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1. SUMMARY
1.1 PROPOSED STANDARDS
Standards of performance for new or modified sulfur recovery

plants within petroleum refineries are being proposed under

~ sectior 111 of the Clean Air Act. Depending on the type of emissipn

control system installed to comply with these standards, residual
emissions released to the atmosphere will consist of sulfur
dioxide (502) or reduced sulfur compounds, i.e. hydrogen sulfide
(H2S), carbonyl sulfide (COS) and carbon disulfide (CSp), (see
discussion below). The standards, therefore, limit either the
concentration of SO, or the concentration of H2S and the total

concentration of HpS, COS and CS2, in the gases discharged into

the atmosphere from new or modified refinery sulfur recovery plants.

Specifically, emissions are limited to either 0.025 percent by volyme

of S02 on a dry basis and zero percent oxygen, or 0.0010 percent hy
volume of HoS and 0.030 percent by volume of reduced sulfur compour

on a dry basis and zero percent oxygen.
The standards also require continuous monitoring of the concen

tration of S02 or HoS and reduced sulfur compounds in the gases
discharged into the atmosphere. This is to ensure proper operation
and maintenance of the emission control systems.
1.2 ENVIRONMENTAL/ECONOMIC IMPACT

Two alternative emission control systems were considered to
serve as the basis for standards of performance (i.e. best system
of emission reduction, considering costs) for refinery sulfur

recovery plants; the low-temperature extended Claus reaction system

1.1
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(alternative I) and various tail gas scrubbing systems (alternative II).
The alternative II systems consist either of oxidation-scrubbing
processes‘or reduction-scrubbing processes. The oxidation-scrubbing
processes first converf emissions from a refinery sulfur plant to
SO, and then control these emissions with an 302 tail gas scrubbing
system. The reduction-scrubbing processes convert emissions from
a refinery sulfur plant to HyS and then control these emissions
with an HoS scrubbing system. In some cases, the reduction-scrubbing
processes are also followed with an incinerator. Thus, residual
emissions released to the atmosphere fram the oxidation-scrubbing
processes and the reduction-scrubbing processes which are followed
by incineration consist of SO,. Residual emissions released to
the atmosphere from the reduction-scrubbing systems which are not
followed by incineration, however, consist of H2S, COS and CSjp.
The potential environmental and economic impacts associated
with standards based on either alternative I or alternative IT are
summarized in Table 1. There are no impacts associated with
alternative I, since the level of control specified in most state
implementation plans to meet and maintain the NAAQS for SO2
requifes new refinery sulfur recovery plants to install an alternative I
emission control system.
There are no adverse environmental impacts associated with the
proposed standards, which are based on alternative II. These
standards will, however, lead to a reduction in national SO; emissions
by some 55,000 tons per year, and a reduction in national energy consumptign

by some 54 million kw-hr/yr (90,000 barrels of fuel oil) in 1980.
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The economic impact associated with the proposed standards is
reasonable on both large and small refiners. This impact is,
however, greater on small refiners than large refiners due to the
"economies-of-scale." The standards could reduce the profitability
(as measured by return on assets) of a Targe refiner by 0.15-1.5
percent, and that of a small refiner by 1.5-7.5 percent. To maintain
their profitability, the large refiner would have to increase
prices on petroleum products by only 0.05-0.3 percent, and the small
refiner by only 0.2-1.0 pertent.

1.3 INFLATIONARY IMPACT

The Agency's guidelines for developing an Inflationary Impact
Statement are increased operating costs in the fifth year of more
than $100 MM per year, or increased prices of more than 5 percent.
The increased operating costs in the fifth year associated with the
proposed standards are only $16 MM per year, and the poteﬁtiaI
increase in prices is less than 0.5 percent. Consequently, an

Inflationary Impact Statement has not been prepared.
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2. INTRODUCTION

Standards of performance under section 111 of the Clean A

r

Act are proposed and promulgated following a detailed investigation

of air pollution control methods available to the affected indystry

and the impact of their costs on the industry. This document summarizes

the information obtained from such a study of sulfur recovery
petroleum refineries. Its purpose is to exnlain in detail the

backaround and basis of the standards and to facilitate analys1

m

S

of these standards by interested nersons, including those who may

not be familiar with the many technical aspects of the industry.

Copies of the "Standard Support and Environmental Impact Statement -

Petroleum Refinery Sulfur Recovery Plants" may be obtained by writing

to the Public Information Center (PM-215), Environmental Prote¢tion

Agency, Washington, D.C. 20460. (Specify "Standard Support and

Environmental Impact Statement - Petroleum Refinery Sulfur Recgvery

Plants.")
2.1 AUTHORITY FOR THE STANDARDS

Standards of performance for new stationary sources are
develoned under section 111 of the Clean Air Act (42 U.S.C. 185
as amended in 1970. Section 111 requires the establishment of
standards of performance for new stationary sources of air poll
which ". . .mav contribute significantly to air pollution which
causes or contributes to the endangerment of public health or

welfare." The Act requires that standards of performance for s

2.1
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sources reflect ". . .the degree of emission Timitation achievable
through the apnlication of the best system of emission reduction
which (takina into account the cost of achieving such reduction)
the Administrator determines has been adequately demonstrated."
The étandards apply only to stationary sources, the construction
or modification of which commences after regulations are proposed

by publication in the Federal Register.

Section 111 prescribes three steos to follow in establishing
standards of performance.
1. The Administrator must identify those cateaories of
stationary sources for which standards of performance
will ultimately be promulgated by Tisting them in the

Federal Register.

N

The regulations applicable to a category so listed must

be proposed by publication in the Federal Register

within 120 days of its Tisting. This proposal provides
interested persons an opportunity for comment.

3. Within 90 days after proposal, the Administrator must
promulgate standards with any alterations he deems
appropriate.

Standards of performance, by themselyves, do not guarantee
protection of health or welfare; that is, they are not designed
to achieve any specific air quality levels. Rather, they are
designed to reflect best demonstrated technology (taking into

account costs) for the affected sources. The overriding purpose
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of the collective body of standards is to maintain existing ai

quality and to prevent new nollution nroblems from develobing.

Previous legal challenges to standards of performance ha
resulted in several court decisions!»2 of importance in devel
future standards. In these cases, the principal issues were
EPA: (1) made reasoned decisions and fully explained the bas

of the standards, (2) made available to interested parties th

ve
oping
whether
is

e

information on which the standards were based, and (3) adeauately

considered significant comments from interested parties.
Amona other things, the court decisions established: (1

prenaration of an environmental impact statement is not neces

for standards developed under section 111 of the Clean Air A¢

because under this section EPA must consider any counter-prog

environmental effects of a standard in determinina what system

of control is "best;" (2) in considering costs it is not necs
to orovide a cost-benefit analysis; (3) EPA is not reauired

to justify standards that require different levels of contro]

in different industfies uniess such different standards may he

unfairly discriminatory; and (4) it is sufficient for EPA to
that a standard can be achieved rather than that it has been
achieved by existing sources.

Promulgation of standards of performance does not prever
State or local agencies from adonting more stringent emission
limitations for the same sources. On the contrary, section 1
of the Act (42 U.S.C. 1857-D-1) makes clear that States and

other political subdivisions may enact more restrictive stand

2.3
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Furthermore, in heavily polluted areas more strinagent standards may
be required under section 110 of the Act (42 U.S.C. 1857c-5) in
order to attain or maintain national ambient air quality standards
prescribed under section 109 (42 U.S.C. 1857c-4). Finallv, section 116
makes clear that a Sfate may not adopt 6r enforce less strinqent
new source standards than those adopted by EPA under section 111.
Although standards of performance are normally structured
in terms of numerical emission limits where feasible, alternative
aoproaches are sometimes necessarv. In some cases physical measure-
ment of emissions from a new source may be impractical or
exorbitantly expensive. For example, emissions of hvdrocarbons
from storage vessels for petroleum liquids are greatest during
storage and tank filling. The nature of the emissions (high
concentrations for short periods during filling and low concen-
trations for longer periods during storage) and the configuration
of storage tanks make direct emission measurement highly
impractical. Therefore, a more practical approach to standards
of performance for storage vessels has been equipment specifications.
2.2 SELECTION OF CATEGORIES OF STATINNARY SOURCES
Section 111 directs the Administrator to publish and from time
to time revise a 1list of categories of sources for which standards
of performance are to be developed. A category is to be selected
". . .if [the Administrator] determines it may contribute sianificantly
to air pollution which causes or contributes to the endangerment

of public health or welfare."
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Considérab]e attention has been given to the development df
a methodology for assigning priorities to various source categdries.
In brief, the approach that has evolved is as follows. Specific
areas of emphasis are identified by considering the broad
strategy of the Agency for implementing the Clean Air Act.
Often, these "areas" are actually pollutants which are primarily
emitted by stationary sources. Source categories which emit
these nollutants are then evaiuated and ranked taking into
account such factors as (1) the level of emission control (if any)
already required by State regulations; (2) estimated levels of
control that might result from standards of performance for the
source category; (3) projections of growth and replacement of e)xisting
facilities for the source categorv; and (4) the estimated increfnental
amount of air pollution that could be prevented, in a preselected
future year, by standards of performance for the source category.
An estimate is then made of the time required to develop
a standard. In some cases, it may not be feasible to develop
a standard immediately for a source category with a high priority.
This circumstance might occur because a program of research and
development is needed to develop control techniques or because
techniques for sampling and measuring emissions may require
refinement.

Selection of a source category for standards development leads
to another major decision, determination of the types 0F source$

or facilities to which standards will annly. A source category
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often has several facilities that cause air pollution. Emissions
from some of these facilities mav be insignificant or very expensive
to control. An investigation of economics may show that, within
the costs that an owner could reasonably afford, air pollution
control is better served by applying standards to the most severe
pollution problems. For this reason (or perhans because there
may be no adequately demonstrated svstem for controlling emissions
from certain facilities), standards often do not apply to all
sources within a category. For similar reasons, the standards
may not apply to all air nollutants emitted by such sources.
Consequently, although a source cateqorv may be selected to be
covered by standards of performance, not all oollutants or
facilities within that source category mav be covered by the
standards.
2.3 PROCEDURE FOR DEVELOPMENT OF STANDARDS OF PERFORMANCE

Congress mandated that sources reaulated under section 111
of the Clean Air Act utilize the best system of air pollution
control (considerina costs) that has heen adequately demonstrated
at the time of their desian and construction. In so doing, Congress
sought to:

1. Maintain existing air quality

2. Prevent new air nollution problems, and

3. Ensure uniform national standards for new facilities.

Standards of performance, therefore, ﬁust (1) realistically

reflect best demonstrated control practice; (2) adequatelv consider
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the cost of such control; (3) be applicable to existing sourdes

that are modified as well as new installations; and (4) meet (these

conditions for all variations of onerating conditions being
considered anyﬁhere in the country.

The objective of a program for developina standards of
performance i§.to identify the best system of emission reductfion
which "has béen adequately demonstrated (considering costs)."
The legislative history of section 111 and the court decisions
referred to earlier make clear that the Administrator's judament
of what is adequately demonstrated is not limited to svstems that
are in actual routine use. Consequently, the investigation may
include a technical assessment of control systems which have
Been adequately demonstrated but for which there is Timited
operational experience. In most cases, determination of the
“degree of emission limitation achievable" is based
on results of tests of emissions from existing sources. This
has required worldwide investioation and measurement of emissilons
from control systems. Other countries with heavily populated,
industrialized areas have sometimes develoned more effective
systems of control than those used in the United States.

Since the best demonstrated systems of emission reduction
mav not be in widesoread use, the data hase unon which standands

are develoned may be somewhat 1imited. Test data on existing

well-controlled sources is an obvious startina point in developing

emission Timits for new sources. Hovever, since the control of
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existina sources generally represents retrofit technology or was

originally desianed to meet an existing State or local reaulation,

new sources mav be able to meet more strinaent emission standards.

Other information, however, is also considered and judgment is

necessarily involved in develoning standards.

A nrocess for the development of a standard has evolved.

In ageneral, it follows the auidelines below.

1.

Emissions from existina well-controlled sources are
measured.

Data on emissions from such sources are assessed with
consideration for such factors as: (a) the renresentative-
ness of the source tested (feedstock, oneration, size,
age, etc.); (b) the age and maintenance of the control
equinment tested (and possible dearadation in the
efficiency of control of similar new equipment even

with good maintenance nrocedures); (c) the desian
uncertainties for the tyne of control eauioment beina
considered; and (d) the dearee of uncertaintv that new
sources will be able to achieve similar level of control.
During develonment of the standards, information from
pilot and prototvpe installations, guarantees by vendors
of control equinment, contracted (but not vet constructed)
nrojects, foreian technologv, and nublished literature are
considered, esnecially for sources where "emerging"

technology anpears sianificant.
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Yhere possible, standards are develoned which permit
the use of more than one control technique or licensed
orocess.

Where possible, standards are developed to encourage
(or at least nermit) the use of nrocess modifications
new nrocesses as a method of control rather than "add-
systems of air nollution control.

Where nossible, standards are develoned to nemit
systems capable of controllina more than one nollutant
(for examnle, a scrubber can remove both aaseous and
particulate matter emissions, whereas an electrostatic
precipitator is snecific to particulate matter).
Where anoropriate, standards for visible emissions are
develoned in conjunction with concentration/mass emiss
standards. The opacity standard is established at a ]
which will require nroner oneration and maintenance of
emission control system installed to meet the concentr
mass standard on a day-to-day basis, but not require t
installation of a control svstem more efficient or exo
than that required by the concentration/mass standard.
In some cases, however, it is not nossihle to develon
concentration/mass standards, such as with fuaitive
sources of emissions. In these cases, onlv opacity st

may be develoned to l1imit emissions.
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2.4 CONSIDERATION OF COSTS

Section 111 of the Clean Air Act requires that costs be -
considered in developing standards of performance. This requires
an assessment of the nossihle economic effects of imnlementina

various levels of control technoloav in new plants within a given

industry. The first step in this analysis requires the aeneration

of estimates of installed canital costs and annual operatina
costs for various demonstrated control systems, each control
system alternative having a different overall control canability.
The final step in the analysis is to determine the economic
impact of the various control alternatives upron a new plant

in the industrv. The fundamental ouestion to be addressed is
whether or not a new plant would be constructed if a certain
Tevel of control costs will be incurred. Other aspects that

are analyzed are the effects of control costs upon nroduct prices
and product sunplies, and producer profitability.

The economic impact of a proposed standard upon an industry
is usually addressed both in absolute terms and by comparison
with the control costs that would be incurred as a result of
compliance with typical existina State control requlations. This
incremental approach is taken since a new plant would be required
to comnly with State reaulations in the absence of a Federal
standard of performance. This approach requires a detailed
analysis of the impact upon the industry resulting from the cost
differential that exists between a standard of performance §nd

the typical State standard.




The costs for control of air pollutants are not the only
control costs considered. Total environmental costs for control
of water pollutants as well as air pollutants are analyzed
Wherever possible.

A thorough study of the profitability and price-setting
mechanisms of the industry is essential to the analysis so that
an accurate estimate of notential adverse economic impacts can

be made. It is also essential to know the capital requirements

placed on plants in the absence of Federal standards of performangce

so that the additional canital requirements necessitated by

these standards can be placed in the prover perspective. Furthermore,

it is necessary to recognize any constraints on capital availabil
within an industry as this factor also influences the ability

of new plants to generate the capnital required for installation
of the additional control equipment needed to meet the standards

of performance.
A consideration of the impact of these standards on inflatio
is of major importance. Any action which will add sianificantly
to inflationary pressures is considered major and requires an inf
impact statement.
2.5 CONSIDERATION OF ENVIRONMENTAL IMPACTS
Section 102(2)(c) of the National Environmental Policy Act (
of 1969 (PL 91-190) requires Federal agencies to prepare detailed
environmental impact statements on proposals for legislation or o
major Federal actions significantly affecting the quality of the
human environment. The objective of NEPA is to build into the de
making process of Federal agencies a careful consideration of all

environmental aspects of proposed actions.
2.1
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As mentioned earlier, in a number of legal challenges to standards
of performance for various industries, the Federal Courts of Appeals
have held that environmental impact statements need not be prepared
by the Agency for actions under section 111 of the Clean
Air Act. Essentially, the Federal Courts of Anpeals have determined
that "...Section 111 of the Clean Air Act, properly construed, requires
the functional equivalent of a NEPA impact statement" in the sense that the

criteria "...the best system of emission reduction,” "...require(s)

the Administrator to take into acceunt counter-productive environ-

mental effects of a proposed standard, as well as economic costs to

the industry..." On this basis, therefore, the Courts "...establish(ed)

a narrow exemption from NEPA for EPA determinations under section 111."]’2
In addition to these judicial determinations, the Eneray Supply

and Environmental Coordination Act (ESECA) of 1974 (PL 93-319)

specifically exempts actions under the Clean Air Act from

NEPA requirements. According to section 7(c)(1), "No action taken

under the Clean Air Act shall be deemed a major Federal action

significantly affecting the quality of the human environment

‘within the meaning of the National Environmental Policy Act of 1969."
The Agency has concluded, however, that the preparation of

environmental impact statements could have beneficial effects on

certain regulatory actions. Consequently, while not legally required

to do so by section 102(2)(c) of NEPA, environmental impact

statements will be prepared for various regulatory actions, including




standards of performance developed under section 111 of the
Clean Air Act. This voluntary prenaration of environmental
impact statements, however, in no way legally subjects the Agency
to NEPA requirements.

To implement this policv, a separate section is included
in this document which is devoted solely to an analysis of the
potential environmental impacts associated with the alternative
standards considered for proposal and nromulgation. Both adverse
and beneficial imnacts in such areas as air and water pollution,

increased solid waste disposal and increased enerqy consumotion

are identified and discussed. Appendix B of this document outlines

those sections or chapters which examine these potential environmental

impacts in detail.
2.6 IMPACT ON EXISTING SPURCES

Standards of performance may affect existing sources in
either of two ways. Section 111 of the Act defines a new source

as "any stationary source, the construction or modification of

which is commenced after the standards are prooosed." Consequent]y,

if an existing source is modified after nprooosal of the standards|

with a subsequent increase in air pollution, it may be subject to

standards of nerformance. Amendments to the general provisions of

Suboart A of 40 CFR Part 60 clarifying the meaning of modification
were promu1qated on December 16; 1975 (40 FR 58416).

Second, promu]gation‘uf‘a‘standard of nerformance requires
States to establish standards of performance for existing sources
in the same industry under section 111(d) of the Act: unless the
standard for new sources limits emissions of a pollutant for
which air quality criteria have been (or will be) issued under

section 108 or one listed as a hazardous pollutant under section 1
2,13

2.




If a State does not act, EPA must establish such standards. General
provisions outlining procedures for control qf existing sources

under section 111(d) were promulgated in the Federal Register as

Subpart B of 40 CFR Parf 60 on November 17, 1975 (40 FR 58346). .
2.7 REVISION OF STANDARDS OF PERFORMANCE

Congress was aware that the level of air pollution contral achievable
by any industry méy improve with technological advances. According1y,
section 111 of the Act provides that the Administrator may revise
standards of performance from time to time. Although standards pronosed
and oromulgated by EPA under section 111 are designed to require
installation of the "...best system of emission reduction...(taking
into account the cost)..." the standards are reviewed periodically.
Revisions are proposed and promulgated as necessary to assure
that the standards continue to reflect the best systems of emission
control as they become available. Such revisions are not retroactive
but apply to stationary sources constructed or modified after proposal

of the revised standards.
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3. SULFUR RECOVERY PLANTS IN PETROLEUM REFINERIES

Sulfur emissions from petroleum refining are a function qf the

sulfur content of the crude oil being processed, the complexity

of the refinery and the refinery fuel sources. Various refinery

processes produce process gas or "fuel" gas which can contain
significant amounts of sulfur, mainly as hydrogen sulfide. To
meet the standards of performance promulgated in March 1974

(39 FR 9308) Timiting sulfur dioxide emissions from fuel gas

combustion in petroleum refineries, or to satisfy state or lodal

emission codes, and to reduce corrosion problems, refineries
"sweeten" or remove hydrogen sulfide from the fuel gas before
burning it in process heaters and boilers.

Hydrogen sulfide removal from fuel gas consists of scrubbj

with solutions which absorb HpS. Regeneration of the scrubbing

solutions evolves a side stream of concentrated hydrogen sulfide

with lesser amounts of carbon dioxide, water vapor and hydrocarbons,

which is processed in an appropriate recovery facility such as

Claus sulfur plant to produce elemental sulfur.

Claus sulfur plants have long been established as effective

technology for sulfur recovery from process gases in petroleum
refineries. Claus sulfur capacity in U.S. refineries totalled
8000 long tons per day as of April 1973.] Sulfur dioxide emisg
from Claus plants based on operation at two-thirds capacity ang

92 percent recovery are estimated at 338,000 tons in 1973.

3.1
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The rapid rate at which sulfur plants are being installed makes
them attractive candidates for standard development. Forecasted
increases in domestic pefro]eum refining capa;ity indicate that
a significant growth rate in refinery sulfur recovery is forthcoming.
Over 170 LT/D or about 13% of existing refinery sulfur plant
capacity was scheduled for completion during 1974.2

Refinery sulfur plants are currently located in 25 states.3 Sizes
range from 4 to 375 lona tons/day (LT/D) with 65 LT/D being an
average size plant. Sulfur plants scheduled for start-up in 1974-75
reflect the trend toward larger facilities, averaging 107 LT/D.4
3.1 PROCESSES AND EMISSIONS

As discussed previously, hvdroaen sulfide gases are released during
the regeneration of amine or other scrubbing solutions which are used
to desulfurize refinery process or fuel gases. In addition, some HpS is
removed from process water by sour water strippers. Most refineries
include facilities for steam strippina HpS from sour water streams
as part of the waste water tréatment system. Where sulfur recovery
is practiced, the off-gases from the strioper are normally routed
to the sulfur recovery plant.

