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FOREWORD

This Regulatory Impact Analysis (RIA) was initiated under
the authority of Executive Order 122%91. On Cctober 1, 1993, the
Order was rescinded and replaced by Executive Order 12866. The
Hazardous Organic NESHAP RIA at present does not explicitly
reflect this change. This is necessary due to the tight court-
ordered schedule for this regulation.






EXECUTIVE SUMMARY

The Environmental Protection Agency (EPA) plans to
promulgate regulations to reduce air pollutant emissions from
synthetic organic chemical manufacturing industry (SOCMI)
facilities in eight source categories, and facilities in seven
non-SOCMI equipment leak source categories. Both new and
existing facilities that meet the Clean Air Act definition of
major sources will be regulated under the authority of sections
112(c) and (d). This decision is based on evidence that SOCMI
facilities release air pollutants that have adverse effects on
both public health and welfare, and the need for additional
control of air pollutants already covered by the Act before the
1990 Amendments.

Section 112 (b) lists 189 hazardous air pollutants (HAP’s).
The proposed regulation will reduce the emissions of
approximately 150 of the organic chemicals on the list. The
proposed regulation requires sources to achieve emissions limits
reflecting the application of the maximum achievable control
technology (MACT) .

The HON regulation covers five types of emission points:
process vents, wastewater, transfer operations, storage vessels,
and equipment leaks. The regulation is made up of two standards,
one covering the first four emission points, and the second
covering equipment leaks. The standard for the first four
emission points was arrived at by the usual regulatory process,
while the equipment leaks standard was developed by regulatory
negotiation.

This regqulation is unusual in that the regulation of the
amissions occurring from production of an axtremely Large number
of chemicals is being targeted at cne time. Facilities in
virtually every state shall be affected by the HON. In
determining the regulatory options, the Agency evaluated methods
of determining what technologies should be applied for particular
types of emissions, what would be the minimum level of stringency
for polliutant control, and strategies for obtaining control at
the lowest cost (emission averaging) .

The standards will require reductions of =missions of HAP’s,
which are a subset of VOC’'s (volatile organic compounds). The
level of control provided by the regulatory options chosen ranges
Irom a0 contrel ZIor axasting small stcrage tanks (1.2, Storage
tanks with less than 10,000 gallon capacity) to 95 percent
control for new process vents. The total amount of emission
reduction for HAP’S will be 456,000 Mg (megagrams), and for all
VOC's (including HAP's) approximately 949,000 Mg.
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These standards, based on the regulatory options chosen,
will cost the nation $230 million annually by the fifth year
after all affected sources have complied with the regulation
(i.e., 1999), and will require $450 million in capital
investment. The economic impacts for the regulatory options
chosen are expected to be small. Price increases for a large
majority (83 percent) of affected chemicals are expected to be
under 2 percent, and decreases in production for a very large
majority (87 percent) of affected chemicals are expected to be
under 2 percent. Due to the flexible nature of the SOCMI, and
the several process routes possible for production of most SOCMI
chemicals, significant closures for SOCMI facilities are quite
unlikely.

The regulatory alternatives under consideration will not
affect a substantial number of small entities, so a Regulatory
Flexibility Analysis is not required.

The absence of valuation and sufficient exposure-response

information precludes a quantitative benefits analysis at this
time.
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CHAPTER 1

BACKGROUND

1.1 Introduction

The NESHAP being promulgated is commonly known as the
hazardous organic NESHAP, or HON. The HON would regulate
emissions of certain organic hazardous air pollutants from SOCMI
process units. A SOCMI process unit is defined as a unit
producing one or more of a list of SOCMI chemicals. A SOCMI
process unit is only covered by the HON if it either 1) produces
a HAP as a product, by-product, co-product, or intermediate; or
2) uses a HAP as a reactant or raw material to produce a SOCMI
chemical. Seven non-SOCMI source categories would also be
requlated under the proposed equipment leaks standard (see
Section 2.1): styrene/butadiene rubber production; polybutadiene
production; chlorine production; pesticide production;
chlorinated hydrocarbon use; pharmaceutical production; and
miscellaneous butadiene use.

1.2 Legal History

On November 15, 1890, the Clean Air Act was amended
significantly. Section 112 was substantially revised at that
time altering the basic framework for regulating emissions otf
toxic air pollutants from stationary sources.

Prior to the amendments passed in 1990, Section 112 required
the Administrator to list air pollutants for which he intended to
establish NESHAPs. Within 180 days after the listing of such air
pollutants, regulations were to be proposed. Final regulations
ware to be issued in another 180 days. Thus, once the
Administrator added a polliutant ctc the Section 112 list, a fina
NESHAP for zhat poilutant aa to 2e 1ssued within osne rear. Tha
statuce itseif did not contain &4 i1iist of hazardcous air
pollutants.

L
e

The amendments enacted in 1990 altered the preexisting
scheme of Section 112 Zundamentally. Instead of requiring the
Administrator to determine wnich air poliutants ought co be
listed and regulated as hazardous air pollutants, Congress
orovided a list of 189 hazardous air pollutants in the statute
itgelf. ZPA may revise that list only in conformance with clear
statutory guideliines. The Agency 1is now required to deveiocp a
list of all categories and subcategories of sources emitting any
oF the ilisted nollutants, and develiop f2chnolicav-bhagsed standards
to control such emissions. Thus, these standards are to be opased
on the sourcss of the =2misgions rather than being set pollutantc
by pollutant as in the past and are no longer to be risk based.
Requlations for all source categcries must be promulgated within
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10 years of enactment of the amendments. Generally, assessment
and control of any remaining unacceptable health risk is to occur
8 years after the technology-based standards are promulgated.
However, for the HON the residual risk assessment is to be
conducted 9 years after promulgation.

1.3 Retrospective on Section 111 and 112 Standards Affecting the
SOoCcMI

The provisions of the promulgated standards incorporate
data, information, and experience gained by EPA through previous
rulemaking efforts involving similar sources. Information on
control technology applicability, performance, and cost were
available from previous NSPS and NESHAP regulatory development
efforts. This information was considered in selecting MACT and
in developing the proposed standards.

Under the NSPS program, EPA has promulgated NSPS for SOCMI
air oxidation and distillation process vents; SOCMI emissions
from equipment leaks; petroleum refinery equipment leaks; and VOC
emissions from volatile organic liquid storage vessels.
Similarly, under the NESHAP program, regulations were promulgated
for benzene storage tanks, transfer racks and wastewater
emissions , and for vinyl chlorine and benzene equipment leaks.
In the development of the HON, this previously collected array of
information was carefully reconsidered in light of the provisions
of the CAA of 1990. This technical information is presented in
detail in the HON BID.

Each of these previous efforts regulates some sources or
chemicals that would be subject to the HON, but none of them
comprehensively regulate emissions of all of the organic HAP'’s
emitted from new and existing SOCMI process units from all
emission pointg. The HON would regulate all five of the emissiocon
points at =sach affected SOCMI source (see Section 2.1), and. would
requlate emissions o2f any of the listed organic HAP’s. The Zirsc
2L the HON standards (Subpart 3) was developed Iarough usuadl
regulatory procedures, and covers four of the five smission
points. An analysis of various regulatory alternatives was
conducted for this standard. The second, the equipment leaks
NESHAPs (Subpart H), was developed through the regqulatory
negotiation process, and, as a result, a formal analvsis of
regulatory alternatives was not conducted.

-The negotiators in this process originally were to develop
standards for =quipment leaks Zor 13 source categories that would
be affected by standards already under development. The
standards under development would have applied to only eight
crganic chemicals. Jowever, durong negcrtiacion ©f the
amendments to the CAA, EPA expanded the scope of the standards to
include all SOCMI processeg that produce or use as a reactant cne
of the 149 organics listed in the CAA list of 189 HAP’s (55 FR
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8984, March 9, 1990; 55 FR 14349, April 17, 1990). Petroleum
refinery processes were not to be covered, however.

1.4 Executive Order 12291

The President issued Executive Order 12291 on February 17,
1981. It requires EPA to prepare regulatory impact analyses
(RIAs) for all regulations having "major" impacts. An impact is
considered "major" if the annual effect on the economy is $100
million or more, and/or may result in a "significant" increase in
prices. The EPA considers the HON regulations to be major and
thus is issuing this RIA.

Along with requiring an analysis of benefits and costs, E.O.
12291 specifies that EPA, to the extent allowed by the Clean Air
Act and court orders, demonstrate 1) that the benefits of the HON
regulations will outweigh the costs and 2) that the maximum level
of net benefits will be reached. Chapter 8 describes the
benefits in detail. As explained in that chapter, EPA cannot
quancify some of the benefits. Thus, EPA cannot show
quantitatively that the benefits of the regulations will outweigh
the costs. Despite this problem of quantifying benefits, EPA has
determined that CAA Sec. 112 requires issuance of the HON
regulations at the stringency level described in Chapter 2. For
more information, refer :-o Chapter 2 and the Federal Register
preambles to the HON.

1.5 Guide to the References

Most of this RIA is a summary of research reports, analyses,
correspondence, minuctes of various meetings and hearings, policy
directives, legal notices, laws, regulations, and other documents
relating to the development of CAA Sec. 112 regulations for SOCMI
(and certain non-SOCMI) facilities. The principal references are
listed in the back of =he chapter on the subject of interest to
rou. Consult thiese rerferences, s well as the preambles zhat -
accompany pyropcesal of the HON in the Federal Register, Ior more
detailed information. 2eferences are held in public docketrts and
are availabie Zor inspection and copying-che latter may require a
fee-during normal business hours. For more information on the
docket, contact:

Alr ana Radiation Docket

and Information Center (LE-131)
Room M-1500,

Waterside Mall

401 M Street, SW

Jashington, DC 20460

Hours: 2:00 a.m. to 4:00 p.m.
Phone No.: (202) 382-7549
FAX: (202) 260-4000
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CHAPTER 2

THE PROPOSED HON EMISSION STANDARDS IN BRIEF

The HON is organized in four subparts. Subpart F provides a
description of the applicability of the standards. Subparts G,
H, and I provide the controli, monitoring, recordkeeping and
reporting requirements for the standard.

2.1 Subpart F: Applicability of the HON

The HON will regulate certain components of new and existing
major sources, as defined by Section 112(a), in the SOCMI and 7
non-SOCMI equipment leak source categories.

To define the SOCMI source category, Subpart F inciudes a
list of organic HAP’'s and a list of approximately 400 synthetic
organic chemicals produced by the SOCMI as commercial products.
The "chemical manufacturing processes" used to produce these 400
chemicals can, but do not always, result in organic HAP
emissions. Only those processes resulting in HAP emissions are
subject to the standard.

As proposed, Subpart F defines "source" for the SOCMI source
category as all process vents, storage vessels, transfer racks,
wastewater streams, and equipment leaks in the organic HAP
emitting chemical manufacturing processes that are subject to the
HON. To be subject to the HON, a chemical manufacturing process
must be used to produce one or more of the approximately 400
SOCMI chemicals listed in Subpart F, and have an organic HAP as
sicher 1) a preduct, by-product, co-product, Or intermediate; or
2) 3 raw material in che production Of ancther SOCMI chnemical
product.

To be part of the same source, chemical manuracturing
processes that are subject to the HON must also be located within
a contiguous plant site under common control.

Subpart G will apply to the following kinds of emission
points in SOCMI chemical manufacturing processes: process vents,
wastewater operations, storage vessels and transfer operations.

Subpart H will apply to the equipment leaks in SOCMI
chemical manufzcturing processes, while Subpart I will applv zo
these non-SOCMI equipment leak source categories:
styrene/butadiene rubber production; polybutadiene producticn;
chlorine production; pesticide production; chlorinated
hydrocarbon use; pharmaceutical production; and miscellaneous
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butadiene use.

2.2 Subpart G: Provisions for Process Vents, Wastewater
Operations, Storage Vessels and Transfer Operations

Subpart G of the proposed rule would require the owner or
operator of a source to limit source-wide emissions of HAP's.
Subpart G provides specific instructions for determining how much
emissions must be reduced at each source. The required emissions
reduction is determined by how much emissions would be reduced if
a "reference control technology" were applied to all the
"Group 1" emission points in the source.

The proposed standard specifies the reference control
technology for each kind of point. Group 1 points are those
points that meet the applicability criteria included in the
control requirements for the proposed standard. The reference
control technologies and applicability criteria for Group 1
points are specified in Subpart G of the standard as well as the
definition list in the HON preamble.

The owner or operator of a source can use two methods to
comply with the emissions reduction requirement. Either method
can be used exclusively, or the two can be combined.

The first method is to apply the reference control
technology, or an equivalent technology, to Group 1 emission
points; thereby achieving some part of the required emission
reduction at each Group 1 point that is controlled.

The second method is to average emissions from two or more
emission points such that the overall required emission reduction
is achieved. With the second method, emissions averaging, the
owner or operator does not have to apply the reference control
cechnology to =ach Group 1 point, as long as an equivalent or
greater =smissions reduction is achieved elsewhnere in che source.
The proposal srovides specific procedures chat must be Zollowed
co utilize emissions averaging as a means of compliance with the
HON. These procedures are summarized in Secticn III.3.5 of this
notice.

Although equipment leaks are included in the definition of
source for the SOCMI source category, equipment leaks can not be
included in the emissions averages because: 1) the equipment
leaks standard has no fixed performance level; and 2) no method
currently exists for determining the magnitude of allowable
emissions to assign equipment leaks for purposes of amissions
averaging. When this methodology is developed, EZPA will consider
allowing =quipment .eak zmissions -o e iacluded In 2missicnas
averages.



2.3 Subpart H: Provisions for Equipment Leaks in SOCMI
Processes

The provisions in Subpart H of the proposed rule were
developed using regulatory negotiation and represent an extension
of existing equipment leak control techniques to the eight source
categories regulated by this final rule.

Subpart H proposes work practice requirements to reduce
emissions from equipment leaks for equipment in volatile HAP
service for 300 or .more hours per vear. To be in volatile HAP
service 1s to be in contact with or containing fluid that is 5§
percent or more HAP.

The following types of equipment are subject to the proposed
standards in Subpart H: valves, pumps, connectors, compressors,
pressure relief devices, open-ended lines, sampling connection
systems, instrumentation systems, agitators, product accumulator
vessels, and closed-vent systems and control devices.

2.4 Subpart I: Provisions for Equipment Leaks in non-SOCMI
Processes

In contrast to the sources in the SOCMI source category,
sources 1in the non-SOCMI processes would be covered by this
subpart and subpart H. For these processes, the source would
include every type of equipment subject to the proposed standards
in Subpart H except product accumulator vessels and closed-vent
systems and control devices. The Agency is also considering
regulating the other kinds of emission points in these processes
in future section 112 standards.



CHAPTER 3

THE NEED FOR AND CONSEQUENCES OF REGULATORY ACTION

3.1 The Problems

One of the concerns about potential threats to human health
and the environment from chemical manufacturing plants is air
emissions of hazardous organics. Hazardous chemicals can also
find their way into underground water supplies, and in the solid
waste stream. Health risks from emissions of hazardous organics
into the air include increases in cancer incidences and other
toxic effects. This chapter discusses the need for and
consequences of regulating of hazardous air emissions from
chemical plants. Section 3.2.3 provides more detail on the
health risks of these pollutants.

3.2 Need for Regulation
3.2.1 Market Failure

The U.S. Office of Management and Budget (OMB) directs
regulatory agencies to demonstrate the need for a major rule.'
The regulatory impact analysis must show that a market failure
exists and that it cannot be resolved by measures other than
Federal regqulation. Market failures are categorized by OMB as
externalities, natural monopolies, or inadequate Iinformation.
The following paragraphs address the three categories of market
failure. Chapter 5 discusses the regulatory options and makes a
cagse for the necessity of a Federal regulation.

(1Y)

RIS A S Air Poilution 3s an Sxternality

Air pollution is an =xample of a negative externality. This
means that, in the absence of government reguiation, tine
decisions of generators of air pollution do not fully reflect the
costs associated with that pollution. For a chemical plant
operator, air pollution from the plant is a product or by-nroduct
that can be disposed ©of cheaply by venting it to the atmosphere.
Left to their own devices, many plant operators treat air as a
free good and do not fully "internalize* the damage caused by
emi%sions. This damage is born by society, and the receptors---
the people who are cthe ones adversely affected by the pollution--
-are not able to zZollect compensat-on o Dffser their costs.

They cannot collect compensation because the adverse erfescts,
like increased risks of morbidity and mortality, are by and
large, non-market goods, that is, goods that are not explicitly
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and routinely traded in organized free markets.®

Consider an example. It may be somewhat unreal, but it
illustrates why air pollution is a market extermality. A young
man estimates that over his remaining lifetime he has a risk of
getting cancer of, let’s say, 4 chances in 10. A new chemical
plant is being constructed in his neighborhood, and he
pessimistically calculates that the added pollution to his own
environment will boost his odds of getting cancer to, say, 5
chances in 10. He walks up to the people owning the chemical
plant and offers to "sell his exposure" to the plant’s air
pollution for a bargain basement price of just $5 a day. For his
efforts he gets no more than a laugh. What’s wrong? Most young
men either would be unwilling to even consider such a
transaction, or, if they were willing, they would not know enough
about their futures and about the effects of the pollution to set
such a precise price. Furthermore, even if they were willing and
did have a price, they would not have any good way of coming to
terms with the plant owners.® The plant owners would ordinarily
not attempt such a transaction for many of the same reasons the
young man would not attempt it. Given that the plant owners and
the young man could accept such a transaction, if transactions
costs were low enough and all others parties’ concerns were
negligible, a transaction which would intermalize the air
pollution externality could occur, as explained in Coase’s
theorem. However, it is unusual for this type of externality to
be eliminated by this route.®

* Litigation also 1is a possible route for collecting
compensation. EPA recognizes that improving the legal system to
facilitate environmental protection lawsuits, and the consequent
reduction of negative externmalities, may be as cost effective and
equitable as regulation under the CAA. However, EPA has not
explored this avenue for concrolling hazardous organic air
pollutanc smissions.

® Again, litigation would be a possible route.

‘An air pollution externality caused by a chemical plant
outside of Port Arthur, Texas was dealt with by 3 markec
transaction. The company owning the plant purchased cthe homes of
local residents who had complained about the pollution. However,
this transaction only occurred after intense political activicy
instigated by the residents. See "How a Neighborhood Talked Fina
Refinery Into Buving It Out,”" The Wall Street Journal, December 10,
1991. other 2il companieg have also sought land arcund facilicies
(called "greenbelts") in order to preempt che creaticn of poliution
externalities. However, this land buying preceded cperations.
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How would it help to force chemical plants either to
compensate the people suffering the consequences of the
pollution, or simply to reduce the pollution? Where there are
negative externalities like air pollution, the market price of
goods and services does not reflect the costs, borne by receptors
of air pollution, generated in the course of producing the goods
and services. Government regulation can be used to improve the
situation. The NESHAP's will force chemical plant owners and
- operators to reduce the quantity hazardous organic air pollutants
they emit. With the NESHAP's in effect, what chemical plant
owners and operators must spend to produce chemicals will more
closely approximate the full social costs of production. In the
long run, chemical plants will be forced to increase prices of
the products sold in order to cover total production costs.

Thus, prices will rise, consumers accordingly will reduce their
demand for chemical products, and hence less chemicals will be
provided. The more the costs of pollution are internalized by
the chemical plants, the greater the improvement in the way the
market functions. If we could intermalize all negative
externalities---including, of course, those from chemical plants-
--gociety’s allocation of resources would be improved.

3.2.1.2 Natural Monopoly

In some respects, chemical plants can tend toward "natural"
monopolies. There are large economies of scale in chemical
manufacturing; the heavy up-front capital needed to construct a
plant acts as a barrier to entry. Due to the necessity for heavy
up-front capital, most chemical market are oligopolies (i.e.,
dominated by a few firms). Thus, each firm in this type of.
market possesses more monopoly power than if each firm were
operating in a more competitive market. The NESHAP’'s are not
designed to address this circumstance, and will not reduce the
tendency of chemical production markets toward monopoly or
oligopoly.

3.2.1.3 Inadequate Information

The third category of potential market failure that
sometimes is used to justify government regulation is inadequate
information.

Some chemical manufacturing facilities can reduce costs 2oy
installing air pollution control devices, reducing leaks or
recycling hazardous organic chemicals. Due to lack of
information, some of these facilities do not install such
svstems. The NESHAP's would require the collection of
rnformation Ihat may Jive 3 cChemlcal »2lant cSwner =nough data :to
make an informed decision on whether or not control devices are
the best option.



3.2.2 Ingufficient Political and Judicial Forces

There are a variety of reasons why many emission sources, in
EPA’Ss judgment, should be subject to reasonably uniform national
standards. The principal reasons:

* Air pollution crosses jurisdictional lines.

* The people who breathe the air pollution travel freely,
sometimes coming in contact with air pollution outside their
home jurisdiction.

* Harmful effects of air pollution detract from the nation’s
health and welfare regardless of whether the air pollution
and harmful effects are localized. .

* Uniform national standards, unlike potentially piecemeal
local standards, are not likely to create artificial
incentives or artificial disincentives for economic
development in any particular locality.

* One uniform set of requirements and procedures can reduce
paperwork and frustration for firms that must comply with
emission regulations across the country.

None of these reasons, by itself, provides overriding jusci-
fication for Federal action in the case at hand. Collectively,
however, the reasons argue against reliance on state and local
action to control hazardous organic air emissions from chemical
plants.

Citizens, as well as EPA, may sue state and local
governments to force them to control hazardous organic air
emissions from chemical plants. Litigation under both the CAA
and RCRA is posgsible. However, EPA has not explored ways of
improving the judicial route so that i1t might serve as a
substitute foxr action under 3ection 111 of cZhe -ZAA.

3.2.2 Jarmful Tffects of Hazardousg Organic Air Tmisgions

Only health effects associated with hazardous organic air
emissions are addressed in these NESHAP’s. Direct exposure to
alr emissions can occur zhrough inhalation, soil ingestion, the
food chain, and dermal contact.

Out of the 189 hazardous air pcllutants Identified in :the
Clean Air Act Amendments, 149 chemicals are being regulated by
~he HON; however, oL tnese 149, only 110 are regulated by
Subparz G of zhe ZON. 2f zhese 1.0 cxnemicals, apprcximacaly cne-
third are carcinogens and approximately two-thirds are
noncarcinogens. The EPA has devised a system, which was adapted

from one developed by the Intermational Agency for Research on
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Cancer, for classifying chemicals based on the weight-of-
evidence.’ Three of the carcinogens, benzene, vinyl chleoride,
and- bis(chloromethyl)ether, are classified as group A or known
human carcincgens. This means that there is sufficient evidence
to support that the chemical causes an increased risk of cancer
in humans. One of these known human carcinogens, benzene, is a
concern to the EPA because long term exposure to this chemical
has been known to cause leukemia in humans. While this is the
most well known effect, benzene exposure is also associated with
aplastic anemia, multiple myeloma, lymphomas, pancytopenia,
chromosomal breakages, and weakening of bone marrow (53 FR 28504;
July 28, 1988).

. Vinyl chloride is another known human carcinogen. Exposure
tc vinyl chloride has been known to cause angiosarcoma of the
liver. It has also been associated with other forms of cancer as
well as noncancerous effects. The noncancerous effects include
liver damage and, potentially, chemical mutagenicity and
teratogenicity (40 FR 59533; Dec. 24, 1975).

Most of the carcinogenic chemicals on the list are
classified as group B or probable human carcinogens. This means
that there is limited data on human carcinogenicity, but
sufficient data on animal carcinogenicity to suggest possible
increased human risks as well. Some examples of the twenty-five
probable human carcinogens on the list are 1,3-butadiene, carbon
tetrachloride, acetaldehyde, benzyl chloride, and
tetrachloroethylene. In several rat studies, 1,3-butadiene
caused several tumors on different organs (50 FR,
pp. 41466-41468, Oct. 10, 1985). In addition, at high concen-
trations, it can ‘cause coughing, fatigue, sleepiness, headache,
giddiness, unconsciousness, respiratory paralysis, and death.’
Carbon tetrachloride is known to cause cancer in animals and is
thus suspected to cause cancer in humans. It may also increase
stratospheric ozone depletion, which can cause 3 rise in the
incidence oL skin cancer and S0Ssibly varicus other =ffscts 50
FR 32621; Aug. 13, 1885;.

Twelve of the HON chemicals are considered to be group C or
possible human carcinogens. A few of these are acrolein,
vinylidene chloride, allyl chloride, and 1,1,2,2-
tetrachlorcechane. For these chemicals, there is =sither
inadequate data or no data on human carcincgenicitcy, and there is
limited data on animal carcinogenicity. Therefore, while cancer
risk is possible, there is not sufficient evidence to support
that these chemicals will cause increased cancer risks i1n humans.

The remaining 70 HON chemicals ares noncarcinogens. Thouagh
they do not cause cancer, they are considered hazardous because
of the other significant adverse health effects with which they
are associated. Some examples of the noncarcinogens include
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chloroprene, methyl chloroform, diethyl sulfate, methyl
hydrazine, and triethylamine. One of these chemicals,
chloroprene, causes various effects at different lengths of
exposure. Possible effects from acute exposure range from
vertigo and nausea at very short exposure periods to liver damage
and death after a few hours. Subchronic toxicity effects
observed in human studies include fatigue, pressure and chest
pain, dermatitis and hair loss. Subchronic animal studies at
higher concentrations and for longer periods of time revealed
effects ranging from small increases in underdevelopment and
behavioral effects to lung and liver tissue damage and death (50
FR 39632; Sept. 27, 1985).

Methyl chloroform is another noncarcinogen that is a concern
to the EPA. Acute exposure to this chemical may result in small
changes in perception, while subchronic effects of slight
histological and biochemical alterations have been observed in
mice livers. At high concentrations, liver necrosis has been
reported.

The following table lists the HON chemicals by CAS number
and their clagsification by their carcinogenic effect, if any.



Table 3-1.

