scheduling. Production increases can be accomplished by
two methods. In the first method, the operation of the existing equipment
is pushed to its capacity by removal of bottlenecks, more efficient
scheduling, and increasing the hours of operation. When no more capacity
can be achieved in this manner, new coating operations are built or
existing operations are upgraded. Most of the production increases (and
the associated emission increases) from the first method are specifically
exempted from NSPS compliance under 40 CFR 60.14(e). Most of the equipment
modifications in the second method involve totally new sources or
investments so large as to qualify as reconstruction. Specific examples of
production equipment changes are discussed below with emphasis on the few
cases where the modification clause might apply.

5.2.1.3.1 Changes in web width. Changes in the width of web would
increase both production and emissions. The maximum web width that any
given coating line can accommodate is an integral part of the basic
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design of the system. Web width cannot be increased significantly

(<2.5 cm [<1 inch]) beyond this maximum without installing essentially all
new equipment. It is, therefore, unlikely that such a modification would
be made. -

5.2.1.3.2 Changes in line speed. An increase 1n maximum line speed
is the most likely change that could constitute a modification. The
maximum 1ine speed for a given facility depends on both the basic design of
the coating 1ine and on the specifications for each product. The factors
that might constitute a 1ine speed Timitation include:

1. A limitation on the available power and/or speed of the motors
that drive the web;

2. Drying 1imitations based either on the amount of heat available or
on residence time in the oven;

3. A limitation on air circulation in the drying oven that causes the
lower explosive 1imit (LEL) to be exceeded; and

4. A limitation on the maximum speed at which a smooth coating can be
achieved with a given coating head or at which the line can be operated
without shutdowns.

Any equipment changes made to increase production rate (such as
larger/faster drive motors, larger ovens, higher capacity boilers for the
ovens, higher capacity oven air circulating blowers, or LEL sensors with
alarm/shutdown capacity) would result in increased emissions. Thus, the
facility could come under the modification provisions provided the capital
cost is greater than 15 percent of initial capital cost of the existing
facility and, therefore, is a capital expenditure according to the
definition in 40 CFR 60.2. The cost of increasing the line speed ranges
from 2 touzg percent of the fixed capital cost of an existing
facility. =" In general, the cost required to double the line speed of a
26-inch 1ine will result in a capital cost greater than 15 percent of the
basis and, thus, will cause the facility to become subject to the
modification provisions.

5.2.1.3.3 Raw material changes. Many changes in coating mixture
specifications (such as percent VOC or coating thickness) could also result
in increased VOC emissions. Such changes would only be considered
modifications if the coating operation equipment were not designed to
accommodate use of that coating mix.

5.2.1.3.4 Changes in the hours available for operation and/or
scheduling efficiency. A typical magnetic tageacoat1ng operation operates
from approximately 100 to 168 hours per week.’: Significant increases in
production and emissions could result from extending the working hours, but
this is specifically exempted under the modification clause.

Even during the hours of operation, a coating operation may be shut
down to change products. Each time a change is made in the type of tape
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Thus, careful scheduling can increase production, which will result in
increased VOC emissions. The careful scheduling of production would not be
considered a modification if that production rate increase can be
accomplished without a capital expenditure,

5.2.2 Reconstruction

Reconstruction, as defined under 40 CFR 60.15, might occur if the
components of a magnetic tape manufacturing facility (i.e., storage
tanks, mix equipment, coating operation, and other miscellaneous sources)
are replaced and if the fixed capital costs of the replacement components
exceed 50 percent of the fixed capital costs of a comparable new facility.

Only under catastrophic circumstances (e.g., total destruction of the
storage tank by fire, or explosion, or collapse of the roof) would a
facility possibly become subject to the NSPS reconstruction provision due
to physical changes in the solvent storage tank: however, this cost
relative to that of the entire facility may not be large enough. Because
associated support structures (frames, housing, etc.) are not part of a
tank, replacement of such structures would not constitute reconstruction.

Replacement of mix Preparation equipment may occasionally incur
sufficient expense to qualify as reconstruction of the entire facility if
the replacement is extensive in a large mix room. Replacement of single
components in a coating operation (i.e., a change in coating applicator or
drying oven) occurs only rarely. However, the replacement of the entige10
coater could be sufficiently expensive to qualify as a reconstruction.”»
Some of the equipment changes discussed in Section 5.2.1.3 may incur
sufficient cost to qualify as reconstructions. Any change of equipment to
increase web width significantly would probably require such extensive
equipment replacement that it would be considered a reconstruction. Such
changes are unlikely since the plant probably could instal] a new coating
operation for approximately the same expenditure. Similarly, equipment
changes to increase line speed significantly could be costly enough to
require a reconstruction determination. However, it is very unlikely that
the Tine speed would be increased to a speed such that the capital cost
would be greater than 50 percent of the existing facility's fixed capital

existing facility. s Reconstruction in the magnetic tape manufacturing
industry is expected to occur only in isolated cases, if at alt.
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6. MODEL LINES AND REGULATORY ALTERNATIVES
6.1 GENERAL

The purpose of this chapter is to define the model lines and to
present the regulatory alternatives that can be applied to them. Model
1ines are parametric descriptions of typical lines that will be encountered
in new, modified, or reconstructed plants. For this study, parametric
descriptions of typical lines are presented for the solvent storage tanks,
the coating mix preparation room (mix room), and the magnetic tape coating
operation. For systems that have more than one coating operation in
series, each coating operation will be considered a single unit
operation. A model line consists of the combination of model solvent
storage tanks, a model mix room, and a model coating operation. Model line
parameters are defined for lines of three different sizes and represent

carbon adsorbers. Model lines representing the use of process
modifications, such as waterborne coatings, are not analyzed because the
use of such process modifications is not demonstrated at the commercial
level. (See Chapter 3 for descriptions of solvent storage, coating mix
preparation, and tape coating operations and Chapter 4 for descriptions of
control devices and contro] configurations.)

The regulatory alternatives represent various courses of action that
the U.S. Environmental Protection Agency (EPA) could take in controlling
VOC emissions from magnetic tape manufacturing plants. The environmentai,
€nérgy, and economic impacts associated with the application of the
alternatives to each of the model 1ines are Presented in subsequent
chapters.

6.2 MODEL LINES

storage tanks, coating mix preparation equipment, and a coating operation.
Model solvent storage tanks are defined as the number and size of tanks
required to supply solvent to the model mix room to be used in the coating
preparation. Throughout this chapter, model storage tank refers to these
groups of tanks, not individual tanks. A model mix room is defined as

the mix equipment (t.e., mins, mixers, polishing tanks, and holding
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tanks) required to supply coating to the magnetic tape coating operation.
A model coating operation is defined as the combination of a coating
application/f1ashoff area, a drying oven, and the necessary ancillary
equipment. The model coating operation is defined as a single coating
operation because new plants are expected to be constructed with one
coating operation plus sufficient space to add additional coating
operations in the future, and existing plants are expected to expand
capacity by addition of only one coating operation at a time.

Separate model lines are not specified for production of audio, video,
and computer tape products because (1) any coating line can be used to
produce all types of tape products and (2) the range of solvent content of
coatings, coating thickness, and oven exhaust rates observed does not vary
with the type of tape being produced.  Thus, VOC emissions do not vary as
a function of product type, and separate model lines are not required to
evaluate the control equipment costs and cost effectiveness of the
regulatory alternatives.

The control of VOC emissions from the model storage tank and model mix
room is based on either the use of equipment designed to reduce breathing
(thermal) losses or diffusion losses of solvent, or the use of VOC capture
devices combined with solvent recovery systems. Model coating operations
are assumed to be controlled by solvent vapor capture devices combined with
a solvent recovery system (carbon adsorber or condenser) or a solvent
destruction device (incinerator).

Land and utility requirements for the model lines are shown in
Table 6-1. Additional building area is required for slitting, packaging,
and testing the magnetic tape as well as for administrative offices and
laboratory facilities.

Utilities for the model lines consist of electricity, steam, water,
and natural gas. The lines use electricity to operate the motors for the
mixers, mills, pumps, coating lines, and fans. In the model lines, the
ovens are assumed to be indirectly heated by steam produced by a natural
gas-fired boiler. Carbon adsorbers use steam for regeneration of the
carbon beds and water for cooling and condensing the steam. Incinerators
used for some of the regulatory alternatives are assumed to use natural
gas.

6.3 MODEL LINE PARAMETERS

The model line parameters are given separately for the model storage
tank, model mix room, and the model coating operations in Tables 6-2
through 6-6. The model line parameters are based on specific information

from magnetic tape plants and general information from various industry
contacts.

The raw materials used in magnetic tape manufacturing are polyester
£ilm, solvents, magnetic particles, binder (generally polyurethanes),
dispersants, lubricants, conductive pigments, and miscellaneous additives.
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The major design parameters for the model lines are the production
rate, hours of operation, coating solvent content, and coating thickness.
Combined, these parameters determine the potential uncontrolled VOC
emission rate from the solvent storage tanks, the mix room, and the coating
operation. These parameters, and others, also determine the design
specifications of the control device for the model line. The basis of the
assumed parameters is discussed below.

6.3.1 Solvent Storage Tanks

The model storage tanks described in Table 6-2 are defined as the size
and number of tanks required to supply solvent to the model mix room. The
number of storage tanks is the same as the number of different solvents
used in the industry. The sizes of the storage tanks are based on the most
common sizes used in the industry. Uncontrolled VOC emission 1evg]s are
based on equations developed by the American Petroleum Institute.

Emissions may be controlled by installing conservation vents, by ducting
the emissions to a disposable canister carbon adsorber, or by ducting the
emissions to the same carbon adsorber controlling emissions from the
coating operation. The conservation vents have an average control
efficiency of 35 percent and the adsorption control methods would reduce
emissions by 95 percent.

6.3.2 Mix Room Equipment

The model mix rooms described in Table 6-3 are defined as the total
mix equipment (mills, mixers, polishing tanks, and holding tanks) that
supplies coating to the model coating operations. The assumed number of
mills, mixers, polishing tanks, and holding tanks (see Table 6-3) is based
on a reasonable minimum number of equipment items that could be used per
coating operation. Because considerable variation in equipment used for
coating mix preparation exists among magnetic tape lines, the assumed model
mix room equipment represents only one scenario of possibie combinations of
equipment used in this area. The vegtilation rate of the equipment is
based on test data from one company. Uncontrolled VOC emission levels for
the model mix rooms are based on calculated solvent usage for the model
coating operations. (The coating formulation is discussed under coating
operation because of the effect of solvent concentration and composition on
the design parameters of the control device.)

Emissions from mix equipment may be controlled by sealing this
equipment with covers. To prevent excessive pressure buildup, these covers
would be equipped with conservation vents. Sealing mix equipment with this
type of cover would reduce emissions from mix equipment by at least
40 percent.

A more stringent level of control could be achieved through a
combination of sealed covers, ductwork, and a carbon adsorber. The sealed
cover and ductwork would capture the emissions and route them to a carbon
adsorber that prevents their release to the atmosphere. Such a system
would reduce emissions from mix equipment by 95 percent.
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6.3.3 Coating Operation

The model coating operation parameters are defined in Tables 6-4 to
6-6. The basis of the parameters is discussed below.

6.3.3.1 Capture and Control Device Application. The VOC capture
devices used on the coating application/flashoff area of the coating
operation at magnetic tape lines are (in order of decreasing capture
efficiency) total enclosures, partial enclosures, and exhaust hood venti-
- lation systems (see Chapter 4 for descriptions and discussion).

The control devices used on the coating operation are primarily carbon
adsorbers, incinerators, and condensers. Carbon adsorbers and incinerators
are used to control VOC emissions from the drying oven and varying amounts
of the application/flashoff area emissions (depending on the type of
fugitive emission capture device). There are two types of condensers
presently in use in this industry, one using an air atmosphere (System 1 in
Tables 6-5 and 6-6) and one using an inert (nitrogen) atmosphere (System 2
in Tables 6-5 and 6-6). Both systems are currently used to control
emissions only from drying ovens, although systems could be designed to
a]]owucontro1 of the application/flashoff area in addition to the drying
oven.® Oven ventilation rates and solvent formulations at lines utilizing
condensers are significantly different from those used at plants with
carbon adsorbers or incinerators to achieve cost-effective control.
Therefore, model coating operation parameters are provided for carbon
adsorbers/incinerators and for the two condensers.

6.3.3.2 Size. Three sizes of model tape coating lines have been
developed: (1) 0.15-m-wide (6-inch-wide) coater for research, which is
operated for approximately 2,000 hours per year and may use a blend of any
of five solvents used by the industry; (2) a 0.15-m-wide (6-inch-wide)
coater for tape production, which is operated for approximately 6,000 hours
per year; and (3) a 0.66-m-wide (26-inch-wide) coater for tape production,
which is also operated for approximately 6,000 hours per year. The various
model sizes were selected to characterize manufacturing and research
coating lines expected to be constructed, modified, or reconstructed in the
near future. The line speeds are typical for new coaters of these sizes.
Other web widths and line speeds are now used, but they are not considered
representative of new research or manufacturing lines.

6.3.3.3 Coating Thickness and Formulation. The thickness of the wet
coating is the average of the values reported by the industry. The
percent VOC in the coating and the coating density are representative
values of coating formulations used to produce audio, video, and computer
tape products. The solvent mixture of tetrahydrofuran (THF), toluene, and
cyclohexanone was selected to be the coating formulation for small and
typical model coating operations controlled by carbon adsorbers or
incinerators because (1) these devices are used primarily to control VOC
emissions at lines using a mixture of several solvents and (2) the
majority of the known coating formulations with multiple solvents contain
THF, toluene, and from one to three ketones. Cyclohexanone was selected
as the ketone used by the model line because it is commonly used and
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results in slightly greater operating costs due to carbon bed fouling. For
the research model] Tine, five solvents (THF, toluene, Cyclohexanone, methy1
ethyl ketone, and methyl isobuty1 ketone) were selected for use in the
coating formulations.

Two coating solvent formulations for condenser controgl systems are
used in the analysis of control costs: (1) 100 percent cyclohexanone and
(2) the solvent mixtures used for the carbon adsorber controlled mode]
lines. Existing magnetic tape coating plants using condensation solvent
recovery systems use 100 percent cyclohexanone as the coating solvent
base. Therefore, to estimate control costs representative of those
incurred by industry, 100 percent cyclohexanone was selected as the solvent
for one group of model lines with condenser (Table 6-4). To consider the
possibility of future Situations where the use of other solvents may be
necessary and to allow comparison of costs with those incurred using a
carbon adsorber to recover blends of solvents, the solvent mixtures used
for the carbon adsorber model 1ines are also used to Characterize costs for
model 1ines with condensers (Table 6-6).

Procedures specified in the design manuai Ovens and Furnaces. For model
coating operations using carbon adsorbers or jncinerators, the drying oven

(LEL) of the solvents. Even though modern ovens Can be designed to operate
safely at 50 percent of the LEL, the higher dilution fgctor (Tower

25 percent of the LEL, (2) it maximizes air flow rates and costs, and (3) a
rough cost analysis indicated that worst-case control costs (i.e.,

atmosphere (System 2 in Tables 6-4 and 6-5). These solvent vapor
concentrations are representative of the operating conditions for ovens
controlled by the two types of condensers used in this industry, Higher
solvent vapor concentrations are used by the two condensers to reduce
operating costs and increase solvent recovery efficiency.

Ventilation rates for the coating application/flashoff area are
given for total angd partial enclosures. The ventilation rates for the
total enclosures are based on flow rates used by the industry in
comparable-sized tota] enclosures. The ventilation rates for the partial
enclosures are calculated using the ACGIH recommended calculation procedure
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for booth hoods (i.e., hood with one open face).6 These flow rates are
similar to ventilation rates reported by the industry for hoods. For
carbon adsorber, condenser, and incinerator control devices, it is
assumed that the effluent from the total and partial enclosures (when
applicable) is directed into the oven and, therefore, eventually vented
through the control device. This is the approach used in many existing
plants in the magnetic tape coating industry.

6.3.3.5 Uncontrolled Emission Rate. The uncontrolled VOC emission
rates for the model coating operations are the potential emissions
resulting from evaporation of the total solvent usage required for the
production rates specified for the model coating operation. The
uncontrolled VOC emission levels do not include VOC emissions that result
from cleaning of equipment. Solvent used for cleaning represents
approximately 6 percent of the total solvent usage by a magnetic tape
manufacturing plant.” Most of this solvent stays in the liquid phase and
can be reused or disposed gf in accordance with applicable solid waste and
water quality regulations.” Thus, equipment cleaning will increase the
emission levels by much less than 6 percent.

6.4 REGULATORY ALTERNATIVES

. A set of control options was developed for each of the three emission
sources (solvent storage tanks, mix room, and coating operation), and these
options are presented in Tables 6-7, 6-8, and 6-9. These control options
represent the various emission control levels that are achievable based on
available emission control techniques.

Because there are no magnetic tape plants with only one coating line
and at which only the coating application/flashoff area and the drying oven
emissions are controlled, no emission test data are available from this
industry on control levels for individual emission sources. Engineering
Jjudgment, statements from industry representatives, and test data from
related industries support the percent control levels assigned to the
control options. Control option 2A for the coating operation (see
Table 6-9), has a control efficiency of 87 percent that is based on the use
of a partial enclosure that captures at least 50 percent of the VOC
emissions from the coating application/flashoff area. Partial enclosures
have been measured to achieve capture efficiencies of greater than
80 percent on flexible vinyl coating and prin;jng operations and
publication rotogravure coating operations.®» Partial enclosures on
magnetic tape coating operations should be capable of achieving similar
capture efficiencies. For coating operation control option 3A, the
control efficiency of 93 percent is based on the use of a total enclosure
and a carbon adsorber to capture and control emissions. At a pressure-
sensitive tape and label plant (PSTL) with a room ventilation system
around the coater (a type of total enclosure) and a fixed-bed carbon
adsorber, a control efficiency o§193 percent was determined by a 4-week
1iquid solvent material balance. Because of the strong similarities in
processes and in the capture and control systems, it is judged that a
magnetic tape line would be able to achieve a control efficiency similar to
that achieved by the tested PSTL plant.

6-6



The control options in Tables 6-7, 6-8, and 6-9 were combined to form
the regulatory alternatives for a magnetic tape coating 1ine. The
regulatory alternatives with the associated emission capture and control
device configurations are presented in Table 6-10. The regulatory alter-
natives include only the conservation vent control options for solvent
storage tanks. Although considerable research effort is ongoing in
development of waterborne coatings and electron-beam-cured resins, which
can be applied without the use of solvents, nejghgg of these technologies
has been demonstrated at the commercial level. °» Therefore, the
regulatory alternatives are based only on add-on controls.

For the analysis of the control levels achievable, it is assumed that
90 percent of the emissions are from the coating operation and that less
than 10 percent are from the mix equipment. Emission test data from two
magnetic tape plants and estimates from manufacturers were used to
apportion emissions from the coating operation. These data and estimates
indicate that the oven is the source of 90 percent of the emissions from
the coating operation,sand the application area is the source of the
remaining 10 percent.

The control levels assigned to the regulatory alternatives are
calculated using the estimated emission rates, capture device efficiencies,
and control device efficiencies. Because of uncertainties in the effi-
ciencies of capture devices and the apportionment of emissions between the
oven and the application/flashoff area, the level of control has been
reduced by 2 to 3 percent from the calculated theoretical value. The
control level of the storage tanks is included in the calculation of
overall line efficiency; however, the effect on the control level is lost
when the numbers are rounded to the nearest whole percent.

Table 6-11 presents a summary of the assumptions and methods used to
calculate the control efficiencies for the control of either the mix room
or the coating operation; the control levels for the remaining regulatory
alternatives are the sum of the control levels for the respective
combinations of these two emission sources. The emission levels for the
regulatory alternatives are intended to cover a range from baseline to
successively more stringent control so that a range of potential impacts
can be considered in selecting regulatory alternatives on which to base a
new source performance standard (NSPS).

Regulatory Alternatives I and IV represent the baselines, the levels
of control that would be experienced in the absence of an NSPS, for plants
located in ozone attainment and nonattainment areas, respectively.
Regulatory Alternatives V, VIII, and X are based on control of only the
coating operation (application/flashoff area and drying oven) and storage
tanks. Regulatory Alternatives II and III are based on control of
emissions from the mix room equipment and storage tanks only. Regulatory
Alternatives VI, VII, IX, and XIA through XIV represent various combina-
tions of control levels achievable by control of the storage tanks, mix
room equipment, and the coating operation.
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Alternative I represents uncontrolled storage tanks, mix rooms, and
coating operations in magnetic tape coating lines and is the level of
control presently required of plants located in ozone attainment areas.
Alternative IV corresponds to the Control Techniques Guideline (CTG)
requirement of 0.35 kg VOC/liter of coating (2.9 1b VOC per gallon of
coating) for existing paper coating plants (this category includes magnetic
tape coating) and is based on application of reasonably available control
technology (RACT) to magnetic tape coating lines. The 75 percent control
level of Alternative IV can be achieved by capturing all _drying oven
emissions and by venting all of these emissions to a control device that
achieves 95 percent VOC control.

Alternatives II and III represent control levels achievable from
control of mix room equipment alone. Alternative II represents the
estimated control level achievable by placing sealed, vapor-tight covers on
the individual mills, mixers, and holding tanks and venting each of these
to the atmosphere through conservation vents. Thi§6c99tro1 approach is
used in at least two magnetic tape coating plants. The level of
control represented by Alternative III is achievable by placing sealed
covers on the individual equipment and venting the emissions to a control
device that is 95 percent efficient. At least seven magnetic tape coating

plants are knoyn {9 control emissions from the mix preparation equipment by
this approach. ~

Alternative V is based on control of all emissions from the drying
oven and part of the emissions from the application/flashoff area. This
control level can be achieved by capturing approximately 95 percent of all
VOC emissions from the coating operation (application/flashoff area and
drying oven) and by venting all of these emissions through a control device
that achieves 95 percent control efficiency. This combination results in
an overall level of control of about 78 percent. The required capture
efficiency can be achieved by use of a partial enclosure to collect

emissions from the coating application/flashoff area in addition to use of
an efficient oven ventilation system.

Alternatives VIII and X are based on essentially complete capture of
all emissions from the coating operation (approximately 90 percent of
total emissions from the coating operation and the mix room) and control
of these emissions by either a 95 or 98 percent efficient control
device. This confiqguration results in an 83 percent control level for
Alternative VIII (95 percent control of approximately 90 percent of the
emissions). Similarly, for Alternative X the 85 percent level of control
results from using the same capture efficiencies as in Alternative VIII and
a 98 percent control efficiency. Complete capture of coating operation
(application/flashoff area and drying oven) emissions can be achieved by
use of a total enclosure around the coating operation.
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TABLE 6-1. LAND AND UTILITY REQUIREMENTS FOR MODEL LINESs?!