The Claus Process

The Claus process has been used almost exclusively in petroleum
refineries to recover sulfur. The basic exothermic reactions for
the Claus process are:

(1) HyS +1/2 0y > Ha0 + S

(2) HpS + 3/2 0, +~ S0y + Hp0

(3) 2 HpS + S0, > 35 + 2H,0

3.2




A typical two-stage Claus plant is shown in Fiqure 3-1.9 Hydroqen‘
sulfide gas enters the burner with sufficient air to convert al] HpS
to sulfur. As much as 50 to 60 nercent conversion of the hydrogen
sulfide to sulfur takes place in the initial reaction chamber by
Reaction (1).

Reaction (2) also takes nlace, forming S0y, After cooling,
condensing and removing sulfur, the gases are reheated by mixing
with a portion of the gases bvpassed around the sulfur condenser
and introduced into the first catalytic converter where the Claus
reaction (Reaction 3) occurs. From the first catalytic convertdr
the effluent gas is cooled, sulfur condensed and removed, and
the gases reheated again. The process is repeated in the second
catalytic converter. If needed, additional catalytic stages may be
added to remove H,S as sulfur.

Some carbonyl sulfide (CNS) and carbon disulfide (CS,) are [formed
in the reaction furnace in the presence of carbon dioxide and
hydrocarbons :

(4) COp + HpS > Ha0 + COS

(5) cos + HoS > Hy0 + CSy

o

(6) CHg + 255 » s+ 2HoS
Depending on the exact nature of the sour-gas feed stream anpd
the oberating conditions in the unstream reaction furnace and catalyst
beds, combined COS and CS; levels as high as 5000 ppmv may exist

in the tail gasﬁ6 Values of 691-1510 ppmv are more common, however.
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The emissions of HoS, SO2, and sulfur vapor from Claus plants

are directly dependent on the efficiency of sulfur recovery in thy

Claus plant. For example, a 100 LT/D Claus plant operating at 95 percent
sulfur recovery efficiency would emit 5 LT/D sulfur in the form of HoS,

502, sulfur vapor, €OS and CSp formed in the reaction furnace. Gas
stream compositions throughout a Claus plant are given in Tqb1e 3-1 for

a hypothetical 100 LT/D plant operating at 95 percent recovery efficiency.

variables:8,9,10

(1) Number of catalytic conversion stages.

(2) 1Inlet feed stream composition.

(3) Operating temperatures and catalyst maintenance.

(4) Maintaining the proper stoichiometric ratio of HaS/S05.

(5) Operating capacity factor.

For Claus plants fed with 99 mole percent H2S, the sulfur recqverv
is approximately 85 percent for one catalytic stage and 95 nercent |for
two or three stages. The percentage of sulfur recovery also incregses
with increasing concentration of the acid gas fed to the Claus
plant. For plants having two or three catalytic stages, the
sulfur recoveries for various acid gas concentrations are approximately
90 percent for a 15 mole percent HZS feed stream, 93 percent for a
50 mole percent HpS stream, and 95 percent for 90 percent H2S concep-
tration.]]

Contaminants in the feed agas reduce Claus sulfur recovery effitiency.

Hydrocarbons in Claus feedstocks require extra air for combustion. |The
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added water and inert gas associated with burning hydrocarbons jncreases

the size of the sulfur nlant equipment and lowers sulfur recoverv since

the sulfur gas concentrations are decr‘eased.]2 Higher-molecular-weight

hydrocarbons in the feed also reduce Claus efficiencies because

formation on the cata]yst.13

adversely affect catalvst 1ife.14

Since the reactions in a Claus Plant are exothermic, sulfu

recovery is enhanced by removing heat, hence operation at as 10I a

temperature as practicable in the reactors without condensing s
vapor on the Claus catalyst is necessary. Sulfur recovery is a]

dependent upon catalyst performance. One vendor has reported a

of soot

High feedstock concentrations of (0,

1fur
)

one

to two percent loss in recovery efficiency over the period of catalyst

1ife.]5

on plant operation and contaminants in the feedstock discussed
previously.

Deviation above or below the 2:1 stoichiometric ratio of
HpS and SO2 for the Claus reaction results in a loss of Claus

efficiency. Figure 3-2 illustrates the variation of recovery

Catalyst life generally varies from 2 to 5 years depending

efficiency with H25/502 concentration ratio in the Claus converters.

Operation of a Claus plant below capacity may impair Claus

efficiency

somewhat. One vendor has reported a two or three percent loss in recovery

when the Claus plant was turned down to 20 percent of desian capacity.

16

Another vendor reports no loss in recovery efficiency when operdtina

at two-thirds of capac:it,y.]7
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"RECOVERY EFFICIENCY, percent

Figure 3-2. Theoretical Claus sulfur recovery efficiency vs. Mole Ratic.
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Although the impact of process variables as discussed above
represents ih most cases a loss of only one to three nercent efficiency,
at the relatively high efficiencies typical of Claus operations (95%),

a one to three percent efficiency loss represents a 20 to 60 percent
increase in uncontrolled sulfur emissions.
The Stretford Process

The Stretford process]8 shown in Figure 3-3 is a one-step
process to convert HzS directly to elemental sulfur. At present
the Stretford process is the only commercial sulfur recovery
process which has supplanted conventional émine treating and
Claus sulfur recovery in a refinery. Although the Stretford
is installed in only one U.S. refinery, it has found application
in several refineries as part of the tail gas cleanup process for

Claus plants.

Refinery fuel gas or nrocess aas is passed into a countef:urrent

column where the nydrogen sulfide in the gas is absorbed in th

114

Stretford soluticn.
A summary of the Stretford reactions is as follows:
(a) Absorption of HoS
HZS + Na2C03 + NaHS + NaHCO5
(b) Precivitation of sulfur
2NaV03 + NaHS + NaHCO3 - S+ + Na2V205 + NapC05 + H20
(c) Regeneration of sodium vanadate

NayV20g + ADA* (oxidized) - '2NaVv03 + ADA (reduced)

3.9
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(d) Regeneration of ADA
ADA (reduced) + 1/2 0, (air) » ADA (oxidized)
(e) Overall reaction

HpS + 1/2 0, + S+ + Hp0

After recirculation through the HpS absorber, .the Stretford solutign

is retained in a holding tank to allow completion of sulfur precipi

tation. The Stretford solution is then regenerated by air blowing

and reduced vanadium is restored by oxvgen transfer from the ADA*

Sulfur formed in the solution is floated to the top of the oxidizer

by air where the froths overflow to a settling tank. Sulfur settlds
a sludge in the settling tank and is separated and recovered.

Some adverse side reactions occur due to increased Tiquor
temperature and trace oxidizing ocases contained in the fuel gas
(notably oxyaen, SN, and HCN) and result in the buildup of sodium
thiosulfate and related comnounds in the circulating liquor which
must be purged from the system. The rate of thiosulfate formation
depends on the partial pressure of the contaminant gas in the inlet
gas stream and the oH and temperature of the liquor. Formation
of thiosulfate is quite low, below- about 1N0°F.

Purge stream rates range from 1.5 to 15 gallons per 100 moles

of feed gas to the Stretford‘absorber.19

¥Anthraquinone Disulfonic Acid

as



The major advantage of the Stretford process is the overall
reduction in emissions, both in the desulfurized fuel gas or
process gas and the emissions from the sulfur recovery plant. Outlet
sulfur loadings have been designed for less than 10N ppmv H2S in the

fuel gas or process gas.20

COS and CS, are not recovered by the
Stretford process; however, COS and CS, in fuel gases or process
gases are much lower than the levels emitted from Claus nlants.
Essentially no sulfur is emitted from the oxidizer tank; hence,
sulfur emissions from the Stretford sulfur recovery portion are nil.
Emissions are relatively unaffected by process variables, although
water wastes and chemical consumption are highly dependent upon
oneration.

The primary disadvantage of the Stretford nrocess is the lack
of oberating exnerience in the U.S. 1In the one U.S. refinerv aoplication,
the Stretford has yet to demonstrate good operability, exmeriencing
numerous design and onerating nrob1ems.2] With time, however, the
desian and operational problems will undoubtedly be resolved so that
the Stretford process will be comnetitive with the Claus orocess

in refinery applications.

Other Alternative Processes

Other sulfur removal and recovery processes which could conceivably
replace conventional amine treating and Claus sulfur recovery include
the Giammarco-Vetrocoke H2S Process and the Sulfox Process.zz’23 The
Giammarco-Vetrocoke HpS removal process is similar to the Stretford
process, excent that arsenate renlaces vanadaﬁe in the scrubbing

solution. The Sulfox process uses an aqueous ammonia solution to
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absorb HpS. Elemental sulfur is produced by oxidizing the solutjon
over a catalyst.
The Giammarco-Vetrocoke process has been applied to natural gas
processing but has not yet been used in refinery sulfur recovery,
The Sulfox process is designed specifically for refinery sulfur
recovery but was only recently announced. Since neither process
has any operating experience in refinery applications, a detailed
discussion of operation and emissions is not included.
3.2 EXISTING EMISSION CONTROL REGULATIONS FOR SULFUR RECOVERY PLIANTS
Table 3-2 summarizes current state emission control regulatilons
for both existing and new sulfur recovery plants. The most stringent
regulations for sulfur plant emissions are found in Florida, Los Angeles
County, and Philadelphia. Florida reaulations specify maximum
allowable sulfur emissions as 0.004 1b SO02 per 1b sulfur input, or
a 99.8 percent sulfur recovery (equivalent to ~500 ppmv total sulfur
on an undiluted basis).24 Los Angeles County restricts emissions
to 500 ppmv sulfur calculated as 50, equiva]ent,25 while Philadelphia
restricts refinery sulfur plants to 510 ppmv 502.26
State codes applicable to sulfur recovery plants are generallly
expressed in pounds of sulfur input. A majority of states which
have sulfur emission regulations for sulfur recovery plants have
the same regulation, 0.01 1bs S/1b S input, or 99 percent sulfur
recover-y.27
The format of standards <in Table 3-2 shows some states requlpting

S0z only, while several have standards for "sulfur emissions." The




Table 3-2
State Regulations for Sulfur Recovery Plants

State
Alabama
Arkansas
Colorado
Connecticut
Delaware
Florida
Louisiana

New Hampshire
New Jersey
Ohio

Oklahoma
Pennsylvania
Texas

Utah

Virginia

West Virginia

(a) According to A=0.32 E
allowable emissions in 1b S05/1b S input.

hr/1000 scfm eff?

for new sources with uncontrolled sulfur emissions

(b) 214 1bs SO
(c) 80% contro

Existing Plants

0.16 1b S/1b S input

Re uTétion
New Plants

0.08 1b S/1b S input

ground level concentrations only:

ground level concentrations only

0.01 1b S/1b S input
2000 ppmv 502

0.004 1b SOZ/Jb S input
0.01 1bs S/1b S input
0.01 1bs S/1b S input
15,000 ppmv SO2

0.01 1b S/1b S input

(a)
(b) |

0.05 1b S/1b S input
0.06 1b S/1b S input

-0.5

0.01 1b S/1b S input

2000 ppmv SOZ

0.004 1b S0,/1b S input

0.01 1bs S/1b S input

0.01 1bs S/1b S input

15,000 ppmv 502

0.01 1b S/1b S input

0.01 1b S/1b S input
(a)

2200 ppv 50, (Ref. 28)
(c)

0.05 1b S/1b S input

0.06 1b S/1b S input

where E = plant rating in LT/D and A =

uent flow rate.

2250 ton/year,
at incinerator outlet, calculated for 50% excess air.
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intent of sulfur emission codes is not specified, but assumed to

be S0, regulation only, since emissions of HaS or CS2 at these

levels would incur severe odor problems.
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4. EMISSION CONTROL TECHNOLOGY
4.1 ALTERNATIVE EMISSION CONTROL TECHNIOUES

Removal of sulfur compounds from Claus plant tail gas is poslsible

by three general schemes:
(1) Extension of the Claus reaction to increase overall
sulfur recovery;
(2) Conversion of sulfur gases to sulfur dioxide (502)
followed by S02 removal technology;
(3) Conversion of sulfur gases to hydrogen sulfide (HpS)

fo]iowed by HpS removal technology.

Option (1) is conceptually simple and requires only adjustmehts
in the operating temperature of the three-stage conventional Claus.
Motion (2) is attractive because the 502 removed can be recydled
to the Claus olant. An incinerator which is standard equipment for

sulfur nlants oxidizes all gaseous sulfur comoounds to S02 prior t

O

scrubbing.

Ootion (3) is attractive because H2S removal technology is adyanced

and HZS can be recycled to the Claus plant or directly oxidized to
sulfur. Conversion of all sulfur species to HpS requires heat, a

reducinag gas, and a reducing catalyst.

Fiaure 4-1 shows the various commercially available control s¢hemes

and how each utilizes ontions (1), (2), and (3) to remove sulfur fifom
Claus tail gas. Although the Titerature cites many tail gas contrgl
systems, those described below were chosen as renresenting available

control technoloay for Claus sulfur plants and are presently in

commercial operation.

11
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Extension of the Claus Reaction

The conventional Claus plant, having two or three stages,| was

discussed in Chapter 3. Such a unit has a recoverv
efficiency of about 95%. To gain further imorovement in sulfup
recovery efficiency via the Claus reaction, the temperature

can be Towered to shift the equilibrium of the Claus reaction
toward formation of additional sulfur. Two processes have been
developed for reducing emissions through extension of the Claus
reaction by operation at Tow temperatures. These are the IFP-]

Sulfreen processes.

IFP-1 PROCESS]’2

The basic reaction involved in the IFP-1 process (Figure 4
is the same one which takes place in the reactors of a Claus unf

Catalyst -
2HoS + S0, hY 35+ + 2H20

and

2)
t:

Tail gas which exits a Claus unit at 265-285°F can be fed directly

into the IFP reactor without cooling the gas. The reactor is a

packed column with a specially designed "boot" for collecting si

Tfur.

Metal salts catalyze the reaction which takes place in a high boiling

polyglycol (PEG) solvent above the melting point of sulfur--generally

in the ranae of 250-261°F. The metal salts form a complex with
and S0, in the feed aas, which in turn reacts with additional Hz
to form elemental sulfur and regenerate the catalyst complex.
coalesces and settles into the hoot of the reactor, from which i

is drawn as a molten product.

4.3

HoS
S and S02
ulfur

t
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The gas leaving the reactor contains about 850 ppm H>S and 4

502, assumina a 90 percent conversion. Conversion efficiency i

[

maximized at the 2:1 stoichiometric H25/502 ratio required by the

20 ppm

Claus reaction. Above or below this ratio the conversion efficiency

diminishes; hence, process controls must effectively keep the
Hp3/502 ratio in the IFP reactor feed as near 2:1 as nossible. |A
below 2:1 H2S/S0, ratio in the gas stream, the solvent tends to
evolve absorbed H2S, which also increases ultimate sulfur emissjo

Besides H,S and SOz, about 3N0 ppm sulfur vapor is evolved|w

1so,

ns.

ith

the exit gas. This is roughly the equilibrium concentration of |sulfur

in the vapor phase at 26N°F. €0S and CS, formed in the Claus plant

are not affected by the IFP-1; hence, they exit at aporoximately
the same concentrations as in the feed gas. The reactor exhaust
containing 1500-2510 pom sulfur and some entrained solvent is
incinerated before discharge to the atmosphere.

SULFREEN PROCESS3*%

[

The Sulfreen process (Figure 4-3) reduces the sulfur conten
in Claus nlant tail aas by further oromotina the Claus reaction
on a catalytic surface in a gas/solid batch reactor. Claus tail
gas is first scrubbed with Tiquid to wash out entrained sulfur
liquid and sulfur vaoor. The tail gas is then introduced to a

hattery of reactors where the Claus reactions are carried out at

Tower

temperatures (260-3N1°F) than those utilized in the sulfur plant]’

Lower temveratures push the Claus reaction toward comoletion
due to favorable equilibrium conditions. The catalyst is usually

activated carbon, though alumina is also used.
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[7]

A regeneration gas, essentially nitrogen, periodically desorb
the sulfur-laden catalyst beds. Nitrogen is heated and cycles
through the cata]ystﬂbed at approximately 570°F until all water and
CO, are driven off.

For the desorption of sulfur, the temperature is raised to 75D°F
where sulfur vaporizes, is swept away with the nitrogen, and precipitates
in a condenser. The carrier gas is further scrubbed in a sulfur whsh
before returning to the regeneration cycle.

The process reduces entrained sulfur, since the catalyst acts
as an absorbent for Tiquid sulfur. However, tail gas passing throlgh
the catalyst bed retains several hundred ppm sulfur vapor in equiljbrium
with liquid sulfur. HZS and S0o are reduced by 80-85 percent to
levels of about 1800 ppmv H2S and 900 ppm SOp. As with the IFP-1 process,
the levels of HoS and SO are highly dependent upon maintaining the
2:1 ratio of HpS/SO, in the Claus tail gas. COS and CSp are not affected
by the Sulfreen process.

A Sulfreen unit may consist of as little as three reactors, tWo in
absorption and one in desorption service. The gases from the reactors
in desorption service are incinerated before discharge to the atmosphere.
Conversion to S0, Followed by SOZ Recovery

Two processes have been developed to reduce emissions from
Claus sulfur plants through conversion of the sulfur compounds
present in the sulfur plant tail gas to S0,, followed by recovery
of the S02. These are the Wellman-Lord and IFP-2 processes. Inciferation

of the sulfur plant tail gas effectively converts all the sulfur

4.7




combounds present to SN, and this is recovered in a conventional
S0z scrubbing system. In both processes the SO, recovered is
recycled to the sulfur nlant for eventual conversion to elemental
sulfur by the Claus reaction.
WELLMAN-LORD PROCESSS’6
The Wellman-Lord process (Figure 4-4) uses a wet regenerative
system to reduce the stack gas sulfur concentration to less than 250 ppmv.
Sulfur constituents in Claus nlant tail aases are oxidized to SOy in
the standard sulfur plant incinerator, then cooled and quenched to
reduce the gas temperature and remove excess water. The S07 rich
gas is then contacted countercurrently with a sodium sulfite (Na2503)
and sodium bisulfite (NaHSO3) solution which absorbs S0, to form
additional bisulfite. The principal reaction between SO, and the
absorbent solution is:
S0 + NagS03 + H,0 5 2NaHSO3
The absorber off-gas is reheated and vented to the atmosphere
at less than 250 pomv SN» and negligible amounts of other sulfur compounds.
Any SO3 produced by the incineration is preferentially absorbed.
S02-rich solution is boiled in an evaoorator-crystallizer, wherein
the bisulfite solution decomposes to S02 and H,0 vapor and sodium

sulfite is precipitated according to the reaction:

heat
2NaHS03 = N32503¢ Hy0 + 502+

4.8
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Sulfite crystals are separated and redissolved for reuse as lean
solution to the absorber.

The wet SO, gas flows to a partial condenser where most of the
water is condensed and reused to dissolve the sulfite crystals.
The enriched S02 stream is then recycled back to the Claus plant
for conversion to elemental sulfur.

IFP-2 PROCESS *®

With the IFP-2 process (Figure 4-5), Claus plant tail gas is
Tncinerated to convert all sulfur species to S0p. The incinerated
gas is cooled and then fed to an ammonia scrubber, where SN2 is
absorbed and converted to ammonium sulfite and ammonium bisulfite
by the following reactions:

2NH,0H + S0, ¥ H20 + (NHy),S05

NH4nH +S0p ¥ NH4HSO04
Sulfates and thiosulfates are also formed in the ammonia scrubber by
the followina side reactions:
2NHgOH + S0p + 1/20, > Hp0 + (NH,) S0,
2NHgOH + S0O3  +  (NHg)2S04 + Ho0
2NHq0H + S0 + S » Hy0 + (NH4)25203
Gas leavina the absorber is reheated and vented to the atmosphere
at less than 250 ppm 502 concentration.
The S0, rich solution is fed to an SN, regenerator where the
sulfite and bisulfite are thermally decomposed to SOZ, NH3, and H20.

A saturated solution containing ammonium sulfate and thiosulfate

is drawn from the bottom of the SOp regenerator and fed to a sulfate

reducer.
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In the sulfate reducer, the sulfates and thiosulfates formed in

the side reactions are thermally decomposed per the following reactions:

(NH4)2504 + NH4HSO4 + NHa3t
(NH4)2S,03 + 2NHgt + SOt + S + HyO4
2NH4HSO4'+ S > 350p% + 2NHgt + 2Hy04

Gases from the 502 regenerator and sulfate reducer are combined
with an HaS rich stream (normally Claus plant feed gas) and fed to
a catalytic reactor where they are contacted with a polyethylene
glycol solvent. The'HZS and SO0 react in the solution to form
elemental sulfur. Sulfur is withdrawn in the molten state and
sent to the Claus plant sulfur pit.