HON Chemicals by Classification

CAS Chemical Claggification*
Number Name
71432 Benzene A
542811 Bis (choromethyl) ether A
75014 Vinyl chloride A
107131 Acrylonitrile Bl
75218 Ethylene oxide Bl
50000 Formaldehyde Bl
75070 Acetaldehyde B2
79107 Acrylic acid B2
62533 Aniline B2
98077 Benzotrichloride B2
100447 Benzyl chloride B2
75252 Bromoform B2
106950 1,3-Butadiene B2
56235 Carbon tetrachloride B2
67663 Chloroform B2
111444 Dichloroethyl ether B2
542756 1,3-Dichloropropene 22
77781 Dimethyl sulfate B2
123911 1,4-Dioxane B2
122667 1,2-Diphenylhydrazine B2
106898 Epichlorohydrin B2
106934 Ethylene dibromide B2
107062 Ethylene dichloride B2
118741 Hexachlorobenzene B2
75082 Methylene chloride B2
75565 Provylene oxide 32
127184 Tetrachlorcechvliene 32
79016 Trichiorcethviene 22
107028 Acrolein C
1070851 Allyl chioride Z
75343 Ethylidene dichloride C
87683 Hexachlorobutadiene C
537721 Hexachlorcethane c
78581 Isophorone C
79345 1,1,2,2-Tetrachlorocethane C
79005 1,1,2-Trichloroethane C
75354 Vinyliidene chloride C
603585 Acetamide NC
75058 Aceronitrolie NC
28862 Acetrcpnenone Ac
79061 Acrylamide NC
90040 0-Anisidine NC
92524 Biphenyl NC



HON Chemicals by Classification (Continued)

Cas Chemical Classification*
Number Name
105602 Caprolactum NC
75150 Carbon disulfide NC
79118 Chloroacetic acid NC
532274 2-Chloroacetophenone NC
108907 Chlorobenzene NC
126998 Chloroprene NC
1319773 Cresols/Cresylic acid (isomers and
mixture) NC
95487 o-Cresols/Cresylic acid (isomers and
mixture) NC
108394 m-Cresols/Cresylic acid (isomers and
mixture) NC
106445 p-Cresols/Cresylic acid (isomers and
mixture) NC
98828 Cumene NC
106467 1,4-Dichlorobenzene NC
111422 Diethanolamine NC
121687 N,N-Dimethylaniline NC
64675 Diethyl sulfate NC
119937 3,3’ -Dimethylbenzidine NC
68122 N,N-Dimethylformamide NC
57147 1,1-Dimethylhydrazine NC
131113 Dimethyl phthalate NC
51285 2,4-Dinitrophenocl NC
121142 2,4-Dinitrotoluene NC
140885 Ethyl acrylate NC
100414 Zthylbenzene NC
75003 Zthyl zhiloride NC
207211 Zthylene gliycol NC
0 Glycol ethers NC
123319 Hydroquinone NC
108316 Maleic anhydride NC
57561 Methanol NC
74839 Methyl bromide NC
74873 Methyl chloride NC
71556 Methyl chloroform NC
78933 Methvl ethyl ketone NC
60344 Methylhydrazine NC
108101 Methyl isobutyl ketcne NC
524839 Merchyl lsocvanate ‘ "1C
80626 Methyl methacrylate NC
1634044 Methyl tert-butyl ether NC
101688 Methylenediphenyl diisocyanate (MDI) NC
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HON Chemicals by Classification (Continued)

CAS Chemical Classification*
Number Name
101779 4,4-Methylenedianiline NC
91203 Naphthalene .NC
98953 Nitrobenzene . NC
100027 4-Nitrophenol NC
79469 4-Nitropropane NC
108952 Phenol NC
106503 p-Phenylenediamine NC
75445 Phosgene NC
85449 Phthalic anhydride NC
0 Polycyclic organic matter NC
57578 beta-propiolactone NC
123386 Propionaldehyde NC
78875 Propylene dichloride NC
106514 Quinone NC
100425 Styrene NC
127184 Tetrachlorocethylene NC
108883 Toluene NC
95807 2,4-Toluenediamine NC
584849 2,4-Toluene diisocyanate NC
95534 o-Toluidine NC
120821 1,2,4-Trichlorobenzene NC
95954 2,4,5-Trichlorophencl NC
121448 Triethylamine NC
540841 2,2,4-Trimechylpentane NC
108054 Vinyl acetate NC
1330207 Xvlenes NC
95478 2-Zviene NC
108283 n-4ylene IC
106423 p-Xylene NC

*The carcinogens included in this list are chemicals which have

been designated as group A, Bl, B2,
or a Health Assessment Document.

verification,

noncarcinogenic.

NC

or C by IRIS, CRAVE

stands for



3.3 Consequences of Regulation

3.3.1 Consequences if EPA’s Emission Reduction Obijectives are
Met

3.3.1.1 Allocation of Resources

There will be improved allocation of resources associated
with chemical manufacturing. Specifically, more of the costs of
the harmful effects of chemical production will be internalized
by chemical plants. This, in turn, will affect consumers’
decisions on whether, where, how, and how much chemicals to use.
To the extent these newly-intermalized costs are then passed
along to the people who use the chemical products, and to the
extent these people are free to buy as much or as little products
as they wish, they will purchase less (relative +to ‘their
purchases of other competing services). If this same process of
internalizing negative externalities occurs throughout the entire
chemical manufacturing industry, an economically optimal
situation is approached. This is the situation when the marginal
cost of resources devoted to chemical production equals the
marginal value of the products to the people who are using the
chemical products. There are many "ifs" in this chain of events.
It is easy to cite situations where the air pollution control
costs will not ripple through as suggested here and atffect
decisions by the consumers of chemical products. Nevertheless,
in the aggregate and in the long run, the NESHAP’'s will move
society toward this economically optimal situation.

3.3.1.2 Emissions Reductions and Air Quality

Under the proposed standard, it is estimated that emissions
of HAP’'s will be reduced by 456,000 megagrams annually by 13997
and emissions of VOC's (which includes HAP's) will be reduced by
249,000 megagrams annuaily py 1397, (For more information refer
-c Chapter 3 of this documenc.) 3Air cualiczy will -mprove. This
analysis doeg not Iransiate =2mission reductions into ambient airx
qualiity improvements.;

There will be a slight increase in emissions of carbon
monoxide and nitrogen oxides resulting from the on-site
combustion of fossil fuels as part of concrol device operations.
These estimates are 1,550 megagrams per year of carbon monoxide
and 16,600 megagrams per year of nitrogen oxides.

3.3.1.3 Costs and Benefits

The naticnal annual Tost of zmission ceonnrol, inciuding
monitoring, recordkeeping, and reporting will increase by about
$226 million by 1997. Expected benefits include reduced risks
for certain adverse health and welfare effects from lower levels
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of HAP’'s and VOC’'s emissions. (See Chapters 8 and 9.)
3.3.1.4 Energy Impacts

Increases in energy use were estimated for steam, natural
gas, and electricity. These three types of energy were compared
and totaled on a barrels of energy (BOE) basis. Under the
standard, estimates for increases in total energy use are 2.69
billion J/yr (470,000 BOE/yr) of electricity, 6.56 billion J/yr
(1,150,000 BOE/yr) of natural gas, and 2.85 billion J/yr (500,000
BOE/yr) of steam. This equates to 2.12 million BOE/yr (15.5
billion J/yr). .

3.3.1.5 Solid Waste and Water Quality

Impacts for water pollution and solid waste were judged to
be negligible and were not quantified. The required controls do
not generate any solid waste. However, in time, as collection
and control equipment is replaced, the components themselves may
become part of the solid waste stream.

3.3.1.6 Technological Innovation

Section 112 of the CAA regulations serve to disseminate both
pollution control and chemical manufacturing technology, and to
stimulate further technological development. Chemical facility
constructors have the freedom to sSeek the most economical way to
comply with standards. The NESHAP’sS may promote the sharing of
technology with other countries, and probably will open new
directions of research in chemical manufacturing technology.

3.3.1.7 State Regulation and New Source Review

. State requlatory programs will be strengthened. The
NESHAP's will be delegated to the states f£or enforcement 38 Darc
N zheir operating zermictting orograms 1Z thevy are approved Iias
EPA. Assuming states do a0t pull resources Irom QLASr Jrograms
tc handle their =niarged responsibilicies, there will be a
natural strengthening of state air pollution control stafis.
Recognition that the NESHAP's are effectively reducing emissions
will expedite the state process of reviewing applications for new
chemical plants and issuing permits for their construction and
cperation. There will be less controversy involved. Finalivy,
state regulations will be uniform, and the disadvantages of the
viecemeal apprcach to emission regulation will be avoided.

L J

3.3.1.38 Other Federal Programs

The effects of the NESHAP’sS on other Federal regulatory
programs have not been thoroughly investigated. Under Title I
there are CTGs (control technology guidelines) that specify
levels of ccntrol for VOC's in nonattainment areas. Any NESHAP
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shall require controcl in attainment and nonattainment areas.
While the baseline for the HON incorporates present CTGs, the
effect from new CTGs is not incorporated. There is possible
overlap between these new CTGs and HON for facilities in
nonattainment areas. The extent of this overlap has not been
defined.

3.3.2 Congequences if FPA‘’s Emigsion Reduction Obijectives are
not Met

The most obvious consequence of failure to meet EPA’s
emission reduction objectives would be emissions reductions and
benefits that are not as large as EPA is projecting. However,
costs are not likely to be as large either. Whether it is
noncompliance from ignorance or error, or from willful intent, or
simply slow compliance due to owners and/or operators exercising
legal delays, poor compliance can save some facilities money.
Unless states respond by pouring more resources into enforcement,
then poor compliance could bring with it smaller aggregate
nationwide control costs. EPA has not included an allowance for
poor compliance in its estimates of emissions reductions..- This
is because poor compliance is unlikely.

If the emission control devices degraded rapidly over time
or in some other way did not function as expected, there could be
a misallocation of resources. This situation is very unlikely
because the NESHAP's are based on demonstrated technology. Other
ways the regulations could fail are conceivable.

W
[
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CHAPTER 4
CONTROL TECHNIQUES

The scope of the HON is broad. The control technology and
techniques involved are extensive. Combustion technology,
product recovery devices, steam strippers, and vapor recovery
tanks are all part of the technology requirements for the HON,
and LDAR will be used to contreol fugitive emissicons. This
chapter does not attempt to be comprehensive in explaining the
technology and techniques used to control air toxics emissions
under the HON; it does attempt to survey what technologies and
techniques are being used and how effective they are.

4.1 Combustion Technology

Combustion control devices, unlike noncombustion control
devices, alter the chemical structure of the VOC. Destruction of
the VOC by combustion is complete if all VOC’s are converted to
CO, and water. Incomplete combustion results in some of the VOC
remaining unaltered or being converted to other organic compounds
such as aldehydes or acids. If chlorinated or sulfur-containing
compounds are present i1n the mixture, the products of complete
combustion include the acid components HCl or SO,, respectively,
in addition to water and carbon dioxide.

4.1.1 Incinerators

Incineration is one of the best known methods of industrial
gas waste disposal. It is a method of ultimate disposal, that
is, the constituents to be controlled in the waste gas stream are
converted rather than collected. Preovided proper engineering
design is used, incineration can =2liminate the desired crganic
cnemiczls in 3 Fas stream sarely and leanly.

The neart OL an incinerator 1s a combustion chamber in which
the VOC-containing waste stream is burned. The temperature
required for combustion is much higher than the temperature of
the inlet gas. so energy is usually supplied to the incinerator
o raise the waste gas temperature. This is accomplished by
adding auxiliary fuel {usually nacural gas).

The amount of auxiliary fuel required zan be decreased and
energy efficiency increased by providing heat exchange between
=he inlet stream and the =ffluent stream. The =ffluent stream
centaining thie products I oscombusticn., 3long with zny inerts thac
may have been present in or added to the inlet stream, can oe
used to preheat the incoming waste stream, auxiliary air, or both
via a "primary", or recuperative, heat exchanger.
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Auxiliary air may be required for combustion if the
requisite oxygen is not available in the inlet gas stream. Most
industrial gases that contain VOC’s are dilute mixtures of
combustible gases in air. With air oxidation reactor and
distillation processes, the waste gas stream is deficient in air.

Important in the design and operation of incinerators is the
concentration of combustible gas in the waste gas stream. Having
a large amount of excess air (i.e., in excess of the required
stoichiometric amounts) may be costly, but any mixture within the
flammability limits, on either the fuel-rich or fuel-lean side of
the stoichiometric mixture is considered a fire hazard as a feed
stream to the incinerator. Therefore, some waste gas streams
are diluted with air before incineration, even though this
requires more fuel in the incinerator.

There are two types of incinerators: thermal and catalytic.
While much of what was discussed above applies to both, there are
important differences in their design and operation.

4.1.1.1 Thermal Incinerators

As is true of other combustion control devices, thermal
incinerators operate on the principle that any VOC heated to a
high enough temperature in the presence of sufficient oxygen will
be oxidized to CO, and water. The theoretical temperature for
thermal oxidation depends on the properties of the VOC to be
combusted. There is great variation in theoretical combustion
temperatures between different VOC’s.

There are three requirements that must be met for a thermal
incinerator to be considered efficient: 1) a high enough’
combustion chamber to enable oxidation of the organic compounds
to proceed rapidly to completion; 2) enough turbulence for gcod
mixing of the hot combustion products from the burner, the
combustion air, and the organic compounds; and 3) sufficientc
regidencs zime IZor oxidation o reacn complietion.

A typical thermal incinerator is a refractory-lined chamber
containing a burner or set of burners at one end. Entering gases
are mixed with the process vent streams and the inlet air in a
premixing chamber. Then the stream of gases passes into the main
combustion chamber. This chamber is designed to allow the
mixcture enough time at the required combustion temperature for
complece oxidacion (usually from 0.3 to 1.0 second). A heat
recovery section is often added to increase energy =fficiency.’
Oftentimes inlet combustion air is preheated; if this occurs,
insurance regqulations require the VOC concentration must De
maincained celow 25 percent o che lower =xplcesive Limic LIL; o
minimize the possibility of explosions. Concentracions from 25
to 50 percent are permitted given continuous monitoring by LEL
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monitors.

The required level of VOC control of the waste gas that must
be achieved within the time it spends in the thermal combustion
chamber dictates the reactor temperature. The shorter the
residence time, the higher the reactor temperature must be. Once
the unit is designed and built, the residence time is not easily
changed, so that the required reaction temperature becomes a
function of the particular gaseous species and the desired level
of control. These required combustion reaction temperatures
cannot be calculated a priori, although incinerator vendors can
provide guidelines based on their extensive experience.
Predictions of these temperatures are further complicated by the
fact that most process vent streams are mixtures of compounds.’

Good mixing is also important, particularly in determining
destruction efficiency. Even though it cannot be measured,
mixing is a factor of equal or even greater importance than other
parameters such as temperature. The most feasible and efficient
way to imProve the mixing in an incinerator is to adjust it after
start-up.

Other parameters affecting thermal incinerator performance
are the heat content of the vent stream, the water content of the
stream, and the amount of excess combustion air (the amount of
air above the stoichiometric air needed for combustion).
Combustion of a vent stream with a heat content less than 1.9
MJ/m® (52 BTU/scf) usually requires burning supplemental fuel to
maintain the desired combustion temperature.

The maximum achievable VOC destruction efficiency decreases
with decreasing inlet VOC concentration because combustion is
slower at lower inlet concentrations. Therefore, a VOC weight
percentage reduction based on the mass rate of VOC exiting the
control device versus the mass rate of VOC entering che device is
appropriacte Zor vent streams with VOC concentrartions above
approximacely 2,000 ppmv :which corresgponds to 1,000 ppmv VOC 1n
zhe i?cinerator inlet stream since air dilution is typically
1:1).

4.1.1.1.1 Applicability

Thermal incinerators are technically feasible control
devices for most vent streams. They are not recommended,
however, Ior vent streams with potentially excegsive fluctuations
in flow rate (process upsets, for example), and for vent streams
containing halogens. The former case would require a flare (see
3ecticn +.2) znd the lat:ter case would rzquirs additicnal
equipment such as acid gas scrubbers (see Section 4.1.3).



4.1.1.1.2 Types of Thermal Incinerators

The very simplest type of thermal incinerator is the direct
flame incinerator, which is made up of only the combustion
chamber. Energy recovery devices such as a waste gas preheater
and a heat exchanger are not included with this type of
incinerator.

A second type of thermal incinerator is the recuperative
model. Recuperative incinerators use the exit (product) gas to
preheat the incoming feed stream, combustion air, or both via a
heat exchanger. These heat exchangers can recover up to 70
percent of the energy (or enthalpy) in the product gas. The two
types of heat exchangers commonly used for this purpose and many
others are plate-to-plate and shell-and-tube. Plate-to-plate
exchangers can be built to achieve a variety of efficiencies and
offer high efficiency energy recovery at lower cost than shell-
and-tube designs. But when gas temperatures exceed 520 degrees
Celsius, shell-and-tube exchangers usually have lower purchase
costs than plate-to-plate designs. Moreover, shell-and-tube
exchangers offer better long-term structural reliability than
plate-to-plate units.®

Occasionally it is desired to recover some of the energy
added by auxiliary fuel in the traditional thermal units (but not
recovered in preheating the feed stream). Additional heat
exchangers can be added to provide process heat in the form of
low pressure steam or hot water for on-site application. The
need for this higher level of energy recovery will be dependent
upon the plant site. The additional heat exchanger is often
provided by the incineration unit vendor.

A third type of thermal incinerator is the regenerative
incinerator. This type of incinerator use direct contact heat
exchangers constructed of a ceramic material that can tolerate
che high temperacures needed to achieve igniction of the waste
stream. The concept senind this incinerator <ype 1s zhat che
traditional approach to energy recovery in chermal units scall
raquires a significant amount of auxiliary fuel -o be pburned in
the combustion chamber when waste gas heating values are too low
to sustain the desired reaction temperature at the moderate
preheat temperature employved. Under these conditions, additional
fuel savings can be realized in units with more complete transter
of exit stream energy. Hence the regenerative incinerator.

In this type of incinerator, the inlet gas first passes
through a hot ceramic bed thereby heating the steam to its
ignition temperature. The hot gases then react and release
anergy in Iie compustion cnrampber and while passing cthrough
another ceramic bed, thereby heating it to the combustion chamber
outlet temperature. The process flows are then switched, now
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feeding the inlet stream to the hot bed. This cyclic_ process
affords very high energy recovery (up to 95 percent).’

4.1.1.2 Catalytic Incinerators

A catalyst promotes oxidation of some VOC’s at a lower
temperature than that required for thermal incineration. The
catalyst increases the rate of the chemical reaction without
becoming permanently altered itself. Catalysts typically used
for VOC incineration include platinum and palladium. These
catalysts work well for most organic streams, but are not
tolerant of compounds containing halogens such as chlorine and
sulfur. Among the catalysts that have been developed that are
effective in the presence of these halogens are chromia/alumina,
cobalt oxide, and copper oxide/manganese oxide.! Inert
substrates are coated with thin layers of these materials to
provide maximum surface area for contact with the VOC in the vent
stream. Compounds containing elements such as lead, arsenic, and
phosphorus should, in general, be considered poisons for most
oxidation catalysts. In addition, particulate matter, including
dissolved minerals in aerosols, can. rapidly blind (deactivate)
the pores of catalysts and deactivate them over time. Because
essentially all the active surface of the catalyst is contained
in relatively small pores, the particulate matter need not be
large to blind the catalyst.

For optimal operation, the volumetric gas flow rate and the
concentration of combustibles (in this case, VOC'’s) should be
constant. Large fluctuations in the flow rate will cause the
conversion of the VOC’s to fluctuate also. Changes in the
concentration or type of organic compounds in the gas stream can
also affect the overall conversion of the VOC contaminants. Most
changes in flow rate, organic concentration, and chemical
composition are generally the result of upsets in the
manufacturing procesgs generaring che waste gas stream.

4.1.1.2.1 Applicability

Applicability of catalytic incinerators for control of VOC’s
is limited by the catalyst deactivation sensitivity to the
characteristics of the inlet gas stream. The vent stream to be
ccmpusted should not contailn materials that can poison the
catalyst or deposit on and block the resactive sites on the
catalyst surface. In addition, catalytic incinerators are unable
tc handle high inlet concentrations of VOC or very high Zlow
rates. Catalytic incineration is generally useful for
concentrations of 50 tc 10,000 ppmv, if the total concentration
i3 lass than I8 cercent SI the LEL ind Zor Ilow rztes of lasg
than 2,820 ’/min (100,000 scfm).’ Catalytic units are also
typically used for vent streams with stable flow rates and
concentrations (refer to Section 4.1.1.2).
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4.1.1.2.2 Types of Catalytic Incinerators

One type of catalytic incinerator is fixed-bed. Fixed-bed
incinerators themselves come in two varieties, depending on the
type of catalyst used: the monolith and packed-bed. The
monolith catalyst is the most widespread method of contacting the
VOC-containing stream with the catalyst. In this scheme the
catalyst is a porous solid block containing parallel, non-
intersecting channels aligned in the direction of the gas flow.
Monolith catalysts offer the advantages of minimal attrition due
to thermal expansion/contraction during startup/shutdown and low
overall pressure drop.

A second contacting scheme is a simple packed-bed in which
catalyst particles are supported either in a tube or in shallow
trays through which the gases pass. The tray type arrangement is
the more common packed-bed scheme due to the use of pelletized
catalysts. This tray arrangement is preferred because pelletized
catalysts can handle inlet streams containing contaminants such
as phosphorus or silicon.!® The tube arrangement i1s not used
widely due to its inherently high pressure drop compared to a
monolith, and the breaking of catalyst particles due to thermal
expansion when the confined catalyst bed is heated/cooled during
startup/shutdown.

A third contacting pattern between the gas and catalyst is a
fluid-bed. Fluid-beds have the advantage of very high mass
transfer rates, although the overall pressure drop is somewhat
higher than for a monolith. Fluid-beds also possess the
advantage of high bed-side heat transfer compared to a normal gas
heat transfer coefficient. This higher heat transfer rate to
heat transfer tubes immersed in the bed allows higher heat
release rates per unit volume of gas processed and therefore may
allow waste gases with higher heating values to be processed
without exceeding maximum permissible temperatures in the
cataiyst bed. The catalyst tamperatures depend on che rate of
r2acTion occurring at the catalyst suriface 3nd the Tate ©I neatc
exchange between the catalyst and impedded heat cransier
surfaces. )

In general, fluid-bed systems are more tolerant of
particulates in the gas stream than fixed-bed or packed-bed
systems. This results from the constant abrasion of the
fluidized catalyst pellets, which helps remove these particulates
from the exterior of the catalysts in a continuous manner.

4.1.2 Flares
rlaring 13 3n cpen combusticn process inl which thie oxygen

necessary for combustion is provided by the air around the flame.
The organic compounds to be combusted are piped to a remote,
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usually elevated, location and burned in an open flame in the
open air using a specially designed burner tip, auxiliary fuel,
and sometimes steam or air to promote mixing for nearly complete
(98 percent minimum) destruction of combustibles. Good
combustion in a flare is governed by flame temperature, residence
time of organic species in the combustion zone, turbulent mixing
of the organic species to complete the oxidation reaction, and
the amount of oxygen available for free radical formation.
Combustion is complete if all combustibles (i.e., VOC’s) are
converted to CO? and water, while incomplete combustion results
in some of the VOC’s being unaltered or converted to other
organic compounds such as aldehydes or acids.

Flares are generally categorized in two ways: 1) by the
height of the flare tip (i.e., ground-level or elevated), and 2)
by the method of enhancing mixing at the flare tip (i.e., steam-
agssisted, air-assisted, pressure-assisted, or unassisted).
Elevating the flare can prevent potentially dangerous conditions
at ground level where the open flame is located near a process
unit. Further, the products of combustion can be dispersed above
working areas to reduce the effects of noise, heat radiation,
smoke, and objectionable odors.

In most flares, combustion cccurs by means of a diffusion
flame. A diffusion flame is one in which air diffuses across the
boundary of the fuel/combustion product stream toward the center
of the fuel flow, forming the enveiope of a combustible gas
mixture around a core of fuel gas. This mixture, on ignition,
establishes a stable flame zone around the gas core above the
burner tip. This inner gas core is heated by diffusion of hot
combustion products from the flame zone.

Cracking can occur with the formation of small hot particles
of carbon that give the flame its characteristic luminosity.! If
chere Is an oxygen defigiency and i1f the carbon particles are
zocled CoO seliow Their lgniticn tcemperatura, sSmokKind 2ccurs.  a
rarge diffusion flames, combustion product vortices can Zorm
around burning porrtions orf the gas and shut off the supply o
oxygen. This localized instability causes flame flickering,
which can be accompanied by soot formation.

4.,1.2.1 Applicabilizy

Flares can be dedicated to almost any VOC stream, and can
nandle Zluctuacions in YOC concencration, flow rate, heating
value, and inerts content. Flaring is appropriate for
sontinuous, batch, and variable flow vent stream applications.

Some streams, such as those containing halogenated or

sulfur-containing compounds, are usually not flared because they
corrode the flare tip or cause formation of secondary pollutants
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(such as acid gases or sulfur dioxide). If these vent types are
to be controlled by compustion, thermal incineration, followed by
scrubbing to remove the acid gases, is the preferred method.?

The majority of chemical plants and refineries have existing
flare systems designed to relieve emergency process upsets that
require release of large volumes of gas. Often, large diameter
flares designed to handle emergency releases are also used to
control continuous vent streams from various process operations.
Typically in refineries, many vent streams are combined in a
common gas header to fuel boilers and process heaters. However,
excess gases, fluctuations in flow rate in the fuel gas line, and
emergency releases are sometimes sent to a flare.

4,1.2.2 Efficiency

Five factors affecting flare combustion efficiency are vent
gas flammability, auto-ignition temperature, heat content of the
vent stream, density, and flame zone mixing.

The flammability limits of the vent stream influence
ignition stability and flame extinction. Flammability limits are
the stoichiometric composition limits (maximum and minimum) of an
oxygen-fuel mixture that will burn indefinitely at given
conditions of temperature and pressure without further ignition.
In other words, gases must be within their flammability limits to
burn. If these limits are narrow, the interior of the flame may
have insufficient air for the mixture to burn. Fuels, such as
hydrogen, with wide limits of flammability are therefore easier
to combust.

The auto-ignition temperature of a vent stream affects
combustion because gas mixtures must be at a sufficient
temperature and concentration to burn. A gas with a low auto-
ignition temperature will ignitz more easily than a gas with a
high auto-ignitaon temperature.

The heat content of the vent stream 1s a measure 2L the heat
available from the combustion 2f the VOC in the vent strezam. The
heat content of the vent stream affects the flame structure and
stability. A gas with a lower heat content produces a cooler
flame chat dces not favor combustion kinetics and is more easily
axtinguished. The lower flame temperature will also reduce
buoyant forces, which reduces mixing.

The density of the vent str=am also affacts the structure
and stability of the flame through the effect on buoyancy and
mixing. 3v design, cthe wvelocity in many flares is very low:
thererocre, meosSt OL Cle flame structurs 1S developed through
buoyant forces as a result of combustion. Lighter gases
therefore tend to burn better. 1In addition to burner tip design,
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rhe density also affects the minimum purge gas required to
prevent flashback, with lighter gases requiring more purge.®

Poor mixing at the flare tip or poor flare maintenance can
cause smoking (particulate matter release). Vent streams with
high carbon-to- hydrogen ratios (> 0.35) have a greater tendency
to smoke and require better mixing to burn smokelessly For
this reason, one generic steam-to-vent-stream ratio is not
appropriate for all vent streams. The steam required depends on
the vent stream carbon-to-hydrogen ratio. A high ratio requires
more steam to prevent a smoking flare.