Line designation: Research Small Typical
Land requirements
m’, 560 560 560
(ft9) (6,000) (6,000) (6,000)
Utility requirements
Electricity--coating operation:
T3/yrd 0.72 2.1 4.3
(kWh/yr) (2.0 x10°) (6.0 x10°) (1.2 x10°)
Electricity--mix room:
Td/yr 0.043 0.133 1.33
(kWh/yr) (12,040) (37,040) (370,370)
Electricity--carbon adsorber:
(coating operation)
Td/yr 0.0% 0.0§ 0.5
(kWh/yr) (4.40 x10°)  (1.32 x10") (1.32 x10°)
Electricity--carbon adsorber:
(mix room) . 3
Td/yr 4 x10~ 2 x10” 2.2 x107°
(kWh/yr) (100) (450) (600)
Electricity--carbon adsorber:
(storage tanks) , ;
Td/yr 2 x10° 4 x10™ 3 x10°°
(kWh/yr) 0.066 0.11 0.95
E1ectr1’c1’ty--condenser:b
(nitrogen atmosphere)
Td/yr N/A N/A 0.28
(kWh/yr) (N/A) (N/A) (77,680)
Electricity—-condenser:b
(air atmosphere)
Td/yr N/A N/A 3.8
(KWh/yr) (N/A) (N/A) (1.05 x10°%)
Electricity--incinerator:
Td/yr 0.00§ 0.0% 0.14
(kWh/yr) (1.3 x10°%) (3.9 x10°) (3.9 x10%)
(continued)
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TABLE 6-1. (continued)

Line designation: Research Small Typical

Steam--ovens:
Tons/yr® 340 1,010 1,010
(1,000 1b/yr) (740) (2,220) (2,220)

Steam--carbon adsorber:
(coating operation)

Tons/yr 90 270 2,550

(1,000 1b/yr) (200) (600) (5,600)
Steam--carbon adsorber:

(mix room)

Tons/yr® 11 29 284

(1,000 1b/yr) (24) (64) (624)
Steam--carbon adsorber:

(storage tanks)

Tons/yr 0.146 0.182 1.55

(1,000 1b/yr) (0.320) (0.400) (3.4)
Cooling water--carbon adsorber:

(goating operation)

m/yr 90 270 2,550

(1,000 gal/yr) (24) (72) (672)
Cooling water--carbon adsorber:

(gix room)

m/yr 11.4 30.3 284

(1,000 gal/yr) (3) (8) (75)
Cooling water--carbon adsorber:

(§torage tanks)

m”/yr 0.015 0.182 1.56

(1,000 gal/yr) (0.004) (0.048) (0.413)
Natural gas--incinerator:

Tdfyr . 0.50 1.75 15.0

(107 ft7/yr) (0.772) (2.316) (23.16)

|

313 = Terajoules = 10'? joule = 2.78 x10~ kWh.

Condensation systems cannot be designed for research and small size
lines.
CMetric ton = 1,000 kilograms.
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TABLE 6-2. MODEL SOLVENT STORAGE TANK PARAMETERS

Line designation: Research Small Typical
Solvent usage, m’/yr (gal/yr) 23 70 700
(6,130) (18,400) (184,000)
No. of different solvents used 5 3 3
No. of storage tanks 5 3 3
Capacity of each tank, m’ (gal) 4 4 40
(1,000) (1,000) (10,000)
Emissions, Mg/yr (tons/yr) 0.03 0.05 0.39
(0.03) (0.05) (0.43)
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TABLE 6-3. MODEL MIX ROOM PARAMETERS

Line designation: Research Small Typical Ref
1. Line information Web width, m (in.) 0.15 0.15 0.66 3
(6) (6)  (26)
Line speed, m/s (ft/min) 1.3 1.3 2.5 3
(250)  (250) (500)
Operating h/yr 2,000 6,000 6,000 4
2. Mix room information
Coating prepared, m’/d (gal/d) 0.13  0.26 2.6 5
(35) (70) (675)
Solvent used, m’/day (gai/d) 0.11 o0.21 2.1 5

(30) (55)  (550)

Equipment, number of

Mixers 2 2 2

Mi11sd 1 1 1

Holding tanks 1 2 2

Polishing tanks 1 2 2
Equ;pment ventilation rate per 1tem,b

m /h 5.7 5.7 5.7

(acfh) (200) (200) (200)
Uncontrolled VOC emissions,

Mg/yr 2.7 7.3 71 5

(tons/yr) 3 8 78

3V0C emissions from working losses in sealed mills will be pushed into the
next tank and subsequently controlled by that tank's control device.
bror systems purging tanks and ducting emissions to control device.
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TABLE 6-4. MODEL COATING OPERATION PARAMETERS F
ADSORBER OR INCINERATOR CONTROL OPTIONS

OR CARBON

Line designation: Research Smal | Typicat Ref,
1, Line information
Web width, m (in.) 0.15 0,15 0,66 22
(6) 6) (26)
Line speed, m/s (ft/min) 1.3 1.3 2,5 22
(250) (250) (500)
Operating h/yr 2,000 6,000 6,000
2, Process information
Coating thickness, wet, um® (mil)® 25 25 25 22
1) (1) (1)
Coating formulation:
¢ VOC, weight 63 63 63 22
¢ voc, vo|ume3 80 80 80 22
Density, kg/m~ (ib/gal) 1,200 1,200 1,200 22
(10) (10) (10)
Solvent mixture Tetrahydrofuran Tetrahydro- Tetrahydro- See
Methyl ethyl furan (40%) furan (40%) text
ketone Toluene (40%) Toluene (40%)
Methy! isobutyl Cyclohexanone Cyclohexanone
ketone (20%) (20%)
Toluene
Cyclohexanone
Coating head area venf%la?ions
Partial enclosure, m™/s (ft7/min) 0,15 0.15 0.25 24
3 3 (310) (310) (525)
Total enctosure, m~/s (ft /min) 0.14 0,14 0,24
(300) (300) (500)
Oveg ventilation rate:
m~/s, actual 0,28 0,28 2,8 24
sgandardc 0.26 0.26 2.6
(ft”/min), actual (600) (600) (6,000)
standard (550) (550) (5,500)
Oven temperature, K (°F) 355 355 355 25
(180) (180) (180)
Carbon adsorber inlet
temperature, K (°F) 3N 3N 31 25
(100) (100) (100)
Iincinerator heat exchanger inlet
temperature, K (°F) 344 344 344
160 160 160
Solvent concentration in
exhaust: § LEL 25 25 25 25
ppmy ~2,500 ~2,500 ~2,500
Uncontrol led VOC emissions from
coating operation, Mg/yr (tons/yr) 23 68 635 23
(25) (75) (700)

gum = micrometer,
mil = 0,001 inch,
Standard conditions are 20°C (68°F) and 1 atmosphere pressure,
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TABLE 6-5. MODEL COATING OPERATION PARAMETERS FOR CONDENSERS
RECOVERING CYCLOHEXANONE

Line designation: Research® Smal1? Typical Ref,
1, Line information
Web width, m (In,) 0,66 22
(26)
Line speed, m/s (ft/min) 2,5 22
(500)
Operating h/yr 6,000
2, Process information b c
Coating thickness, wet, um (mil) ??) 22
Coating formulation:
% vOC, weight 63 22
£ voC, volume3 80 22
Density, kg/m~ (Ilb/gal) 1,200 22
(10)
Solvent mixture Cyclohexanone See
. (100%) text
Coating head area venfﬂlafions
Partial enclosure, m”/s (ft”/min) 0.25 24
3 3 (525)
Total enclosure, m /s (ft~/min) 0,24
(500)
Oven ventilation rate:
Sysgem 1
m~/s, actual 1,75 24
s*agdard 1,6
(ft+°/min), actual (3,700)
standard (3,400)
System 2°®
m/s, acgual 1,65 24
sfagdard 1,42
(ft7/min), actuai 3,500
standard (3,000)
Oven temperature, K (°F) 180 25
(355)
Control device inlet temperature, K (°F) 160 25
(344)
Solvent concentration in exhaust:
System 1: § LEL 40 26
ppmV ~4,000
System 2: £ vol, solvent 10 27
nitrogen
atmosphere
Uncontrolled VOC emissions from coating
operation, Mg/yr (tons/yr) 635 23
(700)
gCondensers cannot be sized for research and small lines,
cHm = micrometer,
mil = 0,001 inches,

Standard conditions are 20°C (68°F) and 1 atmosphere pressure,
Volume sent to condensation module; system cannot be designed for the research and smal!
coating operations,
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TABLE 6-6. MODEL COATING OPERATION PARAMETERS FOR CONDENSERS

RECOVERING SOLVENT MIXTURES

Line designation: Research® Typical Ref,
1. Line information
Web width, m (in,) 0.66 22
(26)
Line speed, m/s (ft/min) 2,5 22
(500)
Operating h/yr 6,000
2, Process information b c
Coating Thickness, wet, um- (mil) 2? 22
(1)
Coating formulation:
£ VOC, weight 63 22
§¢ voC, volume3 80 22
Density, kg/m” (Ib/gal) 1,200 22
(10)
Solvent mixture Tetrahydro- See
furan (40%) text
Toluene (40%)
Cyclohexanone
(20%)
Coating head area venfglafion3
Partial enclosure, m~/s (ft " /min) 0,25 24
3 3 (525)
Total enclosure, m~ /s (ft~/min) 0,24
(500)
Oven ventilation rate:
Sysgem 1
m~ /s, actual 1.75 24
sfagdard 1,6
(ft"/min), actual (3,700)
standard (3,400)
System 2°
m” /s, actual 1.65 24
stapdard? 1,42
(ft°/min), actual 3,500
standard (3,000)
Oven temperature, K (°F) 180 25
(355)
Control device inlet temperature, K (°F) 160 25
(344)
Solvent concentration in exhaust:
System 1: § LEL 40 26
ppmv ~4,000
System 2: & vol, solivent 10 27
nitrogen
atmosphere
Uncontrol led VOC emissions from coating
operation, Mg/yr (tons/yr) 635 23
(700)
gCondensers cannot be sized for research and smal! lines.

cHm = micrometer,
dmil = 0,001 inches,

Standard conditions are 20°C (68°F) and 1 atmosphere pressure,

Volume sent to condensation module; systems cannot be designed for the research and small

coating operations,



TABLE 6-7. CONTROL OPTIONS FOR SOLVENT STORAGE TANKS*

Control Overall VOC
option Control device control,d %
1 None 0
2 Conservation vents 35D
3A Separate fixed-bed carbon 95

adsorber on storage tank
emissions alone

3B Common fixed-bed carbon 95
adsorber on combined storage
tank and coating operation emissions

*These control options have been revised. See Table F-2
in Appendix F.
30f emissions from solvent storage tanks only, not the
entire line.
bAverage control efficiency based on model line
solvents and tank sizes.
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TABLE 6-8. CONTROL OPTIONS FOR COATING MIX ROOM

Control Control device Overall VOC
option Mixers Mills? Tanks control,P %
1 None 0
2 Vapor tight covers and conservation vents® 40
3A Vapor tight covers ducted to a separate 95

fixed-bed carbon adsorber on mix room
emissions alone

38 Vapor tight covers ducted to a common 95
fixed-bed carbon adsorber on combined
mix room and coating operation emissions

dFor mills other than sealed and pressurized sand mills.
Of emissions from mix room only, not from entire line.
CThe equipment has no areas that are directly open to the air. This may

be achieved by use of packing glands, tight covers, or lids on the
equipment.
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TABLE 6-9. CONTROL OPTIONS FOR COATING OPERATIONS

Control Emission capture system Overall VOC
option Coating area Drying oven? Control device contro],b %
1A None No None 0
1B None Yes Carbon adsorber or 83

condenser
2A Partial enclosure Yes Carbon adsorber 87
28 Partial enclosure  Yes Condenser® 87
3A Total enclosure Yes Carbon adsorber 93
3B Total enclosure Yes CondenserC:d 93
4 Total enclosure Yes Incinerator 95

dassumed to be well designed oven with no losses to room; always vented to

b

the control device in controlled plants.
Of emissions from coating operation only, not the entire line.

CCondenser 1 used to control effluent from enclosure and from oven.
dcondenser 2 used to control effluent from nitrogen-purged total enclosure
and effluent from drying oven with nitrogen atmosphere.
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TABLE 6-11. BASIS OF OVERALL CONTROL LEVEL FOR REGULATORY ALTERNATIVES

Percent of Control
emissions captureda device
Reg. Coating efficiency, Percent overall
Alt. Mix roomP operations® percent VOC control
I 0 0 0 0
II 100 0 60 4
I1I 100 0 95 9
Iv 0 90 95 75d
v 0 95 95 784
VIII 0 100 95 g3d
X 0 100 98 gsd

3percent of total emissions within each area that is captured and sent to
a control device.

About 10 percent of the combined emissions from the mix room and coating
operation are from the mix room equipment.

CAbout 90 percent of the combined emissions from the mix room and coating
operation are from the coating operation (application/flashoff area and
drying oven).

dRepresents the calculated value that has been rounded and reduced by
2 to 3 percent to account for uncertainties in capture efficiency of
emissions from the application/flashoff area and drying oven.
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7. ENVIRONMENTAL AND ENERGY IMPACTS

An analysis of the environmental and energy impacts of the regulatory
alternatives for the magnetic tape coating model lines (combined solvent
storage tanks, mix preparation equipment, and coating operation) is
presented in this chapter. (Appendix E presents the environmental and
energy impacts for each of the three emission sources.) The incremental]
increase or decrease in air pollution, water pollution, solid waste
generation, and energy consumption for the regulatory alternatives compared
to baseline are discussed. Thase impacts are examined for individual lines
and nationwide. Baseline I (0 percent control) represents uncontrolled
plants and is the level of control that is presently required of plants
that emit less than 227 Mg (250 tons) of volatile organic compound (VOC)
per year and are located in ozone attainment areas. Baseline IV
(75 percent control) represents the level of control that is required of
all plants in nonattainment areas for ozone and of plants that emit 227 Mg
(250 tons) or more and are located in ozone attainment areas. Table 7-1
presents the regulatory alternatives and control device configurations used
in the impact analyses.

7.1 AIR POLLUTION IMPACTS

Volatile organic compounds are emitted from several points in the
production of magnetic tape. The drying oven used to evaporate the solvent
and cure the resin is the largest single source of VOC emissions. Fugitive
VOC emissions are emitted from around the coating application/flashoff
area. Volatile organic compound emissions also occur in the mix room

storage tanks. In an uncontrolled line, the entire amount of solvent used
is vented to the atmosphere. The VOC emissions can be controlled by use of
add-on control equipment such as carbon adsorbers, incinerators, and
condensers. Carbon adsorber and condenser control systems recover solvent
for reuse in coating mix formulations.

7.1.1 Primary Air Pollution Impacts

The annual VOC emission levels associated with application of each
regulatory alternative on each model line are presented in Table 7-2.
The annual emissions were calculated using the model storage tank, mix
room, and coating operation parameters given in Chapter 6. The annual
uncontrolled VOC emissions (Regulatory Alternative I), are 25 Mg (28 tons),
75 Mg (83 tons), and 706 Mg (778 tons) for the research, small, and
typical model 1ines, respectively. The annual VOC emissions for Regulatory
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Alternatives II through XIV range from 2 to 24 Mg (2 to 27 tons) for the
research model line, 5 to 73 Mg (5 to 80 tons) for the smail model 1line,
and 42 to 678 Mg (47 to 747 tons) for the typical model line. The annual
VOC emission incremental reduction below uncontrolled (Regulatory
Alternative I) and below controlled (Regulatory Alternative IV) baselines
are given in Table 7-3.

Table 7-4 presents the estimated national VOC emissions from new
magnetic tape coating lines from 1985 to 1990. These emission estimates
are calculated based on predicted industry growth for the first 5 years
that the standards will be in effect. In 1990, a projected 21 new magnetic
tape coating 1ines would have the potential to emit approximately 8,170 Mg
(9,000 tons) per year of uncontrolled VOC. These new lines will have
solvent usages equivalent to 1 research line, 5 small lines, and 11 typical
sized 1ines. (Refer to Chapter 9 for a discussion of the growth
projections.) The controlled baseline Regulatory Alternative IV would
lower VOC emissions to 2,040 Mg (2,250 tons) per year. The most stringent
level of the proposed NSPS, Alternative XIV, would reduce VOC emissions in
1990 to 480 Mg (530 tons) per year.

The primary impact of a VOC emission reduction in this industry is a
potential decline in ambient VOC levels and, thus, a reduction in ozone and
photochemical smog formation. For plants in rural areas or areas of low
ambient nitrogen oxide and ozone concentrations, the primary environmental
impact is the prevention of transport of VOC's in the atmosphere to
locations where ozone and photochemical smog are problems.

7.1.2 Secondary Air Pollution Impacts

Secondary emissions of air pollutants result from generation of the
energy required to operate the control devices. Electrical energy is
needed primarily to operate the motors and fans used to capture and
convey gases to different sections of the control system. Generation of
the electric power required to operate carbon adsorbers, incinerators,
and condensers will result in particulate matter (PM), sulfur oxide
(S0,), and nitrogen oxide (NO,) emissions. The combustion of natural

gas in incinerators will result in PM, NO,, and carbon monoxide (CO)
emissions. The combustion of fuel 0il in the boiler used to produce

steam for the fixed-bed carbon adsorption system will also result in PM,
S04, and NO, emissions.

Secondary emissions were calculated assuming that electric power to
the control device was supplied by a coal-fired power plant. It was
assumed that the thermal efficiency of the electric generator was 33 percent.
For all types of power plants and all ages of plants, the estimated
emissions per Btu of heat input in 1990 are approximately equal to the
current new source performance standards (NSPS) for coal-fired power
plants. Thgrefore, the secondary emissions were calculated using the
NSPS values. The applicable standards 1imit PM emissions to 15 kg/TJd*

*TJ = terajoules = 10'? joules.
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(0.03 1b/10° Btu) of heat input, S0, emissions to 520 kg/TJ (1.20 1b/10° Btu)
of heat input, and NO, emissions to 260 kg/TJ (0.60 1b/106 Btu) of

heat 1nput.3 The annual secondary pollutant emission levels from
electrical energy generation associated with application of each regulatory
alternative on each model 1ine are presented in Appendix E. (See

Section 7.4 for electrical energy requirements for each alternative.)
Annual emissions of PM range from 0.01 to 0.5 kg (0.03 to 1 1b) for
research lines, 0.06 to 2 kg (0.14 to 4 1b) for small lines, and 0.08 to
160 kg (0.18 to 310 1b) for typical lines. The annual SO, emissions range

from 0.5 to 40 kg (1 to 90 1b) for research 1ines, 3 to 80 kg (6 to 180 1b)
for small lines, and 3 to 5,470 kg (7 to 11,960 1b) for typical lines. The
annual NO, emissions range from 0.3 to 20 kg (0.6 to 40 1b) for research

1ines, 1 to 40 kg (3 to 80 1b) for small lines, and 2 to 2,740 kg (4 to
5,980 1b) for typical lines.

The combustion of natural gas as supplemental fuel in incinerator
control devices results in secondary air pollutants. Assuming the
incinerator generates pollutants at a rate comparable to that of an
industrial process boiler, the secondagy emissions were calculated using
emission rates of 7 kg/TJ (0.016 1b/10" Btu) of heat lnput for PM, lg kg/TJ
(0.028 1b/10" Btu) for CO, and 123 kg/TJ (0.285 1b/10° Btu) for NO,.  The

annual secondary emissions for Requlatory Alternatives X, XII, and XIV
(1.e., the only alternatives that require the combustion of natural gas)

for each model 1ine are in Appendix E. (See Section 7.4 for natural gas
requirements for these alternatives.)

The major secondary air pollution impacts for fixed-bed carbon
adsorption systems are the emissions from the boiler used to produce
steam. The steam is used to strip the carbon bed of adsorbed VOC at a
ratio of 4 kilograms of steam per kilogram recovered solvent (4 1b steam/1b
solvent). Assuming that the model plants use fuel oil containing
1.5 percent sulfur by weight and that the thermal efficiency of the boiler
is 80 percent, estimates can be made of the levels of secondarx
emissions. For PM, the emission rate is 50 kg/TJ (0.12 1b/ 10" Btu) of
heat input; for SO,, it 1s 690 kg/TJ (1.6 1b/10° Btu); and for NO,, it is

170 kg/TJd (0.4 1b/10° Btu).5 The secondary emissions for those regulatory
alternatives that require the generation of steam are presented in

Appendix E. (See Section 7.4 for steam requirements for each

alternative.) Annual emissions of PM range from 2 to 20 kg (4 to 30 1b)
for research lines, 5 to 40 kg (10 to 100 1b) for small lines, and 40 to
710 kg (100 to 1,610 1b) for typical lines. The annual S0, emissions range

from 20 to 220 kg (50 to 450 1b) for research lines, 60 to 610 kg (130 to
1,330 1b) for small lines, and 580 to 9,620 kg (1,280 to 21,160 1b) for
typical lines. The annual NO, emissions range from 5 to 50 kg (10 to

110 1b) for research lines, 20 to 150 kg (30 to 340 1b) for small lines,
and 150 to 2,400 kg (330 to 5,360 1b) for typical lines.



The magnitude of the secondary pollutants generated by the operation
of the control system is much smaller than the magnitude of solvent
-emissions being recovered. For the worst case, a typical line with a
condenser (air atmosphere) controlling emissions from the coating operation
and a fixed-bed carbon adsorber controlling emissions from the mix room,

18 Mg (20 tons) of secondary poliutants are emitted annually, while VOC
emissions are reduced from 706 to 57 Mg (778 to 62 tons) annually.

7.2 WATER POLLUTION IMPACTS

There are no wastewater effluents from an uncontrolled magnetic tape
coating line. MWastewater problems arise, however, from the use of fixed-
bed carbon adsorbers. Fluidized-bed carbon adsorbers, incinerators, and
condensers have no wastewater discharges.

In a fixed-bed carbon adsorption system, water is used to produce
steam, which is then used to strip adsorbed solvent from the carbon beds.
Upon completion of the stripping operation, the solvent-steam vapors are
condensed and fed to a decanter where the water insoluble organic layer
separates from the water and water soluble organic layer. The wastewater
discharged after the solvent has been decanted poses a potential adverse
environmental impact resulting from possible organic contamination of the
water. Trace concentrations of solvent may become fixed in the water
during the operation of the condensation stage, even though the solvent is
considered immiscible in water.

7.2.1 Line Wastewater Emissions

For the typical line, the water phase from the decanter was assumed to
be processed in a stripper column to remove the dissolved organics. Based
on typical stripper column dgslgn, the aqueous bottoms from the stripper
column contains 100 ppm VOC.” = Because this is the level most plants are
required to meet, the cost of a more efficient stripper column was not
included. If State or local regulations require furthergreduced levels of
waterborne VOC's, they can be cost effectively achieved.” The potential
impacts of the organics are further lessened because of the availability of
an ample number of water pollution control technologies. These treatment
technologies include recycling the condensate into the steamagenerating
system, which could allow a reduction of solvent discharge. The effects
on boiler life are undetermined. Other control options are aqueous-phase

carbon ad§gr9§ion, activated sludge treatment, and oxidation of the
organics. °*

Table 7-5 presents the annual wastewater discharges associated with
each model line and regulatory alternative requiring fixed-bed carbon
adsorber control. Wastewater containing solvent from research and small
lines is disposed of as hazardous waste. As shown, annual wastewater
discharges for a typical line range from 1,590,000 to 1,980,000 liters
(420,000 to 520,000 gal). The annual waterborne VOC emissions associated
with each regulatory alternative are presented in Table 7-6.
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7.2.2. National Wastewater Impacts

The national wastewater discharges in the fifth year after implementa-
tion of the standard, 1990, are presented in Table 7-7. In calculating
these totals, it was assumed that every 1ine using a solvent-borne coating
technology employed fixed-bed carbon adsorption controls. Because of this
assumption, the figures given represent a worst-case situation for
wastewater discharges.

In 1990, magnetic tape coating 1ines controlled to the Alternative IV
level would discharge approximately 17,490,000 1iters (4,620,000 gal) of
wastewater per year. The largest increase in wastewater occurs under
Alternative XIB which would result in approximately 20,570,000 1iters
(5,390,000 gal) of wastewater discharges annually.