Gases from the reactor are cooled to condense out water and NH3
as NH40H. The NHaOH solution is returned to the ammonia scrubber.
Any HS or SO, which leaves the reactor and is not absorbed by the
NHa0H solution is recycled to the incinerator and from there to
the ammonia scrubber.

Conversion to HpS Followed by HoS Recovery

Three processes have been developed to reduce emissions from
Claus sulfur plants through conversion of the sulfur compounds
present in the sulfur plant tail qas to HpS, followed by HoS recovery.
These are the Beavon, Cleanair and SCOT processes. In each of
these processes, the sulfur plant tail cas is mixed with a reducing
gas such as hydrogen and passed over a reducing catalyst. Most
of the sulfur compounds present are converted to HpS. Both the

Beavon and Clean air processes then use the Stretford process

4.12




(discussed in Chapter 3) to absorb the HoS and convert it directly to

elemental sutfur. In the SCOT process the H,S is absorbed in
conventional HaS scrubbing system and then recycled to the Clay
sulfur plant for eventual conversion to elemental sulfur.
BEAVON PROCESSQ’]0

The Beavon process (Figure 4-6) begins by converting sulfl
present in the tail gas (502, CO0S, CS,, and elemental sulfur) b
to HZS. This is done by hydrogenation and hydrolysis under mod
conditions of temperature and pressure similar to those in the
Claus plant. Before the tail gas enters the packed bed hydroge

reactor, fuel gas is combusted substoichiometrically in an inl;

burner to produce the reducing conditions necessary to convert

sulfur gases to H2S. The combustion products are mixed with the

tail gas to orovide a reducing atmosphere. Extra hydrogen may

S

r
ack

erate

nation

ne

be

made in the fuel-rich combustion chamber as required to supbplement

hydrogen already in the tail gas by the reaction:

CO + Ha0 5 Hy + COyp

A cobalt-molybdenum catalyst promotes the hydrogenation an
hydrolysis reactions which reduce 502 to very low values and
(COS + CSp) to Tess than 100 pomv. Elemental sulfur is complet
reduced to H,S. The reactions are:

Sg + 8H, > 8H,S

S0z + 3H, + HpS + 2Hy0

COS + Ho0 5 COp + #55

CSp + Ho0 S HpS + COS

d

ely
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CS, + 2H,S % CHy + 4S

COS + 4H, = Hy0 + HoS + CH4

After hydrogenation, the tail gas is cooled and water 1§

removed.

The HZS-rich tail gas is fed to the Stretford circuit for removal of

HaS to less than 10 ppm. Final incineration before discharge
atmosphere is optional.

CLEANAIR PROCESS!1+12

to the

The Cleanair process includes the Stretford process and|two

confidential processes. Figure 4-7 is a process diagram. Ajf

part of the Cleanair package includes a modification of the (1

optional

aus

plant first stage to include a reducing and hvdrolysis catalyst,

This causes the conversion of COS and CS2 to HoS according to
following reaction:
COS + H,0 » HpS + €0,
CS, + 2H,0 T 2H S + €O,

the

Carbon dioxide also is decomposed to CO to prevent the recurrence

of COS.

Claus tail gas, with essentially all gaseous sulfur as sulfur

vapor, HyS and 302, is aquenched to reduce temperature and remgve

water and entrained sulfur. The cooled gas is fed into a reaq
where H,S and S02 (in a 2:1 ratio) react, lTowering S0, to less
250 pomv. Both water and sulfur (products of the Claus react
are removed.

Next, the tail gas is sent to a Stretford unit where rema

HpS is removed and oxidized to elemental sulfur. Residual S0,

4.15
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‘a1though absorbed by the Stretford solution, decomposes the solu
and therefore increases chemical consumption and liquid purge ra
Residual COS and CS2 will pass through unaffected. Purified gas
may then be sent to an incinerator to oxidize residual sulfur to
S0, (guaranteed less than 250 ppmv) and CO to C02 before dischar

to the atmosphere.

SHELL CLAUS OFF-GAS TREATING (SCOT) PRocess'3:14

Similar to the Beavon process, the SCOT process (Figure 448
first converts all sulfur compounds and free sulfur in the tail
gas to HZS' Hydrogen, or hydrogen and carbon monoxide mixtures
are used as the reducing gases while a cobalt/molybdenum-on-alum
catalyst promotes the reactions:

S0, + 3H2 + HpS + 2H,0

Sg + 8H2 + 8H,S

COS and CS, are reduced in reactions identical with those
the Beavon catalytic reactor. Where carbon monoxide is also pre

as a reducing agent, the following additional reactions may occu

S0, + 3C0 - COS + 2C0,

Sg + 8C0 + 8C0S

cos + H,0 p €0, + H,S

Co + H20 s €0 + Hy

CO + H,S 5 (oS + Hp

From the SCOT reactor, the tail gas containing less than 10
(cos + CSZ) and 10 ppm SO2 is cooled and excess water removed.

HaS (at 20,091-40,000 opmv) and some CO2 are then removed by tre

4.17
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with di-isoprobanolamine solution in an absorption column. The Hob-
rich solution is regenerated by stripping HyS in a conventional
steam stripping column. Regenerator off-gas, mainly H2S and some.
€02 is recycled as feed to the first stage of the Claus unit.

The absorber off-gas, contafning less than 300 ppmv HoS s
incinerated in a standard Claus incinerator.

4.2 COMMERCIAL STATUS OF TAIL GAS TECHNOLOGY

The Wellman-Lord process has demonstrated the longest troubledfree

operation--over two vears on a Claus p'lant.15 Wellman-Lord units gn
Claus plants are in operation at three refineries with five

additional units scheduled for start-up in 1974 and early '|975.]6
The IFP-2 process is being installed in three Japanese refineries.17

Of units designed specifically for Claus tail gas treating, the

Beavon, SCOT, and IFP-1 units have been successfully operated in refineries.

Four Beavon units have been running continuously at two refineries s
Julv 1973.]8 Three other Beavon units started up durina 1973, with

more scheduled for completion in 1974.]9 Two small SCOT units were

ince

three

installed in June 1973, and are currently in operation followina some

modi fications. 20 At Teast seven more SCOT's were scheduled for stapt-up

in 1974.2]

The IFP-1 and Sulfreen processes have been anolied to natural

gas plants in France and Canada for about five years.22 Also, the [IFP-1

is currently in operation on six refinery sulfur nlants in Japan
and two in the U.S. with several more announced.23

The Cleanair nrocess was installed at three U.S. refineries
- in 1973; but all are still awaiting start-up after process modificat
A detailed 1ist of present and planned Claus tail gas control

systems is presented in Table 4-1.

2,19
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Table 4-1. LISTING OF ANNOUNCED TAIL GAS TREATING
UNITS FCR CLAUS SULFUR PLANTS ‘AS OF 3/1/74

Onstream No. of Number/Capacity

Type Unit Company/Location Date ' Units Claus Plant, LT/

Beavon Union 0i1 Company/ July 1973 2 2/100-
Wilmington, California

Beavon Mobil Qi1 Company/ July 1973 2 3/100
Torrance, California

Beavon Atlantic-Richfield/ September 1973 1 17140
Philadelphia, Pennsylvania

Beavon Getty 011 Compény/ November 1973 1 17300
Delaware City, Delaware

Beavon Kobe Steel Co./Jdapan October 1973 1 1/220

Beavon Texaco, Inc./ March 1974 1 --
Long Beach, California

Beavon Unknown/ April 1974 2 --
Carribbean

Beavon Union 0i1 Co./ November 1974 3 --
Rodeo, California

Cleanair Atlantic Richfield Corp. (ARCO)/ .- 1 3/90
Wilmington, California

Cleanair Gulf 0il1 Co./ - 1 1746
Philadelphia, Pennsylvania

Cleanair Santa Fe Springs Refinery -- 1 1727
(Gulf 011 Co.)/Santa Fe
Springs, California

Cleanair Techmashimport, U.S.S.R. .- 2 --

Wellman-Lord Standard 0il of California/ January 1975 1 1/290
Richmond, California

Wellman-Lord Kashima 0il Co./ February 1974 1 1/180

Kashima, Japan

4.20




Table 4-1. (Cont.) LISTING OF ANNOUNCED TAIL GAS TREATING
UNITS FOR CLAUS SULFUR PLANTS AS OF 3/1/74

Onstream No. of Number/Capacity of

Type Unit Company/Location Date Units Clpus Plant, LT/D

Wellman-Lord Toa Nenryo/Arita, October 1974 1 2/150
Japan

Wellman-Lord Toa Nenryo/Matsushima, October 1974 1 1/80
Japan

Heliman-Lord Toa Nenryo Refinerylxawasaki. August 197] 1 21200
Japan

Wellman-Lord Standard 0i1 of California/E} September 1972 1 37137
Segundo, California

Wellman-lord Standard 0il of California/El January 1975 1 1/290
Segundo, California

Wellman-Lord Standard 0il of California August 1974 1 2/150
Richmond, California

SCoT Champlin Petrcleum June 1973 ] 1715
Company/Wilmington,
California

SCoT Douglas 0il Company/ June 1973 1 1/9
Paramount, California

SCoT Shell Canada, Waterton December 1974 1 1/2100
Gas Treating Plant/
Alberta, Canada

scoT British Petroleum October 1974 1 1/160
Standard 0i1 of Ohio/
Marcus Hook, Pennsylvania

SCOT U. S. Steel/Clairton, Late 1974 - --
Pennsylvania

SCoT Sun 0i1 Co./Duncan, Oklahoma Late 1974 - --

SCoT Marathon 011 Co./ -~
Detroit, Michigan

SCOT Murphy 011 Co./ Late 1974 - --
Meraux, Louisiana

SCOT Shell 0i1/Houston, Late 1974 - --

Texas

4.21




Tab1g 4-1. (Cont.) LISTING OF ANNOUNCED TAIL GAS TREATING

UNITS FOR CLAUS SULFUR PLANTS AS OF 3/1/74

Onstream No. of Number/Capacity o

Type Unit Company/Location Date Units Claus Plant, LY/D

IFP Nippon Petroleum Refining 1971 1 1/300
Company {Caltex)/Negishi,
Japan

IFP Idemitsu 0il/Himeji, Japan 1872 1 1/250

IFP Showa 0i1 (Shell)/Kawasaki, 1972 1 1780
Japan

1FP Kyokuto Petroleum Industries 1972 1 1/200
(Mobil)/Chiba, Japan

IFP Chevron Standard Ltd. 1972 1 1/260
(Chevron Research)/Nevis,
Alta., Canada

IFP Mitsubishi 0i1 Company (Getty)/ 1972 1 17180
Mizushima, Japan

IFP Mitsubishi 0i1 Company (Getty)/ 1972 1 17350
Mizushima, Japan

IFP Phillips Petroleum/ Borger 1973 1 1/45
Texas

IFP Ministry of Gas/Orembourg I, 1974 1 1/800
U.S.S.R.

IFP Ministry of Gas/Orembourg II, 1974 1 1/800
U.S.S.R.

IFP Ministry of Gas/Orembourg III, 1974 - ] 1/800
U.S.S.R.

IFP Stauffer Chemical Company/ 1973 Confidential Confidential
Delaware City, Del., U.S.A.

IFP Commonwealth 0il Refining/ 1973 1 1760
Ponce, Puerto Rico, U.S.A.

IFP Koa 0i1 No. 1/Marifu, Japan 1973 - ~-

IFP Phillips/Sweeny, Texas 1973 1 1/45

1FP Koa 0i1 No. 2/Marifu, Japan 1974 - --

IFP Unannounced/ 1975 - 1/400

4,22




4.3 PERFORMANCE OF EMISSION CONTROL SYSTEMS

The Wellman-Lord, IFP-2, Beavon, SCOT and Cleanair proces
all guarantee sulfur emissions less than 200-300 ppmv, for an
sulfur recovery including the Claus sulfur plant of better tha
99.9 percent. The Sulfreen and IFP-1 are capable of reducing
emissions to 1500-3ﬂ00 ppm, for an overall 99.0 nercent sulfun
recovery inéiuding the Claus sulfur plant.

Table 4-2 summarizes the expected concentration and mass
emissions as discussed above both for emission control systems
a 100-1ong-ton-per-day Claus sulfur plant. Uncontrolled emiss
are also included for comparison.
Emission Source Test Results

Four processes--the IFP-1, Wellman-Lord, SCOT and Beavon-
tested to determine emissions of SO,, HpS and reduced sulfur d
(H,S, COS and CSp). The data gathered by these tests are pres
in Figures 4-9 through 4-12. The data represented by black ci
is data gathered by the Agency, while the data represented by
circles is data gathered by refinery personnel or the LA APCD.

Figure 4-9 summarizes the results obtained from an emissi
test on the IFP-1 process. This process was not operating on
petroleum refinery sulfur recovery plant, but was operating on

Claus sulfur plant installed in a carbon disulfide plant. The

however, is applicable to refinery sulfur plants and the emiss

ses

overall

-

sulfur
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ompounds
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white
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levels achieved representative of what would be achieved by the IFP-1

Process on a refinery sulfur plant. As shown in Figure 4-9, e

of 502 ranged from 2300 to 2600 ppm.

4.23

missions




4.24

*U93}S UOLIBUBULOUL |RULY JIJJR UMOYS sLanaT,

S930N
(02) vse | -- @dea3 | -~ 3R] - - (02) vs2 == ¥ea] b'66 ¢-dil + sneyy
.Acuv cwm -- 8204} -=- 3de43} . e- (v2) use -=  3doe4] 6°66 pAO]-uBW] [3M + She|)
(L) s22 s | (ve)s | -- -- - -- - o +6°66 Jreuea() + sne|)
(tL) s¢e | (u's) SL | (uv'e) 62 -r - == - - u +6°66 uoAeag + snej)
(U'wl) w2 | -- a9ea3 | ~- adea3 -- - (vl) vuz --  3d%eu} 0”66 pl0JS + sne()
(ubl) wupe -- o4} | -- aoeu3 - - (u6l) vuue -- a%ew U°66 pUeB44 NS + sney)
(U6L) uwz | == @2e4g | -- adewy - - (u6l) wuuz -- ?deny (T pl-ddl + sney)
wuu‘ul
(006) GULY -- 3ed3 | -- adedy - -- (bus)  -wuug == ?eq} 56 p403R4BULOUT + sne|)
(006) vou‘pL | (ue) wi | (UE) wus | (u2l) Lus (0sL) oooe | (vuz) ouo9 56 sne|) abeig ¢ 4o g
%05 se [e30] ¢s9 s00 | dJoaep Sg 2us s2H AoUBLD 443 $59004¢

LeAowsy

(44/qL) “Away suoLsspu3 angng

L{e4dAQ

(P33 SCH %ub “IuBlu JUNYins Aep/suoy buo| yyl
SITYANTAIY WNIT0YLId NI S3ISSII0Ud AYIAUIIY NSNS WO SNOISSIWI QILVINDTVY

:stseq)

‘¢t dlqel



A3 1| 1oeg

La

PoyId
1591 4dy3Q
Poylal 1s9l Y4l @
abeuaay

A3y

$S8204d |-d4I
mcommm.sm_ SpLXOLQ UNgING ‘G- d4nbL{

0001

000e

000¢g

000%

(wdd) suopsswuy 2pg

4,25



Figure 4-10 summarizes the results obtained from emission
tests on a Wellman-Lord process and a SCOT process. Test Bl
was conducted by the Agency, test B2 was conducted by refinery
personnel and tests B3 and C3 were conducted by the LA APCD.
The Wellman-Lord process is an oxidation-scrubbing process, while
the SCOT process is a reduction-scrubbing process followed by
incineration. Emissions of SO, from the Wellman-Lord process ranged
from 10 to 50 ppm and emissions from the SCOT process averaged
210 ppm.

Figures 4-11 and 4-12 summarize the results obtained from
emission tests on the Beavon process. Test B1 was conducted
by the Agency, test B2 was conducted by refinery personnel,
and Tests B3, E3 and F3 were conducted by the LA APCD. Emissions
of HyS were undetectable in four of these tests and ranged from
0 to 7 ppm in the fifth. Emissions of reduced sulfur compounds
(calculated as SOp) generally ranged from 10 to 20 ppm in each
of these tests.
Vendor Guarantees

Vendors of the higher efficiency tail gas treatment processes

normally guarantee emissions of total sulfur, expressed as SO,

equivalent, not to exceed 200 to 560 ppmy. [502 equivalent is equal
to (SOZ + HpS + COS + 2C52 + sulfur vapor) expressed in gas

concentrations only.] The J.F. Pritchard Company designed the

Cleanair tail gas process not to exceed 200 ppmv, 250 npmv, and 30N npmv

total sulfur emissions for their first three installations.26’27’28

Union 0i1 Research designed the initial Beavon units not to exceed

4. 26
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210 ppmv total sulfur emissions.39 Shell Develooment gave emission
auarantees-of 5NN and 400 ppmv hydrogen sulfide for their initial

installation of the SCOT process, though they have cited quarantees

as Tow as 3NN opmv HpS (before incineration) in their literature.?0,41,4
Davy Power Gas guaranteed 250 ppmv total sulfur as S0 on their
first U.S. Claus nlant anplication of the “ellman-Lord system.43

Other tail gas processes which do not remove COS or CSo usually
guarantee efficiencies of HyS and S0, removal. These guarantees
cannot be directly correlated to a total sulfur emission guarantee
because the concentrations of COS and C52 vary according to Claus
feedstock composition and operating conditions in the first stage
catalytic converter. An example of vendor emission guarantees is
the IFP guarantee at one installation of 90 percent removal of

HpS + SOp in Claus tail gas.?*

Neither of the vendor quarantees svecified whether the concen-
trations quoted were on a dry or wet basis or whether they were adjusted
to zero nercent oxyaen. Therefore, the final levels of HoS and S0

could differ from the quaranteed levels when these conditions are

taken into account,
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5. MODIFICATION AND RECONSTRUCTION

[=}

Existing sources which are modified may become subject t|

standards of performance under section 111 of the Clean Air Act.

Any physical or operational change to an existing facility whf

ch

results in an increase in the emission rate of any pollutant [to

which a standard apnlies may cause that facility to be conside
a modified source, subject to compliance with standards of
performance. The full discussion of modification is included
under Subbart A - General Provisions of Part 60, 40 CFR.
5.1 MODIFICATION OF REFINERY SULFUR PLANTS

Under the General Provisions of Part 60 40 CFR, physical

to a facility resulting from routine maintenance, repair or

red

changes

reolacement will not be considered modifications. Also, neither

an increase in production capacity if this does not require a

capital expenditure,as defined by §60.2(bb); nor the use of

alternative raw materials, if the facility was originally des/igned

to accommodate materials, will be considered modifications.
The HyS gases processed in refinery sulfur plants are

produced throughout a petroleum refinery in a number of

different process units. Consequently, almost any change within

a petroleum refinery,such as a change in the type of crude oil
processed, construction of new refinery process units, exnansij
of existing process units, or even a change in the operation
of various process units, could potentially lead to a modifica

of an existing refinery sulfur plant.

5.1
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Changes such as these could increase the volume of HyS gases
generated within the refinerv, leading to a need for increased
sulfur recovéry capacity. Most refinery sulfur plants, however,
are overdesigned tovsome extent in anticivation of fluctuations
in the volume of HpS gases generated within the refinery due to
seasonal changes in refinery operation (i.e., maximum fuel
0i1 production in the winter months comnared to maximum gasoline
production in the summer months), or to changes in the types of
crude 0il processed. As a result, most vefinery sulfur plants
have excess sulfur recovery capacity and can readily accommodate
changes within the refinery which require only moderate increases
in sulfur recovery capacity.

Where the increased volume of HoS gases is more than
that which can be readily accommodated by existing sulfur plants,
additional plants have usually been constructed rather than expanding
existing plants. While some expansion of existing sulfur recovery
plants would be possible throuah operation at higher pressure,
this would also probably require addition of another Claus catalyst
stage to compensate for the unfavorable shift in the equilibrium
of the Claus reaction which would accompany an increase in pressure.
In addition, alterations to the existing furnace and sulfur condensers
would probably also be necessary to provide increased combustion
capacity and increased sulfur condensation capacity. As a result,
the exoense and problems associated with expansion of existing sulfur

recovery plants, plus the desire on the part of many petroleum
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refineries to have excess sulfur recovery capacity and more tlhan one
sulfur plant to compensate to some extent for the shut-down df a
sulfur recovery plant due to a malfunction, has led refinerids to
construct additional sulfur recovery plants rather than expand
existing ones.
Although as discussed in Chapter 3 the efficiency of sullfur
recovery in Claus plants and hence emissions from sulfur plarts
are dependent on the comnosition of the HoS gases processed (Tower
concentrations decrease efficiency), changes within petroleun
refinereies such as those mentioned earlier do not lead to silgnificant
changes in the comnosition of the HoS gases processed by refipery
sulfur plants. The amine treating units which remove HoS
from the gases generated by various refinery process units esgsentially
recover a gas stream containing 80-90 percent H>S regardless pf the
HZS content of the original process gas.
Occasionally, however, in response to local or state ain
pollution control regulations, petroleum refineriés.have been
required to control sour water stripper gases in refinery sulfur
plants. These gases usually contain only 30-40 percent HpS apd
similar concentrations of ammonia. In some refineries the toftal
volume of these gases can be about the same as the total volume
of HoS gases produced by the amine treating units. If any of| these
gases are mixed with those from the amine treating units, the
concentration of HZS in the gases processed by the sulfur plapt

is Towered. In addition, since the ammonia present in the solr
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water stripper gases results in the formation of ammonia sulfates
in a Claus plant which can Tead to fouling of the Claus catalyst,
the ammonia has to be removed by incineration of the sour water
stripper gases. This contributes to even greater dilution of the
gases nrocessed by the sulfur nlant because of the fuel and air
required for incineration.