The efficiency of a flare in reducing VOC emissions can be
variable. For example, smoking flares are far less efficient
than properly operated and maintained flares. Flares have been
shown to have high VOC destruction efficiencies, under proper
operating conditions. Up to 99.7 percent combustion efficiency
can be achieved.

4.1.2.3 Types of Flares
4.1.2.3.1 Steam-Assisted Flares

Steam-assisted flares are single burner tips, elevated above
ground level for safety reasons, that burn the vented gas in
egssentially a diffusion flame. They reportedly account for the
majority of the flames installed and are the Predominant flare
type found in refineries and chemical plants.® To ensure an
adequate air supply and good mixing, this type of flare system
injects steam into the combustion zone to promote turbulence for
mixing and to induce air into the flame.

4.1.2.3.2 Air-Assisted Flares

Air-assistad flares use fcorced air o provide cthe combustion
alr 3na tie mixing reguirsd Ior smokeless operaticon.  ~“hsse
Zlareg are puilt with a3 anlaer shaped purner (with many smail Jas
nrifices) located inside but near the top Of a steel cylinder two
feet or more in diameter. Combustion air is provided py a fan in
the bottom of the cylinder, and the amount of combustion air can
be varied by varving the fan speed. The primary advantage air-
agsisted flares provide is that they can e used in cthe abpsence
of steam.

4.1.2.3.3 Non-assisted Flares

The non-assisted flare is Jjust a flare tip without any
auxilliary provisicn Ior znhancing the mixing 2f 3ir into LTS
flame. Its use is limited essentially to gas streams that have a
low heat content and a low carbon/hydrogen ratic that burn
readily without producing smoke.!® These streams require less air
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for complete combustion, have lower combustion temperatures that
minimize cracking reactions, and are more resistant to cracking.

4.1.2.3.4 Pressure-Assisted Flares

This type of flare use vent stream pressure to promote
mixing at the burner tip. If sufficient vent stream pressure is
available, these flares can be applied to streams previously
requiring steam or air assist for smokeless operation. Pressure-
assisted flares generally have the burner arrangement at ground
level, and consequently, must be located in a remote area of the
plant where there is plenty of space available. They have
multiple burner heads that are staged to operate based on the
quantity of gas being released. The size, design, number, and
group arrangement of the burner heads depend on the vent gas
characteristics.

4.1.2.3.5 Enclosed Ground Flares

The burner heads of an enclosed flare are inside a shell
that is insulated. This shell reduces noise, luminosity, and
heat radiation and provides wind protection. A high nozzle
pressure drop is usually adequate to provide the mixing necessary
for smokeless operation and air or steam assist is not required.
In this context, enclcosed flares can be considered a special
class of pressure-assisted or non-assisted flares. Enclosed
flares are always at ground level.

Enclosed flares generally have less capacity than open
flares and are used to combust continuous, constant flow vent
streams, although reliable and efficient operation can be
attained over a wide range of design capacity. Stable combustion
can be obtained with lower heat content vent gases than is
possible with open flare designs, probably due to their isolation
from wind effects.!

4...3 3Becalers and Preocess Jeaters

4,1.,3.1 Description of Boilers

Industrial boilers are combustion units ‘that boil water to
produce high and low pressure steam. Industrial boilers can also
combust various vent streams containing VOC’'s. incliluding vent
streams from distillation operations, reactor processes, and
other general operations.

The majority of industrial boilers used in the chemical
industry are of watertube design, and over half of these boilars
usSe natura. gas as a fuel.'’ Ia g watertube scoiler, aco
combustion gases contact the outside of heat transfer tubes which
contain hot water and steam. These tubes are interconnected by a
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set of drums that collect and store the heated water and steam.
Energy transfer from the hot flue gases to the water in the
furnace watertube and drum system can be better than 85 percent
efficient.” Additional energy can be recovered from the flue gas
by preheating combustion air in an air preheater or by preheating
incoming boiler feed water in an economizer unit.

When firing natural gas, forced- or natural-draft burners
throughly mix the incoming fuel and combustion air. A VOC-
containing vent stream can be added to this mixture or it can be
fed into the boiler through a seperate burner. In general,
burner design depends on the characteristics of the fuel-- either
the combined VOC-containing vent stream and fuel or the vent
stream alone (when a separate burner is used).

4.1.3.2 Description of Process Heaters

A process heater is similar to an industrial boiler in that
heat liberated by the combustion of fuels is transferred by
radiation and convection to fluids contained in tubular coils.

It is different from an industrial boiler in that process heaters
raise the temperature of process streams instead of producing
high temperature steam. Process heaters are used in many
chemical manufacturing operations to drive endothermic reactions.
They are also used as feed preheaters and as reboilers for some
distillation operations. The fuels used in process heaters
include natural gas, refinery offgases, and various grades of
fuel oil.

A typical process heater design consists of the burner(s),
the firebox, and a row of tubular coils containing the process
fluid. Most heaters also contain a convective section in which
heat is recovered from hot combustion gases by convective heat
transfer to the process fluid.

3

££iciency 92f 3o0ilers and Process Jeacers
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Average furnacz temperature and residence time determine the
combustion efficiency of boilers and process heaters, just as
they do for incinerators. When a vent gas is injected as a fuel
into the flame zone of a boiler or process heater, the required
regidence time is reduced because of the relatively high
temperature and turbulence of the flame zone.

Residence ctime and camperature profiles in boilers and
process heaters are determined by factors such as overall
confiquration, fuel type, heat input, and excess air level.® 2
macnemac.cal mocdel develicped t©oO 2stimata Iurnace r=zgidencs Iinm
and temperature profiles for a variety of industrial boilers
predicts mean furnace residence times ranging 0.25 to 0.83 second
for natural gas-fired watertube boilers that range in size from
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4.4 to 44 MW (15 to 150 x 10° Btu/hr).? Boilers with a 44-MW
capacity or greater generally have residence times and operating
temperatures that would ensure a 98 percent VOC destruction
efficiency. The required temperatures for these size boilers are
at least 1,200 degrees Celsius.

Firebox temperatures for process heaters can show wide
variations depending on the application. Firebox temperatures
can range from 400 degrees Celsius for preheaters and reboilers
to 1,260 degrees Celsius for pyrolysis furnaces. Tests conducted
by EPA on process heaters using a mixture of benzene offgas and
natural gas showed greater than 98 percent destruction efficiency
for C, to C4 hydrocarbons.?

4.1.3.4 Applicability of Boilers and Process Heaters

Both of these devices are used throughout the chemical
industry to provide steam and heat input essential to chemical
processing. Most of these devices possess sufficient size to
provide the necesary temperature and residence time for VOC
destruction. Furthermore, boilers and process heaters have
proved effective in destroying compounds that are difficult to
combust, such as PCBs (polychlorinated biphenyls). Boilers and
process heaters are thus effective in reducing VOC emissions from
any vent streams that are certain not to reduce the performance
or reliability of the boiler or process heater.

Ducting some vent streams to a boiler or process heater can
present potential safety and operating problems. The varying
flow rate and organic content of some vent streams can lead to
explosive mixtures or flame instability within the furnace. In .
addition, vent streams with halogenated or sulfur-containing
compounds are usually not combusted in boilers or process heaters
due to the possibility of corrosion.

Boilers and process neaters are most applicable where the
potential exists for neat recovery tLrom the combust.on 2L the
vent stream. Vent streams with a high enough VOC concentration
and high flow rate can provide enough equivalent heat value tO
act as a substitute for fuel that would otherwise be needed.
Because boilers and process heaters cannot tolerate wide
fluctuations or interruptions in the fuel supply, they are not
widely used o reduce VOC emissions from batch operations or
other noncontinuous vent streams.

4.2 Product Recovery Devices
4.2.1 Absorberg

In absorpticn, a soluble vapor is absorbed from its mixture
with an inert gas by means of a liquid in which the solute gas is
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more or less soluble. For any given solvent, solute, and
operating conditions, there exists an equilibrium ratio of solute
concentration in the gas mixture to solute concentration in the
solvent. The driving force for mass transfer at a given point in
an operating absorber is the difference between the concentration
of solute in the gas and the equilibrium concentration of solute
in the liquid.

Devices based on absorption principles include spray towers,
venturi and wet impingement scrubbers, acid gas scrubbers, packed
columns, and plate columns. Spray towers have the least
effective mass transfer capability due to their high atomization
pressure requirement, and are generally restricted to particulate
matter removal and control of high-solubility gases such as SO,
and NH, (ammonia).” Venturi scrubbers have a high degree of
gas/liquid mixing and provide high particulate matter removal
efficiency. They also require high pressure drops (i.e. high
energy requirements) and have relatively short contact times.
Their use is also restricted to high-solubility gases. Acid gas
scrubbers are used with thermal incinerators to remove corrosive
combustion products. Acid gas is formed upon the contact of
halogenated or sulfur-containing VOCs with intense heat during
incineration. This gas is quenched to lower its temperature and
is then scrubbed in an absorber. In most cases, the type of
absorber used is packed or plate columns, the two most commonly
used absorbers for VOC control.

Packed towers are vertical columns containing inert packing,
manufactured from materials such as porcelain, metal, or plastic,
that provides the surface area for contact between the liquid and
gas phases in the absorber. Packed towers are used mainly for
corrosive materials and liquids with tendencies to foam or plug.
They are less expensive than plate columns for small-scale or
pilot plant operations where the column diameter is less than
3.5 m. They are also suitable where tche use of plate columns
would result in aXcessive Jressurz2 1drcps.

Plate columns contain a series of trays on which contacet
between the gas and liquid phases in a stepwise fashion. The
liquid phase flows down tray to tray as the gas phase moves up
through openings in the tray (usually perforations or bubble
caps), vassing through the liquid on the way.

The major design parameters for absorbing any substance are
cclumn diameter and height, system pressure drop, and required
liquid flow rate. Deriving these parameters is accomplished by
considering the solubility, viscosity, density, and concentration
of the VCC Zz zhe lnlet vent 3stream (3il 2% which depend =n
column temperature); the total surface area provided by the
packing material; and the mass flow rate of the gases .to be
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4.2.1.1 Absorber Efficiency

Control efficiencies for absorbers can vary widely depending
on the solvent selected, design parameters, and operating
practices. Solvents are chosen for high solubility for the
specific VOC and include liquids such as water, mineral oils,
kerosenes, nonvolatile hydrocarbon oils, and agqueous solutions of
oxidizing agents, sodium carbonate, and sodium carbonate.®*® An
increase in absorber size (i.e., contact surface area) or a
decrease in the operating temperature can increase the VOC
removal efficiency of the system for a given solvent and solute.
It is sometimes possible to increase VOC removal efficiency by
changing the solvent.

4.2.1.2 Applicability of Absorbers

The primary determinant of absorption applicability for
controlling VOC emissions is the availability of a suitable
solvent.”? Water is a suitable solvent for absorption of organic
chemicals with relatively high water solubilities (e.g., most
alcohols, organic acids, aldehydes, glycols). For organic
compounds with low water solubilities, other solvents (usually
organic liquids with low vapor pressures) are used.

Other important factors influencing absorption applicability
include absorptive capacity and strippability of VOC in the
solvent. Absorptive capacity is a measure of the solubility of
VOC in the solvent. The solubility limits the total quantity of
VOC that could be absorbed in the system, while strippability
describes the ease with which the VOC can be removed from the
solvent. If strippability is low, then absorption is less wviable
as a VOC control technique.®

The concentration of VOC in the inlet vent stream also

determines the applicability of absorption. Absorption is
usually considered only wnen the VOC concencration is above 200
5 300 ppm.- 3elow ctnese gas-vhase concenrtraczons, tile rat2 oL

mass transfer of VOC to solvent is decreased enougn o make
reasonable designs infeasible.

4.2.2 Steam Stripping

Steam stripping can be used as initial treatment of a
process wastewater stream to reduce the VOC lcading of that steam
before it is sent to the facility-wide wastewater treatment
system. There are several compcnents in a steam strippling
system: a feed tank, heat exchanger, steam stripping column,
condenser, overhead receiver, and a destruction device (if
necessary) .



4.2.2.1 Description

Steam stripping involves the fractional distillation of
wastewater to remove VOC's. The basic operating principle of
steam stripping is the direct transfer of heat through contact of
steam with wastewater. This heat transfer vaporizes the more
volatile organic compounds. The overhead vapor contains water
and organic compounds, and it is condensed and separated to
recover the organic fraction. Recovered organic compounds are
either recycled for reuse in the process or incinerated in an on-
site combustion device for heat recovery.

Steam stripper systems may be operated in batch or
continuous mode. Batch steam strippers are more prevalent when
the wastewater feed is generated by batch processes, when feed
characteristics are highly variable, or when small volumes of
wastewater are generated. They may also be used if wastewater
contains relatively high concentrations of solids, resins, or
tars. In batch stripping, wastewater is charged to the receiver,
or pot, and brought to the boiling temperature of the mixture.
Solids and other residues remaining in the bottom of the pot
(hence the term "bottoms") at the completion of the batch are
nonvolatile, heavy compounds that are removed for disposal. By
varying the heat input and fraction of the initial charge boiled
overhead, a batch stripper can be used to treat wastewater
mixtures with widely varying characteristics.®

In contrast to batch strippers, continuous steam strippers
are designed to treat wastewater streams with relatively
consistent characteristics. Continuous strippers can have
several stages and achieve greater efficiencies of VOC removal
than batch strippers. Other advantages offered by continuous
strippers include more consistent effluent quality, more
autcmated operation, and lower annual operating costs.

Typically, wastewater steams <continucusiy Jdiscnarged IZIrom
process equipment are usually consistent in compositcion. A
continuous steam stripper system would thus be indicatasd for
treating the wastewater. However, batch wastewater streams can
also be controlled by continuous steam strippers by incorporating
a feed tank with adequate residence time to provide a consistent
outlet composition.

4.2.2.2 Collecting, Conditioning, and Recovery

The controlled sewer system or hard piping from the point of
wastewater generation o the feed tank controls emissions before
steam Stripping. The Zeed Zank <cilil=2Ct3 and conditicns the
wastewater fed to the steam stripper. If the feed tank is
adequately designed, a continuous steam stripper can treat
wastewater generated by some batch processes. In these cases,
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the feed tank serves as 'a buffer between the batch process and
the continuous steam stripper. During periods of no wastewater
flow from the batch process, wastewater stored in the feed tank
is fed to the stripper at a relatively constant rate.

Often present in the feed tank are aqueous and organic
phases. The feed tank provides the retention time necessary for
these phases to separate. The organic phase is recycled to the
process for recovery of organic compounds or disposed by
incineration. The water phase is fed to the stripper to remove
the soluble organic compounds. Solids are also separated in the
stripper feed tank; the separation efficiency depends on the
density of the solids dissolved in the process wastewater. The
more dense solids, which settle to the bottom of the tank, are
removed periodically from the feed tank and are usually
landfilled or landfarmed.

After this conditioning of the wastewater, it is pumped
through the feed/bottoms heat exchanger where it is preheated and
then pumped into the steam stripping column. Steam is sparged
into the stripper at the bottom of the column, and the wastewater
feed enters at the top. The wastewater flowing down the column
contacts the flowing countercurrently up the column. Both latent
and sensible heat is transferred from the steam to the organic
compounds in the wastewater, vaporizing them into the vapor
stream. = These constituencs flow out the top of the column with
any uncondensed steam.

The wastewater effluent leaving the bottom of the stripper
is pumped through the feed/bottoms heat exchanger which heats the
feed stream and cools the bottoms before discharge. After
leaving the exchanger, the bottoms stream is usually either
routed to an on-site wastewater treatment plant and discharged to
an NPDES-permitted outfall, or sent to a publicly owned treatment
works (POTW) .

Recovery <L poth VOC’'s and wacer 7apcrs L[rom cne Jaseous
overheads stream from the steam stcripper is usually accompiished
with a condenser. The condensed stream is fed to an overnead
receiver, and the recovered VOC’s are usually either pumped to
storage and recycled to the process unit or combusted for their
fuel value in an incinerator, boiler, or process heater (all
discussed earlier in this chapter). If an agqueous phase is
generated, it is returned to the feed tank and recycled through
the steam stripper system.

4.2.2.3 Efficiency of Control

The degree OL CCNTLACC Derween Che sSt2am and the wastswater
is the primary variable affecting the ability of a steam stripper
to remove VOC’s. In turn, this variable is affected by five
factors: 1) column dimensions (height and diameter); 2) the
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contacting media (packing or trays); and 3) operating parameters
such as the steam-to-feed ratio, column temperature, and
wastewater pH.

Control efficiency increases as column height increases
since there is greater opportunity for contact between the steam
and the wastewater. The column height is determined by the
number of theoretical stages required to achieve the desired
removal efficiency. The number of theoretical stages is a
function of the equilibrium coefficient of the pollutants and the
efficiency of mass transfer in the column, and this number can be
computed by either the McCabe-Thiele graphical method or the
Kremser analytical method.

The column diameter determines the required c¢ross-sectional
area for liquid and vapor flow through the column. The smaller
the cross-sectional area, the higher the superficial gas
velocity, which increase turbulence and mixing resulting in high
column efficiencies. However, the column cross-sectional area
must be sufficient to prevent flooding from excessive liquid
loading or liquid entrainment. This area also affects the liquid
retention time, with higher retention times resulting in higher
efficiencies. These factors have to be weighed in selecting the
column diameter and the design velocities.

The contacting media in the column also play an important
role in determining the mass transfer efficiency. Packing or
trays are used to provide contact between liquid and vapor
phases. Packing provides for continuous contact while trays
provide staged contact. Trays are usually more effective for
wastewater containing dispersed solids because of the plugging
and cleaning problems encountered with packing. Tray towers can
also operate over a wider range of liquid flow rates than packed
towers. Packed towers, on the other hand, are often more cost
affecrive to install and cperate wihen treating highly corrosive
wastewater since Corrosicn r2s1stant c2ramic zacking can 2e used.
Also, the pressure drop chrough packed towers may oe i1ess8 than
through tray towers.”

The steam-to-feed ratio required for high removal
efficiencies is affected by the wastewater temperature as it
enters the column. If the feed cemperature is lower than che
operating temperatcure at the top of the column, part of the steam
is required to heat the feed. With gcod column design,
sufficient steam Zlow is provided o heat the fezed as well as
volatilize the organic constituents. Any steam in excess of this
flow rate helps carry VOC’'s out of the top of the column with the
cverneads str=am. AlsSo, ilncreasing the st2am-co-fsed ratio will
increase the ratio of the vapor to liquid flow through the
column, which increases the stripping of VOC’s into the vapor
phase.



Two other influences on VOC removal are the column
temperature and wastewater pH. Temperature influences the
solubility and equilibrium coefficients of the organic compounds.
pH has an effect on the vapor liquid equilibrium characteristics
of VOC’'s. To ensure steam stripping is successful, columns are
operated at pressures slightly exceeding atmospheric, and
operating temperatures are usually slightly higher than the
normal boiling point of water. Wastewater pH is controlled by
adding caustic to the feed.”

4.2.2.4 Applicability

Steam stripping is most applicable to treating wastewaters
with organic compounds that are highly volatile and have a low
solubility in water. The VOC’'s that have low volatility tend not
to volatilize and thus are not easily stripped out of the
wastewater by the steam. Similarly, VOC's that are very soluble
in water tend to remain in the wastewater and are not easily
stripped by steam. 0il, grease, solids content and pH of
wastewater also affect applicability. High oil, grease, and
solids levels can cause operating problems for steam strippers,
and extremes in pH may prove to be corrosive to equipment.
Design or wastewater preconditioning techniques can be used to
mitigate these problems.

4.2.3 Carbon Adsorbers

Adsorption is a mass-transfer operation involving
interaction between gas- or liquid-phase components and solid-
phase components. In this operation, certain components of a
gas- or liquid-phase. (or adsorbate) are transferred to the
surface of a solid adsorbent. The transfer is accomplished by
physical or chemical adsorption mechanisms. Physical adsorption
takes place when intermolecular (van der Waals) forces attract
and hold the gas molecules to the solid surface. Chemisorption
occurs winen a chemical pond forms between the gaseocus- and solid-
Dhase molecules. A physical-y zdsorped molecule can be removed
readily from the adsorbent {under suitable temperature and
pressure conditions); the removal of a chemisorbed component is
much more difficult.

Most industrial adsorption systems use activated carbon as
the adsorbent. Activated carbon effectively captures certain
organic vapors by physical adsorption. The vapors can then be
released for recovery by regenerating the adsorption bed with
3Steam or altrogen. Oxygenated adsorbents such as siiica gels or
diatomaceous earth exhibit a greater selectivity for capturing
water vapor than organic gases compared to activated carbon.
They znaus ars 3f _ictle ase Ior 2igh-moisture vent scrsams

characteristic of some VOC-containing vent streams.°®!



Among the factors influencing the design of a carbon
adsorption system are the chemical characteristics of the VOC
being recovered, the physical properties of the inlet stream
(temperature, pressure, and volumetric flow rate), and the
physical properties of the adsorbent. The mass of VOC that
adheres to the adsorbent surface is directly proportional to the
difference in VOC concentration between the gas phase and the
solid surface. In addition, the quantity of VOC adsorbed depends
on the adsorbent bed volume, the surface area of adsorbent
available to capture VOC, and the rate of diffusion of VOC
through the gas film at the gas- and solid-phase interface (the
mass transfer coefficient). It should be noted that physical
adsorption is an exothermic operation that is most efficient
within a narrow range of temperature and pressure.®

4.2.3.1 Types of Adsorbers

There are five types of adsorption equipment used in gas
collection: 1) fixed regenerable beds;
2) disposable/rechargeable cannisters; 3) traveling bed
adsorbers; 4) fluid bed adsorbers; and S) chromatographic
baghouses. The fixed-bed type is the one most commonly used for
control of VOC’s,*® so this section addresses this type only.

Fixed-bed units can be sized for controlling continuous,
VOC-containing streams over a wide range of flow rates, ranging
up to several thousand cubic meters per minute (100,000 scfm).
VOC concentrations in streams that can be treated by fixed-bed
units can range from several parts per billion by volume (ppbv)
to 10,000 ppmv.

Fixed-bed adsorbers can be operated in two modes:
intermittent or continuous. In intermittent mode, the adsorber
removes VOC’'s for a specified time (called "the adsorption
time"}), which corresponds to the time during which the controlled
source is emitting VOC's. In <ontznuous mode, a regenerated
carbon bed =s aiways available Zor adsorption, sSo chat czhe
controlled source can operate continuocusly without shutting down.
While continuous operation allows for more adsorption over che
same period of time because it does not need to be shut down,
more carbon must be provided. This is necessary since a bed for
desorbing must be provided along with the adsorbing bed in order
to recover the captured VOC f£rom the carbon.’

4.2.3.2 Control Efficiency

Well designed and operated carbon adsorption systems can
ichisve contxol =fficiencisg »f 25 no 399 »ercent for a wvariety oOf
solvents inciuding ketones such as methyl ethyl xetone and
cyclohexanone. The VOC control efficiency depends on factors
such as inlet vent stream characteristics (temperature, pressure,
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and velocity), the physical properties of the compounds present
in the vent stream, the physical properties of the adsorbent, and
the condition of the regenerated carbon bed.

The adsorption capacity of the carbon and the resulting
outlet concentration are dependent upon the temperature of the
inlet vent stream. High vent stream temperatures increase the
kinetic energy of the gas molecules, causing them to overcome van
der Waals forces and release from the surface of the carbon. At
vent stream temperatures above 38 degrees Celsius, both
adsorption capacity and outlet concentration may be adversely
affected.¥

Increasing vent stream pressure improves VOC removal
efficiency. Increased stream pressure results in higher VOC
concentrations in the vapor phase and increased driving force for
mass transfer to the carbon surface. Decreased stream pressure,
on the other hand, is often used to regenerate carbon beds.
Reduced pressure in the carbon bed effectively lowers the
concentration of VOCs in the vapor phase, desorbing the VOCs from
the carbon surface to the vapor phase.

Vent stream velocity entering the carbon bed must be quite
low to allow time for diffusion and adsorption. Typical inlet
vent stream velocities range from 15 to 30 meters per minute
(50 to 100 feet per minute). If inlet VOC concentrations are low,
as is expected in the SOCMI, the bed area required for the volume
needed usually permits a velocity at the high end of this range.”®

The required depth of the bed for a given compound is
directly proportional to the carbon granule size and porosity and
to the inlet vent stream velocity. For a given carbon type, bed
depth must increase as the vent stream velocity increases.
Generally, carbon adsorber bed depths range from 0.40 to 0.95
meter (1.5 to 3.0 feet).

The condition of che regeneraved carbon bed wilil change witn
use. After repeated regeneration, the carbon bed loses activity,
resulting in reduced VOC removal efficiency.

4.2.3.3 Applicability

Carbon adsorption cannot be used universally for
distillation or process vent streams. It is not recommended
under the following conditions, common with many VOC-containing
vent streams: 1) high VOC ceoncentrations, 2) very high or low
molecular weight compounds, 3) mixtures of high and low boiling
point VOC’s, and 4) high moisture content.

Absorbing vent streams with VOC concentrations above 10,000
ppmv may result in excessive temperature rise in the carbon bed
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due to the accumulated heat of adsorption resulting from the VOC
loading. If flammable vapors are present, insurance company
requirements may limit inlet concentrations to less than 25
percent of the LEL.”

The molecular weight of the compounds to be adsorbed should
be in the range of 45 to 130 gm/gm-mole for effective adsorption.
High molecular weight compounds that are characterized by low
volatility are strongly adsorbed on carbon. The affinity of
carbon for these compounds makes it difficult to remove them
during regeneration of the carbon bed. Conversely, highly .
volative materials (i.e, molecular weight less than about 45 gm)
do not adsorb readily on carbon, thus adsorption is not typically
used for controlling streams containing such compounds.

Adsorption systems can be very effective with homogeneous
vent streams but much less sO with streams containing a mixture
of light and heavy hydrocarbons. The lighter organic compounds
tend to be displaced by the heavier compounds, greatly reducing
gsystem efficiency.

Humidity is not a factor in adsorption at adsorbate
concentrations above 1,000 ppmv. Below this level, however,
water vapor competes with VOC’s in the vent stream for adsorption
sites on the carbon surface. In these cases, vent stream
humidity levels exceeding 50 percent (relative humidity) are not
desirable.®

4.2.4 Condengers

Condensation is a separation technique in which one or more
volatile components of a vapor mixture are separated from the
remaining vapors through saturation followed by a phase change.
The phase change from gas to liquid can be achieved in two ways:
1) by increasing the system pressure at a Jiven temperature or 2)
oy lowerlng che ceamperature at 3 ccocnsctant pressure. The latter
method is the more common to achieve the specified phase change,
and it alone is addressed nhere.