The amount of VOC being emitted in these national wastewater
discharges would be relatively small. In 1990, under Regulatory
Alternative IV, the wastewater streams of fixed-bed carbon adsorber control
systems would contain about 1,740 kg (3,830 1b) of voc. Increasing the
required control level to Alternative XIII would increase the quantity of

recycle and reuse or treatment. Table 7-8 11lustrates the impacts of voC
in the control system wastewater discharges.

7.3 SOLID WASTE IMPACTS
7.3.1 Line Impacts

The only solid waste impacts from the add-on control systems comes
from carbon adsorption units. The activated carbon in these units
gradually degrades during normal operation. The efficiency of the carbon
eventually drops to a leve] such that replacement is necessary, thereby
Creating a solid waste load. The average carbon 1ife was estimated to be
5 years fo;lfjged-bed carbon adsorbers and 1 year for fluidized-bed carbon
adsorbers, "~ The amount of waste generated annually for varioys size

constructed. If the site is not secured by a 1ining of some type (either
natural or artificial), possible soil leaching could occur. The leachate
may contain traces of organics which have been left on the carbon as
residues. Transmission of this leachate into ground and surface waters
would represent a potential environmental impact.
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The second, and most common, alternative for handling the waste carbon
material does not create any significant amount of solid waste. Most of
the carbon is reactivated and reused in the carbon adsorber. Disposal of
waste carbon represents only 5 to 10 percent of the carbon used. Disposal
of this waste by landfilling poses minimal environmental problems provided
the landfi11 site is properly constructed.

The third method involves selling the waste carbon as a fuel. The
physical and chemical structure of the carbon in combination with the
hydrocarbon residues make the waste a fuel product similar to other solid
fuels such as coal. Potential users of this fuel include industrial and
small utility boilers. Because activated carbon generally contains very
little sulfur, furnace SO, emissions resulting from combustion would be
negligible. Particulate and NO, emissions from the burning of activated

carbon would be comparable to those of coal-fired operations. However, the
use of this disposal method would be limited because of the small
quantities of carbon generated by lines in this industry.

7.3.2 National Solid Waste Impacts

The estimated national solid waste impacts attributable to each
regulatory alternative are presented in Table 7-10. It was assumed that
all new magnetic tape coating lines used fixed-bed carbon adsorption
control systems. None of the regulatory alternatives will have a
significant impact on baseline solid waste generation. In 1990, lines
controlled to the level of Alternative IV would generate approximately
8,170 kg (17,970 1b) per year of waste carbon. The same lines controlled
to the level of Alternative XIII would generate about 9,730 kg (21,370 1b)
of waste carbon.

7.4 ENERGY IMPACTS

The air emission control equipment for the magnetic tape coating
industry utilizes two forms of energy: ‘electrical energy and fossil fuel
energy. Electrical energy is used in the carbon adsorber, incinerator, and
condensation control systems. The electrical energy is required to operate
fans, cooling tower pumps and fans, bojler support systems, and all control
system instrumentation. Fuel o011 is used in steam generation for fixed-bed
carbon adsorption units and natural gas is used for supplemental fuel in
incineration units. Electrical energy and steam are also required for the

distillation systems used to separate and purify recovered solvents from
typical sized lines.

7.4.1 Electricity and Fossil Fuel Impacts

The annual electricity consumption calculated for each model Tine and
regulatory alternative is presented in Table 7-11. Table 7-12 shows the
annual natural gas demand for incinerators associated with Regulatory
Alternatives X, XII, and XIV. Incinerators may use primary or secondary
heat recovery to reduce energy consumption. A heat recovery factor of
35 percent was used in the energy analysis. Table 7-13 shows the annual
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steam demand for each model plant and regulatory alternative. The total
annual energy demand and incremental increase or decrease over baseline for
each regulatory alternative is presented in Table 7-14.

Comparison of the total energy demand of each regulatory alternative
shows that energy consumption does not increase significantly with
increased VOC control, except for regulatory alternatives requiring
incinerators.

7.4.2 National Energy Impacts

The 1990 national energy impacts from the installation of emission
control technologies in the magnetic tape coating industry are presented in
Table 7-16. If all magnetic tape coating lines were controlled by carbon
adsorption to the Alternative XIII leve], an incremental energy demand of
approximately 15,280 GJ (14,570 x10 Btu) is projected compared to baseline
(Regulatory Alternative IV). The worst-case energy situation would occur
if incinerators were used to control all new magnetic tape coating
operations and carbon adsorbers were ysed to control mix equipment. This
would require 182,590 GJ (172,790 x10 Btu) of energy compared to baseline
(Regu]atory Alternative IV), which would require 119,400 GJ (113,170
x10" Btu) for carbon adsorber control.

7.5 OTHER ENVIRONMENTAL IMPACTS

The impact of increased noise levels is not a significant problem with
the emission control systems used in the magnetic tape coating industry.
No noticeable increases in noise levels OCCur as a result of increasingly
stricter regulatory alternatives. Fans and motors, present in the majority
of the systems, are responsible for the bulk of the noise in the control
operations.

7.6 OTHER ENVIRONMENTAL CONCERNS

7.6.1 Irreversible and Irretrievable Commitment of Resources

As discussed in Section 7.4, the regulatory alternatives will result
in an increase in the irreversible and irretrievable commitment of energy
resources. However, this increased energy demand for pollution control by
carbon adsorption systems, condensers, and incinerators is insignificant
compared to the total line energy demand. Model line energy demands are
presented in Table 6-1.

7.6.2 Environmental Impact of Delayed Standard

Because the water pollution and energy impacts are small, there is
no significant benefit to be obtained from delaying the proposed
standards. Furthermore, there does not appear to be any emerging emission
control technology that achieves greater emissions reduction or that
achieves an emission reduction equal to that of the regulatory alternatives
at a lower cost than those represented by the control devices considered



here. Consequently,

there are no benefits or advantages to delaying the
proposed standards.
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TABLE 7-2. ANNUAL VOC EMISSION LEVELS FOR
MODEL MAGNETIC TAPE COATING LINES3*

Emission 1eve1b

Research Small Typical
Reg. Alt. Mg Tons Mg Tons Mg Tons
I 25 28 75 83 706 778
II 24 27 72 80 678 747
I11 23 25 68 76 642 708
Iv 6 7 19 21 176 194
v 5 6 16 18 155 171
VI 5 6 16 17 148 163
VII 4 5 14 15 127 140
VIII 4 5 13 14 120 132
IX 4 5 12 13 113 124
X 4 5 11 12 106 117
XIA 3 4 10 11 92 101
XIB 3 4 10 11 92 101
XII 3 3 8 9 78 86
XIII 2 2 5 6 49 54
XIV 2 2 4 5 42 47

4missions from solvent storage, preparation of coating mix, and coating
and drying of magnetic tape.

bMetric and English units may not convert exactly due to independent

rounding.

*The control options and environmental impacts for solvent storage tanks
have been revised. See Tables F-2 and F-3 for these revisions. The
changes are very small and would change the values in this table only
slightly, if it all.

7-10



*L1e 3e 31 “ALybrgs Auo aqey

SLy3 uL san|eA ayj abueyd pLnom pue ||ews AUBA dde sabueyd ayj] °SUOLSLA3J ISIY] 403 £-4 pue Z2-4 sIaiqe]
939§ °PaSLAdJ U3IQ dAeY s)uej 3be40}S JUBA|OS 40} S3oedw) [PIUSWUOLLAUD pue suoL3do |043u0d JYix

*(1 aAL3RUUIILY A4o3einbay) paLioajuodun Si S3ALIRULII|R ISAY] U0} Bul|3sed,

*(1043u0d uad4ad G/) 3ui|aseq um_—ogucouu

*3uj|aseq pa||o4juoduf,

*BuLpunoa juapuadapul 03 anp A[3OoeX3d JU3AUOD jou Aew s3Lun ysiibuj pue 91433

*adey o(3aubew jo Burkup pue bBuijeod pue *xiuw bur3eod jo uoijeaedasd abedols JUSALOS WOU SUOLSS LW,

A A PET 1€L v99 91 ST 8L 1L ] v 92 €l AIX
ol L21 1274 LS9 ST A LL 0L S 1 92 £ ITIX
801 86 269 829 el 11 174 L9 £ £ °T4 44 IIX
€6 ¥8 LL9 v19 11§ 6 el S99 £ £ ve 44 gIX
£6 1£°] LL9 v19 o1 6 r4A §9 4 £ 12 e VIX
LL 0L 199 009 6 8 1L v9 4 4 4 1¢ X
0L £9 vs9 £65 8 L 0L £9 4 c £ 12 X1
29 95 99 985 L 9 69 29 2 z €2 12 I1IA
12°] 6b 8c9 6.G 9 g 89 19 1 é £ 12 IIA
1¢ 8¢ 619 84S 1 £ 99 6S T 1 4 0Z IA
£ 12 L09 185 £ £ 59 6G T 1 24 0¢ A
0 0 ¥8S 0€S 0 0 29 9§ 0 0 12 61 Al
-- -~ oL v9 -- -- L L -- -- £ 2 oIl
-- -- 1€ 82 -- -- 3 £ -- -~ T T 511
suoj] bW suoj by suoj 6w suoj bw suoj bw suoj b LY

phl 51 phl 51 pAI 5l *bay

LEICE LLeus yoieasay

£qeeSINIT ONILY0D 3dVL DILINOVW 1300W ¥04 INIT3ISVE MOT3F NOILING3IY NOISSINI JO0A TYANNY “€-L 318v1

7-11



TABLE 7-4. ESTIMATED 1990 NATIONAL VOC EMISSIONS FROM
MAGNETIC TAPE COATING LINES2*

Reg. ResearchP Sma11P Typical? Tota1P
Alt. Mg Tons Mg Tons Mg Tons Mg Tons
I 25 28 375 415 7,766 8,558 8,170 9,000
I1 24 27 360 400 7,458 8,217 7,840 8,640
IT1 23 25 340 380 7,062 7,788 7,420 8,190
IV 6 7 95 105 1,936 2,134 2,040 2,250
v 5 6 80 90 1,705 1,881 1,790 1,980
VI 5 6 80 85 1,628 1,793 1,710 1,880
VII 4 5 70 75 1,397 1,540 1,470 1,620
VIII 4 5 65 70 1,320 1,452 1,390 1,530
IX 4 5 60 65 1,243 1,364 1,310 1,430
X 4 5 55 60 1,166 1,287 1,220 1,350
XIA 3 4 50 55 1,012 1,111 1,060 1,170
XIB 3 4 50 55 1,012 1,111 1,060 1,170
XII 3 3 40 45 858 946 900 990
XIII 2 2 25 30 539 594 570 630
X1V 2 2 20 25 462 517 480 540

3Based on the equivalent of 1 research line, 5 smal] lines, and 11 typical
bsized lines.

Metric and English units may not convert exactly due to independent
rounding.

*The control options and environmental impacts for solvent storage tanks
have been revised. See Tables F-2 through F-4 for the revisions. The

changes are very small and would change the values in this table only
slightly, if at al1.
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TABLE 7-5. ANNUAL WASTEWATER DISCHARGES FOR THE CONTROL
EQUIPMENT FOR MODEL MAGNETIC TAPE COATING LINESAs

Reg. Typicalf
Alt.P 100 ¢ 10° gal
1d 0 0
v ‘ 1,590 420
v 1,670 440
VI 1,590 420
VII 1,670 440
VIII 1,780 470
IX 1,790 470
1xd 0 0
XIA 1,780 470
XIB 1,870 490
x18d 0 0
XIII 1,980 520
x111d 0 0
x1vd 0 0

dastewater containing solvent from research and small
lines is disposed as hazardous waste.

bRegu]atory alternatives that include fixed-bed carbon
adsorbers,

CMetric and English units may not convert exactly due
to independent rounding.

dNastewater containing solvent from control of mix room
only is disposed as hazardous waste.
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TABLE 7-6. ANNUAL WATERBORNE VOC EMISSIONS FROM THE

CONTROL EQUIPMENT FOR MODEL MAGNETIC TA

PE COATING LINES2sDs'*

Reg. Typicald

Alt.C kg b
I11€ 0 0
v - 158 348
v 170 370
V1 158 348
VII 170 370
VIII 177 390
IX 190 410
Ix€ 0 0
XIA 177 390
XIB 190 410
X18¢ 0 0
XIII 200 430
XII1€ 0 0
XIVE 0 0

dyastewater from stripper column of distillation system

contains 100 ppm VOC.

byastewater containing solvent from research and small lines
is disposed as hazardous waste.
CRegulatory alternatives that include fixed-bed carbon

adsorbers.

dMetric and English units may not convert exactly due to

independent rounding.

€Wastewater containing solvent from control of mix room is

disposed as hazardous waste.
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TABLE 7-7. ESTIMATED 1990 NATIONAL WASTEWATER DISCHARGES FROM
MAGNETIC TAPE COATING LINES?

Reg. A1t.P 10° 1iters® 10° ga1©
111d 0 0
IV 17,490 4,620
v 18,370 4,840
VI 17,490 4,620
VII 18,370 4,840
VIII 19,580 5,170
IX 17,690 4,620
1xd 0 0
XIA 19,580 5,170
XIB 20,570 5,390
x1gd 0 0
XIII 21,780 5,720
xrd 0 0
x1vd 0 0

Ayastewater containing solvent from research and small lines is disposed
as hazardous waste.

bRegu]atory alternatives that include fixed-bed carbon adsorbers.

Metric and English units may not convert exactly due to independent
rounding.

Wastewater containing solvent from control of mix room only is disposed
as hazardous waste.

d
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TABLE 7-8. ESTIMATED 1990 NATIONAL NATERBORNEt¥OC EMISSIONS
FROM MAGNETIC TAPE COATING LINES3»

Reg. Alt.C kqd 1bd
11¢ 0 0
IV 1,740 3,830
v 1,870 4,070
VI 1,740 3,830
VII 1,870 4,070
VIII 1,950 4,290
IX 2,090 4,510
1x® 0 0
XIA 1,950 4,290
XIB 2,090 4,510
x1g€ 0 0
XIII 2,200 4,730
XII1® 0 0
XIve 0 0

djastewater from stripper column of distillation

voc.

system contains 100 ppm

bwastewater containing solvent from research and small lines is disposed

Cas hazardous waste.

dMetric and English units m

rounding.

Regulatory alternatives that include fixed-bed carbon adsorbers.
ay not convert exactly due to independent

CWastewater containing solvent from control of mix room is disposed as

hazardous waste.
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TABLE 7-9. SOLID WASTE IMPACTS OF THE REGULATORY ALTERNATIVES
ON THE MODEL LINES?

Reg. Research Small Typical

Alt. kg b kg b kg b
111 9 20 9 20 58 117
1vb 71 156 71 156 704 1,548
ve 0 0 0 0 1,820 4,000
vb 73 160 73 160 727 1,600
ve 0 0 0 0 1,820 4,000
vIb 71 156 71 156 704 1,548
vIC 0 0 0 0 1,820 4,000
vIIP 73 160 73 160 727 1,600
vIIC 0 0 0 0 1,820 4,000
vib 76 170 76 170 780 1,700
VIIIC 0 0 0 0 1,820 4,000
IxP 80 176 80 176 762 1,665
Ix¢ 0 0 0 0 1,878 4,130
XIAb 76 168 76 168 775 1,730
XIAC 0 0 0 0 1,820 4,000
x1gb 82 180 82 180 788 1,730
X18¢ 0 0 0 0 1,878 4,130
XI111b 85 188 85 188 838 1,840
XIIIC 0 0 0 0 1,878 4,130
XIV 9 20 9 20 58 117

3Carbon wastes from alternatives requiring the operation of carbon
badsorbers.

Fixed-bed carbon adsorbers.
cFluidized-bed carbon adsorbers on typical sized lines only.
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TABLE 7-10. ESTIMATED 1990 NATIONAL SOLID WASTE IMPACTS
Reg. Alt. kg 1b
III 690 1,410
1vb 8,170 17,960
Ive - 20,020 44,000
vb 8,430 18,560
ve 20,020 44,000
vIb 8,170 17,960
vIC 20,020 44,000
viIb 8,430 18,560
vII® 20,020 44,000
vib 9,040 19,660
VIIIC 20,020 44,000
1xb 8,860 19,370
Ix¢ 20,660 45,430
X1ab 8,980 20,040
XIAC 20,020 44,000
x1gb 9,160 20,110
XI1BC 20,660 45,430
X11rb 9,730 21,370
XIIIC 20,660 45,430
XIv 690 1,410
4Carbon waste from alternatives requiring carbon
badsorbers.

Fixed-bed carbon adsorbers.

CFluidized-bed carbon adsorbers on typical sized lines

only.
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TABLE 7-12. ANNUAL NATURAL GAS REQUIREMENTS FOR THE CONTROL
EQUIPMENT OF MODEL MAGNETIC TAPE COATING LINES

Reg. ResearchP Sma]]bg Typica]b

Alt.@ GJ 10" Btu GJ 10" Btu GJ 10" Btu
X, XII, XIV 500 470 1,500 1,420 15,000 14,200
gRegulatory alternatives that require the combustion of natural gas.

Metric and English units may not convert exactly due to independent
rounding.
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TABLE 7-13. ANNUAL STEAM REQUIREMENTS FOR

THE CONTROL EQUIPMENT FQR

MODEL MAGNETIC TAPE COATING LINES
a 18 Typicai®
2??: GJResea;gh Btu GJ Sma1o° Btu GJ & 10° Btu
11 26 25 70 67 690 650
Ivb 190 180 580 550 10,040 9,520
Ive - - - - 4,640 4,400
vb 200 190 600 570 10,290 9,760
ve - -- - -- 4,640 4,400
vib 190 180 580 550 10,040 9,520
vIC© -- - -- - 4,640 4,400
vIiIb 200 190 600 570 10,290 9,760
VII® - - - - 4,640 4,400
vIiIIb 220 210 650 610 10,680 10,130
VIIIC - -- -- -- 4,640 4,400
1xb 220 210 650 620 10,730 10,170
Ix¢ - -- -- -- 5,330 5,050
XIAD 220 210 650 610 10,680 10,130
XIA® -- -- -- -- 4,640 4,400
x1gb 230 220 680 640 10,980 10,410
X18¢ -- - -- -- 5,330 5,050
XII1b 240 230 720 680 11,360 10,780
XI1IC - - - - 5,330 5,050
XIV 26 25 70 67 690 650

b

rounding.
For fixed-bed car

requirements.

For condensation system distillation requirements.

bon adsorber.
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TABLE 7-14. TOTAL ANNUAL ENERGY DEMAND OF CONTROL EQUIPMENT
FOR MODEL MAGNETIC TAPE COATING LINES

b b b

Reg. Coating operatign Research Small” Typical

_“6'— 1" \’d
Alt, control device GJ 10™ Btu 6J 10" Btu GJ 107 Btu
Ic None Total energy 0 0 0o 0 0 0
Incremental -- - - - - -
11 None Total energy 0 0 0 4] 0 0
Incremental 0 0 0 0 0 0
llld None Total energy 26 25 72 68 689 654
Incremental 26 25 72 68 689 654
we CA Tota! energy 209 198 626 594 10,540 10,000
Incremental - -- - -- -- --
wf RF Total energy - -- -- -- 8,420 7,990
Incremental - -- - - -- --
lvg N2 Total energy - -~ - - 4,940 4,690
Incremental -- -- -- - - -
v CA Total energy 217 206 653 620 10,800 10,240
Incremental 8 8 27 23 260 240
v RF Total energy - -- - -- 8,420 7,990
Incremental -- -- - -~ 0 0
VI CA Total energy 209 198 626 494 10,540 10,000
Incremental 0 0 0 0 0 0
VI RF Total energy - - -- - 8,420 7,990
Incremental -- - -- -- 0 0
VI Nz Total energy -- -- -- -- 4,940 4,690
Incrementat - -- -- -- 0 0
VIl CA Total energy 217 206 653 620 10,800 10,240
Incremental 8 8 27 23 260 240
VII RF Total energy - - -- -- 8,420 7,990
Incremental -~ - -- -- 0 0
VvIIL CA Total energy 232 220 695 660 11,180 10,650
Incremental 23 22 69 66 640 650
VIl RF Total energy - . -- -- 8,420 7,990
Incremental 0 0 0 0 0 0
VIII NZ Total energy - - -- -—- 4,940 4,690
Incremental - -~ -- -- 0 0
Ix CA Total energy 235 223 698 663 11,234 10,653
Incremental 26 25 12 69 694 653
X RF Total energy - - -- -- 9,109 8,644
Incremental - - -- -- 689 654
IX Nz Total energy -- - -—- -- 5,630 5,340
Incremental - -- -- -- 690 650
X INC Total energy 508 474 1,514 1,433 15,140 14,333
Incremental 296 276 888 839 4,600 4,333
XIA CA Total energy 232 220 695 660 11,184 10,608
Incremental 23 22 59 66 644 608
XIA RF Total energy -- -- -~ -~ 8,420 7,990
Incremental -- -- - - 0 0
XIA NZ Total energy - - - - 4,941 4,690
Incrementatl - -- -- - 0 0
(continued)
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TABLE 7-14. (continued)
b b b
Reg. Coating operatign Research Small & Typical _
Alt. control device [¥] 10° Btu (] 10" Btu (3] 10° Btu
XIB CA Total energy 243 231 725 688 11,484 10,893
Incremental 34 33 99 94 944 893
XI8 RF Total energy - -~ -- -- 9,109 8,644
Incremental - -- -- -- 689 654
X1 - INC Total energy 505 474 1,514 1,433 15,140 14,333
Incremental 296 276 888 839 4,600 4,333
XIIL CA Total energy 258 245 765 728 11,873 11,262
Increnental 49 47 139 134 1,333 1,262
XIII RF Total energy - -- - -- 9,109 8,644
Incremental -- -- -- -- 689 654
XIII N2 Total energy - -- - -- 5,630 5,340
Incremental - -- -- - 690 650
X1v INC Total energy 531 499 1,586 1,502 15,829 14,987
Incremental 322 301 960 908 5,289 4,987

a CA = Carbon adsorber.

RF = Condensation-air refrigeration systea.
N_ = Condensation-nitrogen atmosphere systea.
INE = Incinerator,

Metric and English units may not convert exactly due to independent rounding.

Baseline for Alternatives II and III.

Energy requirements are for carbon adsorber used to control mix room emissions.
®Baseline for Alternatives V through XIV with CA or INC control.
Baseline for Alternatives V through XIV with RF control,
Baseline for Alternatives V through XIV with N, control.