Consequently, if sour water stripper gases are mixed with the
HpS gases produced by the amine treating units in a refinery to any
aopreciable extent and fed to an existing sulfur recovery plant,
emissions from the sulfur plant would increase as a result of both
the higher sulfur throughput and the resulting decrease in sulfur
recovery efficiency. Whether or not this would be termed a
modification would depend on the circumstances involved. If prior
to introduction of the sour water stripper gases into the sulfur
plant they were incinerated and vented to the atmosphere, S0,
emissions from the refinery as a whole would decrease. Under the
general provisions of 40 CFR Part 60, in this situation the sulfur
plant would not be considered as a modified source even though its
emissions would have increased.

If, however, these sour water stripper gases had not been
incinerated and vented to the atmosphere prior to their introduction
into the sulfur recovery plant, this might be considered a modification.
If the sulfur recovery plant required alterations to accommodate these

gases, such as changes to the Claus furnace which required a canital
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expenditure to carry out, then this would be considered a madification
and the sulfur recovery plant would be subject to compliance| with
standards of performance. If,.on the other hand, the sulfur| recovery
plant required no alteration to accommodate these gases, the
decision as to whether this was a modification would hinge on the
question..."Is this a change in the method of operation?" (ile.,
was the sulfur plant originally designed to process these gases?).
If this was concluded to be a change in the method of operation,
the sulfur recovery plant would be considered a modified source
subject to compliance with standards of performance.
The emiésion control techniques discussed in Chapter 4 gre
as applicable to modified refinery sulfur plants as they are |[to new
refinery sulfur plants, since these control techniques are esisentially
"add-on" control techniques which operate independently of the
refinery sulfur plant. 1In addition, the potential modificatibns
of refinery sulfur plants discussed above would not .significantly
change the characteristics,of the tajl gas from the sulfur nlpnt and
thus would not prevent the use of any of the control techniques
discussed in Chapter 4. While the Cleanair nrocess might require
a catalyst change in the first stage catalyst reactor of a modified
refinery sulfur plant to reduce formation of COS and CS,, and
the IFP-1 or the Sulfreen process might require the insta]Tat'on
of additional instrumentation and process controls to ensure main-
tenance of the proner H25/S05 ratio in the tail gas from the sulfur

plant, these requirements are minor and could be readily accommodated
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in a modified refinery sulfur plant. The Wellman-Lord, Beavon or
SCOT processes, however, could be installed as readily on a modified
refinery sulfur plant as on a new sulfur plant. Each of these
emission control techniques, therefore, can be expected to function
as well on modified existing refinery sulfur plants as on new
refinery sulfur plants and emissions could be reduced to the same
Tevels in both situations.
5.2 RECONSTRUCTION OF REFINERY SULFUR PLANTS

Under the General Provisions of Part 60 40 CFR, existina
sources which are reconstructed may be considered as new sources
subject to compliance with standards of performance, regardless
of whether emissions increase or not. An existing source will be
considered reconstructed, however, only if most of the separate
components of the source are replaced.

An incremental expansion of a refinery sulfur plant,
therefore, is more likely to be considered a potential modification than
a reconstruction. In those cases where the desired increase in
sulfur plant capacity would be sufficient to necessitate replacement
of most of the separate componenté of an existing sulfur plant,
it would probably be more economical to maintain the capacity of the
existing plant and construct a new plant to provide the additional
capacity as discussed above.

Construction of an additional catalyst/sulfur condenser
stage to an existing refinery sulfur plant to increase efficiency
would not be considered reconstruction. If sulfur capacity were
increased at the same time with a resulting increase in emissions,

however, this would nrobably be considered a modification.
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As with modified refinery sulfur plants, each of the emissfon control
techniques discussed in Chapter 4 are as applicable to reconstfucted
sulfur p1anfs as to new sulfur plants. Consequently, emissions could
be reduced to the same levels through the use of these control

techniques whether the refinery sulfur plants were new or reconstructed.
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“comnlex than a conventional Claus reaction stage and it incre

6. EMISSION CONTRNOL SYSTEMS
Based on the discussion nresented in the preceding chant
alternative emission control svstems emerae as nossible cand;

to serve as the basis for standards of nerformance (i.e., the

ers, two
dates

best

svstem of emission reduction). These svstems are the low temperature

Claus reactor svstem and the tail aas scrubbing system.
6.1 LOW TEMPERATURE CLAUS REACTOR SYSTEM

As indicated nreviously, most sulfur recovery nlants are
three-stage Claus units which aenerally achieve a sulfur recg
efficiency of about 95%. A low temnerature Claus reactor sys
mav be added to achieve an improvement in overall sulfur reco

The Tow temnerature Claus catalvst reaction system is much mo

overall sulfur recovery efficiencv to about 99%. Emissions a
reduced bv about RN to 85% over those from conventional Claus
Like the conventional Claus, the emissions from the Tow-tempe
svstem consist essentiallv of S02. Incineration of the tail
prior to release to the atmosnhere'effectivelv‘converts any H
remaining, and any COS and CS2 formed in the Claus reactors,

As with the conventional two- or three-stage Claus unit,

two- or
very

tem
very.

re

ases

re
nlants.
rature
pases

pS

to S0,.
the

low-temnerature Claus reactor svstem denends on maintenance of the nroner
H2S/S02 ratio in the gases in the sulfur nlant. Conseauently} minor
fluctuations in the aases nrocessed bv a Claus sulfur plant that would

not lead to a significant increase in emissions froin a conventional
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two- or three-stage unit are 1ikely to result in an appreciable increase
in emissions from a low-temnerature Claus reactor system. The problem
of maintaining a 99% overall sulfur removal efficiency, therefore, is
more difficult than maintaining a 95% overall sulfur removal
efficiencv. Hence, emissions from a low-temperature Claus reactor svstem
are likely to exhibit considerablv. more fluctuation than those from a
two- or three-staae conventional Claus unit, althouah the absolute
magnitude of emissions would be much Tower.
6.2 TAIL GAS SCRUBBING SYSTEM

As discussed in Chapter 4,_two different types of tail gas
scrubbing systems may be used to reduce emissions from Claus sulfur
plants--reduction/scrubbing systems or oxidation/scrubbing systems.

Either type of system increases overall sulfur recovery to about

99.9 percent, thereby reducing emissions from a conventional two- or threet

stage Claus sulfur plant by about 98-99 percert.

The Beavon, Cleanair and SCOT processes discussed in Chapter 4
are representative of the reduction/scrubbing systems. In these
systems the tail gases from the final sulfur condenser of a conven-
tional Claus sulfur plant are reduced through the use of a reduction
catalyst. Essentially all the S0, and about 8n-85 percent of the
COS and CSp is converted to HoS. In the Beavon and Cleanair processes
the HoS is then absorbed in.a scrubbing solution and converted

directly to sulfur via the Stretford process (see Chapters 3 and 4).
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In the SCOT process the HpS is absorbed in a scrubbing solut]
then desorbed and recycled back to the Claus sulfur plant.

The Wellman-Lord and IFP-2 processes are representative

the oxidation/scrubbing systems. In these systems the tail Iases

from an incinerator fo1iowing the final sulfur condenser of

on,

of

con-

ventional Claus sulfur plant are absorbed in an‘SOZ scrubbing system.

The SO, is then regenerated and in the Wellman-Lord process )
to the Claus sulfur plant. In the IFP-2 process the S02 is i
with a small bypass gas stream from the HpS gases processed |
the sulfur plant and then sent to a Tow temperature Claus caj
reactor. The off-gases from the low temperature Claus reacts
are then recycled to the Claus plant incinerator.

Emissions from the oxidation/scrubbing systems are essej
SO2. Incineration of the tail gases from the Claus sulfur p]
prior to entering the S0, scrubbing svstem effectively convel
any H,S, COS and CSp to SOp. Emissions from the reduction/s
systems, however, can be either 502 or a mixture or HoS, COS
CSp, depending on whether the tail gases from the scrubbing i
are incinerated before discharge to the atmosphere. Reductiq
the tail gases from the final sulfur condenser of a Claus su
plant effectively converts all the SO to HoS, but only abous
percent of the COS and CSy present is converted to HoS. The
and €S, remaining is not absorbed in the HoS scrubbing syster
is, therefore, released to the atmosphere in the tail gases

and CSp along with some HpS, unless these gases are first in
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Incineration effectively converts the CNS, €S, and HoS present
to S0p. Incineration of the tail gases before discharge to the
atmosphere is the final step of the SCOT process, but it is not

part of the Beavon or Cleanair processes.

Maintaininh the overall sulfur recovery efficiency of 99.9 percent

provided by tail gas scrubbing systems installed on Claus sulfur

nlants is actuallv less of a nroblem than maintaining the lower efficiency

provided by the low-temnerature Claus reactor system. As discussed

above, this svstem deoends on maintenance of the HpS/S05 ratio in

Claus catalvst reactors at 2/1 to achieve the level of overall su]

the

fur

recoverv efficiencv of which it is canable. Consequently, emissions

from this system are sensitive to fluctuations that tend to unset

ratio.
The tail gas scrubbing systems, however, do not depend on

maintaining this ratio of HZS/SOZ' Regardless of what the ratio
of H25/502 may be in the tail gases from the sulfur plant, all the
is converted to SOy and absorbed in an SO, scrubbing system, or a

the 502 is converted to HoS and absorbed in an H2S scrubbing syste

Neither type of tail gas scrubbing system, therefore, is sensitive

to fluctuations in the gases processed by the sulfur plant and in
operation, these systems serve to dampen out fluctuations. Con-
sequently, fluctuations in emissions from these tail gas scrubbing
systems are minimal and an overall sulfur recovery of about 99.9

percent is achieved under essentially all normal operating cunditi
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7. ENVIRONMENTAL IMPACT

Refinery sulfur plants are major point sources of sulf
emissions within petroleum refineries. As discussed in Cha
these emissions result from treatment of the gases produced
sulfur removal processes within the refinery. A typical un
sulfur olant (two- or three-stage Claus plant) recovers abo
of the sulfur in the incoming gas stream. Thus, emissions
dioxide are usually in the range of 8,000 to 10,000 ppm. T
of new source performance standards is to Timit these emiss:

As discussed in Chapter 6, two alternative emission control

ur dioxide
pter 3,

by various
controlled
it 95%

pf sulfur

he objective

ons.

systems

have been identified as candidates for the best system of emission

reduction: wvarious low temperature extended Claus reaction
and a number of tail-gas scrubbing svstems. The extended CT
reaction systems result in residual emissions of S02. The t
scrubbing systems emplov oxidation or reduction processes an
result in residual emissions of S02 (oxidation) or HZS, C0s
(reduction). The reduction system generally, however, leads
overall lowest level of emissions.

In assessing the environmental impact associated with s
of performance for refinery sulfur nlants, the deqree of emi
control achieved by each alternative emission control system
could serve as the basis for standards needs to.he compared

against emissions from uncontrolled plants, but against emis

systems
aus
ail-gas
d

and CS,
to the

tandards
5sion
which
ot only

$ions

from nlants controlled to meet State Imolementation Plan (SIP) requ-

lations. Other facets of environmental impact, such as potential
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water pollution, solid waste generation and energy consumption|also
need to he assessed in the same manner.

As discussed in Chapter 3, most SIP's require new refinery
sulfur plants to achieve an overall sulfur recovery of 99 percent.
This requires a level of emission control equivalent to emission
control alternative I. A few SIP's, however, require an overall
sulfur recovery of only 96 percent. This level of sulfur recoyery
can be achieved by conventional three-stage Claus plants which|
from the point of view of this document, are considered to represent
uncontrolled plants. Similarly, a few local air pollution control
agencies require an overall sulfur recovery of 99.9 percent. This
is equivalent to emission control alternative II. Finally, a number
of states which contain no refineries or o0il and gas production facilities
located within their borders have no air pollution requlations [1imiting
emissions from refinery sulfur plants.
7.1 Ambient Air Quality Impact

The health and welfare effects of S05 have been well documented..I
The health and welfare effects of HyS, COS and CSp, however, ane
not as well documented as those of S0,. Table 7.1 summarizes
the major health and welfare effects known to result from exnosure
to various levels of these pollutants. Of the three (HpS, cos,
and CSp), HpS anpears to be the most harmful. It can lead to
death at concentrations exceeding 1,500,000 ug/m3 while continupus

exposure to concentrations as low as 15,000 uq/m3 Teads to
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svmptoms such as conjunctivitis, sleenlessness, and pain in the eyes.
For occunational exposure the American Conference of Governmental
Industrial Hygienists (ACGIH) has set a 4-hour-per-week exposure
Timit of 15,000 10/m3. The effects of H2S on domestic animals parallel
those on humans, while appreciable damage to plants may occur at lower
concentrations. H2S will also cause significant damage to materials,
especially metallic and painted surfaces. Metals, such as silver|or copper,
will be tarnished when exposed to levels as low as 4 1g/m3.2
Experience with the use of C52 in the textile and rubber manu-
facturing industries, and to a lesser degree from toxicological studies,

has shown it to be highly toxic at concentrations approaching 1,0 ,NN0 1q/m3.

Workers exposed to lesser concentrations over a number of years have

experienced a variety of symptoms, including mental illness, coronary
heart disease, high blood pressure, and changes in normal reoroductive
Processes in women (i.e. disruption of the menstrual cvcle and
pathological changes in the cellular composition of vaginal smears).
Some of these effects have been observed with industrial exposures
as low as 14,Mn ya/m3. The ACGIH 1imit for occunational exposure
‘to CS», however, has been established at 67,857 1g/m3. It should

be noted that several countries have established lower occupational

-
£

exnosure Timits, including the USSR where it is set at 4553 na/m3.3
Comparatively 1ittle information is available relative to the
effects of COS. It apnears, however, that this compound is less

toxic tham HzS or CSp. One studv usina laboratory rabbits indicate

[

the lethal dosage is about twice that of C52.4
To assess the environmental impact associated with standards of

performance for refinery sulfur plants, the maximum impact on ambient

7.4




air quality of emissions from sulfur recovery plants was analyzed.

The dispersion model used for estimating maximum ambient air ¢oncen-

trations for averaging times ranging from one hour to one year

Single Source (CRSTER) Model developed by EPA's Meteorology and

was the

Assessment Division. Concentration estimates were extrapolated from

the Single Source Model estimates for averéging times less thdn one hour.

The meteorological input to the Single Source Model consilsts of one

year of hourly stability-wind-temperature data from Houston and

Chicago, two major petroleum refining cities. The emission sdurce

model is a 100 LT/D Claus plant with a stack height of 50 metelrs,

which would 1ikely accompany a refinery capacity of about 100 ,n0n BBL/day.

In addition to assuming that emissions are from a single stack,

it was also assumed that fugitive emissions do not exist, and hdverse

downwash phenomena (which sometimes occur in the Tee of stacks

or

nearby structures) do not occur. If fugitive emissions or dowhwash

problems existed, a special dispersion analvsis would be required to

estimate the resultant air quality immact. It should be noted
that such problems can result in ambient concentrations severa
greater than those predicted in this analysis.

Maximum ambient air concentrations (see Table 7.2) vere es
to occur from about 0.6 to 1.6 kilometers from the sulfur recoy
plant. The 24-hour and 8-hoqr-maxima will most 1ikely occur of

when there are several hours durina which the wind is from a si

direction at about 3-7 meters per second and during which a ney

in passing

times

timated

fery

days
ngle

tral

or near-neutral atmospheric stability condition exists. The ore-hour

7.5
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maxima will occur during unstable or slightly unstable atmospheric

conditions, accompanied by 1ight wind speeds on the order of |

to 2

meters per second. The downwind distance to the one-hour maxima will

range from about 0.4 to 1.6 kilometers.

For averaging times less than one hour, the peak concentrations

will most Tikely occur under Tight winds and unstable atmospheric

conditions. The peak concentrations listed in Table 7.2 for averaging

times of less than one hour will occur aporoximately 0.5 kilometers from

the source.

The predicted maximum ground-level 24-hour and 1-year ambli

concentrations of 302

ent air

from a tynical uncontrolled 100 LT/day sulfur

plant are 175 1g/m3 and 15 1g/m3, respectively. These levels fare

well below the corresponding national ambient air quality standards

(NAAQS) for SO2 of 365 19/m3 and 80 1g/m3, respectively.

this analysis, it appears that emissions from uncontrolled refji

Based on

nery

sulfur plants will not by themselves, lead to adverse health or welfare

effects.

It should be kept in mind, however, that emissions from

sulfur recovery plants are not the only source of sulfur dioxide

emissions from petroleum refineries, and that petroleum refineri

themselves are usually Tocated in major industrial areas which

contain other major sources of sulfur dioxide emissions. Consi

from this perspective, it is apparent that uncontrolled refinen
sulfur plants are major contributors to hiah ambient air concen
of S0y, accounting for about 50 percent of the 24-hour and abou

20 percent of the one-year NAANS for SOz in this analysis.
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It appears from Table 7.2 that emission control alternative 1

(Tow temperature extended Claus reactioh) reduces the maximum 24-hour

ambient air SO2 concentration by a factor of 7 and the maximum
one-year ambient air SO2 concentration by a factor of 3. Alternat
(tail gas scrubbing), on the other hand, reduces these maximum amb
air concentrations to essentially zero for all practical purposes,
assuming an oxidation tail gas scrubbing system is enp1oyeﬂ. If a
tail gas scrubbing system is emp1oyed, emissions of SO are elimin

Use of a reduction system, however, Teads to emissions of HpS, COS

CS2 which results in Tow ambient air concentrations of these polly

Specifically, alternative I reduces the maximum 24-hour ambie
S02 concentration to 25 ug/m3 and the maximum one-year ambient ain
SO, concentration to 5 1g/m3. If an oxidation system is employed,
alternative II reduces the maximum 24-hour and one-year ambient ai
SO2 concentrations to 4 ug/m3 and <1 1g9/m3, respectively.
If a reduction system is emploved, alternative II leads to ma

2-10 second ambient air concentrations of HyS, COS and CS2 of

ive II

ient

reduction
ated.
and

tants.

nt air

X1 mum

25, 380 and 540 1g/m3 and maximum one-hour ambient air concentratijons

of 1, 7 and 10 1g/m3, respectively.

Although the maximum 2-10 sedond

ambient air concentrations of HpS, COS and CS, could lead to odor problems

or material corrosion problems if they persisted for Tonger period
(one to two hours), the ambient air quality modeling indicates the
concentrations are only of short duration. As shown in Table 7.2,
beyond 2-10 seconds the maximum ambient air concentrations of H2S,
COS and CS2 decrease rapidly and fall well below the threshold 1im

for odor or material corrosion nroblems.
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Under normal operation, emissions from the reduction emission
control systems are no higher than 10 ppm HoS and 95-100 ppm |for both
C0S and C52 and, as discussed above, the resulting ambient air
concentrations of these pollutants will be low enough to ensyre
that no adverse health or welfare effects arise. Emissions gf COS
and CS>, however, may increase considerably, approaching levels as
high as 10N0 ppm, if the catalysts used in the reduction sysfems are
permitted to deteriorate.3 However, even at this level these
emissions are not likely to result in ambient air concentrations
sufficiently high to pose adverse health or welfare effects, |based
on our present knowledge.

As noted earlier, most SIP's require an overall sulfur necovery
equivalent to emission control alternative I. Consequently, |standards
based on alternative I would have little or no impact on ambilent
air quality. Only if standards are based on emission control
alternative IT will there be a beneficial impact on ambient gir
quality. Based on the growth projections presented in Chaptdr 8,
by 1980 some 8100 LT/day of refinery sulfur plant canacity wi|ll be
subject to NSPS. Nationwide, therefore, the beneficial impagt on
ambient air quality of standards in 1980, based on emission control
alternative II, would be to reduce emissions by some 55,000 tons
per year of SO0,.

7.2 Water Pollution Impact

Petroleum refineries normally discharge large volumes of
waste water and can be major point sources of water pollution.

The amount of waste water discharged varies greatly from refinery

7.9




to refinery, however, and depends on both the types of brocess
units within the refinery and the degree of water reuse. The
potential water pollution impact of a typical 190,000 bb1/day
refinery is summarized in Table 7.3. As this table shows, even
with the use of best practical control technology to limit water
pollutant discharges, this impact can be significant,

Petroleum refinery Claus sulfur plants by comrarison cenerate
an extremely small waste water stream. This stream results from
condensation of water vanor contained in the HpS gases as they

flow from the amine scrubbing units to the Claus sulfur plant.

=3

Although this sour water condensate normally contains 1500-2000 ppr
H2S and up to 19N0 ppm ammonia, the volume of water involved is
usually less than n.25 ljter per minute, and this is easily

handled in the refinery's waste water treatment facilities. In

terms of the example presented above, this is about n.2% m3/day,

or less than N.NN2 percent of the total waste water effluent routinely

discharged by a moderate size refinery.