4.2.4.1 Description

The basic equipment incliludes a condenser, refrigeration
unit (s), and auxiliary equipment such as a precooler,
recovery/storage tank, pump/blower, and piping.

The two most commonly used condenser types are surface
czondensers and direct contact condensers.® In surface
condensers, tie coolant Zluid Zces 10t contact the yent str2am:
heat transfer occurs through the tubes or plates in the
condenser. As the vapor condenses, a film forms on the cooled
surface and drains away to a collection tank for storage, reuse,
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or disposal. Because the cooclant from surface condensers does
not contact the vapor stream, it 1s not contaminated and can be
recycled in a closed loop. Surface condensers also allow for
direct recovery of VOC’s from the gas stream.

Most refrigerated surface condensers are the shell-and-tube
type, which circulates the coolant fluid on the tube side. The
VOC’'s condense on the outside of the tube (the shell side).
Plate-type heat exchangers are also used as surface condensers in
refrigerated systems. Plate condensers operate under the same
principles as the shell-and-tube systems, for there is no contact
between the coolant and vent stream), but the two streams are
separated by thin, flat plates instead of cylindrical tubes.

In contrast to surface condensers, direct contact condensers
cool the vapor stream by spraying a liquid at ambient or lower
temperature directly into the vent stream. Spent coolant
containing VOC’s from direct contact condensers usually cannot be
reused directly. Additionally, VOC’'s in the spent coolant cannot
be recovered without further processing. The combined stream
could present a potential waste disposal problem, depending upon
the coolant and the specific VOC'’s.

A refrigeration unit generates the low-temperature medium
necessary for heat transfer for recovery of VOC’s. Typically in
refrigerated condenser systems two kinds of refrigerants are
used, primary and secondary. Primary refrigerants such as
ammonia and chlorofluorocarbons (e.g., chlorodifluoromethane) are
those that undergo a phase change from liquid to gas after
absorbing heat. Secondary refrigerants, such as brine solutions,
have higher boiling points and thus act only as heat carriers and
remain in the liquid phase.

There are some applications that require auxilary equipment.
If the vent stream contains water vapor or if the VOC has a high
freezing Doint .e.g., benzene or toluene), ice »r frozen
hydrocarbons may Zorm on the condenser :tupes or plates. Thais
will reduce the nheat transfer efficiency of the condenser and
thereby reduce the removal efficiency. Formaticn of ice will
also increase the pressure drop across the condenser. In such
cases, a precooler may be used to remove the moisture before the
vent stream enters the condenser. Alternatively, ice can be
melted during an intermittent heating cycle by circulating
ambient temperature brine through the condenser or using radiant
heating coils.

It is necessary in some cases to provide a recovery tank for
temporary storage 9of condensed VOC bhefore its reuse,
reprocessing, O2r Lransier td a large sStlrage cank. umps and
blowers are typically used to transfer liquid (e.g., coolant and
recovered VOC) and gas streams, respectively, within the system.
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4.2.4.2 Control Efficiency

The major parameters that affect the removal efficiency of
refrigerated surface condensers designed to control air/VvoC
mixtures are: 1) Volumetric flow rate of the VOC-containing vent
stream; 2) Inlet temperature of the vent stream; 3)
Concentrations of the VOC’s in the vent stream; 4) Absolute
pressure of the vent stream; 5) Moisture content of the vent
stream; and 6) properties of the VOC’s in the vent stream, such
as dew points, heats of condensation, heat capacities, and vapor
pregsures.® :

Any operator of a condenser should remember that a condenser
cannot lower the VOC concentration to levels below the saturation
concentration at the coolant temperature. Removal efficiencies
above 90 percent can be achieéved with coolants such as chilled
water, brine solutions, ammonia, or chlorofluorocarbons.

4.2.4.3 Applicability

Condensers are widely used as product recovery devices.
They may be used to recover VOC’'s upstream of other control
devices or they may be used alone for controlling vent streams
containing relatively high VOC concentrations (usually greater
than 5,000 ppmv). In these cases, the removal efficiencies of
condensers can range widely, from 50 to 95 percent.

Since the temperature necessary for condensation depends on
the properties and concentration of VOC’s in the vent stream,
streams having either low VOC concentrations or more volatile
compounds require lower condensation temperatures. Also,
depending on the type of condenser used, disposal of the spent
coclant can be a problem. If cross-media impacts are a concern,
surface condensers would be preferable to direct contact
condensers.

Condensers used as =mission control devices can process L1OW
rates as high as about 37 m/min (120,000 scfm). Condensers for
vent streams with greater volumetric flow rates and having high
concentrations of noncondensibles will require significantly
larger heat transfer areas.

4.2.5 Vapor Collection Systems for Loading Racks

When liguids are transterred into a transport vessel, 7apors
in the head space of that vessel can be lost to®the atmosphere.
The principal factors affecting emissions from transfer
Jperations ares Iie vapcr prassurs 0L che chemical 2eing
transferred. Other factors that influence emissions from
transfer operations include the transfer rate and the purge rate
of nitrogen (or other inert gas) through the vessel during
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transfer.

The vapor pressure of the chemical being transferred has the
greatest influence on emissions from transfer operations. For
pure materials, the vapor pressure gives a measure of the amount
of organic compound lost during transfer. The total potential
emissions from any transfer is related to the void volume of the
transport vessel and the concentration of the VOC in the head
space.

The mode of transfer is also an important factor in
determining emissions from transfer operations. Top splash
loading creates the most emissions because it enhances the
agitation of the liquid being transferred, creating a higher
concentration of the compound in the vapor space. With alternate
loading techniques, such as submerged fill or bottom loading, the
organic liquid is” loaded under the surface of the liquid, which
reduces the amount of agitation and suppresses the generation of
excess vapor in the head space of the transport vessel.

The rate of transfer has a more subtle influence on
emissions; its greatest effect is on air quality. Transfer rate
will dictate the short-term emission rate of the compound being
transferred, thereby influencing exposure to the worker or
public.

A nitrogen purge is used to reduce the potential for
explosion of some chemicals in air or to keep some chemicals
moisture-free. Using an inert gas purge increases the emission
rate of VOC lost to the atmosphere because it creates a turnover
rate of gas through the transport vessel, increasing the total
volume of vapor discharged to the atmosphere.

Most vapor collection systems collect the vapors generated
during transfer operations and transport them to either a
recovery device f£or return o the process or a combustion device
for destruction. In vapor balancing sSvstems, vapors Jeneratad
during cransfer operations are returned directly to the storage
facility for the material, and the system requires no additional
controls.

4.2.5.1 Description of Vapor Collection Systems

Vapor collection systems consist of piping that captures and
transports to a control device VOC's in the vapor space of
transport vessels that are displaced whegn liquids are loaded.
These systems may use existing piping normally used to transport
liquids under pressure into the transport vessel or viping
separace ILrom chat for cransrer. <Colliection systems cCmprise
very few pieces of equipment and minimal piping. The principal
piece of equipment in a collection system is a vacuum pump Or
blower, used to induce the flow of vapors from the transport

4-24



vessel to the recovery or combustion svscem.

Blowers can also be used to remove vapors from the head
space of the tank car as liquid is transferred into the tank car.
Standard recovery techniques such as condensation or
refrigeration/condensation systems, or combustion can be applied
to the captured vapors.

Vapor balancing is another means of collecting vapors and
reducing emissions from transfer operations:. Vapor balancing is
most commonly used where storage facilities are adjacent to the
loading facility. In this collection system, an additional line
is connected from the transport vessel to the storage tank to
return any vapor in the transport vessel displaced by the liquid
that is loaded to the vapor space of the storage vessel left by
the transferred liquid. Since this is a direct volumetric
change, there are no losses to the atmosphere.

4.2.5.2 Efficiency

The three factors affecting the efficiency of a vapor
collection system are:

1) Operating pressure of the collection system;

2) Volume of piping between the loading arm and the
transport vessel; and

3) The efficiency of the ultimate control device.

The first factor influences the efficiency of collection
through the VOC concentration remaining in the line after
transfer. The VOC concentration for systems operating at low
pressures or under vacuum is decreased, thus lowering the total
amount <f VOC in the piping. This effectively reduces the amount
SE 70C lost -o the atmosphere wnen disconnecting cransfer lIines.
The opposite occurs for systems oOperating at aligher pressures.

The second factor establishes the quantity of VOC not
delivered to the transport vessel and not collected for
treatment. Systems that minimize the piping between the transfer
loading arm and the transport vessel are more efficient than
those with larger piping connections, because there is less open
piping to the atmosphere.

The third factom is the most important, for it affeccs the
the overall efficiency of the collection system and the control
system. In the SOCMI, collection systems are generally hard-
piped between the transport vessel and the control sysctam. Thus,
there is no loss of efficiency, other than losses associated with
connections and disconnections.
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4.,2.5.3 Applicability

Applicability of vapor collection systems depends on four
factors:

1) Vapor pressure of the material;

2) Value of the product;

3) Physical layout of the facility; and
4) OSHA considerations.

Materials with vapor pressures greater than atmospheric are
stored and loaded under pressure. Loading under pressure
eliminates the losses associated with atmospheric transfer
operations and limits losses to those associated with connections
and disconnections.

For purely economic considerations, expensive products are
candidates for more extensive collection and recovery systems.
Further, it is unlikely that combustion techniques will be used
to control emissions of products whose value is high enough to
warrant recovery efforts.

The third factor, physical layout of the facility, is the
most important. The shorter the distance between the vapor
balancing system and the storage tank, the fewer meters of piping
required, and the more affordable a vapor balancing system is.
Because vapor balancing is a simple and cost effective control
technique for transfer operations, it is often used in RACT
(reasonably available control technology) requirements and has
been used in many instances as a control measure to meet the
emission requirements of many state air toxic regulations.

OSHA limitactions on work place exposurz tc chemicals being
cransterrea are additional congiderations. Some chemical
compounds being cransferred are more tcxic than others, and thus
must be more tightly controlled. Highly toxic or carcinogenic
compunds require stringent control measures such as transferring
VOCs under vacuum, vapor compression, refrigeration, and
combustion.

4.3 LDAR

Leak detection and repair vrograms have been required by the
EPA for a number of years. They have been undertaken to reduce
emissions due to leaking equipment. These emissions occur when
prcc=ass fluild (Iiguid or caseous) i1s released through zhe sealing
mechanisms of equipment in the chemical plant. This section
discusses the sources of equipment leak emissions and control
techniques that can be applied to reduce emissions from equipment
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leaks, including the applicability of each contrcl technique and
its associated effectiveness in reducing emissions.

Many potential sources of equipment leak emissions exist in
an organic chemical plant. The following sources are covered in
this section: pumps, compressors, agitators, pressure relief
devices, open-ended lines, sampling connections, process valves,
connectors, instrumentation systems, and product accumulator
vesgsels.

The techniques for reducing emissions from equipment leaks
are as diverse as the types of sources. The three major
categories for techniques are: 1) Equipment (modifications); 2)
Closed vent systems; and 3) Work practices. The selection of a
control technique and its effectiveness in reducing emissions
depends on a number of factors including: 1) Type of egquipment;
2) Equipment service (gas, light liquid, heavy liquid);

3) Process variables influencing equipment selection
(temperature, pressure); 4) Process stream composition; and 5)
Costs.

4.3.1 Equipment Description and Controls
4.3.1.1 Pumps

Pumps are used widely in the SOCMI for the movement of
organic liquids.* Chemicals transferred by pump can leak at the
point of contact between the moving shaft and the stationary
casing. Consequently, all pumps require a seal at the point
where the shaft penetrates the housing in order to isolate the
pumped fluid from the environment.

4.3.1.1.1 Seals for Pumps

TWwo generic types of seals, packed and mechanical, are used
cn pumps. facked seals can oe used on ooth re01?*ocat_“ znd
rogary action {(cencrifugal) pumps. A packed seal consists of a
cavity (or "stuffing box") in the pump casing filled with packing
material that is compressed with a packing gland to form a seal
around the shaft. Coolant is required to remove the frictional
heat Dbetween the packing and shaft. The necessary lubrication is
provided by a coolant that flows between the packing and the
shaft.? Deterioration of the packing can result in leakage ot
the process liquid.

Mechanical seals are limited in application to pumps with
rotating shafts. There ars 51ngle and double mechanical seals,
W1Ch many varlatlions o their zasic design, but all have 31 lapped
seal face between a stationary element and a rotating seal ring.
In a single mechanical seal, the faces are held together by the
pressure applied by a spring on the drive and by the pump
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pressure transmitted through the pumped fluid on the pump end.
An elastomer O- ring seals the rotating face to the shaft. The
stationary face is sealed to the stufflng box with another
elastomer O-ring or gasket.

For double mechanical seals, two seals are arranged back-to-
back, in tandem, or face to face. 1In the back-to-back
arrangement, a closed cavity is created between the two seals. A
seal liquid, such as water or seal oil, is circulated through the
cavity. This seal liquid is used to control the temperature in
the stuffing box. For the seal to function properly, the
pressure of the seal ligquid must be greater than the operating
pressure of the pump. In this manner, any leakage would occur
across the seal faces into the process or the environment.

Double mechanical seals are used' in many process
applications, but there are some conditions for which their use
is not indicated. Such conditions include service temperatures
above 260 degrees Celsius, and pumps with reciprocating shaft
motion. Further, double mechanical seals cannot be used where
the process fluid contains slurries, polymeric, or undissolved
solids.

4,3.1.1.2 Sealless Pumps

Another type of pump used in the SOCMI is the sealless pump.
Sealless pumps are used primarily in processes where the pumped
fluid is hazardous, highly toxic, or very expensive and where
every effort must be made to prevent all possible leakage of the
fluid. Canned-motor, diaphragm, and magnetic drive pumps are
three common types of sealless pumps.

Canned-motor pumps have interconnected cavity housings,
motor rotors, and pump casings. Because the process liquid is
the bearing lubricant, abrasive solids in the process lines
cannot 2e tolerated. Canned-motor pumps are widely used Zor
nandling organic solvents, organic neat ctransfer liguids, and
light oils.

Diaphragm pumps contain a flexible diaphragm of metal,
rubber, and plastic as the driving member. The primary advantage
of this arrangement is the elimination of all packing and seals
axposed to the process liguid provided the diaphragm’s integricy
is maintained. This is important when handling hazardous or
toxic liquids. Emissions from diaphragm pumps can be large,
however, if the diaphragm fails.

In magnetic-drive pumps, no seals contact the process fluid.
An externallv-mountsd magnet ccupled tc the pump meotor Jrives Ine
impeller in the pump casing.



4.3.1.2 Compressors

Compressors move gas through a process unit in much the same
way that pumps transport liquid. Compressors are typically
driven with rotating or reciprocating shafts. Thus, the sealing
mechanisms for compressors are similar to those for pumps, i.e.,
packed and mechanical seals. Emissions from this source type may
be reduced by improving the seals’ performance or by collecting
and controlling the emissions from the seal. Emissions from
mechanical contact seals depend on the type of seal or control
device used and the frequency of seal failure.

Shaft seals for compressors are of several different types:
labyrinth, restrictive carbon rings, mechanical contact, and
liquid film. All of these seal types restrict leaks, although
none of them completely eliminates leakage. Compressors can be
equipped with ports in the seal area to evacuate collected gases,
which could. then be controlled.

A buffer or barrier fluid may be used with these mechanical
seals to form a buffer between the compressed gas and the
environmenc, similar to barrier fluids in pumps. This system
requires a clean, external gas supply that is compatible with the
gas being compressed. Barrier gas can become contaminated and
must be disposed of properly, for example by venting to a control
device. Compressors can also be equipped with liquid film seals.
This seal is formed by a film of 0il between the rotating shaft
and stationary gland.

4.3.1.3 Agitators

Agitators are used in the SOCMI to stir or blend chemicals.
As with pumps and compressors, emissions from agitators can occur
at the interface of a moving shaft and a stationary casing.
Emissions from this source type may be reduced by improving the

seal or by ceollecting and conrrolling =smissions. There are Iour
seal arrangements ccmmonly used with agitacors: packed seals,
mechanical seals, hydraulic seals, and lip seals. Packed seals

for agitators are similar in design and application to the packed
seals for pumps (refer to Section 4.3.1.1).

While mechanical seals are more costly than other seal
arrangements, they provide better leakage rate reduction. Also,
the maintenance frequency of properly installed and maintained
mechanical seals is one-half to one-fourth that of packed seals.®
Mechanical seals can be designed specifically for high pressure
applications (i.e., greater than 1,140 kPa or 165 psia).“ As
with pacied seals, tne mechanical seals for igitators ara similar
to the design and appliication of mechanical seals f£cr pumps.

The hydraulic seal is the simplest and least-used agitator
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is limited to low temperatures and pressures and can only handle
very small fluctuations. Process chemicals may contaminate the
seal liquid and then be released into the atmosphere as equipment
leak emissions.

Lip seals, which are relatively inexpensive and easy to
install, can be used on a top-entering agitator as a dust or
vapor seal.. Once the seal has been installed, the agitator shaft
rotates in ‘continuous contact with the 1lip seal. Emissions can
be released through this seal when it wears excessively or when
the operating pressure surpasses the pressure limitation of the
seal.

4.3.1.4 Pressure Relief Devices

Insurance, safety, and engineering codes require that
pressure relief devices or systems be used in applications where
the process pressure may exceed the maximum allowable working .
pressure of the process equipment. Pressure relief devices
include rupture disks and safety/relief valves. The most common
pressure relief device is a spring-loaded valve designed to open
when the operating pressure of a piece of process equipment
exceeds a set pressure. Equipment leak emissions from spring-
loaded relief valves may be caused by failure of the valve seat
or valve stem, improper reseating after overpressure relief, or
process operation near the relief valve set pressure which may
cause the relief valve to frequently open and close or "simmer."

Rupture disks are designed 0 burst at overpressure t£o allow
zhe process gas =0 vent directly o Che atmosphers. Rupturs
disks allow no =missions as long as the integrity of the disk 1is
maintained. They must be replaced after each pressure relierf
episode to restore the process to an operating pressure
condition. Although rupture disks can be used alone, they are
sometimes installed upstream of a relief valve to prevent
emissions through the relief valve stem.

Combinations of rupture disks and relief valves require
certain design constraints and criteria to avoid potential safety
hazards. For example, appropriate piping changes must be made to
osraevent disk fragments from lodging in damaging the relief wvalve
WHeN reiidving Joverpressura. A dlock valve upstresam of ke
rupture disk can be used to isolate the rupture disk/relief valve
combination and permit in-service replacement of the disk after
it bursts. Otherwise, emissions could result through the relief
valve.



4.3.1.5 Open-Ended Lines

Emissions from open-ended lines are caused by leakage
through the seat of an upstream valve in the open-ended line.
Emissions that occur through the stem and gland of the valve are
not considered "open-ended" emissions and are addressed in-the
section on process valves. Emissions from open-ended lines can
be controlled by installing a cap, plug, flange, or second valve
to the open end. Control efficiency of these control measures is
assumed to be 100 percent.

4.3.1.6 Sampling Connections

Emissions from sampling connections occur as a result of
purging the sampling line to obtain a representative sample of
the process fluid. These emissions can be reduced by using a
closed loop sampling system or disposing of the purged process
fluid in a control device. The closed loop sampling system is
designed to return the purged fluid to the process at a point of
lower pressure. Closed loop sampling is assumed to be 100
percent effective for controlling emissions from a sample purge.
This purged fluid could also be directed to a control device such
as an incinerator, in which case the control efficiency would
depend on the efficiency of the incinerator in removing the VOC.

4.3.1.7 Procesgs Valves

Valves are the most common and numerous process eguipment
type found in the chemical industry.* There are many designs for
valves, and most of the designs contain a valve stem which
operates to restrict or allow fluid flow. Typically, the stem is
sealed by a packing gland or O-ring to prevent leakage of process
fluid to the atmosphere. Emigsions from valves occur at the stem
or gland area of the valve body when the packing or O-ring in the
valve fails.

4.3.1.7.. Seals Ifor Valves

Valves that require the stem to move in and out Or Lurll must
utilize a packing gland. A variety of packing materials are
suitable for conventional packing glands. The most common
packing materials are the various types of braided asbestos that
contain lubricants; other packing materials include graphite,
graphite-impregnated fibers, and tetrafluorethylene. The choice
of packing material depends on the valve application and
configuration.*® Conventional packing glands can be used over a
wide range of operating temperatures.

4.3.1.7.2 Sealless Valves

Emissions from process valves can be eliminated if the valve
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stem can be isolated from the process fluid. There are two types
of sealless valves available: diaphragm valves and sealed
bellows valves.

Diaphragm valves isolate the valve stem from the process
fluid using a flexible elastomer or metal diaphragm. The
position of the diaphragm is regulated by a plunger, which is
controlled by the stem. Depending on the diaphragm material,
this type of valve can be used at temperatures as high as 205
degrees Celsius and in strong acid service. If the diaphragm
fails, the valve can become a relatively larger source of
emissions.? 1In addition, use at temperatures beyond the
operating limits of the material tends to damage or destroy the
diaphragm.

Sealed bellows valves are another alternative leakless
design. In this valve type, metal bellows are welded to the
bonnet and disk of the valve, thereby isolating the stem from the
process. These valves can be designed to withstand high
temperatures and pressures and can provide leak-free service at
operating conditions beyond the limits of diaphragm valves.
However, they are usually dedicated to highly toxic services and
the nuclear industry.

The control effectiveness of both diaphragm and sealed
bellows valves is essentially 100 percent, although a failure of
the diaphragm or bellows could cause temporary emissions much
larger than those from other types of valves.

4.3.1.8 Connectors

Connectors are flanges, threaded fittings, and other
fittings used to join sections of piping and equipment. They are
used wherever pipe or other equipment (such as vessels, pumps,
valves, and heat exchangers) require isolation or removal.

Flanges are bolted, gasket-sealed connectors. YJormally,
flanges are used for pipes with diameters orf 50 mm or greater and
are classified by pressure rating and face type. The primary
cause of flange leakage are poor installation and thermal stress,
which gesults in the deformation of the seal between the flange
faces.

Threaded fittings are made by cutting threads into the
outside end of one piece (male) and the inside end of another
piece (female). These male and female parts are then screwed
together like a nut and bolt. Threaded fittings are normally
used to connect piping and equipment having diameters of 50 mm or
128s. Seals Zor zhese fittings zre made by ccating zne male
threads with a sealant before joining it to the female piece.
Emissions from threaded fittings can occur as the sealant ages
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and eventually cracks. Leakage can also occur as the result of
poor assembly or application of the sealant, and thermal stress
of the piping and fittings.

Emissions from connectors can be controlled by regularly
scheduled maintenance. Potential emissions can be reduced by
replacing the gasket or sealant materials. If connectors are not
required for process modification or periodic equipment removal,
emissions from connectors can be eliminated by welding the
connectors together.

4.3.1.9 Instrumentation Systems

An instrumentation system is a group of equipment components
used to condition and convey a sample of process fluid to
analyzers and instruments for the purpose of determining process
operating conditions (e.g., composition, pressure, and flow
rate). Valves and connectors are the predominant types of
equipment used in instrumentation systems, although other
equipment may be included. Emissions resulting from the
components in the instrumentation system are controlled as they
are for the same component in the process system.®

. 4.3.2 Closed Vent Systems

Emissions from equipment leaks may be controlled by
ingtalled a closed vent system around the leaking equipment and
venting the emissions to a control device. This method of
control is only applicable to certain equipment types, i.e.,
pumps, compressors, agitators, pressure relief valves, and
product accumulator vessels. Because of the many valves,
connectors, and open-ended lines typically found in chemical
facilities it is not practical to use this technique for reducing
emissions from all of these potential sources for an entire
crocess unit. However, a closed vent system can be used o
control emissions Irom a lomited number CI components, which
could pe enclosed and maintained under negative pressure and
vented to a control device.

4.3.3 Work Practices

LDAR methods are used to identify equipment compconents that
are emitting significant amounts of VOC and to reduce these
emissions. The <mission resduction potential for LDAR as a
control technique is highly variable and depends on several
factors, the most important of which are the frequency of
monicoring ind the :tschnigues used o identify leaks. Repair of
leaking components is required only when the equipment leak
emissions reach a set level--the leak detection level. A low
leak definition will initiate repair at lower levels, resulting
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in a lower overall emission rate.
4,3.,3.1 Leak Detection Methods

Leak detection methods include individual component surveys,
area (walk-through) surveys, and fixed point monitors.
Individual component surveys form a part of the other methods.

4.3.3.1.1 Individual Component Survey

Each source of equipment leak emissions (pump, valve,
compressor, etc.) can be checked for VOC leakage by visual,
audible, olfactory, soap bubble, or instrument techniques.

Visual methods are good for locating liquid leaks. A visible
leak does not necessarily indicate VOC emissions, however,

because the leaking material may be non-VOC. High-pressure leaks
may be detected by the sound of escaping vapors, and leaks of .
odorous materials may be detected by smell.

Soap spraying on equipment components can be used to survey
individual components in certain applications. If the soap
solution forms bubbles or blows away, a leak is indicated, and
vice versa. Disadvantages of this method are that 1) it does not
distinguish leaks of hazardous VOC’'s from nonhazardous VOC’s; 2)
it is only semiquantitative, since it requires the observer to
determine subjectively the rate of leakage based on the behavior
of the soap bubbles; and 3) it is limited to sources with
temperatures below 100 degrees Celsius, because the water in the
soap solution will evaporate at temperatures above this figure.
This method is also not suited for moving shafts on pumps or
compressors, because the motion of the shaft may interfere with
the motion of the bubbles caused by a leak.

The best method for identifying leaks of VOC from components
is using a portable hvdrocarbon detection instrument. Air close
o the potenrial leak site is sampled and analyzed by a sampling
craverse ("monitcring') over the 2ntire ar2 wnere leaks may
occur. The concentration of hydrocarbons in —he sampled air is
displayed on the instrument meter and is a rough indicator of the
VOC emission rate from the component. If the concentration is
higher than a specified figure ("action level"), then the leaking
component is marked for repair.

4,3.3.1.2 Area Survey

An area or walk-through survey requires zhe use of a
portable hydrocarbon detector and a strip chart recorder. The
orocedure involves carrying :the instrument within one meter of
the upwind anc dewnwind sides oL grocess 2gquipmenc. The
instrument is then used for an individual component survey in a
suspected leak area. The efficiency of this method for locating
leaks is not well established. Problems with this method include
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the fact that leaks from.overhead valves or relief valves will
not be detected, and the possibility of leaks from adjacent units
and adverse meteorological conditions affecting the results of
the walk-through survey. Thus, the area survey 1is best for
locating only large leaks at small expense.