2
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TABLE 7-15. ESTIMATED 1990 NATIONAL ENERGY REQUIREMENTS FOR
MAGNETIC TAPE COATING LINES

Reg. Coating operation Electricaé Natural;gga____ _______§§gg!_1&____ _______12521__0.___
Alt. control device GJ 10" Btu GJ 10~ Btu GJ) 107 Btu GJ 10° Btu
1 None 0 0 0 0 0 0 0 0
1 None 0 0 0 0 0 0 0 ]
IIIc None 32 30 0 0 7.970 7,510 8,000 7,540
v CA 5,870 5,520 0 0 113,530 107,650 119,400 113,170
v RF 41,580 39,490 0 0 51,050 48,400 92,630 87,890
v “2 3,300 3,190 0 0 51,050 48,400 54,350 51,590
'} CA 5,870 5,520 0 0 116,390 110,400 122,260 115,920
v RF 41,580 39,490 0 0 §1,050 48,400 92,630 87,890
VI CA 5.870 5,520 0 0 113,530 107,650 119,400 113,170
vl RF 41,580 39,490 0 ] 51,050 48,400 92,630 87,890
V1 N, 3,300 3,190 0 0 61,050 48,400 54,350 51,590
VIl CA 5,870 5,520 0 0 116,390 110,400 122,260 115,920
VIl RF 41,580 39,490 0 0 §1,050 48,400 92,630 87,890
VIII CA 5,870 5,520 0 ] 120,950 114,690 126,820 120,210
VIl RF 41,580 39,490 0 0 51,050 48,400 92,630 87,890
VIII "z 3,300 3,190 0 0 51,050 48,400 54,350 51,590
o CA 5,880 5,530 0 0 121,500 115,180 127,380 120,710
X RF 41,580 39,490 0 0 58,630 55,550 100,210 95,040
IX N2 3,300 3,190 0 4} 58,630 55,580 61,930 58,770
X INC 1,610 1,500 173,000 163,770 0 0 174,610 165,270
XIA CA 5,870 5,520 0 0 120,950 114,690 126,820 120,210
XIA RF 41,580 39,490 0 0 51,050 48,400 92,630 87,890
XIA Nz 3,300 3,190 0 0 51,050 48,400 54,350 51,590
XIB CA 5,880 5,530 0 0 124,410 117,930 130,290 123,460
bL] RF 41,580 39,490 0 0 58,630 55,580 100,210 95,070
XII INC 1,610 1,500 173,000 163,770 0 0 174,610 165,270
XII1 CA 5,880 5,530 0 0 128,800 122,210 134,680 127,740
X111 RF 41,580 39,490 0 0 58,630 55,580 100,210 95,070
X111 L 3,300 3,190 0 0 58,630 55,580 61,930 58,770
XIV INC 1,620 1,510 173,000 163,770 7,970 7,510 182,590 172,790
2 ¢A = Carbon adsorber.

RF = Condensation-air refrigeration systes.

N_ = Condensatfon-nitrogen atmosphere systea.

ING = Incinerator.

Metric and English units may not convert exactly due to independent rounding.
Energy requirements are for carbon adsorber used to control mix room emissions.
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8. COSTS
8.1 COST ANALYSIS OF REGULATORY ALTERNATIVES

The estimated cost impacts of implementing the regulatory alternatives
for the model lines described in Chapter 6 are presented in this chapter.
The objective of this analysis is to quantify the cost impacts associated
with various levels of control of VOC emissions. The economic impact of
the regulatory alternatives on magnetic tape manufacturers is presented in
Chapter 9.

Capital and annualized costs are presented for the uncontrolled line
and for the pollution control devices for the regulatory alternatives. A1l
costs are reported in March 1983 dollars.

8.1.1 New Lines

Three model line sizes (research, small, and typical) were selected to
characterize the manufacturing and research operations expected to be
constructed, modified, or reconstructed in the near future. A model line
is defined as the combination of a model coating operation, a model mix
room, and model solvent storage tanks. Model solvent storage tanks are
defined as the number and size of tanks required to supply solvent to the
model mix room to be used in coating preparation. (Throughout this
chapter, model storage tank refers to these groups of tanks, not individual
tanks.) A model mix room is defined as the mix equipment (i.e., mills,
mixers, and holding tanks) required to supply coating to the magnetic tape
coating operation. A model coating operation is defined as the combination
of a coating application/flashoff area, a drying oven, and the necessary
ancillary equipment.

The model solvent storage tank parameters, model mix room parameters,
and model coating operation parameters for carbon adsorbers (or
incinerators), condensers recovering cyclohexanone alone, and for
condensers recovering solvent mixtures are presented in Tables 8-1 through
8-5. Table 8-6 shows the bases used for developing the capital and
annualized cost estimates for the uncontrolled magnetic tape model lines
and for the various control devices.

8.1.1.1 Capital and Annualized Costs of Model Lines. Tables 8-7 and
8-8 present the capital and annualized cost estimates for the uncontrolled
model storage tanks and the model mix rooms and coating operations. The
installed capital costs for uncontrolled storage tanks are based on
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equations from the EPA document, VOC Emissions From Volatile Qrganic Liquid
Storage Tanks--Background Information for Proposed Standards. The
jnstalled capital costs for the mix room equipment are based eon vendor
data. These cost estimates include the mixers, mills, holding tanks, and
polishing tanks. The jnstalled capital costs for the uncontrolled coating
operation include the coater, associated oven, web unwinders and rewinders,
and other ancillary equipment and are based on industry and vendor data.
Building and land costs were also included in the capital cost estimates
for model mix rooms and coating operations.

The annualized costs for solvent storage tanks are composed of
maintenance and inspection fees, taxes, insurance, administration, and the
annual capital charge. The annual capital charge is the cost associated
with recovering the initial capital investment over the depreciable life of
the equipment. The annual capital charge is calculated by multiplying the
total installed capital cost by the capital recovery factor. The capital
recovery factor is based on the depreciable 1ife of the equipment and a 10
percent interest rate.

The annualized costs for the magnetic tape mix room and coating
operation are composed of the sum of the annual operating and maintenance
costs, plus the annualized capital charge. The operating costs include
operating labor, supervision, raw materials, utilities, overhead, taxes,
administration, and insurance. The land cost is not included in the
capital recovery charge, instead it is multiplied by the interest rate to
obtain the annual interest charge on the money invested in the land.

Tables 8-9 through 8-12 present the estimated total installed capital
and annualized costs and annualized cost per unit area of tape coated for
each of the model storage tank, mix room, and coating operation control
device options. For comparison, the uncontrolled capital and annualized
costs are also presented in the tables.

The control device capital costs include the control device itself, as
well as auxiliary equipment such as ductwork, enclosures, and stacks, and
the direct and indirect installation charges. The capital costs of
pressure relief valves, conservation vents, fluidized-bed carbon adsorbers,
disposable-canister carbon adsorbers, and condensers were obtained from
vendor data. The fluidized-bed carbon adsorber and condensers can only be
designed for the typical size model lines. The research and small line
fixed-bed carbon adsorber capital costs are based on equations in gn EPA
study performed by GARD, Inc., and were verified by vendor quotes.” The
typical model line fixed-bed carbon adsorber capital cost is based on
vendor and industry data. Incinerator capital costs were determined using
the GARD manual. The capital cost of enclosures was determined from

industry data. The ductwork cosgsswere obtained from the GARD manual and
Richardson's Engineering Manual. ~

The annualized control device costs are composed of annual operating,
maintenance, and capital recovery charges. A charge was included for
solvent waste removal based on discussions with solvent brokers regarding
1iquid waste removal charges. Credits for solvents recovered are based
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on recoveries of 90 percent of the potentially recoverable solvent. This
allows for a 10 percent loss of solvent in distillation and dehydration
systems. Only the typical size 1ines recover solvents. Based on industry
and vendor data, 60 percent of the market value of the solvents was used to
determine the credit. A credit was also given when conservation vents are
used to reduce solvent emissions. In the case of incinerators, a heat
recovery factor of 35 percent was allowed.

Tables 8-13 through 8-15 present the installed capital and annualized
costs for each regulatory alternative for the research, small, and typical
lines (combined storage tanks, mix room, and coating operation). The only
control device evaluated for the solvent storage tank is the conservation
vent since it is the most commonly used control device for storage tanks.

As shown in Table 8-13 through 8-15, the total annualized cost per
unit area of tape coated decreases with increasing 1ine size. This is
because for a proportionately small increase in capital cost, a greater
amount of tape can be coated, while the annualized costs remain propor-
tionally the same. For the typical line, there is a large credit for
solvent recovery, which further reduces the annualized cost per unit
area.

8.1.1.2 Cost Effectiveness. The cost-effectiveness value is the
annual cost to control one ton of VOC pollutant. The average cost-
effectiveness value is the annualized cost per ton of pollutant required
to implement a control system achieving greater VOC reduction than that
which is most commonly being used presently (baseline). The average cost
effectiveness of an alternative was determined by dividing the incremental
annualized control system cost by the incremental annual VOC reduction.
The incremental annual cost is the difference in the net annualized cost
of the alternative compared to baseline. The incremental VOC reduction is
the difference in the VOC reduction of the alternative compared to
baseline.

The incremental cost effectiveness is a measure of the additional
annual cost required to achieve the next higher Tlevel of emission
reduction. The incremental cost effectiveness was calculated by dividing
the incremental increase in the annual control device cost by the
incremental emission reduction.

Table 8-16 presents the average cost-effectiveness values for each
model solvent storage tank control option with respect to the uncontrolled
baseline. The incremental cost-effectiveness values of the control options
for model solvent storage tanks are shown in Table 8-17. As shown in Table
8-17, the incremental cost effectiveness ranges from $700/Mg ($670/ton) for
conservation vent controlling emissions from a typical model line storage
tank to $472,500/Mg ($420,000/ton) for a separate disposable carbon
adsorber controlling emissions from small model storage tanks. [NOTE: The
control options and costs for the solvent storage tanks have been
revised. The new data are presented in Appendix F].
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Table 8-18 presents the average cost effectiveness for each model mix
room regulatory alternative with respect to the uncontrolled baseline.
The incremental cost effectiveness of the regulatory alternative for model
mix rooms is shown in Table 8-19. As shown in Table 8-19, the incremental
cost-effectiveness values range from -$740/Mg (-$670/ton) for conservation
vents controlling emissions from a typical model mix room to $6,900/Mg
($6,200/ton) for a common carbon adsorber controlling emissions from a
research model mix room.

The average cost effectiveness of each regulatory alternative with
respect to the uncontrolled baseline for model coating operations is
presented in Table 8-20. Because some new plants may be located in ozone
nonattainment areas, the average cost effectiveness of each regulatory
alternative for coating operations has also been calculated with respect
to Alternative IV, the controlled baseline based on the State
implementation plans. These values are shown in Table 8-21.

The incremental cost effectiveness of each regulatory alternative for
the model coating operation is shown in Table 8-22. The incremental cost
effectiveness ranges from -$600/Mg (-$540/ton) for a condenser controlling
emissions from a typical model coating operation using cyclohexanone to
$18,100/Mg ($16,300/ton) for an incinerator controlling emissions from a
research model coating operation.

Tables 8-23, 8-24, and 8-25 present the average cost effectiveness
for each regulatory alternative with respect to uncontrolled (I) and
controlled (IV) baselines for the research, small, and typical model
lines, respectively. The incremental cost effectiveness for the
regulatory alternatives is also presented in these tables. For
incremental cost-effectiveness calculations, the same types of control
devices were compared to each other. In cases where matching control
devices did not occur, the fixed-bed carbon adsorber values for the
alternative with lower emission reduction were used.

8.1.2 Modified/Reconstructed Facilities

Under the provisions of 40 CFR 60.14 and 60.15, an "existing
facility" may become subject to standards of performance if it is deemed
modified or reconstructed. In such situations, control devices may have
to be installed for compliance with new source performance standards.

The cost for installing a control system on an existing facility may
be greater than the cost of installing the control system on a new
facility. Because retrofit costs are highly site-specific, they are
difficult to estimate. The availability of space and the configuration of

existing equipment in the plant are the major limiting site-specific
factors.
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8.2 OTHER COST CONSIDERATIONS

In addition to costs associated with the Clean Air Act, the magnetic
tape coating industry may also incur costs as a result of other Federal
rules or regulations. These impacts are discussed in this section.

8.2.1 Costs Associated with Increased Water Pollution and Solid Waste
Disposal

Wastewater disposal problems arise from the use of fixed-bed carbon
adsorption solvent recovery systems. Dissolved solvents in the condensate
from the carbon adsorber represent the primary potential water pollutant.
Based on typical stripper column designa the aqueous bottoms from the
stripper column contains 100 ppm VOC. " This wastewater is usually
disposed of in a municipal sewer system. The actual amount of any
surcharges would be determined by local regulations. In any event, it is
unlikely that such charges would be significant. The capital and annual
costs of the stripper column with a wastewater VOC concentration of about
100 ppm have been included in the cost calculations for the typical
line.

Solid waste consists of the spent carbon used in carbon adsorption
systems. The carbon from fixed-bed and fluidized-bed carbon adsorbers is
usually sold back to processors, reactivated, and then sold again to the
original purchaser or to other carbon adsorber operators; therefore, there
are no solid waste disposal costs associated with these systems. The cost
of disposing of the carbon from the disposable canisters in a secure
landfi11 was included in the annual cost.

8.2.2 Resource Conservation and Recovery Act

The 1iquid solvent wastes generated by the air pollution controi
devices associated with the magnetic tape industry are classified as
hazardous or toxic under the provisions of the Resource Conservation and
Recovery Act (RCRA). Charges for removal by solvent reclaimers were
included in the annual operating costs.

8.2.3 Resource Requirements Imposed on State, Regional, and Local

Agencies

The owner or operator of a magnetic tape coating plant is responsible
for making application to the State for a permit to construct and sub-
sequently to operate a new installation. The review of these applications,
and any later enforcement action, would be handled by local, State, or
regional regulatory agencies. Because it is expected that these plants

regulatory agencies. Any costs incurred are not expected to limit the
financial ability of these plants to comply with the proposed NSPS.
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TABLE 8-1. MODEL SOLVENT STORAGE TANK PARAMETERS

Line designation: Research Small Typical
Solvent usage, m3/yr (gal/yr) 23 70 700

(6,130) (18,400) (184,000)
No. of different solvents used 5 3 3
No. of storage tanks 5 3 3
Capacity of each tank, m’ (gal) 4 4 40

(1,000) (1,000) (10,000)
Emissions, Mg/yr (ton/yr) 0.03 (0.04) 0.05 (0.05) 0.39 (0.43)
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TABLE 8-2.

MODEL MIX ROOM PARAMETERS

Line designation: Research Small Typical
1. Line information
Web width, m (in.) 0.15 (6) 0.15 (6) 0.66 (26)
Line speed, m/s, (ft/min) 1.3 (250) 1.3 (250) 2.5 (500)
Operating, h/yr 2,000 6,000 6,000
2. Mix room information
Coating prepared, m®/d (gal/d) 0.13 (35) 0.26 (70) 2.6 (675)
Solvent used, m’/d (gal/d) 0.11 (30) 0.21 (55) 2.1 (550)
Equipment, number of:
Mixers 2 2 2
Millsd 1 1 1
Holding tanks 1 2 2
Polishing tanks 1 2 2
Equipment ventilation rgte 5.7 (200) 5.7 (200) 5.7 (200)
per tank, m°/h (acfh)
Uncontrolled voC emissions, 2.7 (3) 7.3 (8) 71 (78)
Mg/yr (tons/yr)
gThere are no VOC emissions from the sealed mills.

For systems purgin

8-7

g tanks and ducting emissions to control device.



(panu|juod)

(005°S) (0sS) (0s8) Jp4aepuRls
(000°9) (009) (009) Len3oe ‘(utw/34)
9°¢ 92°0 9270 5P4epUR]S
8°¢ 82°0 82°0 {enjoe .m\ms 3704 UOLIR| LIUIA UIAQ
(00§) v2°0 (00g) ¥1°0 (00g) ¥1°0 (utw/ _33) s/ w ‘34nso|dud [e30]
(s25) 5270 (01€) S1°0 (o1€) S1°0 (utw/ 13) S/ W “34ns0|Dud |Bll4Ed
‘3jed :owunﬁmpcm> pade peay bHurieo)
(%02) @uouexayod4)
(%02) ausniol
: (%02) auo3ay
(%02) (%02) LA3ngost [AY3IaNW
auouexayo|24) auouexayo L) (%02) Quo03ay
(%op) @usnio} (%0p) auanio} LAY3D LAYIBW
(%0r) ueany (%op) ueany (%02)
|0LU>.:cLum._. |o.»v>.c.m.»uw._. cc&:mo;vh:m;pm.— aJdnixiu JUIA|OS
(o1) (o1) (o1)
002°1 00€ 2 002°1 (Leb/qL) w/by *A3isuaq
£9 £9 £9 3ybLam *J0A %
suotjenuuoy burjeo)
(1) 82 (1) s¢ (1) sz q(Liw) Qut ‘33M ‘ssauxdLy3 bui3eo)
uoiLjeuuojul $S$920.d A
000°9 000°9 000°2 4A/y *Bupjeuadp
(00S) §°2 (0g52) €°1 (os2) €°1 (urw/33) s/w “pasds aull
(92) 99°0 (9) s1°0 (9) s1°0 (*ut) w “yipim qoM
uoLjewdaojul sutl |
teordAy LLows yoeasay :uotjeubLsap aut]

SNOILAO TOYINOD YOLVJINIONI ¥O ¥3SI0SQV NOGHYD Y04 SYILIWVAYd NOILvYIdO HNILYOD 1300W "€-8 314Vl

8-8



*3J4nssaad adaydsowze 1 pue (3089) 2,02 a4 suorjLpuod pJepuels,

"YauL 10070 = |1l
.LmumEOLo_.E =

e
(4£/su03) uA/By ‘uoLjeuado
(0o0z) sg9 (52) 89 (52) g2 buL3eod wouay suorssiwa oA pa| | o43uodun
00§ ‘e~ 005°2~ 005°2~ Awdd
14 14 G2 137 % :3ISnNeyxs ul uoLIePUIUIIUO0D JUaAL0S
(4.) X “aunjedasadws;
(091) vve (091) vve (091) vpe J9[u} JBBURYIXD FBBY 40IRABULOU]
(oo1) 11€ (001) T11€ (oot) T11¢ (4o) ¥ *auanjedadway 3sjul 4aquospe uoquey
(081) ss¢ (081) ss¢ (081) ss¢ (4o) ¥ ‘d4njeaaduwa; uang
teardA) L | euig yourasay tuotjeubisap auLy

(panuyjuod) -g-g 318vL

8-9



(panuL3uod)

(oov°¢) (ove) (ovg) pPEpUR]S
(ooL°€) (0Lg) (0cg) Lenjoe ‘(utw/ 33)
9°1 91°0 91°0 pPBpUER1S
SL°1 81°0 81°0 Lenjoe ‘s/ uw
v waisAks
‘9704 UOLIRLIUSA UIAQ
(g26) sZ°0 (o1€) S1°0 (o1€) S1°0 (utw/_33) S/ W 3AnsoLIuUd |eLIUEd
(00s) vZ°0 (oog) p1°0 (o0g) ¥1°0 (upwy 33) s/ w ‘a4nso|dua [e30]
¢37e4 ubLje(iadan eaue peay burjeo)
(%001) (%001) (%00T)
auouexayo | 24k) auouexayo|2£) auouexayo24) 94N3X LW JUBALOS
(o1) (o1) (o1)
002°T 002°T 002°1 (Leb/qL) w/by “A3isuag
08 08 08 auwnioA “J0A %
£9 £9 £9 JybLam “JOA %
suorjenuioy Huiieo)
(1) 52 (1) s2 (1) se q(Lim) gut *39m *ssauydLy3 bui3eod
co_.u.uE.»o..E_. $5920.4d *Z
000°9 000°9 000°2 4K/y *Bupieaado
(005) vs°2 (062) 271 (0s2) L2°1 (uiw/34) s/uw *paads aui]
(92) 99°0 (9) s1°0 (9) s1°0 (*ut) w “y3pLM goM
co:uELo..E.F Qu Ll ‘1
peordk) L L ews yo4easay suopjeubisap aull

INONVXIHOTIAD ONIH3A0IY SYISNIANOD Y04 SYILIWWVIVd NOILVYIdO ONILV0) T30Q0W

‘y-8 318Vl

8-10



*suoLjedado

Buijeod |pews pue youeasau ay3 404 paubysap 99 jouued SwWIISAS $3|LNPOW UOLIBSUBPUOD 0] JuDS auwn | oA,
"34nssaud aJaydsowie T pue (4,89) 7,02 94 SUOL3ILPUOD p4epuess,

*ALuo y wajsAs 03 9|qeo| | ddy,

*S3Ydut 100°0 = FFEQ
"4333WOMI W = wry

(4£/su03) uA/BW ‘*uoljesado

(00z) s¢9 (s¢2) 89 (s2) €2 buryeod wouy suorssiwa jpp payLoajuooun
aJaydsouge
uaboutu
01 01 01 JUSBALOS “|OA % :g WRYSAS
000°t~ 000t~ 000~ Audd
o ot o 131 % °v waysAs
*JISNRYX3 UL UOLIRUJUIIUOD JUIA|OS
(091) wve (091) vbe (091) wve (4o) X *aunjeasdway 3a(ur 231A3p |043u0)
(081) ss¢ (081) ss¢ (081) s5¢ (4.) ‘aunjedaduay usag
(o00%c) pP4epURYS
(00s°¢) Len3oe ‘(uiw/ 33)
2v°1 pP4epURlS
S9°1 fenjoe °s/ w
58 waisAs
Leard) [ [ ews youpasay tuoLjeubisap autq

(panuLiuod)

‘-8 318Vl

8-11



(panuyjuod)

(oov‘e) (ope) (ove) pP-epuElsS
(00z°¢) (0sg) (0z¢) Len3oe “(utw/ 34)
9°1 91°0 910 pP4epUR]S
SL°T 81°0 8T°0 Lenioe ‘s/ uw
v Emmmam
‘33e4 uoLje| LIUBA usaQ
(525) sz°0 (o1€) s1°0 (01€) S1°0 (utw/ 13) s/ w “aunsofous |eyjupy
(00S) 20 (00g) v1°0 (00€) v1°0 (utli/ 34) §/ w *aunsoous [e30)
9304 ubL3e(13h0A vaur peay buy 10
(%02) uouexayo | 2£9
(%0Z) suaniog
(%02) auojay
(%02) (%02) LAIngost [Ayjap
auouexayo|a£) uoURX3Y0 | 949 (%02)
(»ov) suanioj (%0v) suanioj 3U03ay |Ay3a [Ayjay
(%op) (%0p) (%02)
cw&:mogv\?_u&uw.— cc;:mo;vb._w.\_uw._, cc;:mo.hvh:@;pw._. I4NIX L Juaaj|og
(o1) (o1) (o1)
002°1 002°1 002t (1eb/qL)  w/6x “A3psuag
08 08 08 SWNLOA “J0A %
£9 €9 €9 1YbLam Q0N ¥
suoLje|nuaoy bBuipqeon
(1) s2 (1) se (1) sz q{Ltw) gurt “3am ‘ssauyoLyy buygeo)
co.:.m:r_omc.P $580044 *Z
000°9 000°9 000°2 4£/y *buijeuadp
(00s) v5-2 (0sz) ¢2°1 (0s2) c2°1 (utw/33) s/w *paads auyq
(92) 99°0 (9) s1°0 (9) s1°0 ("ut) w ‘yapim qoy
co_ucELo.._:_. UL T
LeoLdA} | Lews Youaeasay ‘uorjeubissp autd

SIUNLXIW INIAT0S ONIYIACIIY SYISNIANOD ¥O4 SUILINVYYA NOTLVYIdO INILYOD 1300W °G-g§ 3iavi

8-12



*suoijeaado

fuiieod ||ews pue YdoJeasas ayj 4034 paubissp aq jouurd swalsAs I\ NPoOW UOLIRSUIPUOD 0} JUIS BWN|OA,
*aanssaad aaaydsowze | pue (4.,89) J.02 @4 SUOL3LpuOd uguwcmumv

*ALuo y wa3sAS o3 a|qedt|ddy,

*Saydu| 100°0 = Liug
*4333Wwoao L = wriy

(4£/su0l) ak/by ‘uolriedasdo

(ooz) s€9 (5£) 89 (62) €2 Bul3e00 WOUJ SUOLSSLWD JOA P3| |043u0duUfn
aJaydsoune
uabouiLu
01 o1 o1 JUIALOS °|OA % :g W3ISAS
000°p~ 000°t~ 000°p~ Audd
ot ov ov 131 % v wSAS
$3SNPYXd UL UOLIPUAJUIDUOD JUBA|OS
(091) vbe (091) vve (091) wve (4.) X €aunjesadwdl 33Ul dDLAIP |04UO)
(081) ss€ (081) ss€ (081) sS¢ (40) ¥ *auanjeuadway uang
(000°€) pJepuels
(00s°€) Len3oe *(utw/ 34)
el pP4epuRls
G9°1 Lengoe *s/ w
38 Emmmxm
LeordA} LLews Youeasay :uorjeubLsap aul

(ponutjuod) -G-8

J18vl

8-13



(panuijuod)

(uo3/21) BW/ob1
(qL/sL°1) bxA/98°¢€
(qL/0v"2) B6A/62°G
(qL/€0°2) BA/8b°V
(Leb/ss ) ¥/02°1
(Leb/se*y) ¥/61°1

(,33/20°0) ,w/22°0

u/v0°L

2(000° 1) (70" 1) (62" 1) g oM £88°0)

uaboujLN--
uogued paIeALIOY--

suLSay--

s|eL4ajew d}33ubey--

auouexayo| 342
puarq

$SJUBALOS--

wi L 43383K104--
Lei493eW MBY .