The notential water pollution impact of the two
alternative emission control systems outlined in Chanter 6 is
neqgligible. Table 7.4 summarizes the characteristics and flow rates
of the various waste water streams discharged by each of these

systems. As this table shows, althouah the volume of waste water

discharged by some of these emission control nrocesses is larger
than that discharged by the Claus sulfur nlant, even in the worst

case this is less than 50 liters per minute, which is less than




Table 7.3

Water Pollution Impact of a Typical
100,000 bb1/day Petroleum Refineryl

Effluent Flowrate, m3/day 13,500

Pollutant Load, kq/day Raw Water BPCT2
CcoD 180N 20n
BODs 4500 1100
TOC 1400 350
TSS 700 150
0il 700 70
Phenolics 150 1
Ammonia 450 100
Sulfides 20 1

Notes:

1. Development Document for Proposed Effluent Limitations
Guidelines and New Source Performance Standards for the
Petroleum Refining Point Source Category, Effluent Guidelines
Division, Office of Air and Water Programs, Environmental
Protection Agency, December 1973, EPA/440/1-73/014.

2. Best practical control technology.
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N.5 percent of the total waste water effluent routinely discharged

bv a tynical 101,000 bbl/day refinery.
The potential water nollution impact associated with altérnative I

emission control systems (Tow temperature extended Claus - reaction)

is negligible. Although this alternative does not generate additional
waste water streams continuously, intermittent waste water streams

are generated. After about two years of operation, washing of the
catalyst is required to restore catalyst activity. As shown in
Table 7.4, some 28,00 Titers of water are required and, when |discharged,
this water contains about 1 percent by weight of the organic solvent

for the Claus catalyst (polyalkyene alycol), and about 20-25 percent

by weight of the Claus catalyst itself (alkali metal salts). [This

waste water stream, however, can be easily treated in the refipery

waste water treatment facilities to prevent any adverse watef

pollution impact from arising.

The potential water pollution impact associated with altepnative IT
emission control svstems (tail-qas scrubbing), although slight]y
greater than that associated with alternative I systems, is also
negligible for all nractical burposes. Generally, the waste water
streams generated by the various tail-gas scrubbing processes donsist
of a sour water condensate, similar to that generated by the Claus
sulfur nlant, and a purge stream containing either organic or inorganic
salts. The amount and composition of these waste water streams
varies depending on the particular tail-gas scrubbing process ysed.

The sour water éondensate is produced by cooling of the gases prior

7.13




to the scrubbing fower, and the purge stream is necessary in most
cases to prevent a build-up of impurities in the scrubbing sqlutions.
As shown in Table 7.4, the amount of sour water condensate
generated by these tail gas scrubbing processes is in the range of
20 to 45 liters per minute for a 1N0 LT/day Claus sulfur plant.
This stream is usually acidic in nature with a pH of about 2 [if an
oxidation/scrubbing emission control system is employed. If ja
reduction/scrubbing system is used, this stream is usually only
slightly acidic, containing about 50 pom HoS and a trace of ammonia.
These streams, however, can be added to the sour water condensate
stream discharged by the Claus sulfur nlant for treatment in fthe

refinery's waste water treatment facilities.
For a 100 LT/day Claus sulfur plant, the purge stream from

an oxidation/scrubbing emission control system, such as the Wellman-
Lord process, is in the ranae of 15 liters pber minute. This
stream consists essentially of a solution of sodium salts

in water and generally has the followina composition:®

NayS0q 5 percent by weight
NaHS03 5 percent by weight
Na2503 15 percent by weight
Ho0 75 percent by weight

This stream could he treated in the refinerv waste water

~

treatment system without difficulty, or it could be treated by

7.14




the NICE process developned by Nittetu Chemical Engineering Ltd.
The NICE process recovers the sodium as sodium carbonate (NaC(Q
or soda ash, which can be used to provide the necessary make-up
sodium sulfite/sodium bisulfite solution to the Wellman-Lord pr
Davy Power Gas, the deve]opef of the Wellman-Lord process, is a
developing a treatment process for this purge stream.7
disnosal of this waste water stream will not lead to any advers
water pollution imnact.

Unlike the Wellman-Lord process, the other oxidation/scrub

emission control system, the IFP-2 process, has no purge strean.

3)

ocess.

1so

Consequently,

e

bing

This

process 1s essentially an upgraded alternative I process and consists

of a third-stage Tow temperature Claus reactor followed by an ammonia

scrubber. The only waste water streams discharged are the soun

condensate stream which is common to all the tail-gas scrubbing
and an intermittent waste water stream resulting from washing o
low temperature Claus catalyst every two vears as mentioned ean
Thus, there is essentiallv no notential water pollution impact
associated with use of the IFP-2 process.

The purge stream from a reduction/scrubbing emission contr
system, such as the Beavon or Cleanair process, installed on a
100 LT/day Claus sulfur plant is in the range of 5 liters
per minute. As with the purge stream from the Wellman-Lord pro
this stream consists essentiallv of a solution of sodium salts

in water and generallv has the following composition:8

7.15
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Na2C04 0.5 percent by weight
Na25203 0.5 nercent by weight
NaSCN 0.5 percent by weight
Misc. Sodium Salts N.5 percent by weight
Ho0 98.N percent by weight
This stream could also be treated in the refinery

waste water treatment system without difficulty, or treated by thd

NICE oroceSs'to recover the sodium as sodium carbonate. The sodium

carbonate could be used to provide the necessary make-up solution

to the Stretford scrubbing unit of the Beavon or Cleanair processes.

The potential water pollution impact associated with the use of

the Beavon or Cleanair processes, therefore, is negligible.

The SCOT process, which is also a reduction/scrubbing emission

control system, does not generate a purge stream. As with the

IFP-2 process mentioned above, the only waste water stream generatpd

by this process is the sour water condensate stream, which can

be added to the sour water condensate stream generated by the
Claus sulfur plant for treatment in the refinery's waste water
treatment facilities. Thus, use of the SCOT process would result
in essentially no water pollution imnact.

In conclusion, all the waste water streams generated by the
two alternative emission control systems outlined in Chapter 6
can be treated without difficulty in the refinerv's waste water
treatment facilities. Considering the small amount of waste
water discharged by these emission control systems, the potential

water pollution impact of NSPS for refinery sulfur plants will be

negligible, whether they are based on alternative I or alternative
emission control systems, because of the magnitude of dilution in t

refinery's waste water treatment facilities. Also, since these wag

7.16
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water streams are so small, they will have no impact on the abi
of petroleum refineries to meet water quality effluent regulati
7.3 Solid Waste Impact

There is essentially no potential solid waste impact assod
with refinerQ sulfur nlant standards based on either alternatiy
alternative IT emission control systems.

The Claus process itself requires periodic replacement of
reaction catalysts, the frequency of replacement depending upon
impurities present in the acid gas feed. Usually the catalyst,

made of bauxite or alumina, is regenerated annually until a sub

For

Tity

ons.

jated

el or

the
the

stantial

loss of activity occurs, normally in two to five years.g a 100 LT/D

Claus plant, replacement of the catalyst would reauire disposai| of approxi-

mately 70 tons of spent catalyst, usually in landfills. Aluming (aluminum

oxide) and bauxite (a natural mixture of iron, aluminum and man
oXides/hydroxides) are both non-toxic materials. Neither emiss
control system alternative will affect the rate or guantity of
catalyst renlacement in the Claus plant.

As for the emission control systems themselves, neither th
alternative I systems (low temperature extended Claus reaction)
the oxidation tail gas scrubbing systems (alternative I1) gener
any solid waste. The reduction tail gas scrubbing systems, how
do require neriodic replacement of the reductionAcata1ysts abou

every two,years.]o These catalysts usually have significant sa

value, beina composed orimarily of colbalt-molybdenum, and consd
are normally returned to a vendor for renrocessing. Hence, even
reduction tail gas scrubbing systems generate essentially no sol

waste.
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7.4 Energy Impact

Although not generally recognized, petroleum refineries ¢

a significant amount of energy in processing crude 0il into va

»

petroleum products such as petrochemical feedstocks, gasolines

and fuel oils, etc, The energy requirements of a typical modg

or high conversion refinery, for example, usually represent ab

10 percent of the crude oil throughput.n Thus, the energy cg
of a nominal 100,000 bb1/day refinery is equivalent to about
10,000 bb1/day of fuel oil, or some 250,000 kw-hr/hr.

The energy requirements of refinery sulfur plants are qui

onsume
rious
s

rate
out

nsumption

te

small in comparison. A 100 LT/day Claus sulfur plant, for example,

typically consumes less than 1000 kw-hr/hr of ener'g‘y,]2 or Tes
than 0.5 percent of the energy consumed within the petroleum n
itself. Conseauently, the use of Claus sulfur plants to contnr
emissions of sulfur dioxide or hydrogen sulfide at petroleum
refineries does not sighificantly increase the energy requirem
associated with petroleum refining.

The energy impact associated with each of the alternative
emission control systems outlined in Chapter 6 is summarized i
Table 7.5. As this table shows, the impact is negligible in a

cases. Alternative I, for example, has a slight energy benefi

(i.e. overall enerqy consumption is reduced somewhat) due to r

tail gas incineration reauirements. Alternative II, on the ot

hand, has a slight enerqy penalty or a moderate eneragy benefit

denending on whether an oxidation or reduction tajl gas scrubbj

emission control system is emploved and on whether tail gas re

7.18
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is required to increase plume bouyancy. A few local air pollu

control agencies require that gases discharged into the atmosp

tion

here

must be above a certain minimum temperature to insure good pluyme

bouyancy and thus good plume dispersion. Under these conditio

Most local air po

Alternative II has a slight energy penalty.
control agencies, however, do not have requirements of this na
and in most cases tail gas reheat is not necessary to obtain ¢
plume dispersion. Under these conditions, Alternative II has
either a §1ight energy penalty or a moderate energy benefit,

depending on whether an oxidation system or a reduction systen
employed. The moderate energy benefit associated with the red
tail gas scrubbing system arises because of reduced tail qas i

requirements.

As mentioned earlier in this chapter, most SIP's require
refinery sulfur plants to achieve an overall sulfur recovery o
This requires a level of emission control equivalent to altern
Consequently, if alternative I is selected as the basis for re
sulfur plant NSPS, there will be no enerqgy imnact associated w
standards.

If NSPS are based on alternative IT, there will be either
a slight energy penalty or'a moderate energy benefit associated
with the standards in all but those few Incalities which alread
require this type of emission control system. This impact wil]

vary from refinery to refinery denendina on whether an oxidatig

or a reduction tail gas scrubbing system is emoloyed to comply

the NSPS. As shown in Table 7.5, use of an oxidation tail gas

7.19

nS,
Tlution
ture

ood

is
uction

ncineration

new
f 99 percent.
ative I.
finery

th the

Yy

with




"€l 9JUd4IRY I
G 9DUAIYDY  °q
2l 9dusuayay ‘e

"S9SBL UOLIONP3AL 3onpoud 03 pasn [anj -/
"S9Seb |Le3 jue|d UNF[NS 4O UOLJBUSULOU] -9
AY/Ay-my 0f 03 JudLeALNDD UY/q| QOO°| :94NSSBUAG MOT
JY/44-My 06 O3 JUBLRALNDS UU/QL (00| :34NSSIUG YDLH
13LPAUY weays
AY/AY-My | 03 JUBLRALNDD Ay/Nly 0000l : (On4
ISMOL |04 SR Jy/uy-My O] SUOLSUBAUO) *g
"pajeanies pue bisd oG 3 pasnpodd
"4o0G4 pue DLSA (GG 3B paonpodd ‘g
"2

'3B3Y 93SEM UBA0J34 0} padd|nb3 BU4dM SU03RABULOUL SBL |Le} 4| P3dnpoud 8y pnod YdLym Weals apniouL 30u S0y

‘jueld 4ny NS sSNe) JO UOLIGWNSUOD ABJBUD Sapn|du] *|

Je3yay O/M

S330N
069° L oel‘l 508 096 3LP3UY wedly Jnoyl Ly
(u8€) (056) (6v0° 1) (v68) GHHPA4Y weals Y3ty
: 44/ 4y-my *le3ol

(0S6°¥) (056°v) (008°Z) (0us*s) 34NSsaud Mo

(vou*st) (oou‘slL) (vov‘slL) (vou*sL) gI4NSSAUg Yoy
44/qL ;ueayy

00€ 00€ SL1 orl 4y /4y-m
A31914393 4

9l’§ - £'9 ¢'8 uoL3edaujour

2'8 2'8 - - $59204d
UY/NIY WW o L3N4

jeayay /M 1e3y3y o/M uoL3oeay jue|d 4njpnyg (sutey)

wasAS uoL3anpay

W33SAS uoL3epLxy snet) papusixy uot3dwnsuo) Abuaauj

adnjedadud] Mo

sneLy a/11 ool
¢ 950 asey

I 9ALIRUUBY |y

BULGqnaos sey [fel
(11 3AL3RuLRY Ly a¢ql

2¢q
SWILSAS TUULNUD NUISSIWI JAILUNYILTY 40 LOVAWI A9YINI

(o]
o~

.
™~



scrubbing system without tail gas reheat increases the overall
energy consumption of a Claus sulfur plant by about 17 percent|
Use of a reduction tail gas scrubbing system without tail qas
reheat, however, reduces the overall eneray consumption bv about
50 percent.
Based on the growth projections presented in chapter 8, by 1980
some 8100 LT/day of refinery sulfur plant canacity will be subject
to NSPS. Standards based on alternative I will have essentially

no impact on national energy consumotion, since most SIP's alrejady

require the use of this type of emission control system. Standards
based on alternative IT, however, will reduce national energy
consumption by some 54 million kw-hr/vr, or about 90,000 barrels
of fuel o0il per vear, assuming half of the refinery sulfur plant
capacity subject to compliance with NSPS install oxidation tafl
gas scrubbina systems without tail aas reheat and half install

reduction tail gas scrubbing systems without tail gas reheat.

7.5 Other Environmental Impacts

No environmental impacts other than those discussed above
are likely to arise from standards of performance for refinery
sulfur plants, regardless of which alternative emission control
svstem is selected as the basis for standards. Furthermore, otHer
than those resources initially required to construct either alternative
emission control system (most of which could probably be salvaged
in one way or another), there do not anpear to be any irreversiblle or
irretrievable commitment of resources associated with these standards.
As discussed above, there is even no overall increase in the energy

requirements associated with refinery sulfur plants, since both

7.21




Table 7.6

Environmental Impact of No Standards or
Delayed Standards

Year e ST e (o

1976 3150 130 25 25 2

1977 1425 60 10 i0 1

1978 1815 75 15 15 1

1979 85n '35 5 5 N.5

1980 850 35 5 5 G.5
TOTAL 8090 335 60 60 5

Note

1. LT/day.

2. 95% control.
3. 99% control.
4. 99.9% control.
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emission control systems result in a net reduction in energy
consumption.
Based on the growth projections presented in Chapter 8,

environmental impaqt of no standards or delayed standards on

SO2 emissions is summarized in Table 7.6. If alternative I fis

the adverse

nationwide

selected as the basis for standards, there is no adverse impact on air

quality since alternative I does not reduce emissions beyond

levels

currently required by most SIP's. If alternative II is selefted

as the basis for standards, on the other hand, the adverse environmental

impact of delaying standards or not setting standards is an

in nationwide S0, emissions of some 5,000 to 25,00N tons per

reaching a total of about 55,000 tons per year by 1980.
Since there are essentially no adverse water pollution,

waste disposal or energy consumption impacts associated with

increase

year,

solid

either

of the alternative emission control systems which could serve as

the basis for standards, there is no "trade-off" of potentia
adverse impacts in these areas against the resulting adverse
impact on air quality of delaying standards or not setting s
Furthermore, there does not aboear to be any emeraing emissi
control technoloav on the horizon that could achieve greater
reductions or result in Tower costs than that renresented by
the emission control alternatives under consideration here.

seauently, delavina standards to allow further technical devd
appears to nresent no "trade-off" of higher S02 emissions in

near future against lower SO2 emissions in the distant futurg

7.23
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8. ECONOMIC IMPACT

8.1 INDUSTRY PROFILE
As of April 1975, there were 259 petroleur refineries in the United

States with a total capacity of 14.8 million barrels per calendar day

(BCD). These refineries ranged in size from 200 BCD to 445,000 BCD,

1 In general,| new

with an average size of approximately 57,300 BCD.

ref1ner%es are expected to be considerably larger than the currgnt

industry average. Information is available on 12 refineries that have

been projected to be built after January 1, 1975. These refineries vary

in size from 5,000 BCD to 200,000 BCD, with an average size of approximately

97,000 BCD.?
Not all petroleum refineries currently include sulfur recovery

plants. At the 259 domestic refineries referred to above, only [81 included

sulfur recovery plants. There are currently 122 sulfur recovery plants

within the industry, either currently installed or due to be installed

in 1975, ranging in size from 4 long tons of sulfur per day (LTD) to 375

LTD, with an average size of 72 LTD.1’2’3 Sulfur recovery plants tend

to be found in the larger refineries. Table 8-1 illustrates this point.

For example, there are 175 refineries with individual capacitigs less

than 50,000 BCD, amounting to 67 percent of the total number of 259

refineries. These refineries, however, account for only 16 percent of

the total number of 122 sulfur recovery plants. Stated in another way,

the average size of a refinery which jncludes a sulfur recovery plant is

approximately 140,000 BCD. This compares to an average size of approximately

27,000 BCD for those refineries without sulfur recovery plantsi

8-1
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Table 8-2 summarizes the current status of the domestic re
industry with regard to sulfur recovery plants. Table 8-3 prov
additional detail with regard to the sulfur recovery plants tha

currently installed or due to be installed in 1975.

8.2 COST OF ALTERNATIVE EMISSION CONTROL SYSTEMS

As outlined in Chapter 6, there are two alternative emissi
systems that could serve as the basis for refinery sulfur plant
Alternative I, exemplified by the IFP-1 and the Sulfreen proces
achieves an overall sulfur recovery of 99.0 percent measured ag
total sulfur in the Claus plant feed gases. Alternative II, ex
by the Beavon, SCOT, Wellman-Lord, Cleanair, and IFP-2 processe
an overall sulfur recovery of 99.9 percent.

Since more data was available, both from vendors as well a
the IFP-1 and the Wellman-Lord and the Beavon pkocesses were ta

representative of the two alternative emission control systems.

would have to be comparab1e for the other systems or they would

fining
ides

t are

bn control
NSPS.
5es,

ainst the
emplified

5, achijeves

5 owners,
Ken as
Costs

not be

competitive in the marketplace. Tables 8-4, 8-5, 8-6, and 8-7

the operating costs for the basic Claus sulfur recovery plant,
plant with an alternative I emission control system (IFP-1), a
plant with an oxidation alternative II emission control system
Lord), and a Claus plant with a reduction alternative II emissi

system (Beaven). The plant with the capacity of 10 long tons of

ﬁer day is believed to be representative of a unit required by 3

small refinery. The plant with the 100 long ton per day sulfur
is believed to be typical of a unit required by a typical large
A plant with a capacity of 5 long tons of sulfur per day, while
to be toc small %o te cererally utilized in tvnical refineries,

—

shown for comparison. 8-3

resent
Claus
laus
Wellman-
n control
sulfur:
1 typical
capacity
refinery.
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Tables 8-8, 8-9, and 8-10 summarize the economics of installing an
alternative I or alternative II emission control system on a Claus
sulfur recovery plant. For a 100 LTD plant, use of an alternative [

system reduces the annual return from $265,900 to $15,800, a loss of

Bil

$250,100 per year. Use of an alternative IT system increases the annual
costs to $314,600-462,800, depending on whether an oxidation or reduction
process is employed, or a loss of $580,500-728,700 per year. For a|10
LTD Claus plant, use of an alternative I emission control system ingreases
the annual costs to $198,800, a loss of ' $65,200 per year. Use of an
alternative II system increases the annual costs to $352,200-442,000, or
a loss of $2i8,600-308,400 per year. Finally, for a 5 LTD plant, use of
an alternative I system increases the annual costs to $205,900, a ldss
of $58,200 per year, and use of an alternativg IT system increases the
annual costs to $344,800-419,900, or a loss of $197,100-272.200 per

year.