4.3.3.1.3 PFixed point monitors

This method consists of placing several automatic
hydrocarbon sampling and analysis instruments at various
locations in the process unit. If elevated hydrocarbon
concentrations are detected, a leaking component is indicated.
Identifying the specific leaking component requires an individual
component survey. The efficiency of fixed point monitoring is
not well established, but fixed point monitoring of VOC’s is not
as effective as a complete individual component survey.’® Fixed-
point monitors are expensive, multiple units may be required, and
the portable instrument is also needed to locate the particular
leaking component. Calibration and maintenance costs may be
high. Fixed-point monitors are used successfully to detect
emissions of hazardous or toxic substances, and can provide an
increased detection efficiency by selecting a particular compound
as the sampling criterion.

4.3.3.2 Repair Methods

This section describes repair methods for possible equipment
emission sources in a chemical plant. These are not intended to
be complete repair procedures.

Many pumps have in-line or parallel spares that can be used
while the leaking pump is being repaired. Leaks from packed
seals may be reduced by tightening the packing gland. With
mechanical seals, the pump must be dismantled to repair or
replace the leaking seal. Dismanrling pumps can rasult in

spillage ci some orecess Iluld. I cthe seal leak 1s small,
avaporative =2missions of VOC Zrcm such spillage may be greater
chan the conrcinued leak Zrom the seal. Precautions must be taken

to prevent or reduce these emissions.

Leakage from compressors with packed seals may be reducesd by
tightening the packing gland, as described for pumps. Repair of
compressors with mechanical seals requires the compressor be
removed from service. Since compressors usually do not have
spares, immediate repalr may not be practical or possible without
a process unit shutdown.

Agitatcrs, like pumps and compressors, can leak TOC's3 3t the
point where the shaft penetrates the casing, and seals are
required to minimize fugitive emissions. Leaks from packed seals
may be reduced by the repair procedure described for pumps, while
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repair of other types of seals require the agitator to be out of
service. In this latter case, process shutdown or isolation of
the particular agitator being repaired is required.

Leaking repair valves usually must be removed for repair.
To remove the relief valve without shutting down the process, a
block valve may be required upstream of the relief valve. A
spare relief valve should be attached while the faultly valve is
repaired and tested.

A rupture disk can be installed upstream from a pressure
relief valve to eliminate leaks until an overpressure release
occurs. Once a release occurs, the rupture disk must be replaced
to prevent further leaks. A block valve is required to isolate
the rupture disk for replacement.

Most valves have a packing gland that can be tightened while
in service. Although this procedure should decrease the
emissions from the valve, it can actually increase the emission
rate if the packing is old and brittle or has been over-
tightened. Some types of valves have no means of in-service
repair and must be isolated from the process and removed for
repair and replacement. Most control valves have a manual bypass
loop that allows them to be isolated and removed. Most block
valves cannot be isolated easily, although temporary changes in
process operation may allow isolation in some cases.

In some cases, leaks from connectors can be reduced by
replacing the connector gaskets, but most connectors cannot be
isolated to permit gasket replacement. Tightening of connector
bolts also may reduce emissions from connectors. Where
connectors are not required for process modification or periodic
equipment removal, emissions from connectors can be eliminated by
welding them.

4.4 Intermal Flcating RooLs

Internai floating roors are commonliy used In che chemicadl
manufacturing industry to control emissions of chemicals from
storage tanks. As the name implies, it is a roof inside a tank
that floats on the surface of the stored liquid.

The presence of a floating roof (or deck) inside a fixed
roof tank significantly reduces the surface area of exposed
liquid. It serves as a physical barrier between the volatile
organic liquid and che air that enters the tank through vencs.

3ecause =vaporation is the primary emission mechanism
associated wilita 3TOrage rtanks, =smissions Irom Zloacing TI2CL IGnXE
as well as fixed roof tanks vary with the vapor pressure of the
stores liquid. Thus, the control efficiency of retrofitting a
fixed roof tank with an intermal floating deck depends on the
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material being stored.

Other factors affecting emissions, and therefore control
efficiency, are tank size, number of turnovers, and the type of
deck and seal system selected. Installing an internal floating
roof can reduce emissions by 61 to 98 percent.’ The relative
effectiveness of one internal floating roof design over another
is a function of how well the deck can be sealed. Probably the
most typical internal floating rocof design is the noncontact,
bolted, aluminum internal floating roof with a single vapor-
mounted wiper seal and uncontrolled fittings.

4.4.1 Types of lLosses and How They are Controlled

Loss of VOC’'s from intermal floating roof tanks occurs in
one of four ways:

1) Through the annular rim space around the
perimecter of the floating roof (seal
losses),

2) Through the openings in the deck required
for various types of fittings (fitting
losses),

3) Through the nonwelded seams formed when joining
sections of the deck material {deck seam
losses), and

4) Through evaporation of liquid left on the tank
wall following withdrawal of liquid from the
tank (withdrawal loss).%

4.4.1.1 ZContrecl of Seal Losses

Internal floating roof seal losses can pe minimized by
employing liquid-mounted primary seals instead of vapor-mountad
seals and/or by employing secondary wiper seals in addition to
primary seals.

Available emissions test data suggest that the location of
the seal (i.e., vapor- or liquid-mounted) and the presence ot a
secondary seal are the major factors affecting seal losses. A
liquid-mounted primary seal has a lower emissions rate, and thus
a higher control efficiency, than a vapor-mounted seal. A
secondary seal. with either a liquid- or a vapor-mounted primary
seal, provides an addicicnal level oI conurol.

The type of seal used plays a less significant role in
determining the emissions rate.”® The type of seal is important
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only to the extent that the seal must be suitable for the
particular application. For instance, an elastomeric wiper seal
is commonly employed as a vapor-mounted primary seal or as a
secondary seal for an internal flocating roof. Because of its
shape, this seal is not suitable for use as a liquid-mounted
primary seal. Resilient foam seals, on the other hand, can be
used as both liquid- and vapor-mounted seals.

4.4.1.2 Control of Fitting Losses

There are numerocus fittings that penetrate or are attached
to an internal floating roof. Among them are access hatches,
column wells, roof legs, sample pipes, ladder wells, vacuum
breakers, and automatic gauge float wells. Fitting losses occur
when VOCs leak around these fittings. Fitting losses can be
controlled with gasketing and sealing techniques or by the
substitution of fittings that are designed to leak less.

The effectiveness of fitting controls at reducing the
overall emission rate is a function of the number of fittings of
each type employed on a given tank. For example, if using
controlled fittings reduces total fitting loss by 36 percent, and
if fitting losses are about 35 percent of the total emissions
from a typical internal flocating roof tank, then the controlled
fittings reduce the overall emissions by (.36*.35)= .126, or 12.6
percent over a similar tank without fitting controls. The usual
increase in control efficiency achieved by installing controlled
fittings ranges from 0.5 to 1.0 percent.®

4.4.1.3 Control of Deck Seam Losses

Deck seam losses are inherent in a number of floating roof
types including internal floating roofs. Any roof constructed of
sheets or panels fastened by mechanical fasteners (e.g., bolts)
is expected to have deck seam losses. Deck seam losses are
congidered to pe a functicn of the length of the seams and not
zhe Iype ©L mecnanical ifasctener or the position oL the deck
relative to the liguid surface. This is a conclusion drawn IZrom
a 1886 study on two roof types with significantly different
mechanical fasteners and differences in the amount of contact
with the liquid surface.™

Deck seam losses are contrclled by selecting a roocf type
with vapor-tight deck seams. The welded deck seams on steel pan
roofs are vapor tight. Fiberglass lapped seams of a glass fiber
reinforced polyester roof may be vapor tight as long as there Iis
negligible permeability of the liquid through the seam lapping
materials. Some manufacturers vprovide gaskets for bolted metal
deck seams.

Selecting a welded roof (rather than a bolted roof) will
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eliminate deck seam losses. For a typical internal roof that has
primary seals, secondary seals, and controlled fittings already,
eliminating deck seam losses will raise the control efficiency as
much as 1.5 percent.

4.4.2 Applicability

The applicability of any storage tank improvement in order
to reduce VOC emissions is dependent upon the characteristics of
the particular VOC. Since floating decks are often constructed
primarily of aluminum, they may not be applicable to tanks
storing halogenated compounds, pesticides, or other compounds
that are incompatible with aluminum. Contact between these
compounds and an aluminum deck could corrode the deck and cause
product contamination. ‘

In addition, vapor pressures may affect the selection of
tank improvements as an applicable control technology. For
chemicals with very low vapor pressure, fixed roof tank emissions
will already be so low that installing an internal floating roof
may not significantly reduce emissions further. For chemicals
with vapor pressures up to 65 kPa (9.4 psia), emission reductions
of 95 percent and above are achievable with this technology.
Above this vapor pressure, achievable emission reduction starts
to decrease with increasing vapor pressure. Thus, an internal
floating roof may not be indicated for chemicals with relatively
high vapor pressures.
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CHAPTER 5

REGULATORY OPTIONS

5.1. Introduction

This chapter is devoted to briefly explain the decision
process for choosing a regulatory opticn. The rationale for
regulation versus no regulation will be discussed as well as a
MACT floor analysis, cost effectiveness, and economic incentives.

5.2 No Additional EPA Regulation

5.2.1 Judigcial System

In the absence of governmental regulation, market systems
fail to make the generators of pollution pay for the costs
agsociated with that pollution. For an individual firm,
pollution is an apparently unusable by-product that can be
disposed of cheaply by venting it to the atmosphere. However, in
the atmosphere pollution causes real costs to others. The fact
that producerg, consumers, and others whose activities result in
air pollution do not bear the full costs of their actions leads
to a divergence between private costs and social costs. This
divergence is considered a market failure since it results in a
misallocation of society’s resources. Too many resources are
devoted to the polluting activity when polluters do not bear the
full cost of their actions.

Also, if there was no regulation, the previous regulations
would be relied upon as the basis for making judicial decisions
regarding 2xcess emissions.

3.2.2 Jtate and Local idcticn

The Clean Air Act requires each state to develop and
implement measures to attain and maintain EPA’s standards. Each
state assembles thege measures in a document called the State
Implementation 2lan (SIP). SIP’s must De approved by che ZPA,
and the EPA is empowered to compel revision of plans it believes
are inadequate. The EPA may assume enforcement authority over
air poliluticn control programs any state fails o impiemenc. The
standards will become parts of each state’s SIP, and enforcement
authority will be delegated to the states. If the EPA were not
o promuigarz zhe scandards. scates would 2e responsibkble Zor
making case-by case MACT decisions under Section 112 (g) and (j)
whenever there is a major modification or when the date for MACT
promulgation has passed without action on EPA’'s part.
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The EPA believes that reliance on state and local action is
not a viable substitute for the standards. This belief holds even
if the EPA were to step up research and technology transfer
programs to assist state and local governments.

5.3 EPA Regulation

5.3.1 Categories, Emission Pointsg, and Floors

The EPA source category list identifies source categories
for which NESHAP’'Ss are to be established. This list implements
Section 112 (c) of the Act and reflects the EPA’s determination
that listed source categories include major sources of hazardous
air pollutants. The source category list includes SOCMI chemical
production as well as the seven non-SOCMI equipment leak sourc
categories. :

The SOCMI is a segment of the chemical manufacturing
industry that includes the production of many high-volume organic
chemicals. The products of SOCMI production processes are
derived from approximately 10 petrochemical feedstocks. Of the
hundreds of organic chemicals that are produced by the SOCMi,
some are final products and some are the feedstocks for
production of other chemicals or synthetic products. For
example, large quantities of SOCMI products are used in the
production of plastics, fibers, surfactants, pharmaceuticals,
synthetic rubber, dyes, and pesticides. Production of these end
products is not considered to be part of SOCMI production.

In the source category list, EPA identified the SOCMI with a
list of chemical products whose production is believed to involve
emissions of organic HAP’s. This list of chemicals was
identified from the literature describing SOCMI production
processes, reactants, and products. A chemical was listed if
organic HAP’s could be used as reactants or produced in the
production Oof the SOCMI chemical. The EPA recognizes :-aat chese
chemical zroducts Zan e Dreaucad usSing other I23cCTlon 3eguences
and that not all plants producing the listed chemicals uise a
procesgs that involves organic HAP emissions. Thus, the standard
will only apply to those chemical production processes from which
organic HAP’'s can be emitted.

The =2quipment leak standard would apply o the SOCMI znd to
processes within seven other non-SOCMI source categories:
styrene/butadiene rubber production; polybutadiene production;
chlorine producticn; pesticide preduction; chlorinatad
hydrocarbon use; pharmaceutical production; and miscellaneous
nutadiene use.

For this SOCMI component of the regulation, the EPA is
proposing to define source as all the process vents, storage
vessels, transfer operations, wastewater collection and treatment
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operations, and equipment leaks in the subject industrial
processes used to manufacture synthetic organic chemicals that
are located in a single facility covering a contiguous area under
common control.

As the entire production process is contained within a
single source that is part of one source category, a single
floor, as defined in Section 112 (d) (3), is applicable to the
entire operation.! The five kinds of emission points as stated
above are process vents, storage vessels, transfer operations,
wastewater collection and treatment operations, and equipment
leaks.

Though equipment leaks are included in the definition of
source, they cannot be included in emissions averaging because
there is no method that currently exists for determining the
magnitude of allowable emissions to assign equipment leaks for
purposes of emissions averaging. When methods are developed to
assign allowable emission levels to particular leak points, the
EPA will consider revising the HON to allow the inclusion of
equipment leaks in emissions averages.

In order to develop the MACT standards, the floor must be
established for the source category. This is due to the fact
that the Act specifies that the standard be at least as stringent
as the floor. Since there were no readily available data to
determine the floor for the source as a whole, each kind of
emission point was examined to determine the floor. Controls
that comprise the best 12 percent of performance for existing
gsources determine the existing source floor. For new sources,
the best controlled similar source is used to determine the
floor. For SOCMI, what distinguishes a well-controlled facility
ig not only the type of control equipment used, but also the
number of emission points that are controclled. The EPA used
axisting Federal and 3tate regulations to determine current
zontrol levels on che smission points. Using this Dprocess 6o
egtablish a floor Zor the part oI the source regulated by sSuppart
3 ensures that the control level of the standard will be
equivalent to the emission control level on the best controiled
12 percent of SOCMI facilities.

For Subparts H & I, the negotiating committee agreed that
the requirements of the negotiatad standards constitute MACT for
equipment leaks. The standards for equipment leaks were
determined under the regulatory negotiation process. The
committee that negotiated the equipment leak rule considered the
many factors and uncertainties associated with regulating
sgquipment 1z2aks it 3 vide arzerv 2of chemical =lants iand
developed an acceptably balanced approach. The negotiators
weighted the need to be flexible, the technical uncertainties,
the requirement for MACT standards, and the data limitations. At

5-3



the final negotiating session, the committee members conceptually
resolved all outstanding major issues and over the following
several months reached final agreement on the draft regulation
and preamble.

All committee members agreed to support the standard
providing that EPA proposes and promulgates a regulation and
preamble with the same substance and effect as what was contained
in the final agreement. Consequently, there were no other
regulatory alternatives for equipment leaks evaluated under the
HON rule.

5.3.2 ngélgggen; of MACT and the Requlatory
Alternatives

The SOCMI standards potentially represents the greatest
emissions reduction likely to be achieved by any air toxics
source category being regqulated under Title III. As such,
regqulating this industry represents a significant first step
toward fulfilling the mandate of Title III to reduce emissions of
toxic air pollution to the greatest feasible extent. In
addition, SOCMI facilities tend to be large individual emitters
of toxic air pollutants, which are generally suspected to pose
potential health hazards at the local level (i.e. close to
individual sources).

The EPA recognizes that the 110 HAP’s regulated by Subpart G
of the HON represent a wide range of toxicities associated with a
variety of potential toxic effects at a variety of exposure
levels. However, Title III does not contemplate quantifying the
specific health and environmental risks associated with different
chemicals in MACT standard setting. While MACT decisions are
thus not risk-based, and risk information specific to the SOCMI
industry has not been developed, the EPA nevertheless recognizes
clear public interest in reducing toxic emissions from the SOCMI
industry as much as is feasible, based upon the potential for
nealth anco envircnmental nenerits from zoxic emigsions rsducticon
of this magnitude.

Aside from the general goal of maximum feasible emissions
reduction, the EPA has endeavored to structure this first major
MACT rule to incorporate several other goals: overall
administrative simplicity, allowing flexibility in implementation
(in order to reduce costs), encouraging pollution prevention and
source reduction, and enforceability. Some goals reinforce each
other (e.g. ensuring flexibility and encouraging pollution

prevention). Where different goals may tend toward opposing
sutcomes (e.g. flexibility vs. enforceability), the EPA has
seriven =2 IZind weorkable resolution <-f issues, and will ke

requesting comment on our proposed solutions.
The EPA has devised a standard for sources in this category
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that permits compliance either by applying reference technology
(MACT or an approved alternative) to all points specified by the
standard, or alternatively by using emissions averaging,
including Pollution Prevention/ Early Reduction credits.

Once the floor level of control was established, as required
by the Act, the EPA considered the floor level of control for
every kind of emission point and the options for control
requirements beyond the floor. Bearing in mind all relevant
statutory criteria, the EPA considered the magnitude of the
emissions reduction to be obtained at a plant, the relative costs
of different levels of controls and the general characteristics
of this source category compared to other sources of hazardous
air pollution when considering control requirements.

The alternative options were structured for each emission
point. The same technology was used for each alternative but
different parameters of emission points were generated which
would result in a broader coverage as alternatives became more
stringent.

5.3.3 Description of MACT and_ the Regqulatory
Alternatives

The options and floors chosen for each source are as
follows: (See Tables 1 and 2 for details)

Procesgs Vents
Using the TRE calculations, the EPA determined that the

existing source floor level of control for process vents is
equivalent to a cost effectiveness value of $1,500. The new
source floor level of control is a TRE based cost effectiveness
value of $11,000. The proposed standard would require combustion
with 98 percent control efficiency for existing and new source
prccess vents with TRE cost effectiveness values of less cthan
32,000 and 511,000, respectivelyv.

Storage Vegsels

For purposes of selecting control requirements, storage
vessels were divided by capacity as follows: 10,000 to 20,000
gallons (small); 20,000 to 40,000 gallons {(medium); and greater
‘than 40,000 gallons (large). These size divisions are commonly
used in regulations for storage vessels. The existing source
floor level of control is a vapor pressure of 13.1 kPa (1.9 psia)
Zor both large and medium storage vesselg. The floor analysis
. for small storage vessels indicates that less than 12 percent of
all small vessels are controlled to the =2fficiency of the
refzrence cencrol, and faus cherse 15 ag Iloor control Ior
existing source small storage vessels. The new source floor
level of control is a vapor pressure of 13.1 kPa (1.9 psia) for
small and medium storage vessels.
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The control requirements for storage vessels apply to
existing source medium and large storage vessels storing liquids
of vapor pressures more than 13.1 kPa (1.9 psia) and 5.2 kPa
(0.7 psia), respectively. The proposed applicability criterion
for new source small and medium storage vessels is storage of
liquids with vapor pressures greater than 13.1 kPa (1.9 psia).
There is no proposed control requirement for existing source
small storage vessels. The proposed applicability criterion for
new source large vessels is vapor pressures above 0.7 kPa
(0.1 psia). The control requirements are the same for new and
existing source vessels in the medium and large size divisions.

Transfer Operations
The existing and new source floor levels of control for

transfer operations are a vapor pressure and throughput
combination of 10.3 kPa (1.5 psia) and 0.65 million liters/yr
(0.17 million gal/yr), respectively.

Wastewater Streams

The floor level of control for new source wastewater streams
is 10 ppmw for very volatile HAP’'s (VVHAP). The control
requirements for new source wastewater streams are to be applied
to those streams with 0.02 lpm flow and 10 ppmw volatile HAP.
The applicability criteria for control of existing source
wastewater streams are 10 lpm flow and 1000 ppmw volatile HAP.
There is no floor for existing wastewater streams.

Equipment Leaks
The regulation would apply to both existing and new process

units. It categorizes the regulated processes into five groups
and uses a staggered implementation scheme, requiring some
process units to comply 6 months after promulgation, while others
would have to comply as late as 18 months after promulgation.

The regulation applies to those pieces of =squipment
currentcly regqulated In the =2xisting equipment-leak rules,
ncluding ail valves, pumps, CcOmpPressors, sressure ralizef
devices, open-2nded valves or lines, connecrors, closed-vent
systems and control devices, sampling connection systems, and
product accumulator vessels.

These standards are estimated to reduce emissions by about
60-70 percent and after control, leak frequencies {(i.e. the
percentage of equipment components within a process unit that
leak) would be approximately 5 percent.

The standard only applies to equipment containing or
contacting process marerials that are five vpercent VHAP or
greater. In certaln chemilcal plancs, particularly chose wita
batch processes that produce a number of different products, some
equipment is used in VHAP service only occasionally. In such
cases, implementation of the standard could be difficult and
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would achieve very little emission reduction. For these
situations, equipment that is operated in VHAP service for 300
h/yr is exempt.

The HON will establish a control requirement for each kind
of emission point regulated by Subparts G, H and I. To
facilitate emissions averaging, the standard will also establish
an allowable emissions level for the emission points regulated by
Subpart G at each source. The allowable emissions level will be
equal to the sum of the emissions from each point in the source
excluding equipment leaks, after the required controls have been
applied. As such, the allowable emissions level is set for a
given mix of emission points, and the emissions limit will change
as the number of each kind of emission point in the source
changes. )

Both Group 1 and 2 emission points as defined in Subpart G
must be included in the calculation of the source’s allowable
emissions level. However, emission points associated with
equipment that is no longer operational are not to be included in
the calculation of the emissions limit because these points are
not subject to the standard. Though the form of the standard
egstablished in Subpart G of the HON is an allowable emissions
level, the EPA does not anticipate that any owner or operator
will actually calculate emissions estimates for every point in
order to comply with the standard. Actual emissions estimates
will only be required for those emission points that are included
in emissions averages. For emission points that are not included
in emissions averages, compliance will be determined on a point
by point basis. For these points, the use of an appropriate and
well maintained control serves as a surrpgate for an emissions
estimage in determining compliance with the allowable emissions
level.



Table 5-1

Regulatory Options

Procesgs Vents
° Existing - C/E < $3,000/Mg
° New - C/E < $11,000/Mg
Transfer Operations
° Existing and New - Control for racks with vapor
pressure > 10.3 kPa (1.5 psia) and throughput > 0.65
million liters/yr (0.17 million gallons/yr)
Wastewater Operations

° Existing - control for flow > 10 liter/min and > 10
ppmw total VOHAP

° New

Control for flow > 0.02 liter/min and > 10 ppmw
total VOHAP

Storage Vessels

° Small Tanks
- Existing - no control

- New - control for vapor oressure > 12.1 kxPa (1.9
csia)

o Medium Tanks

- Existing - control for vapor pressure > 13.1 kPa
(1.9 psia)

- New - same as existing

? Large Tanks
- Zxisting - control for vapor pressure > S.2 kPa
0.7% psia)

- New - control for vapor pressure > 0.7 kPa
(0.1 psia)
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Table 5-2
Floor Elements

Process Vents

° Existing - control vents with cost effectiveness of
< $1,500/Mg
° New - control vents with cost effectiveness of

< $11,000/Mg

Wastewater Operations

° Existing - No controcl required
° New - control for streams > 10 ppmw VVHAP

Transfer Operations

° Existing - control for racks loading liquid HAP’s with
vapor pressure > 10.3 kPa (1.5 psia) and throughput >
0.65 million liters/yr (0.17 million gallons per vear)
° New - same as existing
Storage Vegsels
° Small Tanks

- Existing - no control required

- New - control Zor tanks storing HAP’'s with wvapor
oressure > 3.1 xZPa 1.2 2s51a)

2 Medium Tanks

- Existing - control for tanks storing HAP’s with
vapor pressure > 13.1 kPa (1.9 psia)

- New - same as existing

° Large Tanks
- Existing - control for tanks storing HAP’'s with
Taper pressure » .2 1Pa (0.75 23ia;

- New - control for tanks storing HAP's with vapor
pressure > 0.7 kPa (0.1 psia)
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5.3.4 Role of Cost Effectiveness

EPA has often used cost effectiveness (C/E) analysis as a
guide for selecting among regulatory alternatives. Regulatory
alternatives can sometimes be ranked based on stringency of
control. All else equal, alternatives yielding the same level of
control but higher average C/E (usually control cost per ton of
pollutant reduced) could be eliminated from consideration.
Incremental C/E can then be calculated for each step up the
stringency ranking. The selection of a regulatory alternative
could then be made by selecting the most stringent alternative
below some agreed upon C/E cutoff. The level of such a C/E
cutoff would generally depend on the pollutant being controlled
and other factors.

However, since the HON regulation is to be a MACT standard,
the role of C/E analysis for selecting a regulatory alternative
for this regulation is somewhat limited. A MACT floor level of
control stringency is required regardless the C/E at this control
level. At stringency levels beyond the MACT floor, cost
effectiveness can be legally considered, and EPA believes cost-
effectiveness of controls is a primary consideration for
stringency levels beyond the MACT floor.

5.3.5 Economic Incentivesgs: Subsidies, Fees, and Marketable
Permits

Economic incentive strategies, when designed properly, act
to harness the marketplace to.work for the environment. Such
strategies influence, rather than dictate producer and consumer.
behavior, in order to achieve environmental goals. They make
environmental protection of economic interest to producers and
consumers. When feasible, properly designed systems can be
smployed o achieve any =2nvironmencal goal at zhe least cost oo
society.

Several types or zategorres Of aconomic incentive strategies
exist. One broad category of incentive programs is based of the
use of fees or subsidies. Fee programs establish and collect a
fee on 2missions, rroviding a direct economic incentive for
emitters to decrease smissions to the point where the cost of
abating emissions equals the fee.’ Similarly, subsidy programs
provide a direct incentive for emitters to decrease emissions bv
providing supsidy payments IZIor =mission reductions bevond scme
baseline.

A 3eccna crcad catsgory oI 2Conomics incentive stratagles LS

based on the concept of emissions trading. A wide range of
variations in emissions trading programs exist. The common idea
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in such programs is to allow sources with low abatement cost
alternatives to trade or sell emission allowances tc higher
abatement cost alternatives so that the cost of meeting a given
total level of abatement is minimized.

There are two important constraints regarding the
workability of economic incentive programs. The first constraint
concerns the problem of emissions monitoring. Without an
effective emissions monitoring system it is not possible to
charge fees or use other economic incentive strategies. Only the
traditional "command and control" approach of requiring
employment of specific control technologies is feasible in this
circumstance.

The second problem constraining the potential value of
economic incentive strategies is legal. Various legal
restrictions imposed by the CAAA limit the applicability of
economic incentive strategies to reduce air pollution.

Legal constraints imposed by Title III of the Act severely
limit the usefulness of economic incentive strategies for
reducing HAP emissions. Title III requires the implementation of
MACT. Thus sources have little or no choice as to the type or
level of control they implement except perhaps if going beyond
the MACT floor control level. As a limited economic incentive,
it may the be possible to impose, for example, and emissions fee
on residual emissions after the MACT technology is employed to
encourage additional control.