St
hi

(3500 [enuue J07e42do @303 JO %61) mLomm>;mn=m--
Jojeaadg--

Joqey .

$3500 buijedado 3034iQ

q

1500 P3| [@ISUL d4NSO|IUd eij4ed pue [e30] o
1500 Pa|[R3SU} 43qUOSPe U0qUed pag-paxid .

ummu pal|e}sul wa3lsAs UOLJLSUIPUOD uaboJaILN

Mmou paj| Le3ISul 43qJospe u0qued paq-pazLptnid

Aumom quaudnba paseyoand ay3l sauwtl %9) 350D puel .
MAApmmw quawdLnb?d paseydsand a3yl sawil %62) 3503 BuLpLing o

(se°1

(3s02 quawdinba sawLl g1°1) 3usudinba

0l1g00 palle3sut

q

pa||R3sul WOOo4 XIW
paseydand wood XLiW
(putmaa ybnoayl puimun) uotjedado bui3eo)
quawd i nba XLW

(3502 pajle3isul uel mmm;oam JUIAL0S

+ 1502 paL|e3su} {e103)
quawfifnba paseyound uoijesado Bupieo)
ﬁﬁApmou quaudinba paseydund sautl %0€) 3502

$3500 |e3tde)

e

pat j1oads 3iun J43d Jepiop ‘31s0)

quawald 3509

SINIT 1300W ONILVOD 3dvl JILIN9VW 40

S1S0) QIZITVANNY ONY VLIdVD ONILVWILSI Y04 S3SvE

*9-8 318Vl

8-14



*341| 4R3A-0] 404 1S3J33u} JuddUAd QT uO paseq,
“94L| 4e3k-0Z 404 3S3J43juL Judduad QT uO PIsed,
pjep A4ISNPUL puB JOPUBA UO PIseg,

"W UL AWNLOA = Ay

(uswdinba (043u0d 403 %G/2°91) 1500 A49A0034 Le3tde) .
uﬁucmmamscm auL| bBurjeod Joj %9t/ °1T) 3500 A43A0034 Le3tde)
(3509 Le3Lded jo %z) uoiledisiulupy
(3500 Le3tded jo ¢1) ddueANSUl
(3500 (e3ided jo %T) saxel
(4oqe| @oueudjuiew pue
¢ £40S LALRdNS ‘fuLyesado jo wns 3yl jo %08) PeSIYUIAQ «
(53502 furjeaado 3034tpul ‘¢

S

(Leb 000°1/v21°0)  W/EED"O R
(a1 000°1/66°L) BW/S"L1 weays--
(.33 000°1/p2'€) MW/YIT1°0 seg--
(umn/b50°0) BW/510°0 , faroraddai3--
SOLILLLIN o
Joqe| sienb3 mﬁmuLcm--
u/vLL ¢’ 10qe]--

(sat|ddns pue s3Jed quawade | daa) *dolduajuiey «

paljioads 3iun J43d Je||op *3s50) JuBWaLd 350)

(panutjuod) °9-8 319Vl

8-15



ooHuom 009° 1% 007° 2% $1S02 Q3ZITYANNY TYLI0L °P
Tov v$ 181 1% 896'1$ S103J4Lpul |B30) -
€1 € 188 89v°1 (53500 (e3Lded 3O %9p/°11) 3509 AJar0oad Le3tde) .
821°1$ 00£$ 005$ uoLiea3stuLwpe ‘aduednsul ‘saxe] .
$3500 buijesado 3o9a4Lpur ‘€
Z69°1$ 05v$ 057$ $3094(p |RI0L
28¢ 6. 1Al uoLjoadsuy
0Tv TS GLES G29% 3JUBUIIULEY o
$7500 butjeuaado 3094LQ0 °¢
002'82% 005°L$ 00521 $3S0D paj|ejsut [P0} -
$3500 (e3tde) °1
LeotdAj L Lews Yo4easdy uswa|3d 350)
9Z1S aull
(@37709LNOINN=-T NOI1dO 7041N0D)

L SANVL J9V¥O0LS INIATOS 40 S1S0J GIZITYANNY QNY WIIdYd “/-8 318Vl

8-16



‘Puel U0 3S3uduUL $3pnLox3,

9411 JedL-0Z 40) 3SaUdIUL JuddUad 0T uo paseg -pue| Burpnioxa 3502 (e3tded pape3suy puuohu
9uouexayo| a4 bursn uaym 3502 LRLa33ew Mey,

‘uednjoupAyea3al pue ‘auanjol ‘auouexayo| 2o jo pualq bBursn uaym 3500 leLaajeuw 3czn

*S3S02 uoLje|[RISUL 3D34Lp pue 3934Lput Buipnpour ‘sup| Burieod jo 3s02 pafLe3sut Lejol,

j
S/9°SYI'TIT
0200 SVL 11 R —
q556 801°TT$ §0L°22L°1¢ 8€9°0/9¢% S1S0J Q3ZITYANNY TvVLIOL “°b
£L00°865¢ 89V *EEES 86222 $3034LpuL |P30] .
2+p (53500 1v31ded 4o %9p/°17)

9vE ‘e L00°LYT 9€G°9pT 3500 A4dA0034 [p3Lde) .
2£9°86 2€0°62 156°v2 p(S3500 |e31ded JO %2) o3RS iULWpY .
91£°62 915°21 VA AMA p(53500 [e31ded jo x7) aduRUNSUT
LedtdA) LLews Yo4rasay U333 150

9ZLS au L7

(panutjuod) +g-g 37gYL

8-17



Auoncwucouv

91€°62 916°¢T TAArAL (s3s0o (e3Lded jo %) Soxel .
(40qey mu:mcou:wus pue *Au0StA4adns
L6E‘IETS L6E9ETS 198°0¢€$ ‘buLje4ado JO WNS 3y} JO %08) PR3YIAQ -
AT $3502 buirjeaado 3oa4Lpul  °¢
Qe —r e
q86 015 0l L£2°68€°T$ ove " EvvS $1034Lp {P30]
059°/L1 059°/1 088°S weays--
008°‘v8 oob ‘vE 0sb°11 A3191432313--
SOLILLLIN -
89.°v2 89L°v2 261°9 S3ded--
89L°ve 89.°ve 261°9 Joqe--
JOURUIIULRY »
456°6¥2 ‘01
ncmm.mﬁm.oﬂ £26°TPT°T Zvz°ise |BLA9]RW MRY o
800°61 800°61 242 Ka0SLALadNG--
02.°921% 02,.°921% 091 °82$ Jojeaadg--
40qe7] .
53500 butjedado 308410 ¢
G6Z°6£0° €S 8EV°L62°T1% T/2°€62°T$ $3502 pal|eisul |e3I0) .
169°L01 (88°GY GEL GY $1500 pue| UOWMIO) o
606 025 68.°122 £60°12¢ $3500 BuipiLng uouwo) .
000°001 2 000°096 000°096 pautl Buryeod .
16L°1L 001°91 Zve sl UOLJR[|PISUL WOOL XLK e
y0oE“6£2$ 999°€S$ IP1°15$ quamdinbad WOOUL XLW
$3500 (e3tde) -7
LestdA) LLewsS yoAeas3y quaWa|d 350)
9ZLS aul]

(@310Y.LNOINN--T NOILdO 7041N0D)

nﬂmonH<mumo ONILYOD OGNV SWOOY XIW 1300W 40 S1S0D Q3ZTITVANNY ONV TY1IdYD °8-8 318vYl

8-18



(panuL3uod)

005 2¢€$ 006 0£$ 005 ‘8% 005 °L$ Le3ol--
(yaom30np
000°62 000°€¢ 000°1 v/N BuLpniout) wa3sAs |043u0)--
00S°L$ 00S°L$ 00S°L$ 00S°/$ syuey abeuaols--
1500 |e3tded pajjeisut [e30] -
Liews ¢
(,34/9) ,u/p *pajeod ea.e
(150°0) (90°0) (€00°0) 21uf aad 3500 WAISAS
G5°0 89°0 62070 v/N {043U0D pIZL{ENUUR {0]0] -
(€£0°0) (80°0) (v20°0) (z20°0) (,33/9) W/ ,*pajeod Bade 3tun Jad
8L°0 16°0 92°0 €2°0 1500°buL3buado pazienuue [0 -
001°6% 0/5'01% Ov0°€$ 00.°2$ {010]--
0 0L 01- ¥/N ,JUBALOS 404 3LGIP/ILPALY--
oov*9 008°L 0S€ ¥/N wa3sks |043u0)--
00.°2$ 00L°2% 00L°2% 00L°2% syue; abeuols--
$3S02 pazilenuue |@10] .
006°EV$ 006°05$ 002°P1$ 006°21% Le3ol--
(340m30np
00v 1€ 00v *8€ 00L°1 v/N fuLpnioul) waisAs 043u0)--
005°21% 005°21$ 005°21$ 006°21$ syuey 9beuols--
1503 (e3tded paj|eisut [el0] -
yoaeasay 1
nm.»mn.»Om pe chwnLomvm SIUaA pst _.o.»a:ouc: waLl 3S0)
uogqued uoq4ed U0 3RAIISUO)
pag-paxti alqesodsip
UoUANO) 9jeaedas

suoL3do |043uU0)

*hﬁ

SNOILAO TOYWINOD MNVL 39VHOLS IN
S1S0) QIZITVANNY ONY 51500 Q3IZITYANNY ONY TVLIdYD 0371TV1ISNI

JAT0S 1300W ¥04 ‘03LVYOD 3dVL 40

vy LINN ¥3d

*6-8 319Vl

8-19



(panuL3uod)

006°01% 088°11$ 012'9% 001°9% Le3o)--
00€- 08¢ 001~ V/N HJUBALOS 404 3LGIP/ILPALI--
001°S 4]0 A 012 ¥/N wa3SAs [043U0)--
001°9% 001 ‘9% 001°9% 001°9% syuey abeuols--
$1S0D pazi|ehuue [ev30]
00z '€5% 001°55% 002 '62$ 002 '82% Le301--
(3a0m30np

000°G2 00692 000°1 V/N Buipniout) walshs |043uoy--
002°82$ 002°82% 002°82$% 002°82% sjue} abeuaols--
1502 e3ided paleisut (e30]

reordk
(,33/9) w/?d
(v10°0) (210°0) (5000°0) ¢pajeod vade 3tfin uad §so0d
G1°0 €1°0 900°0 v/N wa3sAS [043U0D pazi|enuue [BJ0]
(810°0) (£10°0) (500°0) (v00°0) (,33/3) u/p 5°pajeod eade jrun
61°0 81°0 250°0 9¥0°0 438 3503 pazi|enuue (e30])
00£°9% STy 9% S6L°1$ 009°1$ Le30]--
0 G11 G1- v/N 5JUSALOS 404 31GIP/ILP3A)—-
001°S 00L°Y 012 v/N wa3sAs |043u0)--
009°1$ 009°1¢ 009°1$ 009°1$ sjyueyl abeuols--
$3S0D poazi|enuue {elo0]}

nm»anOmvm pS43gJospe SIU3A pa| L043u0duf w3l 3s0)

uoq4ed uoq.Jed U0 JRAUISUO)
pag-paxti aLqesodsip
uouaLo) ajeaedas

suoL3do |043U0)

(panuiLiuod)

*6-8 318Vl

8-20



*SUOLS LA
*p3SL A4 UI3Q dARY Ssjyue} 3beuols 40y

ybnoayy 9-4 pue z-4 saLqel 33§
(3s/°ut 21) (utw/33 00§)(-ut 62) =] (,34 ,OTX 0°GLE) W ,OTX ¥8°VE

(u/utw 09) (34/°ut 21)(utw/34 062)(*ut §) =] (,34 JOIX G°L€) W (OTX ¥8'VE
(y/urw 09)(33/°ut 21)(utw/34 0g2) (*ut §) =] (,34 LOIX §°2T) W 01X 9711

ay1 ojul burdedss wosj ,PIARS, JUIALOS U0J UIALD 31paud ‘sjusa

40 AouaLdL44a UOLIB[|L3ISLP B U0 paseq

959y} 404 4 xitpuaddy ut 01-4
$150D pue suot1do |043U0D 3Y|x
*[(4£/y 000°9) (u/uLw 09)
st ALlenuue pajeod eaJe [0},
*[(4£/4 000°9)
sL A[|enuue pa3}e0d ®aJe |PJO|,
*[(4£/u 000°2)
sL A||lenuue pajeod eaue (el0]
*aJaydsouge
*qu3duad 06

P
UOLJRALISUOD 404

$35N94 pUR AUSAOJIA JUBALOS 40J SILPILD 3Je SN[RA dALleboN,

*43GU0SpR UOQURD pag-paxL} auwes ayy Aq
P3| 043u0d 34 uoije4ddo Buijeod 3y3 WoLy SUOLSSLW3 JOA 3Y3 sn|d sjuey 36e403s BY} WO SUOLSSLWA J0Aq
-£|u0 Syue) 96BA03S Y} WOLY SUOLSSLWA DOA 34} S{O43UOD J3QLOSpe uOq.Jed J93s1urd-31qesodsip vy

*91qeotdde joN = Y/N

(,33/9) w/}

(100°0) (z00°0) (0000°0) ¢pajeos eaue 3tln uad §sod
v10°0 ¢0°0 €000°0 v/N w33SAS |O4JUOD pIzZL|ehuue [PJ0] «
(£00°0) (£00°0) (200°0) (z00°0) (,33/3) W/ m.uwuoou eaJe 3tun Jad
1€0°0 ve0°0 810°0 810°0 3s02°butjeaado pazienuue |e30] .
qS#og4ospe pS43g.ospe SIUIA pa| L043u0du() wayL 1509

uoqued uogq4ed U0 JRAJISUO)

pag-paxii algesodsip

UoURI0) 3jededas

suot3do |043u0)

(panut3uod) °6-8 J14vVL

8-21



(panuLiuod)

002 €63 001°621% 009°26$ 005 *88$ Le3o0]--
(3a0m3onp
p00L ‘Y 009 °9€ 001°Y Y/N Burpn|oul) wa3sAs [04JuU0)--
00S ‘88% 0065 ‘88% 005°88¢ 005 ‘88% 5juaudinba woou XLW--
150D [elided pa|[ejSuL |ejo0] e
Llews °¢
13/%) /b
(10°0) (01°0) (200°0-) ‘pajeod eaJe 3iln uad 1s0d
60°0 G0°1 £20°0- v/N wa3sAs |043U0D pazl|enuue |B10] e
(z1°0) (12°0) (11°0) (11°0) *pajeod eade jLun uad
82°1 vete L1°1 61°1 3s00”buiieaado paziienuue [B30] .
058'71$ 056'62$ 0EG'ET$ 008°€T1$ te3ol--
0s1 0s1 0€8- v/N 5JUBALOS 403 31Qap/3LpaU)--
006 000°¢1 09§ V/N wWa3sAs |04uU0)--
008°€1$ 008°€T1$ 008°€1$ 008°€T$ juawdinbd wOOX XLW--
$1S0D pazl|enuue [P30] e
006° /8% 00L°611% 001°/8% 00v “v8$ Le30] -~
(340m30np
p00G °€ 00€ °G€ 00£°2 v/N BuLpniout) we3sAs |04U0)--
00v *v8$ o0 ‘v8% oot ‘v8$ oo ‘v8% s3ududinba woos XLW--
3500 [e3ided palleisul [elo] .
youaessay °I
nﬁmganOmum p (s4@quo0spe (s43r0)) (pay Lo43uodun) w3l 350)
uoqaed uoguJed 11 I
pag-paxtiy aLqesodstp
uouno)) ajeuedas)
X1 111
SaALlRULRY Aao03enbay
(SNOILdO T04LINOD WOOY XIW 71300W ¥04 °031V0D 3IdvL 40
Y3yy LINN ¥3d S1SUT QIZITYANNY ONY *SLS0D GIZITYANNY ONY TYLIdVD 03TWWISNI  *01-8 378vl

8-22



(panujjuod)

(10°0) (€0°0) (z0°0) (20°0) (,33 *pajpod eade jiun uad
21°0 €0 {1°0 €2°0 1s00‘buijduado pazi|enuue |@10] .
009'1v$ 00v T11$ 0v5 09% 00€ ‘18$ Le30l--
002°9Y- 006°¢€ 009°12- v/N 3JUBALOS 403 319ap/3Lpas)--
006°9 002°92 ovs v/N wa3SAS [04IU0)=-
00€°18% 00€°18$ 00£°18% 00€ *18% quaudinba WOOA XLW--
$1S0D pazL|enuue [e30] .
009°66€$ 005 1£v$ 000" 66£$ 006 V6E$ Le3o0y--
(40mM30Np
coou.q 009 °9¢ 001t ¥/N Butpnioul) wa3sAs [0AJU0)--
006°V6£$ 006°¥6£$ 006°¥6€$ 006°v6€$ j3uaudinb3 WOOL XLW--
150> e3tded paj|ejsul LPI0L
EETCLT
13/9) w/p “pajecd
(500°0) (90°0) (¥00°0-) 3500 WAYSAS
90°0 G9°0 y0°0- v/N |O43U0D pazilenuue (e10] .
(50°0) (01°0) (¥0°0) (v0°0) (,34/9) /9 p*pate0d wade 3pun uad
16°0 11 1v°0 Gv°0 1502°buijeaado pazijenuue [B301
008°LT$ 009°8E$ ovvrIs 008°5T$ LejoL--
0ov 4]0} 002°2- v/N 5IU3AL0S J03 3LQap/3Lpad)--
009°1 oov €22 ovs v/N wa3sAs |0AJU0)-~
008°G1$ 008°S1$ 008°51% 008°GT$ juswdLnbd wWOOJ4 XLW--
$350D pazi|enuue |[@10] «
nﬁm;wnLomcm p (S48qJ0SpR (s43A0)) (payLo43uodun) wajl 1S0)
uoqued uoqJed 11 I
paq-paxtJ aqesodstp
uouwo)) 91e4edas)
XI 111
SaA}IRUIRILY Ka03e| nbay
(panutjuod) °01-8 378Vl

8-23



*[(4£/y 000°9)(u/utw 09)

(up/34 005) (34/°ut 20)(ut 62) =] (,34 JOIX 0°GLE) W JOTX p8'bE St ALLenuue pa3e0d Bate B30l

*[(4£/u 000°9)

(y/uti 09) (utw/33 062) (33/°ut 21)("ut §) =1 (34 ,OTX G°/€) W (OTX pg°vE SL ALLBNUUR PaIROd B3R LB301p

(y/utw 09)(34/°ut 21)(utw/33 052) (Cut §) =1 ( 34 0T §°21) W O

ayy ojul Buideoss wouy ,paAeES,
40 AJua1214J3 UOLIR||1ISLP UO Paseq

404 *3JLASP [043u03 uoiijesado burieod

ay3 Aq pal[043u0d 3d4e uol

qeaado Hurjeod ayj wod
*£LUO WOOJ XiW 2Y3 WOJJ SUOLSSLUL

IX 9°T1 SL ALlenuue pajeod eaJe |e3o]

JUIALOS 404 u3ALD 3Lpausd

*[(44/4 000°2)

.mgmcamosacm

$SJUDA UOLIPAUISUOD 404 °3udd4ad (6
¢3SN34 pue AUIA0D3A JUSALOS 40jJ SILP3AD B4R SSN|BA m>wpcmwzm

*S9ALIRUUIL LR Au03e|nbaua 3say)

£q juswdinba WOOA XLW JO [04FUOD WOLS JLNSBA $ISOJ |RIUBUBLIUT,

53500 BuipLing pue pue| Burpniout 3s0d (e3ided paj|pisul [B30],

*19QJOSPe UOQ4RD Paq-paxLj auwes
4 SUOLSSLWA JOA 9y} SNpd wood XLw 3Y) WOLJ SUOLSSLWD J0Aq
90A 94} S[04IU0D 49QUOSPe UOQURD P3G-PaXLi Yy

*91qedot|dde 30N = /N

(,33/9) u/p ‘pajeod

(110°0-) (800°0) (5500°0-) ease 3fun uad®1s00 we3sAs
11°0- 60°0 90°0- v/N [043UOD p3IZL|eNUUR [B3O0]
nAmeaLomnc o (s43quospe (suar0)) (paLLoaguodun) walL 3509
uogaed uoqued 11 I
paq-paxii aqesodstp
uowoy ) ajeaedas)
X1 111

SaAL3IPUIR3Y A403RLNbaY

(panutjuod) °071-8 318Y1

8-24



(panu13uod)

(81'0) v6°1 (y1°0) 15°1 (o) vl (e1°0) ¥°1 /R nmt\z N.5
005° (9 00£°2S 00005 001°8Y /R § *©Bayshs
1043u02 jO 3502 fuijesado (enuwy e
(,33/3) Ju/b
(L°v) 9°08 (£°v) 9°05 (L°v) 9705 (¢°v) 9705 (9°v) 1°6¥ W:S 6ujetado pazy (Enuue 1Baoy »
000°64L°1 002°¥9¢° 1 005°19£°1 009°65¢°1 005°11L°1 Le30y--
/ 00L°E oov'e 00c°€E L7 uaA [0S 103 11QIP/IIPALD--
00S° L9 000° 6% 009°9Y 008" v¥ v/ v35AS | 00D --
005° T14°1 005 11L°1 005 114 1 005 T14°1 005 11L°T Juawdnba uoyjedado Burjeo)--
§1500 PIZL|RNUWY o
009° LE¥° 1 009°95€° 1 002°8¥E*1 005°OvE"1 006°802°1 Le3oL--
007 822 -uojjedado Buiieod AZLs siy3 03 00 b1 00¢ "6€1 009" 1E1 /N (3aomonp Buipnyout) 63}5AS [O4IU0)--
006°802°1 poubisap 3g Jouued 3DAIP 1043u0) 006°802° 1 006°802°1 006°802° 1 006°802°1 cuco.n___z uoy jesado bugyeo)--
3500 {e3ided pajeisul
Liews
(ev°0) 9°'¥ (oc"0) 2°€ (82'0) 1°¢ (£2°0) 6°2 Y/ wﬂwu»\ov N-\»
00L° €S 00v* LE 005°SE 008° £t /N ¢ ‘w33shs
1043U0D JO 350D Buijedado (enuwy o
(L33/3) w/?
('s) L119 (a's) £°09  (9°9) 109 (9°5) 6765 (€75) 078 «_sis03 Bupjeaado pazy |bnuue 1B20)
002*514 006° 869 000°L69 00€£° 569 005°199 1®104
L[] 00z'1 o021 001 1 C2[] JUaAL0S J0j 31QIP/ILPR) -
00L°€S 002° 9€ 00£°VvE 00£°2¢ v wa75AS | 04U0D -~
005° 199 006° 199 005°199 005° 199 005199 Juaudinbs uotjesado Buj3eod--
§1507 PIZL{ENUWY
009* LEV' T 00T°¥5€" 1 00L°SYE‘Y 001°8eE° 1 006°802°1 \e301--
0017822 -uoyjedado BulIeod AZLS SIYI JOJ 00z S¥1 008°9¢€1 002 621 um (om3onp Burpnouy) E33sAS [OIUOY--
006°802° 1 paubysap 3q jouued d1AP 1043u0) 006°802°1 006°802°1 006°802° 1 006°802°1 uzoa_am uotjesado bui3eo)d--
3503 (e1ided paieisul
yJaeasay
X u:; n> mZ 111A A Al 1 SIALIRUMIILY Kaoreynbay uall 350)
Jojeadudou] S19q40Spe U0QJed S19qlospe uogued pIq-paxid pa (1043
paq-pazipintd -uodun
[
:mmow<mququ ¥y0 SYIgU0Sav zomm<u.osz: SNOI1vY¥3d0 9ONILVOID 1300W Y04 0@3Lv0d
3dvl 30 VIV LINN ¥3d SLSO0D 03ZITVNNNY ONY S1S02 03ZITVNNNY ONY 1vL1dv) 0ITTIVLISNI *11-8 318Vl