8.3 ECONOMIC IMPACT
Impact by Company Size
Two financial profiles have beern developed to evaluate the econpmic
impact of the twc alternative emission control systems. The first
profile represents a Targe, integrated oil company and the second represents
a small oil company. The profile of the large, integrated company i§
based upon an analysis of the published financial statements of Exxoh
Corporation, Mobil 0i1 Corporation, Shell 0i1 Company, Phillips Petroleum
Company, Cities Service Company, and Ashland 0i1, Incorporated. These
companies considered together should 2dequately represent the major
integrated refiner sector of the domestic oil industry. The resulting

financial profile s presented in Table 8-11.
8-10




*PaUBA0I3L C0S JO UOY [LIUBWBUIUL 43A S3SOD Lejuawaudur  (2)
"jueld AU3A0D34 Jny|ns sne|) ased Iseq O $3502 sapnioul  {q)

891 009°8.t 000°EEL" L 61 00829t

891 00b*0ee 000°€69 6l )009 ¢ L€

SvL 001°052 uo*Swo° L L81 (q)(008°51)

- - - 2€6 (e)(006°592)
Gy TH) (3) T (A7)
0S sy 3509 Juaul saAug €S sy 3509

anjns |ejo]  bupjedadp JAnging |ejoy butjeaadg
Lenuuy djey uoissiwgy Lenuuy

ajey uoLSSLWg

‘uteb sajouaqg (e)

:S3j0)
(q)Lu0‘195°S uo 13onpay
(q)000° L25‘y uotiepixy
I1 8A|3eudal )y
(q)uuL‘ses e [ 8Al3RU4 Y
Luoesles ase) aseg
($) Wwa3sAS [oa3ua)
JUBW) SIAU]

95e) DU|padaUg JSAQ |ejIUBIS}F IQ

(5461 ‘aunp 03 pazsnlpy 3s50))

5350 [€30]

INVId ¥04INS ALT 0OL ¥ ¥04 SLSOD WALSAS TOMLNOD NOISSIWI IALLYNY3ILIY 40 NOSINYdWO) ‘8-8 @lqel

8-11



*pauan0dad ¢pS 40 uo3 Puu:wsmgucw 430 $3$00 |ejuawaJdu]l (q)
‘juejd A4dA0234 uNglns sne|y ased aseq 40 s3s0> sapnjou]  (e)

$S90N
Aavmoem Ll ooN“mew 000° LeL 14 (©)000°‘2bt (e)000 S9L L uot3onpay
3ble LL oov°est 000°262 A (e)002°2se Amvcoo.omm._ uotiepiLxg
(9) I1 8Aj3euUdally
(q)ole . /A 002°S9 oou“9zL 6L Amvoow.wm_ Amvccc.wmc.P I @ALjeudal |y
8L - - - £6 009°¢EL$ oou‘eue $» ase) aseg
(W637§] —  (J4/5q7) (4A78) (%) (4u/sq7) (4A/$) ($) waysAS [0aFuo)
350) 20s sy 350) Juawy saAug 20S sy 3509 Juswysanug
JLun 4njIns |e3jol  Burjeuadg dngng Lejog Butreaaqag
ajey uoLssiwy Lenuuy 3jey uoisspwg Lenuuy
95e) bulpadadd J3AQ [ELIUBLDLSLQ $31S0) [e30]

(6461 ‘sunp 03 pazsnfpy 350))

INVId 3N4INS QLT OL ¥ 404 SLSOI WILSAS T0YINQD NOISSIWI JALLYNYILTY 40 NOISIYYdWO) °6-8 3|qey

8-12



vo;m>cumgwcmmo=ouPmucmsmgucpxocmumoo Lejuawauduy  (q)
"JUBLd U3A0JB Unyins sne|) 3BSED BSEQ 4o S350 sapnouf M )

‘830N
q)v665 S8 000°¥12 000°609 L e)006°6lv (o )oou’ 9G°1 uoL3onpay
T 168¢ 5°8 006°8¢€L 000°8t2 L M woow.gm (2)000°560° L uoLjepixp

. I1 ®ALjeUdad}ly
(q)sL¢€ 0L 0085 §  LOU*06 § §'6 (r)006°502  (e)0UL‘LYE I @At3eusay |y
6¢ - - ~ 59 00S LYy 1$ 000°25L §° ase) aseg
(uo3/gy ?imﬂﬂ (@4/¢)" ($) E\zd (1A/$) (§) WaySAS - [043u0)
350) e0s sy 3s0) JudBwI SaAU] ¢0S sy 150) Jusu] SaAu]
Itun 4NgIng (e3ol  buijeuadg dngIns |ejof buijeuadg
ajey uorssiwy L enuuy d3ey uolssiuy Lenuuy
95B) bULpadadd J4aAQ LefuauayyLq $3S0) |ejo]

INVd ¥N4INS QLT S ¥ ¥0d SLS0I WILSAS TONLNOD NOISSINI JAILYNYILIY 4O NOSINVAWO) °OL-8 alqeL

8-13



*0¢ J49qualrdas Butpua smm>m

Z0L°8 $13SSY U0 uanIay %
boL-L 1L404d 38N
168°1L saxe]
G50°¢ saxe] a4043g 3Ljoud

SuoL}
6LS°€L -edadg jo 3s0) [ejoy
b9l sa|es
€9e vl S19ssy

[aaaeg/$

2ll404d |eloueuly g

"SuOLLltw up s3aj3Ljuenb [y :3LON

elll 68 £91 6L¢ 9L 856°1
88 5L 092 S0t £28 £L£°2
85 55 E71) EED GIST WY
9yl 602 2th €45 8652  €10°L
EIve T 50e 290°C  6EL°S VOO0l S09°cz
6192 XAk vov e 2i€°9 29L'€l  819‘0e
9Lp*L ¥69°2 GE9“E 1966 f2€“ll  066°Se$

PUR[YSY  S3JAISS s91310  SAF[LIud [[3YS  OLIqoj  Toxx3

9beUBAY §/6L-2Z6( :Suoijesadp ublouo] BULPN[UI--55[]5}3e35 Auedwo) |e3o]

(aedp/s|duueg)
S9|eS WN3Lo4334 [0l

33044 38N

saxe]

Soxe] 340}3g 314044
suotjedadp j0 $3509) [ejo0y
| sa|es

s3assy

ejeq _u_uzm:wm aseg 'y

oPmAHuoxm WIINYNId T300W 40 NOILVAINIQ--YINI4FY 394y °L1-8 3lqel

8-14



The financial profile of the smaller, less complex firm i$ based
upon an analysis of the published financial statements of Murphy 0i1
Corporation, Quaker State 0i] Refining Corporation, APCO 011 Carporation,
United Refining Company, and Edgington 0i1 Company. These firms con-
sidered together should adequately represent the small refiner |sector of-
the domestic 0i1 industry. The resulting financial profile is |presented
in Table 8-12. A

The economic impact associated with standards of performance results
from the incremental cost imposed on a source to comply with these
standards above those imposed on a source to comply with existipg state
or local air pollution regulations. As discussed in Chapter 3,| most
State Implementation Plans to meet the national ambient air quallity
standards for 502 require new plants to achieve an overall sulfur recovery
of 99.0 percent. A few local air pollution control regulations|require
an overall sulfur recovery of 99.9 percent. Consequently, most|state or
local regulations already require the instaliation of an alternative I
emission control system and standards of performance based on this
alternative will have no economic impact.

To assess the economic impact associated with standards based on
emission control system alternative I1, the effect of compliance with
standards on the financial profile of a typical refiner was evaluated.
Eleven cases covering various refinery and sulfur plant capacities were
examined, three representing a large refiner and eight representling a
small refiner. These cases are presented in Tables 8-13 through 8-23

and are summarized in Table 8-24.
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As shovin by the large refiner cases of Table 8-24, standar
on emission control system alternative II decrease the profitab
measured by return on assets) of a large integrated refiner by
1.48 percent, if unaccompanied by price increases. To maintain
percent return on assets, a large refiner would "have to increas
for petroleum products by 0.02-0.27 percent, or about 0,4-4.5 @
barrel. It is highly unlikely that this impact would retard in
among the large integrated refiner sector of the domestic petro
industry. The reduced profitability, or the increase in produd
necessary to maintain profitability, are for all practical purp

As might be expected, the impact of standards on a small n
greater than that on a large refiner due to economies of scale.
by the small refiner cases of Table 8-24, standards based on en
control system alternative II decrease the profitability of a s
refiner by 1.28 to 7.50 percent, if unaccompanied by price incr
maintain a 6.27 percent‘return'on assets, the small refiner wou
increase prices for petroleum products by 0.16 io 0.93 percent

1.8 to 10.6 cents per barrel. Although it appears that the imf

ds based
ility (as
0.37 to

an 8.10
e prices
ents per
dustry growth
Teum refining
t prices
oses negligible.
efiner is

As shown
ission
mall
eases. To
1d have to
» or about

act of

standards on the smallest refiner may be from three to five times as severe

as that on the typical large refiner, the magnitude of this img
quite small and not likely to retard industry growth among the
sector of the domestic petroleum refining industry. As with th
refiner, the price increases necessary to maintain profitabilit

especially in light of price increases over the past three to f
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The impact analysis by refinery size is clouded by the relative
small size of the control investment and annual cost compared with t
overall refinery operation.
when the incremental differences between control units is considered,
Table 8-25, which is derived from Tables 8-8 - 8-10, presents the in¢
costs of achieving alternative II utilizing five sizes of control un
Due to economies of scale, the cost of controlling an incremental ton
SO2 at the level of alternative II goes from $468-678 for a 100 LTD
sulfur plant to $3,891-5,994 for a 5 LTD sulfur plant.

Nation-Wide

Table 8-26 provides the number and size distribution of Claus p]

affected facilities in the period 1976-1980. It should be noted that

the growth is greater than the projected annual increase of refinery

ly
he

There is, however, a more pronounced effect

cremental

its.

of

ant

thkoughput

for three reasons. First, approximately 30 percent of the current refining

capacity is not controlled by Claus units so the base is narrow. Seg

it is assumed that a1l future refinery capacity will be controlled and

third there will be an annual replacement of 5 percent of the existing

Claus plants.

Table 8-27 develops the 1976-1980 forecast to show the national
impact of required investment dollars, the annual costs and the poten
emission reductions. Standards based on alternative I will have no 1
Standards based on alternative II, on the other hand will require an
1gcrementa1 investment by the domestic petroleum refining industry of
$110 MM over the five-year period of 1975 to 1980. In 1980, these st
will increase the annual operating costs of the domestic industry by
$16 MM per year. In return, the standards will reduce national SO2 e

by some 57,000 tons per year.
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8.4 POTENTIAL SOCIO-ECONOMIC AND INFLATIONARY IMPACT

Since the emission control systems required to comply with
based on either emission control system alternatives represent s
small proportion of the overall equipment or investment required
petroleum refinery, there should be no more socio-economic impac
with standards than associated with the addition of any new proc

unit to a refinery.

standards
uch a
by a
L associated

essing

The inflationary impact associated with standards of performance

for refinery sulfur plants is negligible. If standards are base
emission control system alternative I, there is no inflationary
at all. If standards are based on emission control system alter
I1, the fifth-year annualized costs are about $16 MM/year, and t
increases necessary to maintain the current industry average ret

investment varies from $0.004 to $0.106 per barrel, depending on

d on
impact
native
he price
irn on

the

size of the refinery affected. These are well below the Environmental

Protection Agency's guidelines for preparation of inflationary impact

statements.
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9. RATIONALE FOR THE STANDARDS

9.1 SELECTION OF SOURCE FOR CONTROL

Sulfur dioxide emissions from petroleum refineries are a
function of the sulfur content of the crude oil processed and
complexity of the refinerv itself. A major portion of the sul
which enters the refinery in the crude oil leaves the refinery
the various petroleum products produced. Most of the sulfur
not accounted for in these petroleum products is recovered
as elemental sulfur, or emitted to the atmosphere as S0;.

The major SO2 emission sources in petroleum refineries af
gas and 1iquid fuel combustion, fluid catalytic cracking unit
catalyst regeneration and elemental sulfur recovery. Standard
of performance Timiting S0, emissions from gaseous fuel combup
were promulgated on March 4, 1974 (39 FR 9308). These standapr
essentially reauire the removal of HoS from fuel gas before
it is burned, thus forcing increased elemental sulfur recovery

within petroleum refineries.

the
fur

in

S
tion

ds

Petroleum refinerv sulfur recoverv plants, however, as méentioned

above, are responsible for a sizeahle portion of the total $N3
emitted from petroleum refineries. 1In 1975, nationwide refine
sulfur recoverv plant S02 emissions were estimated to be 0.272

vr, or about 10% of total domestic refinerv SN2 emissions. Al

emissions
ry
x 1n6 MT/

thouah

refinery sulfur recovery plants are responsible for only a smdll

portion (ahout 1%) of the total unabated .S, SN2 emissions, the

exnected rapid arowth of these facilities emphasizes the need for their

control. As of April 1975, there were 122 sulfur recovery plants

located in 81 domestic refineries. Retween 1976 and 1980, 1n7

new



plants are expected to be built. Well over half of these new
nlants (about 62%) will have an average size of 100 LTD. The to
combined capacities of these new plants will be about 6,000 LTD
so that by 1980 the number of refinery sulfur recovery nlants wi
double.

A very important consideration of develoning standards for
refinery sulfur recovery plants is that most refineries are loca:
in or near urban areas. As the size and number of these refiner
increase and the average sulfur content of the crude oil processg

increases, control of SO, emissions becomes much more critical.
9.2 SELECTION OF THE BEST SYSTEM OF EMISSINN REDUCTION

As discussed in chanter 6, two alternative emission control

systems are considered candidates to serve as the basis for stan

of performance (i.e. best system of emission reduction, consideri

costs). These systems are the third-stage Tow temperature Claus

reactor system (alternative I) and various tail gas scrubbing
systems (alternative II).

Considering only the nerformance of these systems, the
alternative II systems are clearly sunerior to the alternative I
systems. (See chapters 4 and 6,) Use of an alternative II emis
control system increases the overall sulfur recovery of a refine
sulfur nlant from about 95 nercent to 99.9 nercent, comnared to

99 percent with use of an alternative I emission control svstem.

In terms of emission reduction, the alternative II svstems reduce

emissions by 98-99 percent, compared to an emission reduction of

only 8N-85 percent achieved bv the alternative I systems. Also,

9.2
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the alternative II emission control systems are essentiallv finsensitive
to fluctuations which might occur in the comnosition of the tail

gases from the sulfur nlant. The alternative I svstems, however,
require strict maintenance of a 2:1 HZS/SOZ ratio to function propnerly.
Thus, the alternative II systems are much less prone to upsets and

are éb]e to Timit emissions to lower levels over a wider varjety

of onerating conditions than the alternative I systems.
Considering the various environmental imnacts associated with

both alternatives, the alternative II emission control systems again
emerge as clearly suberior to those of alternative I. (See chanter 7.)
In terms of ambient air quality, althouah the alternative I emission
control systems result in a significant reduction in the maxjmum
ambient air concentrations of S0 arising from the oneration|of a
refinery sulfur nlant, the alternative II systems result in a

substantially greater reduction of these concentrations.

More imnortantly, however, most State imnlementation nlans (SIP)
already reauire a level of control essentially eauivalent to|the
alternative I emission control systems. Consequently, standards
based on this alternative would have 1ittle or no impact on dmissions
of SOZ from new or modified refinery sulfur nlants. Standards based
on the alternative II systems, however, will reduce these emissions
bv about 91 percent and will lead to a reduction in the arowth of
national SN2 emissions by 198N of some 55,000 tons ner vear.
Considerina nossible environmental impacts in other areds,
there are essentially no notential adverse water nollution or solid

waste impacts associated with either alternative emission control

9.3




system. With regard to energy consumption, both alternatives

<

reduce the overall enerav consumntion associated with a refiner

sulfur plant. Since most SIP's already require the installation

of alternative I emission control systems, no reduction in enerqy

consumption can be associated with standards based on this alternative.

If standards are based on the alternative II systems, however, the

growth in national energy consumption will be reduced by some 54

million kw-hr/yr (90,000 barrels of fuel oil per year) by 1980.

With regard to other areas of potential environmental impagts,

there appear to be no noise or radiation impacts, or any irrevensible

or irretrievable commitment of resources associated with either

of these alternative emission control systems. Neither does there appear

to be any incentive for not developing or delaying standards.

In terms of the economic impacts associated with the alternative

emission control systems, the alternative II systems generally cpst

about twice as much to install and about 2 1/2 times as much to

operate as the alternative I systems. Again, however, since most

SIP's already require the installation of alternative I emission

control systems, there will be no economic impact if standards are

based on this alternative. If standards are based on alternativé

the impact on a typical large integrated refinery will reduce its

profitability from about 8.10 percent return on assets to about
7.98-8.09 percent. To maintain an 8.10 percent return on assets
the refiner would have to increase prices for petroleum products
by only 0.03-0.12 cents per gallon, or less than 0.5 percent. TH

magnitude of this impact, therefore, is negligible.

9.4
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The impact on a typical small refinery is larger than th

large hefinery due to the "economies-of-scale". In this case

impact of standards based on the alternative II emission cont

systems will reduce the profitability of a small refinery frg

6.27 percent return on assets to about 5.80-6.18 percent. To
maintain a 6.27 percent return on assets, the small refiner w
have to increase prices on petroleum products by about 0.06-(
cents per gallon, or 0.16-0.94 percent. While this impact 19
twice as severe on the small refiner as on the large refiner|
its magnitude is stil1 quite small and not Tikely to retard
growth among the small refiner sector of the domestic refinin

industry. As with the large refiner, the price increases ned
to maintain profitability are negligible, certainly in Tight
increases over the past three to five years.

In terms of the national impact on the domestic petroleu
refining industry, standards based on the alternative I emiss
control systems will have no impact. Standards based on the
alternative II systems, however, will increase the national i
required by the domestic industry by some $115 MM over the fi
period from 1975 to 1980; and the annual operating costs of t
industry will be increased by some $16 MM per year in 1980.

The potential inflationary impact of these standards is
essentially negligible. If standards are based on the altern
emission control systems, there is no impact, and if standard

are based on the alternative II systems, the increased fifth

annualized costs and increased product prices are well below

9.5

=)

at on a
the

rol

m about

ould
.25

about

g

essary

of price

m

ion

nvestment
ve-year

ne

ative 1
q
lear

the




Agency's guidelines of $100 MM per year and 5 percent for signall

potential inflationary impact.

It is clear, therefore, that the alternative II emission can

ing

trol

systems must be selected as the "best system of emission reduction,

considering costs" and that standards of performance for refineny

sulfur plants must be based on the use of these systems.

9.3 SELECTION OF POLLUTANTS FOR CONTROL

As discussed above, sulfur recovery olants in petroleum refineries

are major point sources of SOZ emissions. The objective of standards

of nerformance, therefore, is to reduce these emissions from new

and modified refinery sulfur plants. Selecting emission control

system alternative II as the basis for standards, however, compli

the selection of pollutants for control.

cates

Emission control system alternative II refers to two different

processes: oxidétion-scruﬁbing and reduction-scrubbing. Residual

emissions reieased to the atmosphere from oxidation-scrubbing
processes consist of S02. Residual emissions released to the
atmosphere from reduction-scrubbing processes; however, consist
of SO, if the tail gases are incinerated before release to the
atmosphere, or a mixture of reduced sulfur compounds such as
hydrogen sulfide (H»S), carbonyl sulfide (COS) and carbon disulf{
(CS2), if the tail gases are not incinerated (see chapters 4 and
A 1imit on S0, emissions alone, therefore, while appropriate for
the oxidation-scrubbing processes, and those reduction-scrubbing
processes with tail gas incineration, is inappropriate for those

reduction-scrubbing processes without tail gas incineration.

9.6
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While emissions of HyS from the reduction-scrubbing progesses

without tail gas incineration can vary widely depending on the

design and operation of the process, emissions of COS and CSy

will not exceed 90-100 ppm unless the reduction catalyst in the

process is permitted to deteriorate. Consequently, the major

potential air pollution problem posed by these processes is emissions

of HoS.

Minimizing emissions of HoS from reduction-scrubbing prdcesses

without tail gas incineration requires design and operation df the

scrubbing portion of the process to reduce emissions of HoS fo
very low levels initiallv. If standards of performance do ndgt limit

emissions of HZS’ owners or operators of these processes could

operate onlv the reduction portion of these systems and by-palss

the scrubber portion. The S0, originally present would merely be

converted to HZS and released directly to the atmosphere. Although

this is possible, it is unlikely because at the ambient air cpncen-

tration of H,S which would result (500-2000 ug/mS, with short

term peaks, 2-10 second, approaching 25,000 ug/m3) an extreme
severe odor problem would result (see chapter 7). Sources wol
tend to control these HZS emissions to very low levels due to

the offensive odors which would otherwise result if they were

not controlled.

y
1d

Even in the more Tikelv situation, however, where emissidns

of HaS were reduced to the range of 200-300 ppm before releasd

to the atmosphere, ambient air concentrations of HZS ranging f
15 to 60 ug/m3 could arise with short-term peaks as high as 5(
to 800 ug/m3. Since the odor threshold for HoS is 45 ug/m3, 3

odor air pollution problem could still arise.

9.7
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Although emissions of COS and CSZ are normally verv low,

as mentioned above, if the reduction catalyst is permitted to

deteriorate, emissions of these compounds from reduction-scrubbing

processes without tail gas incineration can approach 1000 ppm|

Under these conditions, ambient air concentrations of c0S and C<2

ranging from 100 to 400 ug/m3 could arise, with short-term peaks

approaching 3500 to 5500 ug/m3, respectively. While ambient gir

concentrations of COS and CS, at these levels probablv do not

pose health problems, so little health effects data is availahle

on COS and CSp that this is questionable. (The little data

available indicate adverse health effects occurring only at

Tevels greater than 15,000 ug/m3 for CS,, with no data available

for COS--see chapter 7.) The data do indicate, however, that

these short-term peak ambient air concentrations of CSy are at

the odor threshold level for €52, so that transitory odors coulld

also arise if the reduction catalyst is permitted to deterioralte.