Hence the applicability of economic incentive programs for
the HON regulation is very limited. However, limited emissions
at the facility level may be feasible and legal given that each
facility is considered an emissions source. This emissions
averaging strategy allows facilities to trade emission reductions
across emission points so as to minimize control costs for any
given facilicy level emission reduction requirement. Thus, =0
Tnls 23Xtent, an =CONCmic 1nCs8ntive 3Lrartsgy Tay 22 lmplemented
for the HON reguliatzon.

The analysis of control costs (Chapter 6) does not
incorporate emission averaging. It is recognized that if
facilities were to use this strategy their costs of control
should fzll. Thus, the costs calculated are an overestimacs. It
also should be noted that the economic impacts and benefits
analyses (Chapters 7 and 8) are only for the TIC option due t£o
data paucities. These analyses are thererfore overestimaces of
the impacts and benefits of the regulation. The control costs
ralculated in Chapt=r % 40, aowever, include data for -“he MACT
floor and mors stringent cpticns up ©o IC Zor 2acn =2missicn
point.
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CHAPTER 6
CONTROL COST AND COST EFFECTIVENESS

Due to the unavailability of complete information upon which
to base emission and control impacts to the desired degree of
accuracy for all chemicals, estimates were developed in the
following manner. As much information gathering and analysis as
possible was completed for those chemical production processes
(CPP) used in the manufacture of SOCMI chemicals.! Emissions and
control impacts were then estimated for each CPP involved in the
manufacture of those chemicals for which complete information was
available.? For those chemicals with incomplete information,
generic estimates of emissions and control impacts were
developed.

Section 6.1 of this chapter presents and discusses the cost
and cost effectiveness for controlling each of the five HON
emissions source types. Section 6.2 presents the method for and
results of egtimating the cumulative control cost of producing
SOCMI chemicals. Section 6.3 addresses control costs in light of
the regulatory alternatives, and Section 6.4 presents the
aestimated natiocnal costs cf the HON.

6.1 Cost Impacts of Control Technologies

In developing facility level and national costs for the HON,
source emission models and appropriate control technologies were
paired with the CPP units in the HON database. Control impacts
were determined for each modeled emission source at a process
unit that was required to implement additional control.

The costs, emission reducrions, and cost sffesctiveness on
model plant sasis, ire shown in Tables -3 tarough -3, Tabla
1 shows the annualized cosStsS, 2mMi1sSsS10n reQuUCLLens, 3and oSt
aftfecriveness for controlling 12 model »process vent streams.
These model vent streams were selected cto illustrate a range o
impacts as well as a range of production processes and control

(SRR

For a detailed explanation of the methodology used to
assess emissgsion and control impacts, refer to Volume 14,
Thaptar 4 2f ~he HON 3ID.

The chemicals for which sufficient information was found
account for more than S0 percent of total SOCMI
production capacity.
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technologies.’ For this analysis it was assumed that each
production process would be equipped with a dedicated combustion
device. Some cost savings would be achieved at larger facilities
if a common combustion device was used to control multiple
production process vent streams. As shown, the annualized costs
range from $8 to $2,630,000.

Tables 6-2 and 6-3 show annualized costs, emission
reductions, and cost effectiveness for controlling equipment
leaks for 6 model units. The model units represent combinations
of numbers of equipment components and existing control levels.*
The recovery credit values are determined by multiplying VOC
emission reductions by the average chemical price of $1,590/Mg.
Table 6-2 presents annualized costs, emission reduction, and cost
effectiveness when quarterly valve monitoring is required.
Quarterly monitoring is required if less than 2 percent of all
valves are leaking at or above a leak definition of 500 ppmv.
Table 6-3 presents annualized costs, emission reduction, and cost
effectiveness when monthly valve monitoring is required. Monthly
monitoring is required if more than 2 percent of all valves are
leaking at or above a leak definition of 500 ppmv. The costs
range from a savings of $246,539 to a net cost of $390.

For a detailed explanation of the development and use of
model process vent streams see Volume 1C, Chapter 2 of
the HON BID. The model streams are subsets orf all the
process vent streams in the database.

For a detailled explanation of the development and use or
equipment leak mcdel units see Volume 1C, Chapter 6 of
the HON BID.
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Table 6-4 summarizes the annualized costs, emission
reductions, and cost effectiveness for controlling each of 17
model storage tank farms.’ The costs depend on the emission rate
of the storage vessel and the specific control device used. For
this analysis it was assumed that each individual tank would be
equipped with a dedicated control device. However, some coOSt
savings could be achieved at larger facilities if, for instance,
a single condenser serves all the tanks in one farm. The product
recovery credit shown is the value in dollars per year of the
recovered product. It is calculated by multiplying the emission
reduction by the unit price of the individual chemical. The
total annualized costs for the model tank farms range from a
savings of $280,000 to a net cost of $556,000.

. . Table 6-5 summarizes the annualized cost, emission
reductions and cost effectiveness for controlling 18 model waste
water streams wich steam strippers. A total of 84 model
wastewater streams were created from various combinations of flow
rate, VOHAP concentration, and strippability.® Although impact
estimates were made based on specific stream characteristics of
all 84 streams, a subset of 18 examples were selected from the 84
model streams to illustrate the potential cost and environmental
impacts. These 18 were selected to provide a manageable number
of examples while still illustrating the full range of impacts.
For calculating creatment costs, it was assumed that facilities
would combine wastewater streams for treatment whenever
technically feasible. Accordingly, steam strippers were sized
and costed for combined wastewater feed rates of 50 and 500
liters per minute (lpm). As shown in table 6-5, the annualized
costs per facility range from $121,000 to $418,000.

For 3 detailed explanation of the development and use of
model storag® tank farm farms see Volume 1C, Chapter 4 ot
the HON BID.

8 For a detailed explanation of the development and use ot
model wastewater streams see Volume 1C, Chapter 5 of the
HON BID.
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Table 6-6 shows the annualized cost, emission reduction and
cost effectiveness for controlling 20 model transfer operacions.’
The costs depend on the transfer rate for a given loading rack
and the combustion device selected for control. For this
analysis a single control device was assumed to service the
entire facility. The annualized costs of the control systems for
model transfer racks range from $9,630 to $84,400.

6.2 Cumulative Control Cost Analysis

In addition to addressing the cost of the HON on a facility
level, the HON economic impact analysis requires an estimate of
the potential impact of the HON on SOCMI chemical prices. To
better facilitate this assessment, an analysis of the potential
cumulative control cost associated with each chemical's
production was performed. The basis for this analysis was
chemical use trees developed specifically for the HON.

A chemical tree conveys the production relationship between
chemicals, indicating the possible precursor evolution of a SOCMI
chemical. For instance, the tree in Figure 6-1 depicts the
relationship between chemical A and its precursors. Chemical A
can be produced by either combining chemicals B and C, or
combining chemicals E and F. Chemical B can be produced from
chemical D, and D by combining chemicals G and H.

Figure 6-1 Hypothetical=Chemical Tree

Chemical A----- (B + @)

'

1

'

'

'
v
'

'

'

'

)
Q)
+
5

For a detailed explanation of the development and use of
model transifer loading operations see Volume 1C, Chapter
3 of the HON BID.
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Table 6-6. Annual Control Cost Estimatesd

-

Total HAP/VOC

Model Total Emission Cost
Rack Annualized Reduction Effectiveness
Number  Cost ($/yT) (Mg/yr) ($/Mg) b
1 9,630 3.56 * 10-6 2.70 * 10°
2 63,800 6.32 * 104 1.01 * 108
3 9,650 1.42 * 10-4 6.81 * 107
4 66,000 3.08 * 102 2.14 * 106
5 10,600 9.19 * 10-2 1.16 * 105
6 84,400 3.39 2.49 * 104
7 22,600 9.63 * 10-1 2.35 * 104
8 25,900 1.67 1.55 * 104
9 39,000 6.39 6.11 * 103
10 28,100 5.65 4.98 * 103
11 6,870 2.34 * 10-6 2.93 * 10°
12 63,800 6.32 * 10-4 1.01 * 108
13 10,100 2.96 * 10-4 3.42 * 107
14 15,600 9.72 * 10-4 1.61 * 107
15 63,800 2.08 * 10-1 3.06 * 105
16 16,800 2.11 * 10-1 7.97 * 104
i3 “4,300 3,88 % 1p0°* .58 * w04
18 74,300 4.6 1.57 * 104
19 67,200 4.22 1.59 * 104
20 38,400 19.3 1.99 * 103

dBach transfer rack has a dedicated control device.

bcost Effectiveness ($/Mg) = Total Annual Cost ($/yr) =
Total HAP/VOC Emission Reducticn (Mg/vr).



6.2.1 Building Chemical Trees

Chemical trees are formed by linking together individual
CPPs. A CPP is identified by its chemical inputs and outputs.
The chemical output of one process is matched to the chemical
input of another to form a chain. Additional processes that
match are linked to the chain to form the tree. The HON trees
begin with a "root" chemical and identify all the chemicals that
can be used to produce the root chemical. Each root chemical can
be associated with a producer, and the cost of controlling the
process that makes each precursor chemical can be introduced into
the tree framework.

6.2.2 Cumulative Control Cost Methodology

Cumulative control cost refers to the price increase for the
root chemical that is necessary to recover HON compliance cost,
given that the root chemical and its precursor chemicals incur
additional production costs as a result of regulation. In simple
form, the cumulative cost of controlling a root chemical is the
sum of all control costs for each link in the root chemical’s
production chain. Because the market relationships between
production process links are not fully characterized by a
chemical tree, each link is assumed to denote an imaginary common
marketplace where output chemicals of one process are sold as
inputs to another process. One limitation of the cumulative
control cost methodology is that market quantity adjustments are
not considered. There are hundreds, possibly thousands, of
market interactions that would have to be characterized in order
to incorporate the chemical production quantity changes that
result from the HON into the analysis, and this was not deemed
feasible. Therefore, the chemical trees cumulative control cost
analysis only addresses for each chemical the probable price
increase necessary to recover the HON compliance cost when all
other variables are held consctantc.®

Another limitation already alluded to is that che chemical
trees represent possible market interactions, not actual
interactions. Not all process links in the chemical trees are
technically or economically viable. Without an indepth
investigation of individual circumstances, an interaction
determination cannot be made with certainty.

6.2.3 Cumulative Control Cost Results

The cumulative control cost analysis was performed for the
4ON options representing total industry control (TIC). This
znalvsis, chererfore, rapresents an upper-sound, 2r worst-case
cost impact scenario. Table 6-7 shows the results of the

For a summary of the indepth economic impact analysis of
the representative HON chemicals, refer to Volume 1A,
Chapter 6 of the HON BID, or Chapter 7 in this document.
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cumulative control cost analysis for the TIC options. The
average percentage cost increase for all HON chemical products
appears prohibitively high due to the extremely low cost
effectiveness of controlling some small (less than 1.00 Gg/yr)
production process units. Of course, many of these units would
be unaffected by options less stringent than TIC. The chemical
percent price increase necessary to recover HON compliance costs
is relatively insignificant for chemicals whose annual production
exceeds 1 Gg.

6.3 Costs and Regulatory Options

Tables 6-8 through 6-19 present the total annual cost,
emission reductions, and cost effectiveness for the control
options considered for each source type (with the exception of
equipment leaks which is governed by a negotiated regulation).

It is important to note that the information in these tables
pertains only to those CPPs for which sufficient information was
available. Recall from this chapter’s introduction that these
CPPs account for over 90 percent of total SOCMI production.
Tables 6-8 and 6-9 present the control options for existing and
new process vents. Tables 6-10 and 6-11 present the control
options for existing and new wastewater sources. Tables 6-12 and
6-13 present the control options for existing and new transfer
operations. Tables 6-14 and 6-15 present the control options for
existing and new 10,000 to 20,000 gallon storage vessels. Tables
6-16 and 6-17 present the control options for existing and new
20,000 to 40,000 gallon storage vessels. Tables 6-18 to 6-19
present the control options for existing and new storage vessels
with greater than 40,000 gallon capacity.

6.4 National Costs

6.4.1 Momnitoring, Recordkeeping, and Reporting Costs

The annualized costs oI monitoring, ra2cordkeeping, and
reporting for compliance with this standard were zalculiated. All
astimaces were prepared in consultation witch people wno roucinely
work with or consulit for major chemical firms, air pollutant
regulators in several states, and environmental groups. They are
also based on experience with similar estimates based on the
informaticn collection requirements in the SOCMI NSPS.

9

’For more information, refer to U.S. Enviromental Protection
2gency, "'Reperting and Recordkeeping Requirments for che Hazardous
Organic NESHAP for the Synthecic Organic cChemical Manuracturing
Industry and Other Processes Subject to the Negotiated Regulaticn
for Equipment Leaks." Part A of the Hazardous Organic NESHAP
Supporting Statement, December 1993.
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To compute the costs associated with the burden estimates,
the Agency used labor rates developed for the 1989 Comprehensive
Assessment and Information Rule (CAIR) economic analysis. The
estimated rates are: technical at $33, management at $49, and
clerical at $15. These rates are in 1989 dollars to remain
consistent with the base year for the control costs.

6.4.1.1 Cogts to Requlated Sources

The annual burden estimates and associated costs for
existing sources from reporting and recordkeeping are presented
in Table 6-20, and the same estimates for new sources are shown
in Table 6-21. These estimates are shown seperately because the
calculation of technical hours required at new sources must
include compliance at startup and periodic records burdens in
addition to pre-compliance requirements. Generally, with the
exceptions of new sources and some equipment leaks provisions,
periodic reports and recordkeeping requirements begin after the
date of compliance, which is three years after promulgation
(Feburary 1997).

The requirements include both periodic reports and reports
required only once. Burden estimates for the latter are treated
as average annual burdens by dividing the cumulative three year
total technical hour estimate by three before inclusion in the
column entitled, "technical hours per year per source."

Estimates of total technical-hours per year per source and
the number of activities per respondent per year listed in each
table are based upon experience with similar estimates computed
for the SOCMI NSPS in particular and the number of emission
points in each source. It is important to note that an average
was taken of costs covering a periocd of three years for the
burden to a typical source.

5.4.2.2 Z2gta =o the FTederal Government

Because the monitoring, recordkeeping, and reporting
requirements were developed as a normal part of standards
development, no costs are attributed to the development of the
requirments. Also, because these requirements are required under
Section 112 of the Clean Air Act, no operactional costs will De
incurred by the Federal Government.

Zxamination of records to be maintained by the respondents
will occur incidentally as part of the periodic inspection OC
sources that is part of the Agency's overall compliance and
anrforcement »rogram and, therefore, is not an additional cost to
the Govermment. The oniy costs cne rfederal Govermment wWi.. CCTur
are user costs assoclated with the analysis of the reported
information, as presented in Table 6-22. The labor rates used to
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compute these costs are the same as- in the CAIR economic
analysis.

The total of all monitoring, recordkeeping, and reporting costs
comes to $69.1 million per year for the first three years after
promugation. The estimated burden is approximately 2,150,000
hours (1,870,000 technical, 93,500 managerial, and 186,500
clerical hours) per year. Virtually all the costs (99 percent),
not surprisingly, will be borne by the affected sources.

6.4.2 Summary

Table 6-23 shows the national total annual control cost and
average cost effectiveness for the options currently proposed for
the HON. These costs include all the costs associated with the
monitoring, recordkeeping, and reporting requirements. The
national annual control cost and cost effectiveness are estimated
for the fifth year following proposal, or the third year
following promulgation. This date is used to approximate the
date by which all affected sources will have complied with the
regulation. The estimated total annual cost of the standard is
$227 million.



Table 6-7.

For Total Industry Control

(TIC)

Cumulative Control Cost Analysis Results
Options

—_— —
Chem. % of Percent Average Median Average Median %
Pro- HON of Total | Cumul. Cumul. Percent Cost
duction | Chem. | HON Pro- Cost Cost Cost Increase
(Gg/yr) duction Increase | Increase | Increase
($/kg) ($/kg)

> 0 100 100.00 19.85 0.01s6 1,158 1.12

> 1 87 99.99 0.069 0.014 3.74 0.94

> 5 79 99.89 0.066 0.012 3.55 0.85

> 10 66 '99.41 0.020 0.009 1.35 0.71

L ———— _ 1]
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Table 6-8.

Control Options For Process Vents
Existing Sources

Option® Emission | Percent | Annual Avg. Cost Incremental
Reduct. HAP Cost Effective- | Cost
(Mg HAP | Reduct.® | ($1000) ness Effective-
per yr) ($/Mg) ness ($/Mg)
1 235,000 93 55,000 234
2 236,000 93 58,000 245 1,808
3 238,000 94 62,000 260 2,500
4 239,000 94 66,000 276 3,900
5 241,000 95 97,000 404 23,000
‘Option 1 - (MACT floor) control vents with cost effectiveness
< $1,500/Mg.
Option 2- control vents with cost effectiveness < $2,000/Mg.
Option 3- control vents with cost effectiveness < $3,000/Mg.
This was the regulatory option chosen.
Option 4- control vents with cost effectiveness < $5,000/Mg.
Option 5- control of all process vents (i.e., TIC).

*Baseline emissions are 261,600 Mg/yr of HAP.



Table 6-9. Control Options For Process Vents
New Sources

Option* Emission | Percent | Annual Avg. Cost Incremental
Reduct. HAP Cost Effective- | Cost
(Mg HAP | Reduct.’ | ($1000) ness Effective-
per yr) ($/Mg) ness ($/Mg)
1 46,000 95 14,000 300
2 46,000 95 18,000 400 47,000
*Option 1- (MACT floor) control vents with cost effectiveness
<$11,000/Mg. This was the regulatory option
chosen.
Option 2- control of all process vents.

*Baseline emissions are 48,400 Mg/yr of HAP.



Table 6-10. Control Cptions For Wastewater
' Existing Sources

Option® Emission | Percent | Annual Avg. Cost Incremental

Reduct. HAP Cost Effective- | Cost
(Mg HAP | Reduct.® | ($1000) ness Effective-
per yr) ($/Mg) ness ($/Mg)

1 68,400 79 29,200 430 430

2 69,100 80 32,100 470 4,300

3 69,600 81 39,100 560 13,400

4 71,200 82 51,600 720 7,600

*MACT floor is no control. All options listed are for control
levels above the MACT floor.

Option 1 - control streams > 10 lpm and > 1000 ppmw volatile
HAP's. This was the regulatory option chosen.

Option 2- control streams > 5 lpm and > 800 ppmw volatile
HAP's.

Option 3- control streams > 1 lpm and > 500 ppmw volative
HAP's.

Option 4- control of all wastewater streams (i.e., TIC).

*Baseline emissions are 86,500 Mg/yr of HAP.



Table 6-11.

Control Options

New Sources

For Wastewater

Option? Emission | Percent Annual Avg. Cost Incremental
Reduct. HAP Cost Effective- | Cost
(Mg HAP | Reduct.® | ($1000) | ness Effective-
per yr) ($/Mg) ness ($/Mg)
1 10,300 63 10,000 975
2 13,500 82 12,800 948 860
3 13,500 85 23,500 1,690 27,700
*Option 1 - (MACT floor) control streams > 10 ppmv volatile
HAP's This was the regulatory option chosen.
Option 2- control streams > 0.02 lpm and > 10 ppmw highly
volatile HAP's.
Option 3- control all wastewater streams (i.e., TIC).

’Baseline emissions are 16,300 Mg/yr of HAP.




Table 6-12.

Control Opticns For Transfer
Existing Sources

Option® Emission | Percent | Annual Avg. Cost Incremental
Reduct. HAP Cost Effective- | Cost
(Mg HAP | Reduct.’” | ($1000) | ness Effective-
per yr) ($/Mg) ness ($/Mg)
1 360 65 3,100 8,700
2 424 77 6,500 15,000 54,000
*Option 1 - (MACT floor) control racks loading liquid HAP's
with vapor pressure > 10.3 kPa (1.5 psia) and
throughput > 0.65 million liters/yr (0.17 million
gallons per year). This was the regulatory option
chosen.
Option 2- control of all transfer racks (i.e., TIC)

*Baseline emissions are 550 Mg HADP/yr.




Table 6-13. Control Options For Transfer Operations
New Sources
F
Option* Emission | Percent | Annual Avg. Cost Incremental
Reduct. HAP Cost Effective- | Cost
(Mg HAP | Reduct.® | ($1000) ness Effective-
per yr) ($/Mg) ness ($/Mg)
1 68 65 590 8,700
2 80 77 1,200 15,000 54,000
*Option 1 - (MACT floor) control racks loading liquid HAP's
with vapor pressure > 10.3 kPa (1.5 psia) and
throughput > 0.65 million liters/yr (0.17 million
gallons per year). This was the regulatory option
chosen.
Cption 2- control all racks loading ligquid HAP's (i.e.,

TIC).

®Baseline emissions are 105 Mg HAP/yr.



Table 6-14.
Existing Sources 10,000 to 20,000 Gallon Capacity

Control Options For Storage Vessels:

Option® Emission | Percent | Annual Avg. Cost Incremental
Reduct. HAP Cost Effective- | Cost
(Mg HAP | Reduct.® | ($1000) ness Effective-
per yr) ($/Mg) ness ($/Mg)
1 0 0 0 0
2 360 95 21,000 58,000 58,000

*MACT floor is no control.

option chosen.

Option 1-
Option 2-

’Baseline emissions are 360 Mg/yr of HAP.

MACT floor

control of all storage vessels

[0
1
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(i.e.

The MACT floor was the regulatory

TIC) .




Table 6-15. Control Options For Storage Vessels:
New Sources 10,000 to 20,000 Gallon Capacity

Option® Emission | Percent | Annual Avg. Cost Incremental
Reduct. HAP Cost Effective- | Cost
(Mg HAP | Reduct.® | ($1000) | ness Effective-
per yr) ($/Mg) ness ($/Mg)
1 61 85 1,600 26,800
2 68 85 4,000 58,000 336,000
*Option 1- (MACT floor) control tanks storing HAP's with
vapor pressure > 13.1 kPa (1.9 psia). This was

the regulatory option chosen.

Option 2- control of all small storage vessels (i.e., TIC).

"Baseline emissions are 72 Mg/yr of HAP.

o
'
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Table 6-16. Control Options For Storage Vessels:
Existing Sources 20,000 to 40,000 Gallon Capacity

Option® Emission | Percent | Annual Avg. Cost Incremental
Reduct. HAP Cost Effective- | Cost
(Mg HAP | Reduct.® | ($1000) | ness Effective-
per yr) ($/Mg) ness ($/Mg)
1 330 70 2,400 7,400
3 410 88 6,400 16,000 48,000
*Option 1 - (MACT floor) control tanks storing HAP's with
vapor pressure > 13.1 kPa (1.9 psia). This was

the regulatory option chosen.
Option 2- control of all medium storage vessels (i.e., TIC).

’Baseline emissions are 464 Mg/yr of HAP.



Table 6-17. Control Options For Storage Vessels:
New Sources 20,000 to 40,000 Gallon Capacity

Option* Emigsion | Percent | Annual Avg. Cost Incremental

Reduct. HAP Cost Effective- | Cost
(Mg HAP | Reduct.’ | ($1000) | ness Effective-
per yr) ($/Mg) ness ($/Mg)

1 62 70 395 6,370

2 78 88 766 9,870 23,780

*Option 1 - (MACT floor) control tanks storing HAP's with
vapor pressure >1.9 psia. This was the

regulatory option chosen.
Option 2- control of all medium storage vessels (i.e., TIC).

’Baseline emissions are 88 Mg/yr of HAP.

-26
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Table 6-18.

Control Options For Storage Vessels:

Existing Sources 40,000 Gallon Capacity And Greater

Option* Emission | Percent | Annual Avg. Cost Incremental
Reduct. HAP Cost Effective- | Cost
(Mg HAP | Reduct.®” | ($1000) ness Effective-
per yr) ($/Mg) ness ($/Mg)
1 1,700 16 5,000 2,900
2 4,800 46 10,000 2,100° 1,600
3 8,629 83 25,000 2,900 3,900
4 8,644 83 27,000 3,100 122,000
*Option 1 - (MACT floor) control tanks storing HAP's with
vapor pressure > 13.1 kPa (1.9 psia).

Option 2- control tanks storing HAP's with vapor pressure
> 5.2 kPa (0.75 psia). This was the regulatory
option chosen.

Option 3- control of all large storage vessels (i.e., TIC).

’Bageline emissions are 10,000 Mg/yr of HAP.

‘Average cost effectiveness decreases due to credits from
controlling several large tanks.

[¢))
1
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Table 6-19. Control Options For Storage Vessels:
New Sources 40,000 Gallon Capacity And Greater

Option* Emission | Percent | Annual Avg. Cost Incremental

Reduct. HAP Cost Effective- | Cost
(Mg HAP | Reduct.® | ($1000) ness Effective-
per yr) ($/Mg) ness ($/Mg)

1 558 46 1,500 1,700

2 1,640 87 2,900 1,800° 1,900

3 1,642 87 3,100 1,900 88,900

*Option 1 - (MACT floor) control tanks storing HAP's with
vapor pressure > 5.2 kPa (0.75 psia).

Option 2- control tanks storing HAP's with vapor pressure >
0.7 kPa (0.1 psia). This was the regulatory
option chosen.

Option 3- control of all large storage vessels (i.e., TIC).

*Bageline emissions are 1,900 Mg/yr of HAP.

‘Average cost effectiveness decreases due to credits from
controlling several large tanks.
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Table 6-22. Annual Burden and Cost for the Federal Government

Average Number of Estimated Estimated Estimated Annual Cost
Burden item Hours Activities per Technical Managerial Clerical in
per year Hours per Hours per Hours per $Thousandsp
Activity year year year er year
(a) {b) (c) (d) (e) )
= |
PERFORMANCE TESTS:
1) Initial 40 14 560 28 56 20.69
2) Repeat 40 3 120 6 12 4.43
LITIGATION: 2,080 3 6,240 312 624 230.57
REPORTS REVIEW:
1) Initial 2 124 248 12 25 9.15
2) impiementation 20 124 2,480 124 248 21.64
Plan or Permit
3) Compi. status 40 124 4,960 248 496 183.27
4) Review equip. 7 742 5,194 260 519 191.93
leak monrtoring
5) Notification of 6 5 36 2 4 1.35
const./recon.
6) Notification of 6 6 36 2 4 1.35
anticipated startup
7) Notification of 6 6 36 2 4 1.35
actual startup
1 2) Notif. of 3 3 36 2 4 .35
1 serformance test ‘ ! !
| 9) Review of test 24 | 5 | 44 i 7 14 5.31
: resufts ; j i
10) Review 4 18 72 4 7 2.68
, periodic reports !
1 TOTAL BURDEN AND COST (Saiarv) 20,162i 1.009 | 2,017 | 745.07 ‘
% TRAVEL EXPENSES 15.30 ;
i ;3
i TOTAL ANNUAL COST i 760.37 ”
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Table 6-23.