8-25



(L34 01 X G/E) W _OIX ¢8°pE St Allenuue p3jeod Baly
+3udduad 06 40 AOoUdLDL 443 uoLIR|LISLP B uo vmmmn .w=o>—om 30 mm=ML 404 $3LPaLD sue sanjea w>wammwzu

(L34 01% §°LE) W _OTX $8°'vE St AjLenuue pajeod edly
A )2 o o1x g
mnuu oogx 5°21) 0x 9°11 St A{ienuue p3jeod uu;<w

Z mmumou fuLp| Lnq pue puef S3pNLIU]
‘eade jjoyse|s/uoriedt|dde buijeod aa0 34Nso|oud |RJ0}
‘pate jjoyseqj/uojiedydde Bup 20D JIAC IUNSOLDOUD —o_ugumu
*K{uo0 SUOfSSLWA UINO 4O _ouucoun

*a|qest (dde 0N - <\m

P

(1v0°0) (810°0) (v20°0) {(820°0) (500°0) (110°0) (10°0)
w0 61°0 9270 0£°0 ¥50°0 210 s1°0 ¥/N (_y/b) w/d
006° €51 006°99 00£°18 005501 006" 81 008°0% 000° 26 W 42 ¢ ¢ rwayshs
{043u03 jo 3502 Bupjesado (enuuy .
(86°2) (96°2) (t6°2) (t6°2) (s6°2) (56°2) (962} (v6°2) (,33/0) u/b
e g8 1¢ v6°1€ 66°1¢ vL1E 08°1¢€ £8°1¢€ 89°1E .;mumou Buijesado (Bruue ibaop .
006°161° 11 00£°S0T*T1  00£°621°11  006°€p1°11 00€°250° 11 002°640°T1 00v°060° 11 00p*8E0° 11 1e30)--
700 000°90Y - 0087645 oY 29¢- 001°90%- 00876.€- 00y 29¢€- N gIUBAI0S 404 31G9p/3L PR~
005°851 000°ELY 001" 14 006° L9 000°52¥ 00902 00V b1b UM wW335AS {O4UO)--
00¥°8E0° 11 00v‘8£0° 11 00v*8E0°TT  0OV°8£0°11 00p°8e0° 11 00V *8E0° 11 00¥*8E0* 11 00y “8€0°11 Juewdinbd uoyjeuado buijeo)--
$3500 PIZL|eNUWY .
00L'v¥6°2 ooy gev'y 001°61¥°Y 009°E0V Y 009° 152"V oov vrZ'y 00V ¥22‘Yy 0oy vp9°e Le301--
00€ 00E 000'v8L 1 ATZTAR 002765°1 00z 20971 00070091 0007085 1 /N (4oM3onp BuLpnidu}) WAISAS |04U0Y--
00b*¥¥9°2 00b ‘v¥9°2 0or ‘P¥9°2 ooy v¥9°2 00b ¥ 2 00p ‘v¥9°2 00V ¥v9°2 0ob‘v¥9°2 uﬁa_&_zg fuijeaado buileod--
3509 (eyrded paj|easuy .
(oo 1dA]
X u~—~> p> m>~ uHH_> n> e>~ 1 IBALIBUIDYLY Kaoyeynbay w33} 350)
Ja03e43uLou] S13qJospe uoqued SI9qJ0Spe U0Qaed pag-paxiy paLLo4d

paq-pazipintd

-uooun

(panuijuod) °11-8 318Vl

8-26



30 ADuUdLOL 440 UOLIBLLLISLP ® U0 paseq

*wa3sAs sLyl 01 patid

¢340j943Y3 SWa1SAS uOL3IRLNIALD

fuL3e0d |OpOUl || ewS PuR YdAe3sad

.Aupu o0t X G/€) 2 o 01X pg pe SL ALlenuue paleod a3y,
*quad43d 06

$SQUIALOS PIABA0DIA4 JO SN3J L03 FLPILO sajesLput aniea aaLIebany

*paJe wuo:mmﬁm\cowpmuwraam fuL3e0d AIA0 34NSOLIU3 Le301,
+£LUO SUOLSSLWA U3AO jO L043U0)q

de 2q j0uued d4NSOLIUD fetjaed e yitm A IALIRUUADLLY Kao3e | nbay
Zy dooj-pasoid e St wa3sAs Jasuapuod uabouziu 3yl
ay3 40 9zis 3yl suotrjedado 4034 paubisap 39 jouued Wa3sAs 3Uly

-suot3e4ado

(290°0-) (050°0-) (€€0°0-) (220°0-)
19°0- vG°0- 9¢°0- v2°0- (,33/9) w/?
002°2€2- 006 ‘681~ 006°€21- 002°€8- § 5¢jusudinba
|043u0d JO 3502 burjeaado [enuuy .
(6°2) (6°2) (6°2) (6°2) (,33/3) ,w/?
1°1€ 2°1¢ £°1¢ p* 1€ ¢_s1500 uijesado (Enuue 18101 -
006°2r8°01  009°688°01 005 °‘¥16°01 002°656°01 [®30L--
o08°eey- 002 8LE- 001 90V~ 00Y " 29€- pIuUBALOS J03 31qap/3Lpas)--
009°161 00£°881 002282 002°6.2 127SAS | 0AIU0)--
001°GZ0°TT  001°G0°1T 00Y *8€0°1T 00p*8E0° 11 quaudinba uotjesado buiieo)--
$71S0D pazilenuuy .
001°26€°€ 00 *LLEE 00£°T9L°€ 000 (VL E L ®30L--
00L (VL 000°€€L 00E°LTT'1 009°201°1 (dom3onp buipnioui) waisAs |0A3u0y--
oob*vv9°2 oob*¥¥9°2 00b*¥¥9°2 00b°*bv9°e quaudnba Buyjesado Buijeo)--
1502 e3ided paj|e}su] -
eotdAy
SITIA Al 5IIIA AT sanjeuaally Aa03eLnbay walL 3S0)
(suouexay Ammocuxw; (puatg) Aummpmv
-019£9) -01943)

e

Josuapuod uabou LN

sgmmumzmozou ONISN SNOI
$1S00 Q3IZITVNNNY ONY

1v43d0
51507 QIZITVNNNY ONY IV1Idvd Q3TTVLISNI

ONILVYO) 1300W 404 ‘031v0D 1dvyLl 40 VUV LINN ¥3d
*21-8 319Vl

827



{panuijuol}

(82°0) (g0 (ot °0) (8z"0) (tz°0) (62°0) (tz'0) (o1°0)
£0°¢E 66°E §2°€ 90°¢ 16°2 60°¢ 16°2 80°1 0 v/N A~uu\ev NE\» u.umuc Jtun aad 3500 {©30}--
001°S€ 00E “9¥ 004°LE 005 °S€ 008°EE 008"* S€ 008°€E 00521 0 v/R $ ‘1e10p--
00¢ 00€ 00t 00¢ 00 00¢ 70 00¢ 00t (7L s ‘syue) 360403s JUIALOS--
000°1 00221 v/N 00¢- 00t - v/N ¥/ 002'21 00£- v/N $ ‘WOOd XIN--
008°€E 008°€E 00t* LE 005 °SE 008°cE 005°SE 008°€€ v/N v/N v/N § ‘*uojjesado buijeo)--
51509 wa3sAS |0J3U0D PIZL[ENUWY »
(ve's) (e8°s) (ec's) (e¢°s) (c1's) (ecs) (e¢°s) (e5°5) (ev-5) (ev's)
vr'19 ov°29 1£°19 £5°19 £€'19 56°19 2E°19 £5 "6 9v '8 S¥ "85 1e30L -~
{z0°0) (20°0) (20°0) zo-0) (20°0) {z0°0) {z0°0) {20°0) (20°0) {z0°0)
92'0 92°0 920 92°0 92°0 920 £2°0 92°0 92°0 £2°0 «Syupy 260407 JUIALOS--
(z1°0) (12°0) (1170) (11°0) (110 (11°0) (11°0) (12°0) (11°0) (11°0)
82'1 vz 61°1 A0 (s 611 (61°1) v2'z ot 61°1 wOOU X {N--
(09°s) (09°) (09°s) {09°s) (09°5) (09°s) (09°s) (oe°s) (0e°s) (o€ °s)
665 665 9209 1°09 6°65 1709 665 £0°LS £0° LS £0°LS uojjesado bulieo)--
ANC\S Nz\» .*.Snou buyjeJado pazijenuue (e30fs
002°ElL 008 v2L 008°S1L 00L°E1L 000°21L 006°E1L 008°11¢ 005° 069 002°8(9 000°8.9 Le30)--
TvAR 0021 00z 1 00r 00¢ 00271 001'1 001 008- v/N 5 JU3AL0S 10J 1199p/3Lpaa)--
00y 0oy 00v oov 0oy 00v v/N 00Y 00 v/N LWIISAS {043u0 Nue) 3bRUOIS JUIALOS--
006 00021 L 009 009 v/N YN 000° 21 009 v/N w315AS |0J3U0D WOOS XIW--
00¢‘2¢ 00¢°2€ 002°9€ 00£°¥E 00¢‘2¢ 00€° ¥E 00£°2¢ v/N yN /N w38AS {04ju0d> uoijedado buileo)--
00,2 0oL 00L°2 00,°2 00L°2 00L°2 00,°2 00£°2 00.°2 00L'2 syue} abeuoys juaajos--
008°€T 008°t1 008 €1 008°€1 008°€1 008° €1 008°€1 008°¢l 008°E1 008° €1 judwdinba woo4 XLW--
005°199 005°199 005°199 005°199 005°199 005°199 005°199 005°199 005199 005° 199 jududinba uotjeuddo buiieo)--
¢ *5150D PIZi|eNULY
002 0¥¥ 1 000°Zv*1T  00L°25¥° T 000‘I¥p'l 00 6EP'T  00C'bPY' T 000°SEP‘T  008°2VE'T 002°01€°1  008°S0E‘1 1e3o0--
00L71 002'1 00,1 0071 00,71 00,1 L7 v/N 0ot N yU338AS {043u0D yuey 3be.uols JUIALOS--
005°¢ 00€°SE ¥/N 0042 00(°2 /N v/ 00€° € 00(°2 v/N w33SAS [043UODT WOOL XLIN--
002°621 002°621 002*5r1 008°9¢€1 002°621 008'9€1 002621 v/N yN /N w31sKs [043u0d uopjedado Buiijeo)--
005°21 005°21 005°21 005°21 00521 00521 005°21 005°21 005°21 00521 syue} abeuols JuIAL0S--
0098 oor‘v8 00t t8 0o0v‘v8 oot ‘t8 00V 8 oov°¥8 00b* 8 ooy °v8 00t 8 Juamdinba w0 XiW--
006°802°1 006°802°1  006°802°1  006°802°1 006°802°1  006°802°1  006°802°1  006'802°1 006°802°1  006°802°1 uucagn_auw uoy jedado bui3jeo)--
§ 350> |ejtded pafeIsu]
S¥0-1d (v2-44 wayl 350D
Uouwoj) omuuuaamv
X1 X1 11IA 11A 1A A Al 111 11 1 1sanLIeudRIY Ka0jeinbay
:.uu>Hh<zmth< AYOLYINDIY HOV3 ¥04 SINIT T300W HOYv3S3y dod
[ [ 3
031v0) 3dvL 40 v3Idv LINM ¥3d S1S0D Q3IZITVNNNY ONY “S1S0D Q3ZITYNNNY ONY 1VLIdVD Q3 TTVLISNI *€1-8 318vL

8-28



SUOLSEASL 9SIYY 403 4 xipuaddy ut 0[-3 pue 2-4 Salqel EEIS

‘PASLAIL U

aney syue} abeuo}s Jusnos Joj §1500 pue suoi3do |043u0d IYlx

(35 01 §°21) _u 0T 9°11 st Ajenuue pajeod ealy

*SIUIA UOLIBAJBSUOD £q aJaydsowie ayl ojut fudedrsa Emt mvo>mm. p:wm—om 404 SILPaLD due sanfea anyebaN
3

“(y)-14) 42qUospe uoqued Paq-paxii awes ayy Aq paj|o43uod

auae uotjeaado burje

53503 Hurpying pue puei mwva_u=~v

00 ay} wWoJs SUOLSSIEd JOA Y3 snid wood x1w 3y} Wou4 SUOLSSIWA JOA

-KLUO W00 X{W Y} WOJJ SUOISSIE3 DA 33 S1043u02 (R)-14) J9QIOSPR UOQLRI Pag-paxts <a

‘01-9 21qe] U} PauLjap 3de SIALjRULI|® .Couu—:mwme
*a1qeoy |dde 30N = Y/N

(€5°0) (1€°0) (ov'0) (€v°0) (62°0) (s€0) (0€°0) {ev"0)
1L°8 peE ot £9°Y (1'e [4%8 4 22t 99°'Y Awﬁ\ev Ne; w.mm._u J1un Jad 3502 |P30)--
002°99 00£‘8E 006° 6v 00£°€ES 008°9¢ 000°8v oov*LE 000° ¥S {e3op--
00t 00t 00¢ 00t 00t 00€ 00t 00€ LSyuR) 2604035 JUBALOS--
002°21 000°'1 0022l 00t~ 001°1 00221 00g- v/ wOOd XLN--
00L°€S oov ‘L€ 00 L€ 00L ‘€S 005°SE 006°GE oor*LE 00£°£S uojjedado bupyeo)--
§ *$3500 €3}sAS {04IUOD PIZL|BAULY o

(€6°9) (ve's) (e8°5) (€8°s) (78 (e8°s) (eLs) (e8°5)

%9 08°19 9L°29 £1°e9 08°19 929 69°19 S1°E9 Lejol--
20°0) (z0°0) (26°0) (20°0) {z0°0) (200} z6°0) (26°0)

92°'0 92°0 920 92°0 920 92°0 92°'0 920 LSuey abedols JUaAL0S--
(12°0) (z1°0) (12°0) (110 (21°0) (120} (110 (11°0)

y2°2 82’1 ¥2°e (i 82’1 | 7284 1 61°1 WOOJ X1W--
(0L°s) (09°s) (09°5) (0s°9) {09°5) (03°s) (09°9) (os°s)

L°19 92°'09 92°09 L°19 92°09 9209 9209 L°19 uogjedado butieo)--

Amuu\ev Ne\o u.mumou fuyjesado pazy(enuue {30)e

002 p¥L 008°91¢ 006" £21 006°1€L 006°v1L 000°92L 009°S1L 001°2€L {e30L--
001 goe’1 00t 1 008- 00E°1 00E' 1 oor v/N wuco:om 404 3LQIP/ILPRUD--
oo ooy 00b ooy 00V 00Y 00v (vl LU2)SAS |0JFU0D uey 3be.ols JuIA|0S--
000°21 006 000°21 009 006 000°21 009 v/N Wa1sks (0J3U0D WOOL XiW--
00£°€S 002°9¢ 002°9¢ 00L'€S 00E“vE 00€" ¥t 002°9¢ 00L° €S w915AS |04qu0d uojeJsado bujieo)--
00L°2 00.°2 00L°2 00L°2 00L'2 00L°2 00'2 00L'2 syuey 960I03S JUIALOS--
008°€1 008°€1 008°E1 008°€1 008°c1 008°€1 008°t1 008" €1 usudinba WOOL XLW-~
005°199 005°199 005° 199 005199 005°199 005° 199 005°199 005° 199 judwdinba uoyjesado Buiieo)--

§ *S350D pIZ}|eNUWY o
006°145°1 002°95%°1 000°88Y¥" 1 006°8ES°1 008° (b 1 009°64¥° 1 oobsSr°l 002°9ES° 1 Le10y--
00L°1 001 001 00071 00471 001 00L°1 00,1
00E°SE 005t 00€°S€ 00L°2 005°€ 00€°SE 00L'2 V/N LUI1SAS |043U0D jue) 36e.0ls JUIALOS--
00/ 822 002°5¥1 002°541 00/'822 008°9ET 008°9¢1 002°st1 00£°822 w21sAs |04qu0d uoijesado buijeo)--
005°21 005°21 00521 005°21 005°21 005°21 005°21 006'21 syuey abeao3s JUIALOS--
0ov°y8 oov‘v8 00v°v8 00y ‘v8 oo 8 00v* 8 oov°y8 0ob* v8 Jusudinbd WOOL XIW--
006°802°1 006°802°1 006'802°1 006°802°1 006°802°1 006°802" 1 006°802°1 006°802°1 uu:w-n_:uw uogjeddado buiieo)--

¢ *350> (e3tded payLeIsu] .
Svo-d {w-14 ,¥o-Hd (v-44 w314 150D
Uowwo)) ama._nnwmv touwo)) umm._maoﬂ
AIX 111X 111X 1IX aIx 81X VIX X ISaALIRUWIALY K03 nbay
(panutjuod) °€1-8 118Vl

8-29



{panuLiuon}

(c¢1°0) (61°0) (v1°0) (e1°0) (e1°0) (€1°0) (c1°0) (90°0) (€00 °0-)
11281 $0°2 16°1 or°1 oyl ov°1 or'1l 99°0 $€0°0- v/N Awt\z N._\» u.u?a Jtun Jad 3sod {eiof--
00€°05 001'1£ 006° 25 008°8Y 00697 002°05 001°8¥ 000°€2 002°1- v/N Le3o)--
002 002 002 002 002 002 70 002 002 /N sSauey 3be.uo3s JUIAL0S--
000°2 008°22 v/N oo¥°1- 0ov‘1- v/N ¥/ 008°22 ooy 1- v/N WOOL X N--
001°8Y 001°8¥ 00L°25 000°05 001°8¥ 000° 05 001°8Y v/N /N v/N uotjedado buieo)--
¢ *S350D W3}SAS [0JIUOD PIZLLENUWY o
(1782 (s6¢°¥) (seL°p) ({17 2)] (ses°v) (sve°v) (res ) (599°%) (509°¢) (v09°v)
911§ 9.°15 0115 £€0°15 80°0§ {0°18 911§ £2°0§ £5°6F 15°6¥ 1e30]--
(500707 {500 °0) {s00°0) {s00°0) (500°0) {s00°0) {v00°0) {500°0) {s00°0) (v00°0)
250°0 250°0 250°'0 250°0 250°0 260°0 9%0°0 250°0 90 "0 9v0°0 +5juR) dbRUOIS JUIA[OS--
(s0°0) (o1°0) (v0°0) (v¥0°0) (v0°0) (v0°0) (v0°0) (o1°0) {v0°0) (v0°0)
15°0 mi St "0 %0 W°0 Sp°0 Sv°0 1 1%°0 A w004 X |W--
(69°¥) (69°%) (69°1) (oL°v) (69°%) (0c°y) (69°t) (95°%) (95°t) (95°v)
90§ 905§ 9706 £5°05 90§ {505 90§ {0°6¥ {06y L0°6b uoyjesado bupyeo)--
aut\t m-_\o w.mumou Buy yeaado pazy|enuue [€30).
002°64L°1 000°008°T  008°1BL'T  00L°LiL°1 008°SZ(°T  O00T*6L4°1  000°£44°T 006151 00L°t2L'1  006°82L°1 Lejop -~
00L'¢ 00L°€ 00{'E 002°1 001’1 00v°€ oot’e (V117 0027z~ /& JUIA|0S 405 JLGIP/ILPAL)--
00z 00z 002 002 002 002 L7 002 00z v/N #0354 —o..w__ou Juey abeuo}s JUIALOS--
003°1 ooy °22 v/N 008 008 ¥/ L7,] 00*22 008 v/N wa}sAs |0JIUOD WOOL X |W-~
008°b¥ 008°‘v¥ 000° 6¢ 009°St 008°v¥ 009° 9y 008°t¥ v/N 174} v/N B33$4S | 043u00 uo|jesado Buyieoy--
009°1 009°1 009'1 009°1 009°1 009°1 009°1 009°1 009°1 009°1 syuey Ibeaoys JudALO§--
008°S1 008°S1 008°S1 008°S1 008°S1 008°S1 008°S1 008°51 008°S1 008°S1 judwdinba LOOJ X)N--
005 TTL°1 00S°TTL'T  00S°TILT  00S‘TIL'1 00S°TTZ*T  00S°TTL°T  00S°TTZ*T  00S°TIL'T  00S°T1TL'l  005°T1£°1 jududnba uoiiedado Bugjeo)--
$ *S$3150D pazi{enuuy .
0022yl 001°pib*T  009°ESP'T  00E“6P°1 009°TYP T 002°SPP T 00S‘OEP'T  0OS'2¥E'T  000°01€'1  006°+0E‘1 Le30) -
000°1 000°1 0001 000°1 000°1 00071 v/ 00071 000°1 v/N 23S |0a3u0d yuey abeuo}s JudA(0g--
00L°¥ 009°9¢ v/N 00T‘y 001y v/N YN 009°9¢ 001°¥ v/N wa3sAS {OUIUOD WOOU XLK--
009°1€Y 009°1€1 00L° ¥l 00€“6E1 009°1€1 00£°6€1 009°1€1 v/N v/N v/N w33SAS {049u0d uoyjeuado bupjeo)--
008*L 005°L 005*¢ 005°¢ 005°L 005°¢ 00§°¢ 005°¢ 005°¢ 005 ¢ syuey abeuols JuIA[OS-—-
00588 005°88 00588 005°88 00588 005°88 00588 005'88 005°88 005°88 Juaudinba WOOL X [N--
006°802°1 006°802°1  006°802°'1  006'802°1 006°802°1  006'802°1T  006°802°1 006°802'1  006°802°'1  006°802°% auﬁasww uotjesado buyjeo)--
¢ *3503 [ejlded paieIsul .
SV (v2-14 wd} 350
:o.-ouv &Emnom )
X1 3 111A 1IA IA A Al 111 11 1 1saAjleuddlly Auoje|nbay

«pIATLYNYILTY A¥OLYTIND3Y Iu<u 404 SINIT 13GOW TTVWS ¥0d
‘Q3Lv0) 3dvi 40 V3uv HHz: mma S1S02 Q3ZITYNNNY ONV “S1S0J Q3ZITVNANNY ONY TVLIdVD Q3ITIVISNI  “p1-8 318Vl

8-30



*(y)-14) J48quoSpe uoqued Paq-paxij 3wes 3yl AQ Paj [043uod Aue uwollesado HULILOD BY] WOUS SUOLSSLMD JOA 3y snid WOOU X|W IY} WO4S SUOLSSLWI IOA