Developing standards of performance to 1imit emissions of

from refinery sulfur recovery plants, therefore, gives rise to

S0s

a rather unusual situation. In some cases, compliance with these

standards, while eliminating SN2 emissions, would Tead to emis

of reduced sulfur compounds (i.e. H2S, COS and CSz), which coyld

sions

lead to an odor air pollution problem. Conseguently, two alternative

courses of action emerge with regard to selecting the pollutants

for control by standards of performance for refinery sulfur re

nlants:

9.8
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1. Limit emissions of S0, only

2. Limit emissions of both S02 and reduced sulfur compounds

Limiting emissions of reduced sulfur compounds (i.e. HoS,
COS and CSZ) from reduction-scrubbing emission contro] systems
without tail gas incineration, however, would make these pollutants
"designated pollutants," and all existing reduction-scrubbing emission
control systems without tail gas incineration installed on refipery
sulfur recovery plants "designated facilities," under section 1M1(d)
of the Clean Air Act. EPA's regulations implementing section 1M1(d)
(40 CFR §60) would require the Agency to issye a draft guidelin

114

document containing the necessary information for states to develop
plans for controlling these pollutants from these existing faci]ities
" and to solicit public comments on this document. Following considera-
tion of these comments, the Agency would make appropriate changes
to the guideline document and issue it in final form. Those states
containing reduction-scrubbing emission control systems wjthout
tail gas incineration installed on refinery sulfur plants woyld
then be required to develop plans for controlling emissions of these
pollutants from these facilities with public hearings to solicit
the views of interested parties. These plans would then be submjtted
to the Agency for approval or disapproval. If a State's plan were
disapproved, the Agency would have to develop a plan for that state.
Currently, there are about 25 reduction-scrubbing emission
control systems without tail gas incineration now operating on
petroleum refinery sulfur recovery plants in some seven states.

Developing State plans to limit emissions of reduced sulfur compqunds

9.9




from these facilities, therefore, could be a significant unde
requiring thg,expenditure of considerable resources at the Fe
State and local level.

Emissions of reduced sulfur compounds from these existin
reduction-scrubbing emission control systems without tail gag

incineration, however, are quite low. These systems have bee

rtaking

deral,

9

n

installed to comply with State or local air pollution regulations

limiting emissions of 502 from existing refinery sulfur recoy
nlants. To ensure that the installation of these emission cd
systems do not lead to Tocal odor problems, these regulations
also limit emissions of HS, COS and CSp, either directly or
indirectly. Where emissions of reduced sulfur compounds are
limited directly, local regulations specifv the maximum concd

of HpS, COS and CSp that can be present in the tail gases dis

to the atmosphere. In each case where this approach has been _

followed, emissions of HpS are limited to 10 ppm and emission
of total sulfur (HZS, COS and CSp) are Timited to either 300
500 ppm.

Where emissions of reduced sulfur compounds are 1limited
by local regulations, these requlations require that the best
emission control technology he installed. In the process of
specifying what the best emission control technology is, loca
pollution control agencies generally contact EPA, vendors of
emission control systems and other local air nollution contro

agencies where various emission control systems have been ins

9.10
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emission control systems without tail gas incineration are not

In terms of emissions of reduced sulfur compounds from existing
reduction-scrubbing emission control systems without tail gas

incineration, this approach has achieved the same end result

as that above, and all 25 of these systems which are now operating

have been designed and guaranteed by the vendors of these systems

to 1imit emissions to less than 10 ppm H,S and Tess than 300 gr

500 ppm total sulfur (HZS, C0S and CSZ).]

Consequently, existing reduction-scrubbing emission contro]

systems without tail gas incineration are not considered significant

sources of reduced sulfur compound emissions. Developing State
regulations to control emissions of these pollutants from these

facilities, therefore, would accomplish no additional reduction
reduced sulfur compound emissions.

Probablv the major reason why existing reduction-scrubbing

sources of reduced sulfur compound emissions is that to date,

these svstems have only bheen installed in heavily industrialized

metropolitan areas. In these areas, the need for air pollution

control is cenerally well recognized and the local aijr pollution

control agencies have been in a position to develop and enforcq

strong air pollution regulations.

in

Standards of performance for refinery sulfur plants, howeVer,

will reauire the installation of oxidation-scrubbing or reductilon-

scrubbing emission control systems on new or modified refinery |sulfur

recovery plants throughout the United States. In some areas

9.11




where these systems might be installed, the need for stringent

pollution control might not be as great as it is in these areh

air

S

where these systems have already been installed. In these arpas,

owners and operators who installed a reduction-scrubbing emisk
control system without tail gas incineration would not face st

regulation of reduced sulfur compounds and they might permit

ion

ringent

emissions of HyS to increase to the range of 200 to 300 ppm. |At

this point the resulting ambient air concentrations of HoS woy

1d

lead to noticeable but intermittent and transitorv odors as discussed

earlier. It is quite possible, therefore, that in complying With

standards of performance, some new refinery sulfur plants coull
become sources of emissions of reduced sulfur compounds unlesp
the standards specifically 1imit emissions of these pollutant

Preventing new air pollution problems from arising, howey

is one of the primary goals of standards of perfermance. Also

d

174
.

er,

standards of performance are to reflect the best systems of emission

reduction, taking into account the costs of installing and ope
these systems. Considered from this perspective, since the te
for reducing emissions of reduced sulfur compounds from reduct

3

scrubbing systems without tail gas incineration is well demons

rating
chnology
ion-

trated,

the costs of controlling these emissions are reasonable, and not

controlling these emissions could lead to an adverse environmgntal

impact in some cases; reduction-scrubbing emission control systems

without tail gas incineration can only be included among the best

systems of emission reduction if emissions of reduced sulfur gompounds

are controlled.
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It is also through standards of performance that the Ag
identifies the best systems of emission reduction for variol

industrial sources of air pollution. If the Agency were not

imply that the Agency does not consider controlling these em
from reduction-scrubbing processes necessary. This view co
serve to undercut or weaken those local air pollution regulI
which are now effectively controlling these emissions from e
sulfur recoverv plants which have installed reduction-scrubb
emission control systems without tail gas incineration.
A number of good reasons exjst, therefore, for extendir
standards to cover emissions of reduced sulfur compounds. H
a problem may arise if the burden of the state plan submissi
by 40 CFR 560.23 outweighs its possible benefits. To resol\
problem, it is appropriate to consider the intent of both st
of performance and section 111(d).

Briefly, the intent of standards of performance is to

ency
S

to
1imit emissions of reduced sulfur compounds, therefore, it would
issions
1d
tions
xisting

ing

g the
owever,

on required
e this

andards

require

the installation of the best systems of emission control at the

time a source is being constructed or modified. The intent

of

section 111(d) is to reduce emissions of nollutants emitted from

existing facilities which pose a danger to the public healt

welfare, but which on the basis of the information availab’
cannot be contrq]]ed under sections 108, 109 and 110 of thd
as criteria pollutants, and which cannot be controlled unde

section 112 of the Act as hazardous pollutants.
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Where an emission control system installed to comply with a
standard of performance might Tead to the emission of a pollutant
not originally emitted by a source, the logical course of action
is to 1imit emissions of this new pollutant to ensure that it
does not lead to a new air pollution problem. In cases where |the
new pollutant is a non-criteria pollutant, it must be decided
whether or not to initiate the chain of events leading to the
development of state regulations for 1imiting emissions of this
pollutant from existing sources already well controlled for this
pollutant.

The pollutants selected for control by these standards,
therefore, are SO2 and reduced sulfur compounds. A determination
of the effort involved in developing state plans will enable ERA
to determine whether or not to develop a guideline document or
initiate the chain of events leading to the development of stafe
plans for controlling emissions of reduced sulfur compounds frdm
existing reduction-scrubbing emission contro] systems without
tail gas incineration which have been installed on refinery sulffur

plants.

9.4 SELECTION OF FORMAT FOR THE STANDARDS
A number of different formats could be selected to limit

emissions from refinery sulfur plants. Mass standards limitin

d

emissions in terms of overall sulfur recovery (i.e. emissions

per unit of sulfur produced or contained in the feed to the
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plant), or concentration standards 1imiting the concentratign
of emissions in the stack gases discharged into- the atmosphere,
could be developed.
whfle mass standards may appear more meaningful in the|sense
that they relate directly to the quantity of emissions discharged
into the atmosphere, enforcement of mass standards is more ¢ostly
and the results more subject to error than enforcement of concen-
tration standards. Determining mass emissions, for example
invariably requires developing a material balance of some form
and this requires process data concerning the operation of
the plant, whether it be input material flow rates or produg¢tion
flow rates. Gathering this data increases the testing or monitoring
necessary and consequently increases the costs. Manipulation
of this data increases the number of calculations necessary]
compounding the error inherent within the data and increasing
the chance for human error.
Enforcement of concentration standards, however, requires
a minimum of data and information, decreasing the costs and
minimizing the chances for error in determining compliance.
Concentration standards are also somewhat more consistent wjth

the concept of basing standards of the "best systems of emission

reduction," since vendors of emission control equipment normally

guarantee the performance of their equipment in terms of th

[1*]

concentration of emissions discharged.

The primary disadvantage normally associated with concen-

tration standards is that of possible circumvention by dilution
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of the gases discharged to the atmosphere lowering ‘the concen-
tration of emissions, but not reducing the total mass emitted.
To ensure that compliance with concentration standards is not
achieved by dilution, however, section 60.12 of 40 CFR Part 60
specifically prohibits the use of dilution as a means of complying

with concentration standards.
Consequently, considered primarily from the perspective of

enforcement, concentration standards are selected as the forma:

L

for standards of performance for refinery sulfur plants. The
Tower resource requirements of concentration standards over
mass standards far outweigh their drawbacks.
9.5 SELECTION OF EMISSION LIMITS IN THE STANDARDS

Specific emission 1imits need to be selected to Timit
emissions of S0z from refinery sulfur plants which employ either
oxidation-scrubbing emission contro] systems or reduction-scrubbing
emission control systems with tail gas incineration. Emission
Timits also need to be selected to Timit emissions of HoS and
reduced sulfur compounds (HpS, COS and CSp) from refinery sulfur
plants which employ reduction-scrubbing emission contro] systems
without tail gas incineration.

The data and information to support selection of these emisision
Timits is summarized in chapter 4 and consists primarily of emission
source tests by the Agency or local air pollution control agencips.
Since the amount of emission data available is quite Timited, a
number of factors need to be considered in selecting the specific¢

emission limits.
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Considering first the 1imit for 502 emissions, the emissi
source test data from oxidation-scrubbing emission control sysg
shows emissions in the range of 10-50 ppm (tests Ay, A, A3,
Figure 4-10). These data, however, were collected from a unif
operating at less than half its design capacity immediately
following a major equipment turnaround. Consequently, the dat
do not reflect emission levels that could be maintained by a
unit operating at full capacity over a period of time. Accord

to both vendors and owners and operators, unavoidable equipmer

deterioration and chemical aging will lead to lower efficiency.

Generally, these systems operate for about a vear between majd
equipment turnarounds and during this time, emissions increasq
bv as much as 100 to 200 ppm. Basing the emission 1imit solel
basis of this emission data, therefore, would significantly
shorten the normal run length between major turnarounds and
increase maintenance and chemical replacement costs consideral

The emission source test data available from reduction-sd
emission control systems with tail gas incineration shows emid
of about 201 ppm SN, (test C, Figure 4-10). Although this dat
is not EPA data, but is data from a test bv a local contro] ag
(EPA's source testing at this facility was invalidated due to
operating problems), the source testing method emploved by thi

local agency is considered comparable to FPA's.
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This emission Jevel, however, is considered highek than normal
for a tvpical reduction-scrubbing emission control system with [tail
gas incineration. According to the operators at this source, this
particular facility is significantly under-designed and, in fact,
shortly aftér this emission test data was gathered, it was "de-

bottle-necked" and expanded to improve its performance.

In EPA's discussions with the vendors of this facility, thev agreed

with the operators that it was "under-designed." They also indicated,

however, that emissions from typical reduction-kcrubbing emissiagn

control svstems with tail gas incineration are normally comparabfle

to those from oxidation—écrubbing emission control systems, and fthat

emissions from both systems increase to about the same extent between

turnarounds due to unavoidable equipment deterioration and chemi¢a]
aging.

As pointed out in chapters 4 and 7, the reduction-scrubbing
emission control systems with tail gas incineration (as opposed
to those without tail gas incineration) have a number of advantadges
over oxidation—scrubbing emission control svstems. Operation
of these systems involves techniques with which most refiners
have had a great dea] of experience and thuys refiners understand
these systems better, tend to experience fewer problems with them
and generally tend to favor these systems. More imnortantly, hows
these reduction-scrubbing emission control Systems with tail gas
incineration produce no wastewater streams that require disposal.
Both the oxidation-scrubbing systems and the reduction—scrubbing

systems without tail gas incineration generate a wastewater strean.
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Considering all these factors, the emission limit for S
emissions is set at 250 ppm. This limit applies to both the
oxidation-scrubbing emission control svstems and to the redu
scrubbing emission control systems with tail gas incineratio
In view of the limited emission data available and the comme
of both the owners and operators and the control system vend
this appears to be a reasonable emission 1imit consistent wi
performance of these emission control systems. This Timit w
also ensure that these é]ternative IT emission control syste
installed and well operated.

Considering the emission 1imit for emissions of HoS and
sulfur compounds, the availahle emission source testing data
reduction-scrubbing emission control systems without tail ga
incineration shows that emissions of these pollutants from t
systems are quite Tow. Emissions of HoS, for example, were
frequently not detectable (tests B], By, Ey and Fp, Figure 4
In the one test in which emissions of HoS were detected (tes
an analvtical method different from that emploved by the Age
was used and simultaneous testing by the Agency detected no
(test B3). Review of both the Agency's test method and this
test method indicated that this method which detected HZS em
was not as selective as the Agencv's in identifvina I'2S, and
including some of the CNS and CSp present as HpS.

The emission source test data available on emissions of

sulfur compounds (HpS, COS and CSp) from these emission cont
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systems shows that emissions of these pollutants are in the range

of 10-20 ppm (tests By, Bz], B3, Ey and Fq, Figure 4-12). Herje

again, however, this data was collected from these systems shortly

after major equipment turnarounds, or when they were operating

well below their design capacity (as low as 1/3 of design capatity

in one case).

Discussions with the vendors of these control systems alsp

indicated that unavoidable equipment deterioration and chemica

aging leads to a gradual increase in emissions with time. Pilpt

p]ant'data, for example, indicates that emissions increase by

about 200 ppm over a vear's dpération. Thus, as discussed aboye

for the oxidation-scrubbing systems and the reduction-scrubbing
systems with tail gas incineration, basing the emission 1imits
for reduction-scrubbing emission control svstems without tail ¢
incineration solely on the emission data available would signif
shorten the normal run length between major turnarounds and ing
the costs of maintenance and chemical replacement considerably.
Considering these factors, the 1imit on emissions of HoS
and reduced sulfur compounds from reduction scrubbing emission
systems without tail gas incineration is set at 10 ppm and 300
respectively. The 10 ppm limit on HoS emissions will ensure th
installation of these emission control systems will not lead to

Tocal odor air pollution problem. The 300 ppm limit is equival

as
icantly

rease

control
Ppm

at

a

ont

to the 250 ppm 1imit on S02 emissions in the sense that both limits

reduce sulfur emissions--be they S0» or HpS, COS and CS,--to the
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same level. (The 250 ppm 502 1imit reflects the larger volume

of gases discharged to the atmosphere.)
9.6 SELECTION OF MONITORING REQUIREMENTS AND PERFORMANCE TEST METHODS

The objective of monitoring reouirements is to provide a quick
and easy means for enforcement personnel to ensure that an emission
control system installed to comply with standards of performange
is oroperly operated and maintained. For refinery sulfur reco ery
plants, the most straightforward means of ensuring proper operdtion
and maintenance is to monitor emissions released to the atmosp re.
Consequently, where oxidation-scrubbing processes or reduction-
scrubbing processes with tail gas incineration are installed to
comply with the standards, monitoring of 502 emissions is required.
Where reduction-scrubbing processes without tail gas incineratipn
are installed, monitoring of H2S and reduced sulfur compound emfissions
is required.

Although monitoring requirements are included for HoS and
reduced sulfur compound emissions, the Agencv has not yet develpped
performance specifications for these monitors. Consequently, owners
and ooerators of reduction-scruhbina emission control systems without
tail gas incineration, who are subject to these requirements, will
not have to install these monitors until these specifications hgve

been promulgated in the Federal Register. The requirement for

monitoring is included in the requlations to ensure that when
these menitors. become available, sources which became subject
to standards of performance before the monitors were available
will then be required to install monitors to aid enforcement personne)

in determinina if the emission control system is being properly

Oberated and maintained.
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For determining compliance with the standards, Method 6 -
Determination of Sulfur Dioxide Emissions from Stationarv Source
will be used where oxidation-scrubbing processes or reduction-
scrubbing processes with tail gas incineration are installed.
Where reduction-scrubbing processes without tail gas incineratio
are installed, Method 18 - Determination of Hydrogen Sulfide,
Carbonyl Sulfide and Carbon Disulfide Emissions from Stationary
Sources will be used. These methods were the methods used to ga
the emission data contained in chanter 4 and Appendix C, which s

the standards. Details as to why these methods were selected ov

other methods for gathering this data mav be found in Appendix D|.

9.7 REFERENCES

1. Telephone conversation, F.L. Porter (EPA) with G.L. Tilley
(Union 0i1), April 28, 1976.
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APPENDIX A
EVALUTION OF STANDARDS

A1




Date

8/73-1/74

8/73

9/73

10/5/73

10/10-10/19/73

10/17/73

11/73

10/73-2/74

1/11/74

2/25-3/13/74

EVOLUTION OF STANDARDS

.and Tocation of well-controlled Clau

Surveyed and reviewed process operat]
emission control systems for all dom
Claus sulfur recoverv plants.

ions and
estic

Sent letters to control eouinment vendors
requestino desian data for the Wellman-Lord,

Beavon, Cleanair, SCOT, and Aquaclau

5 Drocesses,
s nlants.

Selected eicht refineries for initiall nlant

insnections.

Contracted for detailed enaineerino
Claus tail gas control svstems with
Columbus.

Inspected eiaht refineries with well
Claus plants, pre-surveved for emiss
and sent 114 letters to refineries.

Met with Los Angeles APCD for discus

studv of
Battelle-

controlled
ion testina,

sion of

their requlations for sulfur recovery plants.

Contractor sent additional letters t
for desian data on the IFP-1, IFP-2,
Cataban, and Chivoda Thorouahbred nr
for tail gas sulfur removal.

Test methods for determinino gaseous
compounds in Claus tail gas ({.e., C
H2S, SO2, Sx) investiaated and devel
Presurveys made of three likely test

Insvection made of IFP-1 process on
sulfur plant.

Emission tests comnleted for Yellman
Beavon, and SCOT control svstems.

A.2

b vendors
Sulfreen,
hcesses

sulfur

0s, CSo,
pped.
sites.

a2 Claus
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4/1/74

5/7/74

6/10-6/12/74
6/74

8/74- 2/75

3/75

4/29/75

5/5-5/6/75

5-7/75

8-9/75

10/75-4/76

A.3

Inspection made of second IFP-1 py
Claus sulfur plant. 114 letters ¢
process sent to operators.

Meeting with API's Committee on Ef
Affairs to discuss emission test.r
notential standards. .

Emission test of IEP-1 control svs

Study entitled "Characterization d
Recovery From Refinery Fuel Ras" ¢
by Battelle-Columbus Labs. Report
to API for review.

0cess on a
n IFP-1

vironmental
esults and

tem completed.
f Sulfur

ompleted
circulated

Emission control costs developed, monitoring

and emission test methods finalizd
dispersion analyses completed. DNe
draft of EPA Standards Support and
Impact Document (SSEID).

Revised SSEID and sent to NAPCTAC
Rroup members.

Met with EPA Ylorkina Groun to disc
of SSEID and the recommended stand

Met with NAPCTAC to review the rec
standard for refinerv sulfur nlant
basis for the standard outlined in

Delayed action to resolve potentfa
aspects of standards for refinery
plants.

d, and
velooed first
Environmental

and Workina
uss findinas

ard.

nmmended
5 and the
the SSEID.

I 111(d)
sulfur

Responsibility for SSEID informally trans-

ferred to Standards Development Br

SSEID reviewed, edited and rewritt
Standards Develooment Branch to co
with the aeneral outline for a SSE

anch.

eén by
nform
1D.




APPENDIX B
INDEX TO ENVIRONMENTAL IMPACT CONSIDERATIONS
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APPENDIX C
EMISSION SOURCE TEST DATA
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EMISSION SNURCE TEST DATA
C.T TINTRODUCTION

This appendix summarizes the emission test data gathered during

the development of standards for refinery sulfur plants. Detailled
information on each facility tested is presented herein.v Each
facility is identified by the same coding used in Chapter 4. Apy
reference in this appendix to commercial products or processes
by name does not constitute an endorsement by the Environmental
Protection Agency.
C.2 SUMMARY OF TEST DATA

Four different processes for removing sulfur from Claus
sulfur plant exhaust gases were tested by EPA to determine the
best available control technology as reaquired by section 111
of the Clean Air Act; Pollutants measured included total sulfur
by EPA Method 18 (gas chromatograph/flame photometric detection],
SO» by EPA Method 6, HoS by EPA Method 11, carbon monoxide by
EPA Method 10, NOyx by EPA Method 7, hydrocarbons by a flame
ionization detector, Orsat gases by EPA Method 3, and moisture
by EPA Method 4.
C.3 DESCRIPTION OF FACILITIES

Plant A - Plant A consists of three identical 150 Tong ton/day
(LT/D) Claus trains, two of which operate with the third on stand-by.

Emissions from each Claus train is controlled by a Wellman-Lord
scrubber. Design basis of these Wellman-Lord scrubbers is 250 ppmv
SO02. Tests Al and A2 were performed by EPA and refinery personne

respectively, during the period March 11-13, 1974. 1In Test Al

sulfur compounds were determined by EPA Method 18 (gas chromatogfraph/
flame photometric detection) for total sulfur and EPA Method 6 for S0,.