National Control Cost Impacts
after Proposal®

In The Fifth Year

Average Average
Emission Total Total HAP Cost VOC Cost
Source Type Capital Annual Effective- | Effective
and Other Cost Cost ness ($/Mg | -ness
Cost (10° $) (10° $) HAP)® ($/Mg
Categories vVOC)
Equipment 120 (0.26) (5) (4)
Leaks
Process Vents 100 86 290 170
Storage 74 20 2,900 2,900
Vegsels
Wastewater
Collection 140 50 490 130
and Treatment
Transfer J12 5 10,000 10,000
Operations
Monitoring, N/A 69 N/C N/C
Recordkeeping
and Reporting
Total 450 230 350 170

*Existing emission points account for 84 percent of the total.
Zmission points constructed or modified in the firsc five vears
account Zor the aaditional 16 percent.

*Average cost effectiveness values are determined by dividing

total annual costs Dy total annual emission reduction.
N/A = Not Available
N/C = Not Calculated
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CHAPTER 7

ECONOMIC IMPACT ANALYSIS

7.1. Introduction

The purpose of this chapter is to summarize the economic
impacts of the Hazardous Organics NESHAP (HON). HON chemical
compounds are produced by the synthetic organic chemicals
manufacturing industry (SOCMI), a complex and diverse industry
that produces thousands of chemical compounds, with ultimate uses
in nearly every consumer and industrial market. For purposes of
analyzing the SOCMI, chemical trees have been constructed for 490
synthetic organic chemical compounds, which identify the various
routes by which a particular compound is produced. Many
different production processes can be used to produce the same
compound. Since in-depth analysis of all 490 compounds is not
possible, 21 compounds have been chosen for detailed analysis.
Furthermore, five additicnal compounds, all of which incur
control costs significantly higher than average, were chosen for
a high-cost analysis. These compounds will be referred to as
high-cost compounds.

Control costs have been analyzed for controls option one.
Option one controls are estimates of the actual control costs
that facilities and industries are likely to incur.

This chapter proceeds in four sections. Section 7.2
examines the extent to which the 21 selected compounds are
representative of the population of regulated chemicals.
Subsequently, section 7.3 reviews the economic impact analysis
and examines the implications of the study for the SOCMI as a
whole. Section 7.4 examines the economic impacts on high-cost
compounds only. Finally, section 7.5 analyzes the small business
impacts.

7.2 Representartiwvenesg 2 Zelected Chemical Compounds

The representativeness of the 21 selected chemical compounds
and the five high-cost compounds is assessed based on three
criteria; annual production levels, HON control costs, and the
axtent to which the selection is drawn from the range of basic
“eedstock chemicals.

At the outset of the analysis, it was immediately clear that
an examinacicn of cthe initial 21 compounds was not 3ufficient :o
depict the range of impacts in the SOCMI. Specifically, in order
to verform detailed analysis on particular chemicals, an adequate
amount oL Inricrmaction 18 aeeded.  Licttla or 2o informatLcn ias
available for compounds with annual production leveis oOf less
than 10 million kilograms, whicn account for 32.7 percent of the
regulated compounds. In addition, it was found that these same
low-volume preoduction compounds also tended to incur high
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compliance costs, primarily due to economies of scale in
compliance. Thus, it was necessary to select a group of low
volume, high-cost compounds for which there existed sufficient
information for profiles and analysis. While this analysis is not
nearly as detailed as for the initial 21 selected compounds, it
nevertheless provides a broad overview of low-volume, high-cost
impacts.

7.2.1 Annual Production and Control Costs

Percentage cost increases have been computed for each
facility producing the 21 compounds analyzed, as well as the five
high-cost compounds.

The percentage cost increase is calculated by dividing the
cumulative compliance cost per kilogram by the per-unit revenue,
or price, for each compound, as shown in equation one:

ccC;

( ) x100 (1)

where CC;, = cumulative compliance cost for compound i
P, = price of chemical i
7.2.1.1 QOption One Control Costs

Table 7-1 compares the distribution of the 490 chemical
compounds with those 21 selected for analyses, for option one
control costs, in terms of both annual production and control
costs. The percentage cost increases presented represent the
50th percentile of costs for each compound. The comparison by
annual production demonstrates tine ariorementioned drawback of cCihe

inztzal seliectzcn. Specificaily, only -ne compound vith annual
production iess chan 10 million kilograms has been selected Ior
detailed analiysis, and zero less than five million zilograms. Iz

the population, 32.7 percent of the compounds have annual
production of less than 10 million kilograms, and 20.8 percent
“ess than 5 million kilograms. Clearly, the selection is biased
cowards large volume compounds.

The population of compounds is under-represented in several
ranges of option-one cost increases. Ccmpounds are absent in the
four highest cost ranges of control costs. Compounds in these
cost ranges acccunt for 2.2 percent of the regulated compounds.

The selection encompasses the other four cost ranges, wiich

account for 90 percent of the regulated compounds. For the range
of cost increases less than 2 percent, coverage is the best.
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Table 7-1. Distribution Of HON Compounds By Percentage Cost
Increase And Annual Production (10° kg): Option One

All Requlated Compounds

Distribution
% Of By Annual Production
{10° kg)
% Change In Cost?® Number Total <1l 1-5 5-10
>10
Less than 1.00 is51 71.6% 43 26 38
284
1.00 - 2.00 65 13.3% 0 2 18
28
2.00-3.00 17 3.5% 0 3 4
4
3.00-4.00 8 1.6% 0 2 0
2
4.00-5.00 6 1.2% 0 0 2
2
5.00-7.00 10 2.0% 1 3 2
4
7.00-10.00 2 0.4% 0 1 1
0
Greater than 10.00 31 6.3% 20 1 1
1
Total 490 99.9%° 64 38 63
325
¥ Of Total 100% 13.1% 6.7% 12.9%
57.3%
selecced Compounds
Distribution
% Of By Annual Productiocn
(10% kg)
% Change In Cost? Number Total <1 1-5 5-10
>10
Less than 1.00 14 66.7% 0 0 1
3
.00 - 2.3¢C z 14.3% J J J
3
2.00-3.00 1 4.8% 0 0 0
1



3.00-4.00 3 14.3% 0 0 2
3

4.00-5.00 0 0% 0 0 0
0
5.00-7.00 0 0% 0 0 0
0
7.00-10.00 0 0% 0 0 0
0
Greater than 10.00 0 0% 0 0 0
0
Total 21 100.1° 0 o] 1
20
% Of Total 100% 0% 0% 5%
95%

*Cost increase based on control costs at the 50th percentile of
industry output.
*Does not sum to 100 due to rounding.



Eighty-five percent of the population is included in this range,
as compared with 81 percent of the selection. Cost increases
ranging from two to three percent include 3.5 percent of the
population and 4.8 percent of the selection. Cost increases
ranging from three to four percent include 1.6 percent of the
population and 14.3 percent of the selection.

7.2.3 Basic Feedstock Chemicals

Synthetic organic chemical compounds are ultimately derived
from eight basic feedstock chemicals, which serve as the building
blocks for the SOCMI. These eight feedstock chemicals are
derived from petroleum refineries, natural gas plants, and coal
tar distillers. Table 7-2 presents the selected compounds,
grouped by the basic feedstocks from which they are derived. As
illustrated, each basic feedstock chemical is represented. Thus,
the selected compounds are a satisfactory representation the
scope of the SOCMI as measured by basic feedstock chemicals.

7.2.4 Summary

In general, the selection under-represents compounds with
costs greater than four percent, as well as compounds with annual
production less than ten million kilograms. However, the
large-volume chemicals, which make up 67.3 percent of the
oopulation, are represented in terms of annual oroduction
control costs in the lower ranges, and basic feedstock chemicals.
Since these compounds represent the lion'‘s share of SOCMI
production, an examination of the impact of HON control costs on
the industry as a whole is not unreasonable.

7.3 Qverview of Economic Impacts
7.3.1 Nature of TImpacts

The economic impacts of HZON controls on the SOCMI derive

lrom several 2ossikble outcomes. Primary actenticn 1S vaid oo
price and output aajustments. since chese =23timates ire L.gely 0
be the most accurate. Impacrcs stemming from these adjustments

are the closure of a facilicy and the substitution of one
production process for another.

7.3.2 2rice Adijustments and Reductions In dutput

Installation of control equipment will lead to increases in
oroduction costs wnich will In turn spur price increases in the
industry. Price increases nhave been estimated Dy calculating a
oroduction-weighted cost increase for each compound, and dividing
iz by industry revenue.<* These oroduction-weighted ccst
increases are amployed IoOr estimatling 2CCOROMLIC 1mpacts

* For a detailed discussion of methodology, see Chapter two of
the HON Eccnomic Analysis, section 2.3.2.3.



The distribution of HON compounds by percentage cost increases,
shown previously in Table 7-1, are used only for comparison's
sake, and differ from the one's used for the economic impact
analysis.

Market structure has important implications for the size of
the price increase that will occur as a result of HON controls.
In general, it can be said that if a market structure is not
perfectly competitive, firms in the industry will raise prices
less than they would in the perfectly competitive case. The
market structure in the SOCMI is characterized by the following
attributes:

® -3 limited number of firms producing each chemical
® - a large degree of market concentration

® - a large degree of vertical integration

® 3 large degree of horizontal integration

® ~ barriers to entry and exit in the form of high
capital and raw materials costs



Table 7-2. Selected Chemicals Compounds Grouped By
The Eight Basic Feedstock
Chemicals From Which They Are Derived

Benzene

Styrene-Butadiene Rubber
Cyclohexylamine
Hydroquinone

Styrene

Acetone

Bisphenol-A

Propylene Glycol

Toluene

Benzoic Acid

Xylenes

Terephthalic Acid
Phthalic Anhydride

Ether
Naphthalene

Acetone
Phthalic Anhydride

Ether
Methane

Formaldehyde

Chlilorcform

Merhyl Tertzary 2utyl Zther
Methyl Chloride

Ethylene

Butadiene

Polybutadiene
Styrene-Butadiene Rubber
Ethylene Dichloride
Ethylene Oxide

Ethylene Glycol

Styrene

Triethylene Glycol
Propylene Glycol

Propylene

Cyclohexylamine
Acetone

Bisphenol-A
Propylene Glycol
Methyl Tertiary Butyl

Acrylonitrile

Butylenes
Butadiene

Methyl Tertiary Butyl




Thus, the SOCMI can be characterized as oligopolistic, and firms
will absorb a portion of HON control costs. Thus, the price
increases are likely to be lower than estimated. Moreover, price
increases are apt to be felt in end-use markets, due to the
considerable amount of captive consumption in the industry.

Since the industry demand curve is downward sloping, each
price increase will be accompanied by a reduction in output.
While these quantity adjustments derive directly from the control
costs and the price elasticity of demand for each chemical, it is
not readily apparent how these changes will be experienced at the
facility level. As data on average cost of production and plant
vintage are not available, identifying the marginal facility is
difficult. If there are notable differences in production cost
and plant vintage, the quantity adjustment could be absorbed by
those firms which are marginal. If the facilities have similar
cost structures, the output reduction could be distributed across
the industry. .

Given the way in which the SOCMI is organized, it seems
likely that quantity adjustments will be distributed across the
industry, rather than falling on any one facility. Most
facilities are owned by large parent corporations, which could
subsidize plants which might be less efficient. In addition, the
industry is dynamic, and cost increases will stimulate
alternative production processes to offset competitive
disadvantages. Also, chemical production will be driven by the
economics of coproducts and byproducts. Facilities will cften
have the flexibility to step up production of more profitable
compounds to offset the burden of compliance.

7.3.3 Closure

In general, closure of a facility might be predicted if a
significant percentage of output were to be wrested from the
marginal plant, i.e. the plant with the highest average cost of
oroduction. In the SOCMI, however, there is reason to believe
“hat, aven with significant Trice increases, closure is highly
unlikely.

The primary explanaticon for this is cthe fliexibility of
chemical producers. In most cases, several chemicals other than
the sample chemicals are produced at facilities producing sample
chemicals. Table 7-32 presents this informacion, and indicates
the lowest number of chemicals produced at a given facility, the
highest number of chemicals, and the average number of chemicals.
In only one case is the average number of chemicals produced at a
site equal to one. -

In two cases, as manv as 20 chemicals are produced at the
same racilicy. Thererore, revenue at a given facilicty 1s sharaa
among a number of chemicals, and the reduction in output of cne
of them is unlikely to lead to closure. It is also possible that
a decline in output of one chemical could be cross-subsidized by
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another chemical. There is flexibility in other areas as well.
Some facilities have the ability to use different production
processes for the same chemical if economic conditions dictate.
Constructing new plants with the ability to use different
feedstocks is becoming more common in the industry. Also, plants
can vary capacity utilization, idle parts of the plant, and run
inventories up and down to cope with changes in demand. In some
cases, it is difficult to close facilities, as different
production processes are dependent on the same feedstock. In
addition, the SOCMI is a dymamic industry in which new processes
and chemical formulations are constantly being explored. The
prospect of control costs could stimulate a changes of these
types rather than closure of a facility.

If the impacts are large, it is important to note that
ceasing production of one chemical does not always necessitate
closing the entire facility. Employment might be kept at the
same level, or production might be stepped up for another
chemical at the same facility.
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Table 7-3. Number Of

HON Chemical Compounds

Produced On The Same Site As
Facilities Producing Selected Compounds®

Sample (Number of

Number Of Chemicals Produced
On Same Site

Chemical Facilities) Low High Average
Butadiene (9) 1 10 5
Styrene-Butadiene Rubber (5) N.A. N.A. N.A.
Polybutadiene (4) N.A. N.A. N.A.
Ethylene Dichloride (15) 2 17 5
Ethylene Oxide (13) 1 15 6
Cyclohexylamine (2) 1 1 1
Hydroquinone (2) 2 9 6
Ethylene Glycol (11) 1 15 6
Styrene (9) 1 17 4
Formaldehyde (46) 1 5 1
Acetone (13) 2 9 5
Chlorocform (6) 2 20 9
Triethylene Glycol (11) 1 15 6
Bisphenol-A (4) 2 18 8
Terephthalic Acid (7)b 1 2 2
Propylene Glycol (5) 3 20 10
Methyl-Tertiary Butyi Ether(18) 1 7 2
Phthalic Anhydride (6) 1 7 2
Benzoic Acid (3) 2 3 3
Acrylonitrile (6) 1 6 3
Methyl Chloride 1 11 7
‘May not include coproducts and byproducts.

"Inciludes dimechyl terephthalate.

N.A. - not available,



Finally, the SOCMI is an oligopolistic industry dcminated by
large parent corporations. While this assures that a portion of
compliance costs will be absorbed by producers, it also assures
the ability to finance purchase of control equipment. Also, high
capital and raw materials costs provide barriers to exit. As
long as firms are covering these large fixed costs, closure will
not ensue, even if the facility is unprofitable in the short run.

For all of these reasons, closure due to HON controls is in
general, unlikely.

7.3.4 Process Changes

It is quite possible that HON controls will stimulate a
shift to an already existing chemical production process, usher
in a process which was previously uncompetitive, or stimulate
research and development into new production processes. Given
the dynamic and flexible nature of the SOCMI, it is likely that
each of these will take place in response to HON controls.

7.3.5 Economic Impacgts

Table 7-4 illustrates the summary of market adjustments for
the selected compocunds. The ocutput changes are based on the
upper bound of the estimated price elasticity of demand, which
forecasts the maximum reduction in output. It should be noted
that the change in price is an increase, and the change in output
is a decrease. These market adjustments are derived from a
production-weighted average price increase. Each compound is
accompanied by one price adjustment and quantity adjustment,
except for benzoic acid. Since the facilities in this industry
cater to three separate markets, it was necessary to calculate
three impacts. Thus, 23 price and quantity adjustments are
presented.

Table 7-5 categorizes the selected compounds in three
ranges of rzercentage price increases Ior the 2pPrLion Sne cCosts.
The catedqorles: LOow; L1835 than TWwo percenc, .atarmegigte; Two Io
five percent, ana high; greater than Zive percsnt, respectively.
Since these percentages are Jderived Zrcm zhe production-weighted
average price increase, they differ from those presented in Table
7-1, which are based on costs at the 50th percentile of control.
Production-weighted averages have not been calculated for all 190
regqulated compounds, sSo direct comparison is 10t Dossible.
However, general conclusions can ze drawn from those chemicals
analyzed.

Table 7-6 extends these market adjustments to che
Dossibility for closure and process substcitution. The
possibility Zor closurs 1S sasea solely o1 th@ Dercentade outgut
raduction as compared with the smallest size facility in the
industry. It was stated in section 7.3.3 ctnat closure in any
case is unlikely. Thus, Table 7-6 displays only the most

conservative, i.z. severe, zcase.
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Table 7-4. Summary Of Market Adjustments

Chemical Name Option One Control

(CAS Number) % a Price? % aQuantity®

Butadiene 0.74 (0.73)
(106990)

Styrene-butadiene rubber 0.28 (0.28)
(00043)

Polybutadiene 0.30 (0.30)
(00045)

Ethylene Dichloride 1.03 (0.69)
(107062)

Ethylene Oxide 0.31 (0.10)
(75218)

Cyclohexalyamine 0.64 (0.43)
(108918)

Hydrogquinone 0.51 (0.61)
(123319)

Ethylene Glycol 0.40 (0.27)
(107211)

Styrene 0.34 (0.34)
(100425)

Formaldehyde 2.51 (1.65)
(50000)

Acetone 0.72 (0.48)
(67641)

Chloroform 1.09 (0.37)
(67663)

Triethylene Glycol 0.11 (0.07)
(112276)

Bisphenol-A 0.56 (0.38)
{80057)

Terephthalic Acid .20 0.36)
(100210

Propylene Glycol 0.28 (0.25)
(57556}

Methyl-Tertiary 0.24 (0.08)

Butyl Ether
(1634044)

Phthalic Anhydride 3.36 (2.50)
(85449)

Benzoic Acid
Faczlity A 3.7% {(0.74)
Facility 2A 0.88 (0.87)
Tacilitv 3A 31.78 13.54)
(6585Q0)

Acrylonitrile ' 0.57 (0.38)
(107131)

Methyl Chloride 3.17 (2.07)



i74873)

‘The percentage price increase is based on the
production-weighted
average compliance cost. (See Chapter 2 A for methodology).
*The percentage change in quantity is based on the most elastic
estimate of demand elasticity, which forecasts the higher
percentage
change in quantity.
a = Change in



Table 7-5. Summary Of Percentage Price Increases For The
Selected Compounds

Percentage Price Increase

Option
Price Range/ One
Chemical Name Controls

High Increase: Qver 5

None

Intermediate Increase: 2 to S5 Percent .

Phthalic Anhydride 3.86%
Benzoic Acid 3A 3.78%
Methyl Chloride 3.17%
Formaldehyde 2.51%

Low Increase: Below 2 Percent

Terephthalic Acid 1.29%
Chloroform 1.09%
Ethylene Dichloride 1.03%
Benzoic Acid 2A 0.88%
Benzoic Acid 1A 0.75%
Butadiene 0.74%
Acetone 0.72%
Cyclohexalyamine 0.64%
Hydroquinone 0.61%
Acrylonitrile 0.57%
Bisphenol-A 0.56%
Zthyiene Glycol 0.40%
styrene J.24%
zthylene Oxide 0.31%
Polybutadiene 0.30%
Styrene-butadiene rubber 0.28%
Propylene Glycol 0.25%
Methyl-Tertiary Butyl Ether 0.24%
Triechylene Glycol 2.11%




7.3.6 Low Range Impacts
7.3.6.1 QOption One Control Costs

For option one control costs, the low cost range includes
82.6 percent, or 19 of the 23 price increases shown. Since this
range represents the majority of the SOCMI, it is useful to
extend the results of these impacts to the population of
regulated compounds. In this category, maximum quantity
adjustments range from .07 percent to .87 percent of industry
output. For 14 of these compounds, closure is unlikely even in
the most extreme scenario. Closure is possible for the remaining
five compounds.

Nine compounds in this range are produced by more than one
production process. For two of these, the cost differential is
large enough to predict possible process changes. However, it is
quite possible that HON controls will stimulate research and
development into new production processes.

7.3.7 Intermediate Range Impacts
7.3.7.1 OQOption One Control Costs

The intermediate range includes 17.4 percent, or four of the
23 price increases displayed. Maximum quantity adjustments range
from 1.65 percent to 3.64 percent of industry output. Closure is
possible for three of the four. Again, closure is possible only
in the most extreme case, and is in general unlikely.

Three of the four intermediate-cost compounds are produced
by more than one process. In each case, the cost differential is
large enough to predict process changes.

7.3.8 High Range Impacts

No compounds in the selection are high-cost and so no
conclusions can 2e drawn Zor this range for either <oncrol
option. .



Table 7-6. Likelihood Of Closure And Process Change
Under Option One Controls?

Chemical Likelihood Of Likelihood Of

Name Closure Process Change
Butadiene Possible Unlikely
Styrene-butadiene rubber Unlikely N.A.
Polybutadiene Unlikely N.A.
Ethylene Dichloride Possible N.A.
Ethylene Oxide
Unlikely N.A.
Cyclohexalyamine ‘ Unlikely Possible
Hydroquinone Unlikely Unlikely
Ethylene Glycol Unlikely N.A.
Styrene Possible Possible
Formaldehyde Possible Probable
Acetone Unlikely Unlikely
Chloroform Possible Unlikely
Triethylene Glycol Unlikely Unlikely
Bisphenol-A Unlikely N.A.
Terephthalic Acid Possible Unlikely
Propylene Glycol Unlikely N.A.
Methyl-Tertiary Butyl Ether Unlikely Unlikely
Phthalic Anhydride Possible Posgsible
Benzoic Acid Unlikely N.A.
Acrylonitrile Unlikely N.A.
Methyl Chloride . Possible . Possible
N.A. - not applicable, since only one process is used.

* Closure is in general unlikely. 'This table presents only the
most extreme case.



7.4 Bigh Cost Compounds

Five high-cost compounds were selected for purposes of
analyzing high-cost impacts. Option one controls are analyzed
for this group of compounds. These compounds, along with their
respective price and output adjustments, are presented in Table
7-7.

The economic impact of HON controls on high-cost compounds
appears to be only a little more exacting than the impact for the
SOCMI on average. Of the five compounds examined, only one is
likely to experience closure, and one process could be phased
out.  Given the magnitude of the percentage price increases, this
outcome might be expected.

Nevertheless, several qualifications are warranted that
would mitigate against such severe impacts. First, as noted
above, the control cost estimates are probably too large.!
Second, these impacts assume no cost absorption at previous links
in the chemical tree. Third, impacts are based on the lowest
available price estimate. To this it is added that these
producer's seem to have quite a degree of pricing discretion that
would allow them to alleviate the impact of compliance. Fourth,
as with the SOCMI as a whole, it is assumed here that many
products are produced at sites along with the high-cost
compounds, and that the dynamic nature of the SOCMI makes it
difficult to predict closure with any certainty.



Table 7-7.

High-Cost Compounds

Summary Of Price And Output Adjustments For

Elagticity = -.0 Elasticity
= =-.34
Chemical Name % a P $ a Q % a P
A Q
Benzil Benzoate 90.42 90.42 (19.7)
(0.64)
Phthalimide 530.9 (1.8) 530.9 (46 .5)
Diphenyl Methane 1,878.893 1,878.93 (63.8)
(2.58)
Gluteraldehyde 2,378.67 2,378.67 (66.4)
(2.75)
Diisooctyl 9.46 9.46 (3.03)
Phthalate (.090)




7.5 Small Business Impacts

The RFA (Public Law 96-354, September 19, 1980) requires
Federal agencies to give special consideration to the impact of
regulation on small businesses.

The RFA specifies that a regulatory flexibility analysis
must be prepared if a proposed regulation will have (1) a
significant economic impact on (2) a substantial number of small
entities. Regulatory impacts are considered significant if:

® Annual compliance costs increase total costs of
production by more than 5 percent,

® ‘Annual compliance costs exceed 10 percent of profits for
small entities, :

® Capital cost of compliance represent a significant
portion of capital available to small entities,

® The requirements of the regulation are likely to resuit
in closures of small entities.

A "substantial number" of small entities is generally considered
to be more than 20 percent of the small entities in the affected
industry.

A first step in determining small business impacts is
assigning an appropriate definition for what constitutes a small
entity in the SOCMI. The Small Business Administration (SBA)
defines small businesses in the chemical industry as having
employment from under 500 to under 1,000, depending on the SIC.?
For this analysis, the upper bound of 1,000 employees will be
used as the cutoff for assessing small business impacts.

Tabie 7-3 lists 1990 sales and amployment figures Zor those
companies in cthe SOCMI that produce che 20 chemicals selected Zor
the HON analiysis. This 1s a comprenensive list of sampile
chemical producers, totaling 56 companies. Data was compilled
from a collection of 1991 annual reports, the 1991 Million Dollar

Directory, and Standard and Poor's Register of Corporations,
Directors, and Txecutives.

As shown, only 10 of the 56 companies falls pelow the 1000
employee cut-off. Thus, given this sample, only 15 percent of
zhe 30CMI can be classified as small.

The 1988 Handbook »f Small Businesgg Data, which provides
inrormat.on on tne aature oL susinesses vnich cypify diffzrenc
SIC categories, supports tnils assertion. Each of the SIC
categories affected oy the HON are listed as "lLarge-Business-
Dominated.” This classification is based on the more
conservative definition of small entities that the SBA uses.
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Therefore, the standard is not expected to have a
significant economic impact on a substantial number of small
firmg, and a RFA is not required.