‘SUOLSLAAL BSay) 404 4 xipuaddy ulL Q-4 pue 2-4 Sa|qe] a3g

*PISIASL UAAQ dARY Syue) 3BR10IS JUIA|0S U0y SISO puR SUOLIAO [0J4IUGD Ay,
.ANC oo: S'(E) w _OIx ¢8°pE St KLLenuue pajeod eauy

3

p
)

z m.ﬂmou butp|inq pue pue{ Sapnioul

*ALUO mOOL XLU 3Y] WOJJ SUOLSSIEI JOA YL S|0JIUOD (y)-14) JIQIOSPR UOQURD PIG-PaxLy y

‘01-9 @1QR| Ul POULJIP B4R SIALIRULIY(R »Loam_zomzu

*3|qesy dde joN = y/N

(vz°0) (s1°0) (0z°0) (81°0) (v1°0} (61°0) (v1°0) (81°0)
09°2 85°1 a-e 06°1 05°1 01°z 8¢l v6°1 Amt\: N—.\e , e atun Jad 3500 {30 --
005°06 006°YS 00£°S¢L 00€°99 002°25 000°€L 005°1§ 00£'£9 {eyo}--
002 002 002 002 002z 002 v/N 002 »$quey 36eu0)s Juanlos--
008°22 0002 008°22 oov°1- 000°2 008° 22 ooy “1- V/N WOOL X LW--
005°(9 00¢°2S 00£°25 005°£9 000°05 000°05 00£°25 005° (9 uopjesado bupieo)--
§ ©S1S0D WISAS |0JIUOD PaZi|enuuy .
(sv8°¢) (sve°y) (S6L°¥) (s8L'y) (5S¢ °¥v) (s08°¥) (secv) (s8s°y)
91°25 91°15 9,15 915 E1°15 €L°15 90°15 05 ‘1§ Lejol--
{5000} {500 0) (600°0) {s00'0) (s00°0} (s00°0) {500 °0) (500°0)
2500 250°0 250°0 25070 250°0 250°0 250°0 ¢50°0 »SAURY ABRIOLS JUIA OG-~
(01°0} (s0°0} (01°0) (v0°0) (s0°0) (o1°0) (v00) (v0°0)
11°1 15°0 1 10 15°0 1t 1°0 sv°0 VOOd X |N--
(ve°v) (69°v) (69°%) (7880 (oz°v) (o°t) (69°v) (vey)
00°1§ 9°05 9°0§ 00°1S {5 *0S £{5°05 9°05 00°15 uogjedddo buyjeo)--
Awuu\ev N___\e m.mumou buijeuado pazijenuue |£30).
00v°618°1 008°€8L°1 009°$08°1 00Z°56£°1 00T 18L°1 006°108°1 00r°08.°T  009°964°1 Leyo) -
ooy 001 "¢ 001"y 002°2- 008t 008°€ 0051 v/N g IU3nI0S 04 GIP/ILPIIY--
002 002 002 002 002 002 002 002 SU33SAS |04Juod yuey 36e40IS JUBALOS--
ooy *2z 003°1 00y*22 008 009°1 ooy 2z 008 v/N U3}SAS [04IUOD WOOU XiK--
00%°L9 00064 000° 6 005°(9 009°9% 009° 9¢ 000°6b 005 (9 ©315AS [043U0d uoyIeaddo Bupeo)--
009°1 009°1 009°1 009°1 0091 0091 009°1 009°1 syuey abeu0}S JUBA|OS--
00861 008°ST 008°ST 008°ST 008°S1 008°S1 008°S1 008°S1 Juawdinba woOa X{N--
00S°T1L°1 005°11L° 006 1141 005°T1L°1 005 1141 00S°T1L°T  00S°TTL"1 00S°T12°1 juawd (nbd uotjedado Buiieo)y--
§ *S3S0D Pazy|enuuy .
002°145°1 00e‘8sy‘1 002°06%° 1 00£°8£S°1 006°6¢% ‘1 008'18¢°1 00L°LSY°1 009°bES* 1 1e30f--
000" T 000°1 000°1 000°1 000°1 000° 1 000°7 0007
009°9¢ 00L*¥ 009°9¢ 001t 004t 009°9¢ (1)) &4 v/N w335KS |O43U0D yue} abRUOIS JUIA|OS--
00,822 00, L1 00L° Lk 00¢°822 00€ *6€1 00€°6€1 00L°Lp1 00£°822 w3}SAS [043u0d uoLjesddo Bupieo)--
005°L 005°¢ 005" £ 005°L 005°¢ 005°¢ 005°L 005, syue} abeJ0}S JUIALO§--
005'88 005°88 005°88 00588 005 ‘98 005°88 005°88 005°88 Juaudinba ®OOd X {N-—-
006'802°1 006°802‘1T  006'802°1T  006°802°1 006'802‘T  006°802°l  006'802°1 006°802°1 va:men_:uw uoy jeasdo Bujeo)--
§ ©1500 |e3ided pa||eIsu] «
5(vo-Hd (0-4 Slvo-Hd (v2-14 ualf 3509
Uowwo)) ewa.ﬁnomv uowwo)) umu..u%mv
AIX I1IX 111X 11X g1X 81X VIX X $53ALJRUNR) Y Kuoje(nbay

(panui3uod)

'v1-8 314Vl

8-31



{pany}juod}

(800 °0) (z20°0) (110°0) (150°0-) (220°0-) (820°0) (¥10°0) (800°0) (900°0-)
060°0 £2°0 210 S0~ v2'0- 00 S1°0 (80°0 650°0- v/N Amuu\»v NE\« ‘.uwgm atun uad 3503 (230)--
00e“1¢ 0ov*18 006° 0% 005°681- 002°£8- 005501 000°25 002° 0t 00£02- v/N 1e30)--
ot 001 00T 7] YA v N 001 0ot [7(] ¥SyUEY 36RU0IS JUIA[OS--
008°02- v/N v/N y/N v/N V/N v/N 001°0c 008°02- v/N WOOL X {p--
00025 00€*18 008" ot 005681~ 002°¢€8- 005°501 000°25 v/K /N v/N uoy jeuado But3eod--
$ °SI50D WaIsSAs |04u0d Paz) |enuuy .
(256°2) (266°2) (2¢6°2) (z26°2) (2z6°2) (266°2) (286°2) (2(6°2) (296°2) (296°2)
20°2¢ 61°1¢ 50°Z¢ Sb1E ¥9°1€ v2 ‘28 80°2¢ 20°2¢ £6°1¢ £6°1¢ 1e304--
{200 °0) {z00707 (200°0) {200 0) (zoo"0) {20070} {z00°0) {z00°0Y {z00°0) {200°0)
20°0 20°0 20°0 20°0 20°0 20°0 20°0 20°0 20°0 20°0 asue} 3beuoys juan|og--
(20°0) (z0°0) (20°0) (z0'0) (z0°0) (z0°0) (z0°0) (g0°0) (20°0) (20°0)
{10 £2°0 €2°0 £2°0 £2°0 £2°0 £2°0 %0 £2°0 £2°0 OO X |-
(e6°2) (¢6°2) (s6°2) (06°2) (06°2) (z6°2) (96°2) (v6°2) (v6°2) (v6°2)
£8°1¢ v6°1¢ ¥8°1¢ z71e v1E 66°1¢ £8°1¢ 89°'1¢ 89°1¢ 89°1¢ uot jeJado Hui3eo)--
ANC\»V N._\s s.mumou buijeuado pazyenuue |e30).
001°4ST*TT  002°(12'T1  00S'99T°T1  00C°9/6'01  009°2p0°11 O0OE'1E2°11  008*L/1°Ll 00T°9ST'IT  0OT'SOT*IT  008°G21°11 Lejop--
00T veE- 006 6.€- 006" 6£€E- 00z78¢¢E- 00v'29¢E- 00v*29¢~ 00¥*29¢- 006°¢ 00{1z- ] §IUNIOS J0J 31GIP/ILPIL)--
002 002 00Z /N L7, v/N v/ 002 002 v/N ¥833$AS |0JTU0I Yuey 360JOIS JUIALOG--
008 L7} ] V/N \74] Y/ v/N v/ 002°92 008 v/N U21SAS (0JIUOD WOOU X N--
oov ‘YT [+10) 9 42 009° 02y 004881 002°6£2 006° (9% ([ 24247 V/N v/ v/N w1545 [043U00 UoLjRJado Bupeo)--
0019 0019 001°9 001°9 . 001°9 001°9 001°9 001°9 001°9 001%9 sauey abeaoys juaajog--
00£‘18 00€°18 00£°18 00€°18 00€°18 00£° 18 00€°18 00£° 18 00€‘18 00€°18 Juawdynbd woou X|N--
00v°8E0°IT  OOV'BE0°TY  OOV*BEO'TT  OOK'BEO°TT  OOI°SLO°TT  OOP*BEO°TT  O00V*BEO'TI  00V*8EQ° I 00v°8E0°1T  00V°8E0 11 1uwvrd(nba uoyjedado buyieo)--
$ 'S350D pazj(enuuy o
009°259°y 00Z°'EP8'Y  005°/99'Fv  005°008°C 001°0L1'%  00£°928'¢  005°/v9'v  O00T'SOT'E  009°Z/0°t  00S*/90°F te30) -~
000°1 000°1 000°1 VN VN v/N VN 000°1 000°Y v/N AW3ISAS (043u03 yuey 36RU0YS JUIA|OS--
001°'¢ Y/ ¥/N ¥/ v/R v/N v/N 009°9¢ 001y v/N W3SAS |OUJUOD WOOU XpN--
000°085 ‘1 00L°vLL1 000°009°1 000°€€¢L 009°201°1 002°65¢4°1 000°085 ‘1 /N ¥/N y/N w31SAS {043u0> uofIeJado Hujieo)--
002°82 00282 002°82 002°82 002°82 002°82 002°82 002°82 002°82 002°82 syuey 3beuo3s JusA{og--
006°*¥6¢ 006°v6€ 006°¥6€ 006*6€ 006°p6€ 006°¥6¢ 006°46¢ 006° ¥6£ 006°v6€ 006°v6€ jududinba wooU X LN--
00¥ ¥b9°2 00F PP9°Z  00¥'EE9'Z  OOV'PYS'Z 00¥‘¥¥9°Z  00P'VP9'Z  OOVUPEI*Z  OOVPP9‘Z  OOb'PPSZ 00V bp°Z &ucogn_sum uoije.dado Buijeo)--
$ 350> {e3ided pajiesuy .
(v2-14) (v2-n( 4} (v2-14) (3 buys (puaiq (vd-nt 4) (v3-14) w3y 31s0)
9 2 9 mw?.s.:: cwmob.:: > 9
X1 A A Al Al Al Al 111 11 1 isanljeusayly Auoje|nbay
a¢pIATLYNYILTY AJOLYINDIY HOVI ¥04 SINIT 13Q0W TWIILAL Y04
[
‘031v02 3dVL 40 VIYY LINN ¥3d SLSOD 03IZITVANNY ONV S1S0J Q3IZITYNNNY ONV TYLIdVD GITIVISNI  °SI-8 31avl

8-32



{banuiaucn)

(800°0) (z20°0) (110°0) (150°0-) (zz20°0-) (820°0) (¥10°0) (800°0) (900°0-)
0600 £2°'0 210 ¥5°0- $2°0- 00 51'0 £80°0 650°0- v/N Awuu\sv Ns\» g.m@gu 3Lun Jad 3503 [e30)--
00£° 1€ oov 18 006°0F 005 °681- 002°€8- 005501 00025 002°0¢ 00£°02- v/N 12308 -
001 001 001 7] 2] /R 7] 001 001 YN aSyuey 3beJoys Juaafos--
008°02- /N v/N /N v/ v/N N 001°0¢ 008°02- v/N W00 XIpN--
000°2§ 00€*18 008° 0% 005681 - 002°c8- 005°S01 00025 v/N v/N v/R uoLjesado buyieo)--
§ “S3503 W3ISAS [043u0d PazL|enuuy .
(256°2) (z66°2) (2¢6°2) (226°2) (226°2) (266°2) (286°2) (2¢6°2) (296°2) (296°2)
20°2¢ 61°1¢ S0°2¢ T v9°1¢ 2 '2E 80°2¢ 20°2¢ £6°1¢ £6°1¢ 1e30]--
{20070) (200°0) {26070} {200°0) {(200°0) {200°0) (200°0) {20070} {z00°0) {(200°0}
20°0 20°0 20°0 20°0 20°0 200 20°0 200 20°0 20°0 #SHURY 360.U0IS JuaALOS--
(z00) (z0°0) (20°0) (z0°0) (z0°0) (20°0) (z0°0) (£0°0) (z0°0) (20°0)
1o £2°0 £2°0 £2°0 £2°0 €2°0 £2°0 0 £2°0 £2°0 WOOU X -
(€6°2) (16°2) (56°2) (06°2) (06°2) (e6°2) (96°2) (v6°2) (v6°2) (v6°2)
£8°1¢ ¥6°1¢ v8°1¢ 2°1e v'1e 66°1¢ £8°'1¢ 89°1¢ 89°1¢ 89°1¢ uotjedsdo bug3eon--
ANt\S N-_\s _...ﬂmou buijeaado pazy(enuue 1e304.
001°/ST°1T  002°/12°TT  005°991°T1  00E°946°01  009°200°T1  O00E'TEZ°TI  008°L/1°IT  00T°961°1i 001°SOT°1T  008°S21°11 Le3o)--
00T v8E- 006 6ZE- 0067 6/¢- 002 °8.¢- 00% 29t~ 00t 29¢- 00% "29¢- 006°¢ 00, 12- v/N gIUBALOS J04 14Gap/ILpas)--
o0 002 002 YN v/N v/N YN 002 002 v/N *W33sAs [oajuod yuey 3beuo)s JuaA{oS--
008 v/ v/N YN /N v/N v/N 002° 92 008 17 W33sAS |OUIUOD WOOUL X |-~
00v Yy 1p 001°1L¥ 009°02¢ 00, ‘881 002°642 006° {9 W A0 v/N Y/ V/N B335AS {04303 uoljeuado Huijeo)--
001°9 001°9 001°9 0019 001°9 001°9 001°9 001'9 0019 001°9 syuey abeuols JuaA[og--
00€°18 00€°18 00£°18 00E°18 00£*18 00£° 18 00£°18 00e* 18 00£°18 00€° 18 waudinba woou x1LN--
00v°8E0°TT  00V'SE0°TT  0OP'SE0'TT  DOVBE0'TT  OOT'SZ0°TL  OOP*SEO'TL  OOP°SE0°IT  OO'BE0°TT 00 ‘BED°IL 00%°8£0° 11 juweudinba uopjedado Buljeoy--
$ S3S0D pazyenuuy .
009°259°¢ 002°cy8'y  00S°/99'v  005°008°C 00T°0/1°Y  00£°928'¢  00S°/¥9°v  OOT'SOT'€  009°Z/0°FE  00S*/90°F e300 -~
000°1 000°1 000°T V7] v/N ¥/N N 00071 00071 /N #03154S {043u0D juej 3BeU0}S JUIALOS--
001y (7, v/N L 74 /N V/N ¥/ 009°9¢ 00Tt V/N W33sAS |OJFU0D WOOL X|W--
000°085°1 004°¥ZL°'T  000°009°T  000°EEL 009°201°1  002°65(°T  000°08S°T W/ /N v/N W3}SAS {04U0D U0LIRL3do Hupieo)--
002°82 002°82 002°82 002°82 00282 002°82 00282 002°82 00282 002°82 syue} abeuols JUIALOS--
006°¥6¢ 006°¥6¢ 006° v6€ 006y 6E 006 ¥6¢ 006° ¥6¢ 006°¥ 6t 006° ¥6€ 006°¥6 006°¥6€ Juaudinba wood xip--
00p°¥¥9°Z 00V PH9°2  00P'PP9‘Z  00V°t¥9‘Z 00VPY3°Z  00P°P9'Z  OOKP°PYI'Z  00°PP9*Z  OOP°PYS'Z 0OV bbO‘Z %5&.;& uot JeJado buyjeoy--
$ 3500 |ejtded pa||e3Isul .
(va-14) 4 (¥a-n13) aﬁ<u1_uv oloLbuls (puwaiq 5(v3-n14) aA<u-_mv way{ 350
9 uabous i) _.wao:::
X1 A A Al Al Al Al 111 11 1 $SaALjeuLa |y Auo3e| nbay

acspIATLYNYILTY AJOLVINIIY HIVI ¥OJ SINIT T3COW TWIIdAL ¥O4
‘03LY0D 3dV1 40 VIYY LINN ¥3d SLSOJ GIZITVANNY ANV *SLSOD QIZITVANNY ONY TVLIAYD G3ITIVISNI  °ST-8 378Vl

8-33



(panuLauod)

(610°0) (£90°0-) (e€0°0-) (10°0) (100°0-) (1v0°0) (zv0°0-) (v10°0-) {(£00°0) (9c0°0)
02°0 £L°0- v 0- £1°0 10°0- vb 0 9t°0- 51°0- $0°0 6£°0 C:E N___\o ;.Sh 1tun Jad 31507 (@30]--
000°1¢ 006°252- 009° ¥ 1- 002°9% 008°1- 009°€S1 00€ ‘651~ 000° €S- 00v°21 00£°SET |®30] -
00t 001 001 001 001 001 00t 001 001 001 xSHURY 36RUOS JUIA[OS--
001°0€ 008°02- 008°02- 008°02- 008°02- v/N 001 °0€ 001° 0 007 °6¢- 001°0¢ WOOUL X {N--
008°0F 002°2¢2- 006°€21- 006°99 006°81 005°€S1 005°681- 002°€8- 000°25 005°501 uot jeuado buyieoy--
§ *S3S0D WISAS {OJ4}UOD PIZL|enuwy .
(286°2) (226°2) (22672) (216°2) (216°2) (200°¢) (2e6°2) (2£6°2) (216°2) (z00°¢)
y1°2€ 62°1€ 6V 1€ £1°2€ £6°1€ (E°2E v5° 1€ vL1E (6°1€ £€ 2 {e30f--
(20070} (20070} (200°0) 2000} (200°0] (200°0) 200 0) {200°0) Tz00°0) {200°0)
20°0 20°0 20°0 20°0 200 200 20°0 20°0 20°'0 20°0 xS3ue) 3684035 JUIALOS--
(c0°0) (20°0) (z0°0) (20°0) (z0°0) (20°0) (€0°0) (€0°0) (10°0) (£0°0)
2£°0 1o (o o (1o £2°0 260 €0 Zro €0 WOOL X |K--
(s6'2) (06°2) {06°2) (s6°2) (s6°2) (86°2) {06°2) (06°2) {96°2) (e6°2)
08'1€ 1°1¢ £'1€ v6°1€ vL1E 212 21e (AR £8°1¢ 66°1¢ uotjesado buijeo)--
ANu&\ev me\e :.mumou Bupjesado pazijenuue (€30«
008°961°TT  001°SE6°0T 00£°900°T1  00S°£61'11  00S'6¥1°11 00b*6/2°11  O00Z°E00°IT 008°2£0°11 002'SET‘1l  001°029°T1 Le30L--
00079 /€~ p000zv-  O0E20v-  OOE 20v- 00E20r-  001- 0OvviE-  009°8sE-  004'80v- 009 BSE- gIUIAL0S 104 31GIP/ILPAL)--
002 002 002 002 002 002 002 002 002 002 AUIISAS [043U0D Nuey dbeUols JuUAALOS--
00z'92 008 008 008 008 v/N 002°92 002" 92 005'9 00292 W33 SAS |OJIUOD WOOL X -~
009°02¢ 009°161 002°282 000°€Ly 000°52¢ 005°€S1 00,881 002°6£2 ooy vy 006° L9¥ 1335AS |043u03 uoLjeuado bupieo)--
001'9 001°9 001°9 0019 001°9 001'9 001'9 001°9 001°9 001'9 sjuey 36e.03s JUIAL0S--
00£°18 00€°18 00£° 18 00€*18 00£°18 00€* 18 00£18 00E° 18 00€°18 00€* 18 juaudinba wWOOL XLIN--
00V'BE0°TT  00T*SZ0°TT  00p*8E0°T1  QOP*S8E0°TL 00V “8E0°11 00b*BEOT1  00T°SL0°TT  0Ob*SE0*IT  00P'8E0°TT  0O¥'8EQ° 11 juswdinbe uojjedado burieoy--
§ ©S150D0 p3zL|enUWY «
001°50L*Y 00£°0Z8°¢  006°681°¢  009°958°¢% 008°6/9°F  008°B9E°C  O0OT'BEB‘E  00L'[02°y  002°ES9‘y  OOE*+98°y [©10) -~
00071 000°1 000°1 000°1 000°1 000°1 00071 000°1 00071 00071 2W33SAS |043u03 Nue} 3BRU0lS JUIALOS--
009°9¢ 001y 001°¥ 001°¢ 001" v/N 009'9¢ 009°9€¢ 00L'y 009°9€ W335KS |O4IUOD WOOL XLK--
000°009°1 004tk 00€* LT1T°1 000°v8.°1 002°£09°1 00€° 00E 000°EEL 009°201°1  000°08S°1 002°65(°1 wa31shs (oajuod uopjedado buljeo)--
00282 00282 002°82 002°82 00282 002°82 00282 00282 002 ‘82 002°82 syuey a6pao3s JUIALOS--
006°¥6€ 006°v6E 006° ¥6€ 006°¥6¢ 006°v6E 006° ¥6€ 006°¥6E 006° ¥6€ 006°v6E 006° ¥6€ Juawdinba wWood XLW--
00b*¥¥9°2 00v°vP9'Z  00B*PY9'Z  OOF°FYI°Z 00V'pP9'z  00bPHO'Z  OOK'BY9‘ZT 00V RY9'Z  00V'¥K9'Z 00V t¥9°Z %55_:& uoyjeaado Bugeo)--

¢ ‘3500 [ejided paf|eysul

 (wa-1d) Jl318us (pualq u:a-st ag-r; SloLbus (puaiq {va-t4 (va-nid wayL 350)
(ayesedas) 36043 1N) muaogu_zv uaboa3iN) mumouuwzv uoeeouv 3 yo-14)
81X VIX VIX vIX VIX X X1 X1 X1 X1 1sanLjeuLally Auoje|nbay

(penutjuod) °G1-8 318Vl

8-34



*SUOLSLAIUL Y} J0j J xipuaddy ut 0
*13GJIOSpe uoqaed PIg-
*uo13paado bul3eod 3Y) WOU SUOLSSLED $|043u0

1-4 ybnouayy 9-4 pue Z-j sS3iqel 39§
poxij aWRS 3Yyj Aq pa|o4juod 3de uoiedado bu
9 J9qLOSPR UOGJRD PIQ-PAZLPLNLY ©
*$19GU0SPR UOGJRD Pag-paxLy ajeaedas £q p3|1043u0d BJ

‘uogjeJade buiieod Yy wody
‘uyotjeaado 6upleod 3Y3 WOLJ SUOLSSLER $|0JJU0D (V-

(34 01X G/E) @ _OIX ¥B°¥E St

N.SmaZon J0 Gsnda uos $31paad ase sangen aayjebay

*s3503 Burpy

‘pasiAal Udaq dARY Syuej} 36BAOIS JUIALOS O 550D pue suot3do |043u0D iy
13800 3y} BOJy SUOISSLED JOA SN WOOL XLW 3Y WOUJ SUOLSSIND 20
‘mO0J X{® 3Y) WOy SUOLSSLE3 S{OAJUOD JIQJOSPR UOQURD PIQ-PAxLy

e aut] BuL}ROD Pue WOOU X W Y] Wody mco.—mm_._u_.

A|Lenuue pajeod uu.E..__

Inq pue puey $apnidu>

KLU0 duouUEX3YO| LD BULIIA0D3L SASUIPUOD uabouyLN?

*SIUBA|OS 4O pu3|[q B BULIIA0I3L 4ISUIPUOD uabou AN
SUOLSS1WA S|0JU0D (YD-NL4) 42GIOSPR UOQURD PAQ-PIZLPLNL} v
14) 42QJOSpe UOQUED PIG-PaXLy V)

3

*01-9 2{Qe] Ul PauLjap ade SaAljeuddy(e Ka03e{nba; a

*alqedy(dde o8 = v

(6¥0'0) (vs0°0) (s20°0) (150°0-) (sz0°0) (¢£10°0) (5£0°0) (€000 °0) (0g0°0)
£5°0 85°0- {2°0- 90°0- 82°0 v1°0 8c°0 £00°0 €0 AN:\z N._\. y B e Jad 3503 {R30)--
00,°€81 000°202- 00, €6- 00¢ *02- 001°¢6 001" 6¢ 008°2€1 002°1 008° 111 Le30}--
001 001 001 001 001 001 001 001 001 #S3ue] 3604035 JUIA{OS--
001°0E 001°0€ 001°0¢ 00L“6€- 001 ‘0 001°0E 008°02- 00.°6€- 001°0¢ WOOL XLW-~
005°£51 002°2€2- 006° €21~ 006°81 006°99 006°81 005°€S1 008° 0% 00€°18 uopjedado bujieos--
§ SIS0 WIISAS [043W0D PIZLIRMUWY .
(z10°¢} (2£6°2) (ze6°2) (296°2) (266°2) (z86°2) (z00°¢) (296°2) (266°2)
9¥ 2¢ 4 20 0 y9°1€ 80°2¢ 'zt 90 °2€ 1€°2¢ ¥6 1€ 2 ZE {e3o]--
2000 200°0 200°0 200°0 {200°0) 200°0 2000 200°0 {200 °0)
20°0 20°0 20°0 20°0 20°0 20°0 20°0 20°0 20°0 JSyuRy 26eU0)S JUIALOS--
{£0°0) (€0°0) (c0°0) (10°0) (€0°0) (€0°0) (200 (10°0) (£0°0)
2€°0 260 %0 210 2€°0 %0 {10 210 260 WOOL X}W--
(86°2) (06°2) (06°2) (56'2) (96°2) (s6°2) (86°2) (s6°2) (96°2)
e 1°1€ £'1€ ¥6°1E 88°1€ vLIE 21°zE 08°1€ v6'1E uojje.ado buyieo)--
ANC\S .o...\e __.mumou bujjedado pazijenuue (e30)e
00S°60E*TT  00S‘096°0T  00p°2€0°T1  001°SOT‘11 002°c22°T1  002°SL1°TT  009°852°T1  000°(Z1°TT  00€°/+2°11 1e10)--
008°E 000702V - 0007 20¥- 00y 25¥ - 000720V - 000" 20%- 60 12- 001792~ 0007 9€- gIUINLOS 103 31GIP/IUPIL)--
002 002 002 002 002 002 002 002 002 AWIISAS (043u0D ue) abedoys JudA|OS--
002°92 002°92 002°92 005°9 002°92 002°92 008 0059 002°92 B93SAS [0JIUOD WOOL Xij--
005 *€S1 009°161 002282 000°52y 000°EL¥ 000° 52 005 €51 009 02¥ 001° 1Y w3545 {043u0d uojjesado buiieoy--
001°9 001°9 001°9 001°9 001°9 0019 001°9 001°9 0019 syuey 36eU0}S JUIA(0S--
00¢°18 00€°18 00£‘ 18 00£°18 00€*18 00€* 18 00€°18 00 18 00£°18 Juaudinba wood X1N--
OOV'BE0‘T1  00T'S/0°TT  00¥°BE0°T1  0OV“BEO°TR 00p°9E0° 1T OOF*8E0°T1  OOV°8E0°TT  00V*BEO"1T  0OP°BE0°1T juswdinba uojjeJado buiieo)--
§ 53500 pazi|enuwy .
00Y *SO¥ ‘€ 008°268°¢  0O¥‘2ZZ'v  OOV'08S'Y 001°688°F  O00E'ZIL'v  006°2(E'E  002'EL9'y  00B6/8°% {e30) -~
g0t o000t 00071 0007 poo't 0001 001 00071 50077 AU21SKS (043000 fuRY 36LUOYS JUIALOS--
009°9¢ 009 ‘9€E 009°9€ 00y 009°'9€ 009°9¢ 001'Y T 009°9¢ #3345 [0JIUOD WOOL XiW--
00€ *00€ 00L° (¥t 00 /11°1  002°£09°1 000°¥8L'T  002°£09°T  00E°00€ 000°009°1T  00L'¥iL°t w33sAs [043u0d uojjedsado Huijeo)--
002°82 002°82 002*82 002°82 002°82 002° 8 002 '8z 002°82 002°82 syuey abeuols JUBALOS--
006°v6E 006°¥6E 006° ¥6€ 006°¥6€ 006°¥6€ 006° ¥6€ 006°¥6€ 006° $6E€ 006°v6€ juawdinbd wOOL XLW--
00¥ ¥¥9°2 00V PYe'Z 00V E¥9‘Z  0OVTh¥9°Z 00p'YY9'Z  00YVP9'Z 00V VPIZ  00¥'Y¥9°Z ooy v¥9°2Z %SES& uopjesado Bujieo)--
¢ *3s503 |e3jided paf|e3su] o
Slatbuls (puarq (va-t4 (w-nid (v2-13) (v2-44 (v2-nid | 150)
Zobouyn)  uSbounn)  uowwod) C-1a)  Saesedas) Joumog)  § o)
AIX 111X 111X 111X 111X 111X 11X 81X 81X $saaLjRUIdI|Y Auojeynbay
(panuijuod) °ST-8 318VL

8-35



up T1-4 pue 2-4 s3aLqe] IS

3A0QR 3500 3JLASP |04IUOD [RIUBMBUOUL 3Y} 404 3Je S43G.OSpe uoq

pal043u0d 3Je uoipjeJado buryeod
*KLuo sjyue} abesols a3yl

+PasLAdJL UD3Q 3Aey syue} 3bBeuols JUIALOS 04 SISOD pue
*auo|e uojjesado Burjeod sy3 40 [043uO
Apd pag-paxlj uowwod 3yl 403 SIS0I 3dYl,

*SUOLSLADJ 3S3aY} 404 4 X Lpuaddy

suo13do {043U0d 3Ylx
5 404 padtnbaua eyl

- 13G40Spe U0gJed pag-paxtj dwes 3yl Aq

9y] WO4J SuoLsSiWa JOA du3 snid syue} 36eJ0ls 3yj wWody SUOLSSLWS J0Aq
WOLy SUOLSSLWD JOA Y3 SLO4IUOD U3GUOSPR u0g.aed J9751uRd-3| qesodsLp Yy

(ooz°11) (001°pT) (0£9)
000°€1 00L°ST 00.L (uo1/¢) BW/$ ©SSBUBALIDB3 150D abeudAy .
(1%°0) (1v°0) (51°0)
LE°0 LE°0 $1°0 (4K/Su03) J4A/BW ‘uoL3ONPAL UOLSS LW JOA fenuue |e310] .
008°Y 008°S 001 u;»\m €150D Wa1SAS |043U0D pazl|enuue [eIO0L -
1eordk]  °¢g
(00z°901) (0oo0*001) (001°11)
002 901 000°001 001°11 (u03/¢) BW/$ SSBUBALID9343 350 BDBRUAAY «
(8v0°0) (8v0°0) (810°0)
8v0°0 8v0°0 810°0  (4A/su03) 4A/BW ©uoL1ONPaJ UOLSSLWA JOA LBnuue (BI0] .
001°S 008°v 002 44K/§ *3500 wWR}SAS {043U0D paziienuue |e30] .
LLews -2
(00£°022) (oov°zL2) (006°0€)
00£°022 oov*eLe 006°0¢ (u031/¢) BW/§ ©SSAUBALIOIIID 150D BbeURAY .
(620°0) (620°0) (110°0) (4k/su03) JK/bwW
620°0 620°0 110°0 ‘uoL3ONpPaJ UOLSSLWA JOA Lenuue (e3ol .
oov*9 006°¢/ ove 54A/$ €1500 Wa3SAS |043uU0D pazijenuue |BJ0] .
yoaeasay °1
nm..—wn.»om pe mm&wnLOmvm SJUSA Jdajaueded
uoqued uogqued UOL JRALISUO)
pag-paxij alqesodsip
uouso?) 3jeaedag

suol3do [043u0)

*SYNVL 39v30LS INIAT0S 13Q0W Y04 (1)
SNOILdO TO¥LNOD 40 SS3N3IAILI3

INITISVE G3TT0YINOINN 0L 133dS3¥ HLIM
443 1S0J I9WV¥IAY  "9T1-8 318Vl

8-36



(panutjuod)

4A/¢ ©1S0D wa3sAs

p00L*y 00£°S 00T {043U0D p3ZL|eNnUUR [B}0] |PIUIWRAIU]
LedtdAy °g
(0oog*€91) (00g“€sT) (oot°11)
006 °181 00v°*0LT 006°21 (u01/¢) BW/§ SSOUIALIDDSID 1SOD | RPIUBWAIOUT
(0£0°0) (0£0°0) (810°0) (4k/suo1) 4A/B “uoL3onpau
£20°0 £20°0 910°0 UOLSSiWa JOA |enhuue [v]03 |RJUBWDAOUT »
4A/¢ 1500 wa3sAs
uoom.c 009°y 002 [043UOD P3ZL|ENUUR | P30} |[RJUBWRIOUT «
Llews ¢
(00, °9¢€) (000°02t) (006°0¢)
008°8.¢€ 005°2.Lp 006°0€ (uo1/¢) BW/¢ °SSAUBALIDDIJD 3SOD [ RIUBWSUOUT «
(810°0) (810°0) (110°0) (4K/su03) 4A/Bl “uorionpau
910°0 910°0 110°0 UuoLssSLWs JOA [enuue [P30] |[RIUBWRAOUT .
JA/¢ °3S00 wWR3ISAS
nooo.m 096°/ ove [043U0D P3ZL|RNUUR |30} |RJUSWSUIUT
yoaessay |
5A3/¥2-) qhI/¥2-$S e un /Ad Jajauwedey

9JLAP |0J4JUOD pur SSALJRUUB}LR Au0je|nboy

*SANVL IOVY0LS INIATOS 13A0W HO0d
SIATLYNYILTY AYOLVINO3IY 4O SSINIAILIIA43 LSOJ TWAINIWIYONI  °/LT1-8 378Vl

8-37



. *SUOLS AL 3S3Y3 404 4 XLpudddy

up 27-4 pue z-4 Ssalqe] 935 °PISLAIL U3Q 3AeY S)ue} 3BBUOJS JUDA[OS JOJ SISOD pue SUOLIMO |04IUOD Byl
*3uole uoijesado burleod ay3 JO |04JU0D 404 paxinbad

JeY3 SAOQR 350D BDLA3P [043UO0D |RIUBWAUIUL BYJ 40j B4R SU3]UOSPR UOGLRD PIG-paXL4 UOWWOD £0J SISO Y],
*(A)) SIUBA UOLJRAUISUOD

Aq pa||043u0d syue} abesols |apow 03 pasedwod (y)-)) uorjesado burieod ayj wouy suoissiwad bul|[043uod
0S|® 12GJOSPe UOQURD Paq-paxlj © Aq pa[|o4juod sjuel abetols juaa(os (apow 40j dbueyd [eIUBWAUOUL BY],
*(AD) SIUDBA UOLIRAUISUOD AQ P3| |04JUOD Syuel abesols |apow 03 padeduwod (y)-S) 43quospe

UOQURD 433SLUPD-3|qesodsip © Aq pa|[043uod sjuej 96ed03s JusA|os [apow 403 3bueyd |ejusawaLdUL YLq
*s)yue] abeu0ls JUDA|OS |Spow pa||o4juodun 03

paJedwod (7)) SIUSA UOLIRAUISUOD AQ P3a[|043u0d Syuel 3b6e403S JUIALOS |3pow J0j dbueyd [ejuswaLdUL 3Yl,

(oot °81) (006°12) (0£9) .

00v ‘02 008°v2 00L (u03/¢) BW/$ ©SSBUBALI094J9 350D |BIUBWSUOU] o
(92°0) (92°0) (s1°0) (4£/su03) 4K/BW “uoLionpau

£2°0 €2°0 vH.o UoLsSStwo J0A Lehuue | 0303 |PJUSWIADOUT .
SA/¥D-D qM/va-s p"ouUN /AJ 4313WeJey

90LASp |043U0D pu® SaALjeudai|e Auoje|nbay

(panurjuod) °/1-8 I8Vl

8-38



*SJUBA|0S P3JU3A0I34 Y3 JO 3NLPA Y3 O3 anNp 3LPadd 3au © $3eILpul 3n{eAa aaLlebau Vp
*3uoie uotiedaado
buijeod 3yl JO [043UOD 40} paJdLhbad Y] 3A0GR 3S0D ADLA3P [0AJUOD |RIUDWDAOUL Y] L0 d4® S3SOD Y],
*SaAljeuud]|e Auoje|nbau 3say} 40j 43QUOSPR UOQURD PI]-paxi) dwes
3y3 Aq p3|[043u0d uorjeaado HuL3e0d 3Y3 WOLY SUOLSSLWD JOA 9Y3 Snid WOOUL XLW 3Y] WOLS SUOLSSLWD uo>n
*ALUO WOOJ XLW 3Yy3] WOJA} SUOLSSLWS JOA BYJ SLOAIUOD UBQUOSPR UOGURD PIQ-paxi Vo

(00s-) 009- (oov) 006 (0£9-) ovs- (uol/¢) BW/¢ SsauaAaL3d343@ 3500 abedany .
(4£/suoy) AK/by
(ve) £9 (ve) 19 (1¢) 82 ‘u0L3ONpaJ UOLSSLWA JOA LBhuue [R30] »
500L *6€- 001 *0€ 008°02- pA/§ 1500 WAISAS |043U0D pazy|enuue |vI0) .
[edodA] ¢
(0sz) ooe (006°2) 00T“€ (005-) 00s- (u03/¢) BW/¢ “SSBUAALIDD44d 350D dbeuany .
(uk/suoy) aKk/by
(8) €4 (8) €« (€) L2 ‘U0L3ONpaL UOLSSLWA JQA (enuue [v30] .
oooo.m 008°22 oov*1- 4A/¢ 3500 wWa3SAS |[0J4JUOD PaIZL|RNUUR |BJO] »
Lrews  °Z
(oov) oov (001°¥) 00§V (0s2-) ooe- (uo3/§) BW/¢ °ssauaaL3oagya 3s0d abedany .
(uk/suoy) aAk/bl
(€) ¢°2 (€) ¢2 (1) 16°0 ‘uo{3onpaJd uoisSLWd JOA [Bnuue |e30) .
00T°T 002°21 0l2- 4K/¢ €3500 wasAs |0AFUOD paIzL|enuue [e30] .
youeasay °1
aAmson;omvu p (S48quOspe (s43n0)) J4333weded
uogJaed uoqued 11
uouwo)) 3jeaedas)
X1 111

SaALIRUUR] e Adoje| nbay

SWOOY XIW 1300W ¥04 (I) 3INIT3SVE G3TT04INOINN OL 123dS3Y¥ HLIM
SIATLYNYILTY AYOLYINO3Y 40 SSINIAILIIL43 1SOD 3IDWH3AV  *81-8 378Vl

8-39



{panut3uos)

(0£9) og/ (008°v) 00¢*s (0sv-) o0os- (uo3/¢) Bu/g ‘SS3UaAL109448 3500 LeJuaWwaIOUT .
(4£/suoy) JA/BW *uoLqanpau
(5) 9 () 9°p (¢) £°2 UoLSSLWa JOA enuuR [ey07 [®IuBWRLOUT .
. . 4£/¢ *31s0o wajsks
p09€ ‘¢ 002°ve 09€°1- L043U0d pazy|enuue |ey0q LBJuswauouy .
Liews -z
(089) 09/ (002°9) 006°9 (02-) oog- (u03/§) BW/¢ *ssauaniyoayys 1500 [ejuBWBUOU] .
(4£/suo0q) 4K/BW “uoiqanpau
(2) 8°1 (2) 8°1 (1) 16°0 UOLSSIWd JOA (enuue |p30q LBJUBWIUOU]
4A/$ 1500 wdgsAs
0L£°1 0Lp*21 0/e- L043U0d pazy |enuue L®303 [ejuswauouy .
Youaessay -1
(AD) 11 (AD) 11 e(*3un) 1/(A)) 11 J333Weang
NN<U-UV XI /($3-5) 111

SOLASP |043U03 pu® SaALIBUIII[D Kaoje| nbay

WOOY XIW 71300W Y04 SIATLYNYILIVY A¥OLYIN93Y 40 SSINIATLITS4T 150D TVINIWIYONT  *61-8 37avL

8-40



*3uo|e uotjeaado

buL3e0d 3y3 40 [043U0D 40J PaALNbaL SI JBY] SAOQE 350D 9JLA3P |0JJUOD |BJUBWSADUL Y] 404 AR SISOD JY|
*(AD

JUBA UOLIRAU3SUOD AQ P3| [043UOD SWOOU XLW [3pow 0} pasedwod (¥2-2) uorjedaado Buiieod ayy wouy mcowmmwsw

BuL[043U0D OS|P 49qUOSPR UOQURD Pag-paxLs © Aq P91 1043uU00 Swood Xiw |3pow 404 3bueyo |ejuswWALOUL 31,
*(AJ) JuaA u0L3RAUBSUOD AQ P3[[04IUOD SWOOL XLW [apow

03 pauedwod (y)-S) 43qu0Spe uogued ajeuedss © AQ pa||04Ju0d SWOOL XLw [3spow 404 3abueyd |ejuswaudul mchn

*(°oun) swoou xiw {apow pay|o43uodun

03 paueduwod (A)) JUSA UOLIRAUISUOD AQ PO [0AJU0D SWOOU Xiw |3pow 404 3bueyd |ejuswaudut 1y

P

(ovv) 06b- (00z°1) 0OE“1 (0£9-) oves- (u03/¢) BW/$ ©SSBUIAL1D94J3 3SOD |PJUBWDUOU] .
(4h/su03) uak/By ‘uorionpau
(ev) 6¢ (ev) 6¢ (1€) 82 UOLSSEWS JOA LBNUUR P03 |RIUSWIAOU] .
4£/¢ ©1500 walsks
006°81- 006°0S 008°02- [043U0D P3Z||BNUUR |]0] |RIUIWIUOU] «
LR LYRRSS
(AD) 11 (AD) 11 e(*oun) 1/(N) 11 FETEM Y
A=) x1 /($0-5) 111

9| ASp [043UOD pU® SSAL}RUJSI[e A403e[nbay

(panutjuod) *61-8 I1GVL

8-41



*SJUIALOS PIJIA0IAL Y} JO 3N|eA ay) 03 anp uied 3au || LJaA0 up Ssueas an{eA aArjebau y

*xju Hupieod Yyl uyl pIsn JuOuBXIYO|IAD X2 Pue “‘3udn|o) X0P *JHL XOb IO PuI|q JUSA|OS B = pud|g
w=m>—om Aluo ayy s} auouexayo(dhd = aburg

*S3Z)S 3ul| 3pow [[PWS pue YdUBISIJ 3Y) Joy paubisap ag jouues SIIGUOSPE UOQJEI PaG-pPIZLPIN|4

*xiw burjeod ayj uL pasn
*WISAS uoLIeNDL1I3U

3

p
]

N P3sO[D © 404 JudwdLinbIL Y} JO Isnedaq
(a4nso(dua (erjded) II] aA13eusdl|y A403e(nbay Y3LM Pasn aq JOULRD PuR SAUL| | (PWS PUB YIIBISIL Y3 JO IZLS Y} SUOLILJAdO Buileod Joy paublsap aq JOUURD SUISUIPUOD :oQOLu_za

(o61-) (09e-) (ov1-) (oge-) (0€2) (oo1) (os1) (o81) (og) (02) (06) S{U03/8) /g
012 06€- 091- 09¢- 052 ot 091 002 of 0L 001 *SSIUINLII 443 3500 bRUINY o
(159) (159) (18s) (185) (599) (159) (609) (189) (159) (609) (188) (4h/5u03) 4K /BN *uor3onpas
065 065 (25 (25 €09 065 €55 25 065 £55 {2 SUOLSSLB3 JOA |enuue [B30] .
o;»\u 41509 WASAS
006“€21- 002°2€2- 002°£8- 005 681- 005° €51 006°99 00£“16 005°501 00681 008°0Y 00025 1043U03 P32z} (eAUUR |€I0] *
[EEICLYN
(056) (0sz) (0u2) (0s¢) (uo3/g) bu/s
001°1 ov8 058 098 *SSaUaN}1D343 3500 abeuany .
(12) (00) (s9) (z9) 4£/su0} *uot3donpas
9 €9 65 95 uoLSS1Ma JQA Lenuue (B30] .
JA/% *1500 WdISAS
005° (9 00£°25 000°0S 001 ‘8¢ 1043U0d P3IZL{BNUUER {810 .
Liews -2
{00z*2) (009°1) (009°1) (009°1) (uoy/g) Bw/s
o0ov 2 008°1t 008°1 008°1 “SSAUALYDNJSD 1500 abedsay .
(v2) (€2) (z2) (12) (4h/5u0}) 46/6W *uoL3anpas
22 12 02 61 uoLSSLWa JDA [BNUUR [EB3O0] .
4£/¢ 1500 WIISAS
00L° €S 00y L€ 005 °SE 008°€E 1043U0 P3Z||eNUUR [R3O) .
Y2.4easay |
(puaiq) (96u}s) uﬁuco_nv qu_mc_mV X 111A A Al 11IA A Al J3jameary
111IA 1I1A Al Al J403042u U] o 70-05p® Uogued J9QJOSPR UOQUEd Paq-paxyy
J3SUIPU0d UBOUILN P3Q-pazipint 4

q

JAIRUJa][ @ A4oje nbad pue adjAap [0J3U0)

SNOILYY3Id0 HNILY0D 13Q0W ¥0d4 (I) 3NIT3ISYE 03I TT04LNOINN
0L 123d4S3Y HLIM SIAILYNYILTY AYOLYINOIY 40 SSINIAILIIL4T 1SOD IIVH3AV

*0¢-8 318Vl

8-42



-1OPUIA 3y} WOUS PIALINIL UIAQ aARY WAISAS uoyde.abyajad
(sanso(oue (erided) A 3Aijeusdity £103e(nBay yirm pasn 3q jouued pue sauy|

“x{w GuL1ROD 3y} Uj PISN BUOURXIUCLOAD X0z Pue ‘3uINLO} X0¥ "JHL X0V 4O XLW JUIALOS @ -
‘xiw Bugieod ayj uL pasn w.._mzom £uo ay3 s auouexayo|dkd = 3(butg

N P9SO(3 © 40 juawdLLNbad Iy} jo asnedaq

LLBHS PuR §2483sad 3y} 4O 9Z}S 3y} suoijeuado Guizeod 4oy paubLsap 3q J0UURD SIISUIPUOD USBOIILN,

*SU3A [0S PIJ3A03L AU} JO AN|BA 3y} O) NP 3LPIL> 3U B SIJEILpul Anjes anLiebau y

Jle 3y} JO) SalewlIsSd 350D ON

‘w33sAS UOLIR{NIA|DAL

3
3

P

puaig

*J3GUOSPR UOGUERD P