Table 7-8. 1990 Sales And Employment Of
Selected SOCMI Members
Company Sales (510°) Number of Employees
Air Products 2,895 14,000
Allied Signal 12,343 105,800
American Cyanamid 4,574 32,012
American Petrofina 3,978 3,997
American Synthetic 93 311
Rubber Corp.
American Synpol N.A. 2,600
AMOCO 31,581 54,524
ARCO 18,808 27,300
Ashland 0il, Inc. 8,994 33,400
Atlantic Richfield 1,590 26,600
BASF 4,023 133,759
B.F. Goodrich 2,470 11,892
Borden 7,633 46,300
British Petroleum 33,039 118,050
(€ mil.)
BTL Specialty Resins 64 200
Corp.
Thamplin lefining Y374 300
Chevron 41,540 54,208
Citgo 4,540 3,300
Conoco 12,330 19,000
Copolymer Rubber and 250 710
Chemical
Deltech 20 200
Diamond-Shamrock 2,708 6,000
Zow 13,773 32,20
DuPont 40,028
Eastman-Kodak 18,908 134,450



TABLE "1-8. (CONTINUED)
Company Sales ($10° Number of Employees

Exxon 115,794 104,000
Firestone 3,867 53,500
Formosa Plastics 625 1,700
GE 55,300 292,000
General Tire 1,300 9,600
Georgia Gulf 1,110 1,350
Georgia Pacific 12,665 63,000
Goodyear 11,273 107,671
Hanlin Group 1,110 1,350
Hercules 3,200 19,867
Hill Petroleum 4 1,070
Hoechst Celanese 1,500 2,400
Kalama N.A. N.A.
Koppers 426 1,900
Marathon (USX) 20,659 51,523
Mobil 64,472 67,300
Monsanto 8,995 41,081
Mt. Vernon Phenol® 56,279 292,043
Occidental Petroleum 1,500 12,500
Olin 25,300 15,400
Xy pecrocnemicals ZZ2 1,220
P.D. Giyecol 26 185
Pfizer 6,406 42,500
Phillips Petroleum 12,500 21,800
Polysar Ad3 ~,200
BPG 5,820 35,500
Nuantum 2,556 N.A.
Juestra (Rhone- 2,278 91,571
Foulenc Data)

rexene 553 1,300
Shell 0Oil 24,460
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TABLE “1-8. (CONTINUED)

—— _—rrrer——— e
Company Sales ($10°%) Number of Employees
Spurlock 11 41
Stepan Co. 346 1,150
Sterling Chemical 581 926
Sun Co. 13,270 20,926
Texaco 41,822 39,000
Texas Olefins 300 300
Union Carbide 8,740 45,000
Velsicol 100 500
Vista Chemicals ' 779 1,750
Vulcan Materials 1,080 6,250




7.6 Conclusions

For the 21 compounds selected for detailed analysis, the
majority of estimated price increases -- 83 percent -- are below
two percent. Eighty-seven percent have estimated ranges of
reductions in output of below two percent. In general, impacts
on the selected compounds are small. Since the selection does
not adequately represent the population of controlled compounds,
the same cannot be said for all contrclled compounds.
Nevertheless, given the cost increases from Table 7.1, it is safe
to say that impacts for the SOCMI are, in general, small.

Given the dynamic and flexible nature of the SOCMI, as well
ag the oligopolistic market structure, closure in the majority of
cases is unlikely.

The notable impact of the HON will the stimulation of a
shift to already existing chemical production processes, the
ushering in of processes that were previously uncompetitive, or
stimulation of research and development into new production
processes. It is likely that each of these will take place in
response to HON controls.

In conclusion, the SOCMI is a dynamic industry which
responds quickly to changes in the economic environment.
Increasing costs driven by the HON will serve to reinforce moves
to lower-cost production processes, plants engineered for
flexibility in feedstock choice, and facilities capable of
producing a variety of chemical substitutes depending on costs
and market demand.
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CHAPTER 8
BENEFITS
8.1 Introduction

This chapter discusses the potential benefits associated
with air toxics regulation under the HON regulation. Various
limitations prevent a formal, quantitative benefits analysis. A
formal benefits assessment requires analysis of the full
pollutant path, tracing from the change in emissions to
atmospheric dispersion through population exposure, effective
dose, physical effect manifestation considering mitigating and
averting behavior, and ultimately to economic valuation.
Ideally, this analysis should be conducted for each of the air
toxic chemicals regulated under the HON. Lack of information on
an individual chemical basis, such as the quantity and location
of emissions and chemical-specific physical effect and exposure
data, as well as a significant time requirement preclude such a
detailed benefit analysis.

Because of the above limitations, a qualitative analysis of
the potential benefit categories is given that identifies the
direct use and non-use benefits of the regulation. The physical
affect categories that are associated with HON emission
reductions include health and welfare responses that have been
documented for HAPs, ozone, and particulate matter.

Furthermore, option value, existence value, and bequest value are
potential benefits creditable to this rule making.

The HON rule regulates 149 of the 189 hazardous air -
pollutants listed in Section 112(b). A general understanding of
the physical and chemical nature of these compounds, including
their potential toxicity and environmental fate, makes possible
rhe categorization of pnysical sffects from HAP =smissions.
Hagzardous air pollutant =2mM1sSs3ions may Jccur i1n zoth yaseous ind
particulate form. Of :the gaseous HAPs, cthe majority are wvoliatiie
organic compounds (VOCs), which are precursors in the formation
of ozone. The VOC HAPsS may also condense or react Co form
particulate matter. HAPsS may enter terrestrial and aquatic
2cosystems through atmospheric deposition. HAPs can be deposited
on vegetation and s0ii tnrough wer or 4dry deposition. HAPsS may
also enter the aquatic environment rrom the atmosphere via 1} Jas
2xchange between surface water and the ambient air, 2) wet or dry
deposgition of particulate HAPg and particles to which HAPs
adsorb, and 3) wet or dry deposition to watersheds w1th
subsequent leaching or runoff to waterbodies.!

Human exposure to HAPS may occur directly throcugh innalaction

or indirectly through ingesticn of food or water contaminated bv
HAPs or through dermal exposure. In general, the reduction of
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HAP emissions resulting from promulgation and implementation of
the HON will reduce human and environmental exposure to these
pollutants and thus, reduce potential health and welfare effects.
This chapter provides a general discussion of the various
components of total benefits that may be gained from a reduction
in HAPs through the HON rule. Figure 8-1 lists the range of
potential physical health and welfare effects categories that may
be associated with HAP emissions and also with ambient
concentrations of ozone and particulate matter secondarily formed
by VOC HAPs.



Figure 8-1. POTENTIAL PHYSICAL EFFECTS CATEGORIES FOR HON

Categories may be applicable for hazardous air pollutants and
ozone and PM secondarily formed by VOC HAPs.

H n Hea Effect

Mortality Due to Chronic Exposure
Mortality Due to Acute Exposure
Morbidity Due to Chronic Exposure
Morbidity Due to Acute Exposure

Human Welfare Effects

Worker Productivity Losses
Odors

Non-Human Biological Effects

Agriculture

Forestry
Recreational/Commercial Fishing
Ecosystem

Soiling and Materialsg Damage

Residential/Commercial/Industrial Facilities
Miscellaneous Materials

Climate and Vigibility Effects

Local Visibility
Non-local Visibilicy
Zlimacge

7isibility at 2arks
Trangportation Safety
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8.2 Hazardous Air Pollutant Benefits

8.2.1 Health Benefits of Reduction in Hazardous Air
Pollutants

The HON will regulate 149 of the 189 air toxics listed under
Title III. Exposure to ambient concentrations of these
pollutants may result in a variety of adverse health effects
considering both cancer and noncancer endpoints. In an effort to
better understand the "big picture" of hazardous air pollutant
exposures, EPA undertook broad studies in the 1980s to evaluate
the releases of these pollutants and the relative implication of
the resulting exposures to human health.

The first study assessed the magnitude and nature of
potential cancer risks associated with ex?osure to hazardous air
pollutants. Originally conducted in 1985° and updated in 19903,
the work broadly assessed long-term exposures to HAPs and
estimated potential cancer risks associated with these
pollutants. Without chemical and site specific exposure and risk
assessment, i1t is not possible to estimate the excess expected
cancer cases attributable to HON emission sources.

A second EPA study' assessed ambient concentrations of HAPs
in relation to their potential to elicit adverse noncancer
effects. This project utilized several approaches to
characterizing potential noncancer risks including review of case
reports, evaluation of State, local and Federal agencies’
experiences, and review of available health and exposure data.
Although the magnitude of noncancer risks could not be estimated,
the broad implications of this study indicated that areas of
concern may be the fcollowing: short-term as well as long-term
exposures, multiple chemical exposures, and the combined impact
of an individual chemical emitted from multiple sources in the
same geographic area. The major health endpoints of concern in
this study were respiratory =2Iffects, developmental and
raproductive CoxX1lcity, and neurotoxicicy.

In general, noncancer health effects can be groured into the
following broad categories’:

o] Genotoxicity - a broad term that usually refers to a
chemical that has the 3bility to damage DNA or :the
chromosomes.

o Developmental toxicity - adverse e=ffects cn a

developing organism that may result f£rom =xposure prior
to conception (either parent), during prenatal
development, or oostnatally to the fime of sexual
macuracion. adverse deveiopmenctal =2ffscts mav e
detected at any point in the life span of the organism.
Major manifestations of developmental toxicity include:
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death of the developing organism; induction of
structural abnormalities; altered growth; and
functional deficiency.

o] Reproductive toxicity - harmful effects on fertility,
gestation, or offspring, caused by exposure of either
parent to a substance.

o Systemic toxicity - affects a portion of the body other
than the site of entry. »
o Irritant - causes irritation of eyes, skin, and

regpiratory tract.

Exposure to HAPs may occur directly through inhalation as
well as indirectly through oral or dermal exposure to food or
water contaminated through deposition of HAPs. The Lake Michigan
Fish-Eating Study provides evidence of adverse health effects due
to indirect exposure to HAPs. Atmospheric deposition of HAPs
into the Great Lakes is a major cause of the deteriorated water
quality of this aquatic system. High concentrations of toxics
nave been observed in a number of commercial and recreational
fish species. The Lake Michigan Fish-Eating Study revealed that
the total amount of fish consumed by mothers in all years prior
to conception and the amount of PCBs measured in umbilical cord
serum is associated with decreased visual recognition memory--a
measure of neurological development--in offspring. There is also
avidence of developmental effects such as reduced birth weight
and smaller head and skull circumference when compared tc
controls.®

Exposures related to routine emissions of HAPS may be acute
(isolated or repeated events) or continuous in nature. Most
commonly, populations are exposed to more than one pollutant at a
given time. Consideration must be given to potential additive,
synergistic, or antagonistic effects resulting from exposures to
chemical mixtures. Adverse effects resulting from these
axposures may be reversible or irreversible depending upon the
nagnicude OL the exposure and che mechanism of action 2illciting
~he effect. A wide range ©f rasponses may be 3een Zrom mild
irritation to mortalicy.

For the 149 HAPs covered under the HON, evidence on the
potential toxicity of the pollutants varies tremendously. Given
sufficient exposure conditions, all of these pollutants have =he
potencial to elicit adverse health or environmental =rfects in
the exposed populations. It can be expected that emission
reductions achieved through the ION regqulation will decrease the
incidence of adverse nealth effects.

.2 Jalfare Renerifts 2f Reducrtion ‘n JTazardous iir
Pollutants

Environmental Impacts
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Emissions of hazardous air pollutants may also bring about
adverse, non-human biological effects such as ecosystem and
recreational and commercial fishery impacts. Atmospheric
deposition of toxics is believed to significantly contribute to
the presence of hazardous compounds in the environment. The
presence of toxic compounds in relatively pristine areas and
around large point sources such as smelters provides a strong
linkage between long and short-range transport of HAPs and the
bicaccumulation of these compounds in terrestrial and aquatic
systems. For example, atmospheric loading is estimated to
account for approximately 80 - 90% of all pollutant inputs to the
upper Great Lakes, an area considered relatively pristine and
with few major sources of toxics. Similarly, short-range
atmospheric deposition is thought to be responsible for 90 - 99%
of lead inputs to the mid-lower Chesapeake Bay.’

Hazardous air pollutants may be directly harmful to
organisms due to their presence in the ambient air. For example,
experts believe that major declines in the lichen flora of urban
and industrial areas worldwide are caused by atmospherically-
derived metals and gaseous phytotoxicants.?®

Atmospheric deposition of HAPs directly to land may atffect
terrestrial ecosytems. For example, there is documented evidence
of terrestrial ecosystem impacts such as plant toxicity, changes
in species composition, biocaccumulation, and inhibition of enzyme
activity due primarily to atmospherically-derived metals . These
effects may result in the loss of sensitive species and declines
in ecosystem productivity.® Specifically, there is evidence of
impacts on mammal populations near to and downstream of a mining-
smelting complex in northern Idaho. Population declines in mink,
muskrat, and other small mammals are believed to be due to the
direct toxicity of atmospherically-derived metals as well as
secondary effects on cover and food supply.'

Atmospheric deposition of HAPs algc contributes to adverse
agquacic =2cosystem 2rfects. Much cof the documentation on tiae
aquatic impacts of HAPs has focused on the Great Lakes. Many orC
the HAPs deposited o the Great Lakes are persistent toxics that,
through the process of biomagnification, tend to accumuiate in
toxic concentrations in the tissues of species high on the food
chain. This not only has adverse implications for individual
wildlife species and =cosystems as a whole, put alsc the humans
who may ingest contaminated f£ish and waterZowil. The Great Lakes
ig the largest freshwater fishery in the world. In 1985, more
than 4 million people fished in che Great Lakes basin.!
Recreational and commercial fishing is estimared to be worth $4.2
billion annuallv.'? High tissue contaminant levels, however, have
Zorced tne closure 2L some commercial IZisherses and the lssuance
of fish advisories for some recreationai Zish species.

Therefore, atmospheric deposition of HAPs to the Great Lakes may
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impose significant costs to the area’s recreational and
commercial fishing industries.

Toxic pollutants in the Great Lakes ecosystem are believed
to be responsible for a number of specific problems in organisms
at the top of the Great Lakes food web such as the following®:

reproductive problems and population decline
metabolic changes

birth deformities

hormonal changes

tcumors

generational effects

behavioral changes.

O00OCO0OO0O0

Additionally, large increases (outside normal variation for
vertebrate species) in the populations of cormorants and ring-
billed gull indicate the occurrence of fundamental changes in the
balance of the Great Lakes ecosystem.!* Experts believe that
these ecosystem changes are indirectly due to the presence of
toxic compounds in the Great Lakes ecosystem.

The extent to which other ecosystems outside of the Great
Lakes are adversely impacted by hazardous air pollutants is not
yet known, although toxics loading appears significant. For
example, loadings to the Chesapeake Bay are at least as nigh or
higher than loadings to the Great Lakes on a per unit area basis.
Because there is a proportionally larger watershed around the
Chesapeake Bay than the Great Lakes, there is greater potential
for indirect loading of HAP's into the Chesapeake Bay. In
general, HAP emission reductions achieved through the HON should
reduce the associated adverse environmental impacts.

Additional Welfare Effects

There 1s =2vidence ©rf materzals damage chat may oCcur is
result of smissions of hazardous alir dollutantcs. aczaic
compounds may <orrode or decay metals, stone, and automotlive
finishes.” Aadditaionally, odor cthreshold concentracions nave Ddeen
reported for a number of hazardous air pollutants.!® However,
without site specific air quality modeling, it is not known the
axcent ©o which ambient concentrations of these air toxic
compounds axceed the odor cthreshold level.

vyl

3.3 Ozone Z2enefits

8.3.1 Health Benefits of Reduction in Ambient Ozone
Concentraticn

Ozone benefits may be attributable to this regulation as
ozone is a product of VOC and nitrogen oxide emissions reacting
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in the presence of sunlight. VOCs are a major pollutant for
those sources/processes that will be requlated under HON.
Consequently, reductions in the emissions of VOCs will also lead
to reductions in the types of health and welfare impacts that are
associated with elevated concentrations of ozone.

Approximately 47.7 million people live in nonattainment
areas (classified as marginal, moderate, serious, severe and
extreme) that contain a HON process unit and are potentially
exposed to ozone levels above the standard. VOC emissions from
HON process units therefore may contribute to some degree to the
adverse health effects experienced by exposed individuals in
those nonattainment areas. Furthermore, it is estimated that
approximately 57% of the VOC reductions achieved by the HON may
occur in ozone nonattainment areas.

There are sensitive subpopulations that are more at risk of
adverse health effects from elevated ozone concentrations. These
groups include people with the following conditions?:

chronic bronchitis (3.5 percent of US population);
asthma (3.5 - 5 percent of US population);

allergies (7 percent of US population);

emphysema (1 percent of US population);

any individual exercising heavily during ozone
exposure. Heavy exercise increases breathing frequency
and depth of breathing resulting in a larger ozone docse
to lungs and deeper penetration of ozone to the most
sensitive lung tissue.

00000

The health effects associated with increased ambient ozone
concentrations have been well documented in EPA’s recent review
of the ozone standard and presented in.the Office of Air Quality
Planning and Standards Staff Paper on ozone. The major ozone
health effects of concern to health scientists are the
following*:

o Alteracvions in Pulmonary funcrticn - modificacions in
such pulmonary measurements as forced expiracory
volume, total ilung capacity, and breathing frequency;

o Symptomatic Effects - eye, nose and throat irritation,
chest discomfort, cough, headache, chest pain on deep
inspiration, chest tightness, wheezing, lassitude,
malaise and nausea;

Q Exercise Performance - reduced workload and
verformance;
o 3ronchial Reactivity - increased sensitcivity orf alrway

to agents such as histamines with subsequent initiation
2f 'an inflammactory response:
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o] Aggravation of Existing Respiratory Disease -
aggravation of existing asthma, chronic bronchitis or
emphysema conditions;

o Morphological Effects - occurrence of lesions in lung
tissue of exposed animals;

o Altered Host Defense System - alteration of host
defense system rendering sensitivity to respiratory
infection;

o Extrapulmonary Effects - blood enzyme, central nervous

system, liver, endocrine, cardiovascular, reproductive
and teratological effects.

8.3.2 Welfare Benefits from Reduction in Ambient Ozone
Concentration

Elevated concentrations of ambient ozone are also associated
with adverse welfare (non-health) impacts. The welfare effects
of concern are the following®:

o decreased worker productivity;

0 crop damage resulting in yield losses and undesirable
quality effects?®;

o) forest damage manifested as growth retardation or
foliar injury;

0 materials damage of elastomers, textile fibers, dves,

and paints.

Reduction of VOCs through the HON regulation is another
mechanism - in addition to Title I and II control measures - by
which the ambient ozone concentration may be reduced and in turn
reduce the incidence of the adverse health and welfare effects
discussed above.

8.4 Particulate Matter Benefits

n addition o acting as precurscors to ozone formation. JCC
amlssions may also condense or react Lo generate secondariliy-
formed aerosols, =levating ambient concentrations of particulate
matcer (PM). Based on avai.able conversion factors,
approximately 1 to 2 percent of VOC emissions condense or react
to form secondary particulate matter. The 949,000 Mg of VOC
emissions reduction under the HON will therefore cause a
reduction of 3,490 Mg cto 18,380 Mg of secondary 2M Zormaciocn.
These particles are respirable and contribute to impairment of
vigibility.

PM-related health effects include chronic and acute
morbidity 3nd mortality. SM-related welfare ilmpacts =ncompass
soiling and materiais damage and climate and visibilicy =2rffecc.”
Therefore by reducing VOC emissions, decreases in the adverse



health and welfare effects associated with elevated PM
concentrations may be achieved.

8.5 Additional Benefits

There are additional benefits that may be attributable to
the HON regulation above and beyond the direct use value as
represented by the health and welfare benefits associated with
HAP reductions as discussed above. Theoretical analysis of the
value of non-market environmental amenities (i.e. air quality,
visibility) or disamenities (i.e. Superfund sites, nuclear power
plants) has led to the decomposition of willingness to pay into
several components. One important distinction relevant to the
HON that is made in the literature is that some portion of the
value one places on air toxics reductions is related to one’s own
exposure to air toxics while some portion of the value may not be
related to one’'s own exposure to air toxics. Use valueg are the
values associated with an individual’s desire to avoid his or her
own exposure to an environmental risk, or in the case of the HON,
toxic air pollutants. Non-use values are values an individual
may have for lowering the concentration of toxic air pollution or
level of risk unrelated to his or her own exposure. Non-use
values may be related to the desire that a clean environment be
available for the use of others now and in the future, or may be
related to the desire to know that the resource is being
preserved for its own sake, regardless of human use.

Several different categories of use and non-use values_
have been developed and rigorously defined in the literature.®
These include:

o) Option price. Option price is a measure of total value
that reflects uncertainty regarding future use of a
resource. It equals the expected value of current and
future use plus a risk premium, which may be positive,
negacive, or zero. The risk premium is related to
uncertainty regarding desired future ise and LT3 sSign
{positive or negative) deprends on whether the
individual prefers ©o =rr toward preserving che
resource (reduced-toxic atmosphere) that may not be
wanted for use in the future, or toward losing the
resource that may be wanted for use in the future. The
risk premium associated with option price is referred
to as option wvalue.

2 Bequest value. This is the component of non-use value
that is related to the use of the resource by others
now and in the future. This value is typically thought
-f 38 zltruistic in nature. 2equest value may e more
significant to the HON regulaction wnen considering ciie
value an individual may have to reduce the risk of air
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pollutant exposure to others (outside of one’s family
and friends) now living rather than future generations.

o Existence value. This is the component of non-use
value that is related to preservation of the resource
for its own sake, even if there is no human use of the
regsource. In practice, bequest and existence values
are difficult to distinguish and are often together
referred to as existence value. In the case of the HON
regulation, existence value would incorporate an
individual’s willingness to pay for the preservation of
a reduced-toxic atmosphere.

These value categories may apply to changes in the quality
of a resource. Freeman explicitly included this in his
analysis.® With air emissions under the HON regulation, the
issue is typically the concentration of air emissions to which
people are exposed, not whether or not any emissions exist at
all. These value categories may also be components of the total
use and non-use values of a reduction in ambient oczone and PM
concentrations that may also be achieved through the HON.

Option price differs from use value because it is an ex ante
measure rather than an ex post measure of value related to
exposure. As the ex ante measure, option price is the
appropriate measure for analysis of proposed regulatory decisions’
that may affect the availability or quality of a resource.

Option price may differ from use value due to differences between
expected and actual use of the resource as well as due to any
risk premium.

8.6 Conclusion

Because of variocus limitations, the benefits associated with
the HON regulation have not been monetized. However, there are
nealth ana welfare improvements chat could be gained through a3
reduction in air oollutants raguiated unaer 0N -hat zave been
qualitatively discussed. In summary, air toxic reductions may
reduce mortality and morbidity Zrom =axposure dirsctly zZc HAP’'s
and secondary PM. Similarly, VOC reductions in ozone
nonattainment areas will decrease ambient concentrations of ozone
and therefore reduce morbidity =ffects. Because approximately
17.7 million veople reside in ozone nonattainment areas with at
least one HON process unit, any decrease in ambient ozone
concencrations as a result of HON control will directly benefit
these individuais. In Zact, ¢t is sstimated chat approximately
57% of the VOC reductions achieved by the HON will occur in ozone
nonattainment areas. HJuman welfare benefits from HON control may
lnciude mprovements Lln WOrker prcoductivity and i decrease Ln
odors.
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The HON regulation may also result in beneficial biological
effects such as agricultural crop yield increases, and beneficial
forestry, fishing, and ecosystem impacts. A decrease in soiling
and materials damage is another potential benefit of this
rulemaking. Climate and visibility may also be improved through
decreases in secondary PM associated with HAP reductions.

Finally, potential benefits from the HON regulation may also
include existence value, bequest value, and components of option
price.

°
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CHAPTER 9
BENEFIT-COST ANALYSIS
9.1 Introduction

This chapter provides an illustration of the economic
efficiency framework for evaluating regqulatory options under the
promulgated HON rulemaking. Unfortunately data paucities and
time constraints preclude a formal quantification of the
allocative efficiency aspects of this rule.

This chapter also identifies the overlap of the HON
rulemaking with VOC emission reduction requirements for ozone
nonattainment areas. The complementarity of these regulatory
requirements may result in control cost savings in these areas.

9.2 Economic Efficiency Considerations

The adoption and implementation of air toxics regulations is
not free. There is a reallocation of society’s resources to
address the negative spillover of air pollution. In the course
of internalizing the air pollution externality, the cost of
reducing emissions through the HON rulemaking is reflected in the
production, distribution, and consumption of synthetic organic
chemicals. This additicnal cost is in contrast to the
improvement in society’s well being from a cleaner environment
and. concomitant reductions in adverse health effects and other
risks.

As displayed in Figure 9.1, the existence of a regulation to
internalize the air pollution externality does not guarantee an
allocatively efficient outcome. An allocatively efficient
regulation maximizes the net benefits to society. In a
mathemacical sense, allocative efficiency requires chat -
marginal zenefits of the rule be =2gual to the marginal zost and
chat marginsl <OSTS are rising at a Tate Jgreatsar chnan marginal
benerits.

he
T

Because of the inability to compare in a quantitative sense
both the benefits and the costs of the regulatory alternatives,
zhe =conomic =2fficiency aspects of this rule cannot be zssessed.

9.3 Cost-Bffectiveness of HON VOC Emission Reductions in
Ozone Nonatcttainment Areas

Environmental quality enhancement programs are not always
indapendent ~rf <ne anecther. In the course »f accomplishing the
objectives cr Title III tarcugn che dON requirements, cie
regulation also reduces emissions of ozone precursors (VOC’s) in
ozone nonattainment areas. In the year 1996, HON VOC emission
reductions for the most stringent regulatory option (TIC) are
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Figure 9.1 Optimal Reguiation
and Net Benefit Levels
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estimated to be 56 percent of the total VOC emission reductions
required in nonattainment areas (classified as marginal,
moderate, serious, severe, and extreme) for the ozone NAAQS.

Some of the VOC emissicon reductions for ozone nonattainment
areas are achieved through nondiscretiocnary control measures.
Scme of these control measures include VOC emission reduction
requirements based on new control techniques guidelines
documents. One of the source categories for these new documents
is the SOCMI. Consequently, there is some overlap between the
HON VOC emission reductions and those reductions from
nondiscretionary control requirements for ozone nonattainment
areas.

v There are additional VOC emission reductions from the HON
rulemaking that will occur in moderate, serious, severe and
extreme ozone nonattainment areas. Further emission reductions
are required in these areas; however, the means of achieving
these additional VOC emission reductions is discretiocnary.
Consequently, the prudent regulatory authority may use the
additional VOC emission reductions from the HON rules to replace
the emission reductions from high cost discretionmary controls.
This replacement may result in a "savings" or avoided cost of the
discretionary controls that are replaced by HON controls.

For example, the average cost of the HON VOC emission
reductions for total industry control in nonattainment areas is
estimated at $1,061 per Mg. The average cost of discretionary
controls in the moderate, serious, severe, and extreme
nonattainment areas is estimated to be $4,540 per Mg.! If a
megagram of HON- VOC emission reductions replaced a $4,540
discretionary control measure megagram, the savings would be
$3,479. This is a potential control cost savings of nearly 77
percent.

The =axict amcunt 2L sSavings resulting from -he HON ruie
sannot be calculated que to uncertainties ragarging cile poLentlas
overlap of =mission reductions resulting Zrom rules derived f£rom
the control techniques guildelines documents for 30CMI sources zand
the HON rulemaking.

3.4 Conclusion

The economic efficiency aspects of HON regulatory options
cannot be assessed because of the inability to quantify the
penefits associated witn the ruie.

There 1s overlap hetween the =2missicn reductions and
environmental guadiity sennancement objectives oI the Icnattainment
and air toxics titles of the Clean Air Act. This overlap may



result in a potential cost savings in selected ozone
nonattainment areas.
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