C.?




Carbon dioxide, carbon monoxide, and oxygen were determined by

methods (non-dispersive infrared for CO2 and €O and paramagnetj

continuous

¢ for 02)

and by the Orsat method. Nitrogen oxides were determined by EPA Method 7,

visible emissions by EPA Method 9, moisture and flow rates by E

Methods 1, 2, and 4, and hydrocarbon concentrations by a flame

ionization detector.

In Test A2 SOZ and NOx were determined by a fuel cell ele¢

PA

tro-

chemical méthod, COS and CS2 by a gas chromatograph flame photometric

detector, CO and €0, by Orsat, 0 by Orsat and a paramagnetic oxyaen

analyzer, and hydrocarbons by a hydrogen flame gas chromatograp

During Tests A1 and A2 only one sulfur plant was operating
due to low refinery throughputs caused by the OPEC oil embargo.
Sulfur feed rates during the tests averaged 113 LT/D for three

Test A3 was conducted by the Los Angeles APCD, January 104
on all three Claus plants. Hydrogen sulfide was determined by
impinger train, and SOZ by impingers containing a 5% NaOH soluf

Nitrogen oxides, hydrocarbons, carbon monoxide, carbon dioxide,

h.

runs.
11, 1973,
a ZnC03

jon,

moisture, and flow rates were determined according to methods described

in the Source Testing Manual of the Los Angeles APCD.
Sulfur feed to the three plants during Test A3 was 116.6,
and 68.8 LT/D, respectively, averaging well below design rates.

Plant B - Plant B consists of two parallel 100 LT/D Claus

each of which exhausts into a Beavon tail gas treating unit. D

basis of each Beavon tail gas treating unit is 200 ppmv total s

with less than 19 ppmv HZS'
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Tests B1 and B2 were performed by EPA and refinery personnell

respectively, during the period March 5-7, 1974. 1In Test B1 sulffur

compounds were determined by EPA Method 18 (gas chromatograph/flpme photo-

metric detection) for total sulfur and EPA Method 6 for S02. Carbon

dioxide, carbon monoxide, and oxygen were determined by continuops

methods (a non-dispersive infrared instrument for €Oy and CO, and

paramagnetic analyzer for 02) and by the Orsat method. Nitrogen
oxides were determined by EPA Method 7, visible emissions by EPA
Method 9, moisture and flow rates by EPA Methods 1, 2, and 4,

and hydrocarbon concentrations by a flame ionization detector.

In Test B2 mass spectrometry was used to determine CHg, COS}

S0,, HpS, CSp, Hy, CO/N2, Op, Ar, and C0,. Gas chromatography
was then used to obtain the CO/N2 split.

During Tests B1 and B2 the sulfur plants were operating wel]

below design Tevels due to the OPEC o011l embargo. Sulfur feed rat

to each or both Claus train(s) averaged 34.2 LT/D for three runs

Test B3 was conducted by the Los Angeles APCD on three separ

occasions: July 10, August 8, and September 24, 1974. The Augus

and September 24 tests were performed before and after overhaul t

determine the effect of overhaul on emissions.
Sampling techniques included a 5% HC1 solution in an impingd
to collect ammonia, a 3% H202 solution in an impinger to collect
S0,, and a ZnCO3 slurry in an impinger for HpS collection. Grab
samples were made for subsequent determinations of H2S, COS, and
CS2 by gas chromatograph with a flame photometric detector and

carbon monoxide by non-dispersive infrared absorption.

C.4
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Plant C - Plant C consists of one small 16 LT/D, two-stage
Claus unit followed by a SCOT tail gas treating unit. Design
basis of the SCOT unit is 400 ppmv total sulfur emissions calcllated
as HpS. An incinerator oxidizes the 400 ppm HpS to SO, before
discharge to the atmosphere.

Test C3 was conducted by the Los Angeles APCD on February|14, 1974.
Hydrogen sulfide was determined by a ZnCO3 train at the outlet|of the
SCOT system. At the incinerator stack S0, was determined by an NaOH
train; combustion gases (CO, €0y, and CHA) were analyzed by total
combustion analysis using a non-dispersive infrared instrument
and NO, was determined by hydrogen peroxide/sulfuric acid impinger
trains. Water vapor, gas flow and Orsat gases were also analyzed
using Los Angeles APCD methods.

During Test C3 sulfur feed averaged 11;1 LT/D.

Plant D - Test D1 was conducted June 10-12, 1974,
by EPA on a large, 395 LT/D, three-stage Claus plant followed hy
an IFP-1 tail aas process. The Claus nlant recovers sulfur from
acid gases produced in a carbon disulfide plant. Emission desilgn
for the IFP-1 unit is 90 percent conversion of (H2S + S02) from the
Claus plant. This corresponds to 1640 ppmv total sulfur (wet) jor
2540 ppmv total sulfur {(dry).

In the first test total sulfur compounds were defermined by EPA Method 18
(gas chromatograph/flame photometric detection). 502 was determined by
EPA Method 6, HoS by EPA Method 11, NO, by EPA Methdd 7, moisture
by EPA Method 4, gas flow by EPA Methods 1 and 2, and visible
emissions by EPA Method 9. €0y, CO and 02 were determined by
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continuous methods (non-dispefsive infrared for C02 and CO, para
magnetic analyzer for 02). C02 and 02 were also determined by a
chromatograph with thermal conductivity detection.

The second test was conducted using a Meloy Analyzer, which
oxidizes all sulfur compounds to SO, and then measures SO» by a
flame photometric detector. The third test was conducted using
a DuPont analyzer, which also oxidizes all sulfur compounds to
S02, but which then measures S0, by UV absorption.

During these tests, sulfur feed to the Claus unit averaged

336 LT/D.

gas

Plant E - Plant E consists of two 96 LT/D Claus plants each|with

a Beavon tail gas treating unit. Test E1 was conducted December

1974, by the Los Angeles APCD. Analyses for COS, CS., H S, SO,,

2° 2 2
HoS04, total sulfur, CO, and NO, were conducted. Details on tes]

Tt

methodology were not specified, though assumed the same as in pre
tests conducted by Los Angeles County (Tests A3 and B3). No pro
data were available. The Beavon units were designed at 200 ppmy
total sulfur, 10 pomv HyS emission Tevels.

Plant F - Plant F consists of a Beavon tail gas treating unj
which removes sulfur from four combined Claus plant tail gas stre
in a petroleum refinery. No design or operating data are availab
Los Angeles County conducted tests November 6, 1974, for total
sulfur, H,S, and carbon monoxide (test F1). Again, test methods
are assumed to be Los Angeles APCD methods as described for

Tests A3 and B3.
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Table 1
FACILITY A
Summary of Results
Test Number Al
Run Number 1 2 3 Average
Date 3/11/74 3/12/74 3/13/74
Stack Effluent:
Flow rate - DNM3/min 197.1 135.4 209.7 180.4
Water vapor - Vol. ¥ 13.0 10.6 11.2 11.6
C0z - Vol. % dry@ - 7.2 5.35 6.3
0y - Vol. % dry? - 0.8 2.95 1.9
CO - Vol. % dry? - 0.0 0.0 0.0
COp - Vol. % dryP 4.3 5.6 3.8 4.6
0p - Vol. % dryP 0.9 0.2 1.5 0.9
CO - ppmv dryP 95 100 39 78
SO, - ppmv dry® 5.9 21.8 .4 1.7
S0, - ppmv dry¢ 38 16 10 21
C0S - ppmv dryd 3.2 1.9 0.9 2
cS, - ppmv dry® 2.5 3.4 1.1 2.
H,S - ppmy dryd <0.1 <0.1 <0.1 <0.1
TS - ppmv dryd 46.2 24.7 13.1 28
NO, - ppmv dry® 17.2 .0 21.0 15.7
THC - ppmv dryf 7.5 2 4.6 6.1
Visible emissions9d n n 0 0
da .
Orsat analysis
bNDIR/Paramagnetic
CEpA-6
d5c/FpD (EPA-18)
€epa-7
fTota] hydrocarbons as methane by flame jonization
IePa-9
Source: Reference 1 C.7




Test Number
Run Number
Date

Stack Effluent:

Flow rate DNM3/MIN
Water vapor - vol. %
€02 - vol. % dry3

0, - vol. % drva

CO - vol. % dry2

SOo - ppmv dryb

COS - ppmv dry€

CSp - ppmv dryC

NO, - ppmv dryb

HC - ppmv dryd

qorsat analysis
’bfue1 cell electrochemical
Cac/FPD (EPA-18)

TABLE 2
FACILITY A

Summary of Results

A?
1 2
3/12/74 3/13/74
6.6 -
1.3 -
0.3 -
10 15
0.3 -
1.5 -
21.7 25
3.0 -

dHydrogen flame chromaloaraphy

Source: Reference 2

C.8

Averaae

6.6
1.3
0.3

12.5
0.3
1.5

23.4
3.0




Test Number

Run Number

Date

Stack Effluent:
Flow rate, DNM3/M

Water vavor - vol. %

COp - vol. % wet
CO - vol. % dry
SOs - ppmv dry

HoS - ppmy
COS - ppmv
CS, - ppmv
NOy - 1b/hr
HC - 1b/hr

Source: Reference 3

TABLE 3

FACILITY

A

Summary of Results

1
1/10/73

229.37
14.0
16.0

0.36
31
<.10
15
13
0.57
0.90

c.9

A3
2
1/11/73

150.08
10.0
16.0

0.20
38

<.10

1

2

0.59

0.44

3
1/11/73

127.43
12.0
19.0

0.067
a7

1.7
<]

0.46
0.21

Averaae

169.05
12.0
17.0

0.41
40

0.6
6.0

5.7

0.54
0.52



TABLE 4

FACILITY B
Summary of Results

Test HNuiiber Bl

Run Number 1 2 3 A\verage
Date 3/5/74 . 3/6/74 3/7/74

Stack Effluent:
Flow rate, DNM3/M 65.

5 71.6 68.8 68.6

Water vapor - vol ¢ 4.2 5.0 3.3 4.2
€02 -~ vol. % drya 5.4 5.5 6.0 5.6
02 - vol. % dry? 0.6 0.5 0.3 0.5
CO - vol. % drya 0 0 0 0
CO02 - vol. % drvb 5.8 5.7 5.9 5.8
0y - vol. % dryb 0.02 0.09 0.02 0.04
€O - vol. % dryP 566 565 604 578
SO> - ppmv dryC 3.6 3.8 4.5 4.0
S0, - ppmv dryd 1.5 0.7 n.76 1.0
C0S - ppmv dryd 17 17 15 16
CS2 - pomv dryd 0.15 - - -
HaS - ppmv dryd <0.1 <0.1 <0.1 <0.1
TS - ppmv dry9 19 17 16 17
NO, - ppmv drve® 1.1 0 0 0.4
THC-ppmvdv:y'f - - - -

Visible emissions n n N 0

Orsat analysis

PNDIR/Paramagnetic

CEPA-6

96c/FPD (EPA-18)

€Epa-7

fTota] hvdrocarbons as methane by flame ionization

9EPA-9

Source: Reference 24
C.10




TABLE 5

FACILITY B
Summary of Results

Test Number B2
Run Number. ] 2 3 Averaae
Date 3/5/74 3/6/74 3/7/74

Stack Effluent;:

Flow rate, DNM3/M - - - -
Water vapor - vol. % - - - -

H2 - vol. % 5.0 6.0 5.8 5.6
CO - ppm 479 620 595 565
CHg - ppm 125 206 332 22|
N2 - vol. % 87.7 87.0 86.9 8y.2
02 - vol. % 0 0 0 D
HoS - ppm dry 7 1 0 D7
Ar - vol. % 1.0 1.0 1. 1.0
co, -vol. % 63 6.0 6.3 5.2
COS - ppm dry 9 9 9 h.0
502 - ppm dry 0 0 5 1.7
CSy - pom dry 0 0 n D

Source: Reference 5
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TABLE 6

FACILITY B
Summary of Results

Test Number B3
Run Numbék 1 2 3 4 Averaoe
Date 7/10/74 8/8/74 9/24/74 9/24/74

Stack Effluent:

Flow rate, DNM3/M - - - - -

Water vapor1- vol. % - - - - -

COz2 - vol. % - - - - -
CO - ppm - - 346 335 34]
SOo - ppmv dry1 0 ‘ 0 0 0 0
C0S - ppmv dry! 23.0 16.0 6.8 7.0 13.0
CS, - ppmv dry! 9.7 0 0 0 2.4
HoS - ppmv dryl 0 0 0 0 0

Source: Reference 6

‘Note:
. Assume moisture level of 5.6% based on test Bz.
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Test Number
Run Number
Date
Stack Effluent:
Flow rate - pM3/m

HZS - ppmva
b
HZS - ppmv
SO2 - ppmva
50, - Tb/hrP
S0; - 1b/hr®
NOX - ppmvb
co - ppmvb
0, - Vol. %P
b
co, - Vol. %
HC - Vol. 9b

aIncinerator inlet
bIncinerator outlet

Source: Reference 7

Table 7

FACILITY C
Summary of Results

c
1

2/14/74

11.33
197
<10

0
5.5

0

14

1500
12.5

C.13




Table 8

FACILITY D
, Summary of Results

Test Number (See below)

Run Number 1 2 3 Average

Date 6/10/74 6/11/74 6/12/74

Stack Eff]uent:
Flow rate - DNMS/min 421 431 414 422
Water vapor - Vol. % 30.9 37.7 39.0 35.9
€0, - Vol. % dry? 1.3 1.1 1.1 1.2
0, - Vol. % dry? 0.28 0.35 0.31 0.31
CO - Vol. % dry® - - - -
€0, = Vol. % dryP 1.5 1.6 1.8 1.6
0, - Vol. % dgyc 0.1 - 0.1 0.1
CO - ppmv dry 3240 2450 3140 2940
S0, - ppmv dryd 59 42 42 48
S0, - ppmv dry® 420 430 360 44o
S0, - ppmv dryf 82 72 80 18
COS - ppmv dry 132 77 133 1114
HyS - ppmv dryf 1190 1410 1950 1520
cs, - ppmv dry’ 460 180 300 310
TS (1) - ppmv dryf 2310 1920 2760 2330
TS (2) - ppmv dry® 2390 2590 - 2490
TS (3) - ppiv dry$ 2380 2540 2070 2330

“NO, - ppmv dryP 7.8 1.0 4.0 4.3

Visible emissionsi 0 0 - 0

aOrsat

PypIR

Cparamagnetic

dEpA-6

®DuPont Analyzer(includes elemental sulfur)
fac/FPD (EPA-18)

gMe]o_y Analyzer

Nepa-7

'EPA-9

Source: Reference 8 C.14




Table 9

FACILITY E
Summary of Results

Test Number El
Run Number 1
Date 12/12/74

Stack Effluent:

Flow rate, DNM3/min -
Water vapor1— Vol. % -

COS - ppm dry] ) 5
CS, - ppm dry! 0.5
H,S - ppm dry] <1
S0, - ppm dryl <0.4
SO4 - ppm wet 2
H2504 - ppm wet <0.3-
758 - ppm 8+
Ts® - ppm 14
CO - ppm wet 250
NOX(as N02) - ppm wet 1

4Total of separately measured constituents

bTota] as measured by sulfur detector (includes mercaptans

Source: Reference 9

Note:
I. Assume moisture level of 5.6% based on test Bo.




Test Number

Run Number
Date
Stack Effluent:

Flow rate - DNM3/M

COS - ppm dry

C52 - ppm dry

‘HZS - Ppm dry
S%-—wmdw

Total sulfur - ppm dry
CO - ppm dry

Source: Reference 1n

Table 1n
FACILITY F

Summary of Results

F1
1

11/6/74

311.40
15.2
0.1
0
0
15.4
670




References

1. Source Test Report No. 74-SRY-1, EPA Contract No. 68-07
Task Order No. 34, Environmental Science and Enaineering, Gaineg
Fla., March 1974.

2. Lletter, Thron Riags, Standard 0il Co. of California to
ESED, OAQPS, EPA, dated August 9, 1974.

3. Source Testina Section Remort Mo. C-1895, Los Anaeles (
February 28, 1973.

4. Source Test Report No. 74-SRY-2, EPA Contract No. 68-02
Task Order No. 34, Environmental Science and Enaineerina, Gaine
Fla., March 1974.

5. Letter, George L. Tilley, Union 0i1 Company of Califory
C. Sedman, ESED, NAOPS, EPA, dated Auaust 26, 1974.

6. Source Testing Section Report No. C-2082, Los Anceles |
APCD, Dec. 27, 1974.

7. Source Test Section Reoort No. C-2104, Los Anaeles Cou
April 25, 1974.

8. Source Test Report No. 74-SRY-4, EPA Contract No. 68-0
Task Order No. 34, Environmental Science and Engineerina, Raine
Florida, June 1974,

9. Source Testina Section Report No. C-2234, Los Anaeles !

Feb. 20, 1975.

10, Source Testing Section Report No. C-2226, Los Anaeles

Nov. 6, 1974.

C.17

-0232,

ville,

C. Sedman,

ountv APCD,

-0232,

ville,

via, to

lounty,

ntv, APCD,

p-N232,

tville,

County APCD,

County APCD,




APPENDIX D
EMISSION MEASUREMENT ANG CONTINUOUS MONITORING
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D.1 EMISSION MEASUREMEWT METHODS
A review of the literature revealed that four different
analytical methods could be used for analysis of sulfur comppunds:
colorimetry, coulometry, direct spectrophotometry, and gas
chromotography. Although these methods were developed in most
cases for measurement of ambient air concentrations, this did not
preclude their application to measurement of stack gas emissjons.
Colorimetry. 1In this method a sample is bubbled through a
solution which selectively absorbs the component or components
desired. The solution is then reacted with specific reagentg to
form a characteristic color which is measured spectrophotometrically.
An example of a colorimetric method is the methylene bliye
method which involves the absorption of reduced sulfur compounds
in an alkaline suspension of cadmium hydroxide to form a cadmium
sulfide precipitate. The precipitate is then reacted with a
strongly acidic solution of W, # dimethyl-P-phenylene-diamine| and
ferric chloride to give methylene blue, which is measured spectro-
photometrically. Automated sampling and analytical trains uslfing
sequential technicues are available for this procedure. Inherent
deficiencies for stack sampling applications however include
variable collection efficiency, range limitations, and interférence
from oxidants.
Another colorimetric mathod is the use of paper tape samplers
impregnated with either lead acetate or cadmium hydroxide. THese
compounas react specifically with HZS to form a colored compoynd

which can be measured directly with a densitometer. Tape samplers

D.2




would not be appropriate for all reduced sulfur compounds unless

they were first reauced quantitatively to HZS‘ In addition, |the

range is limited, the method requires precise humidity contrgl and

suffers from light sensitivity, fading, and variability in tdpe

response.

Coulometry. In this method a gas sample is bubbled thrgugh

a solution containing an oxidizing or reducing agent (titrant

The concentration of the titrant in solution is buffered by the

presence of a titrant precusor. Passage of an electric currednt

through the solution causes the titrant precusor to break down,

releasing additional titrant into solution. Consequently, asg

the

titrant is consumed by reaction with specific compounds contained

in the gas sample, an electric current is passed through the

solution to maintain the titrant concentration. The electrig

current required is a measure of the reactive compounds in tHe

gas sample. HNormally, the titrant is a free halogen such as

bromine or iodine in solution as an oxidizing agent, or a metjal jon

such as silver in solution as a reducing agent.

For determining emissions coulometric titration has the

advantage of respending to a wide variety of sulfur compounds|.

The

response to each compound is quite different, however, and thlis

makes standardization and reporting of data difficult in manyj

cases,

In addition, the-method suffers from high maintenance and requires

frequent calibration to reduce drift to acceptable levels.

Spectrophotometry. Although infrared and mass spectrophptometric

methods are well established analytical techniques, most of these

D.3




methods are considered too expensive and time consuming for rol
field applications. Two such methods however considered for f

analysis of sulfur compounds at sulfur recovery plants were

ultraviolet spectrophotometry and gas chromotography followed by

flame photometric detection.

tine

eld

In ultraviolet spectrophotometry a gas sample is first mixed

with air, then filtered and spiit into two streams. One streanm

passes through a catalytic oxidation furnace where sulfur constituents

are oxidized to SO2 and then through an optical cell where its

absorbance is measured. The second stream passes through a

reference optical cell. Since 502 strongly absorbs uitraviolet

radiation, the difference 1n absorbance values between the two
cells is an indirect measure of the non-SO2 sulfur constituents
in the sample stream. The system is capable of measuring 802
concentrations in the range of 10 to 2500 ppm.

In gas chromatography/flame photometric detectior, a gas
sampie is first injected into an inert.carrier gas flowing thrg
a gas chromatograph column. As the gas sample is transported
tarough the column by this carrier gas, the individual componer
are separated by selective adsorption/desorption on the column

packing. Each gas component, therefore, leaves the column as a

individual "band" separated on either side by a zone of carrier

gas. A flame photometric detector is then used to determine the

amount of each component present in the initial gas sample by

measuring the light emitted from the excited S2 species formed

D.4
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the gases leaving the column are burned in a hydrogen flame.
A narrow band-nass ootical filter placed between the flame and

the photomultiplier tube provides a high specificity ratio

(3n,0n00:1) between light emitted from formation of S2 when sulfur

9

comoonents are burned and 1ight emitted from formation of othe
compounds when non-sulfur components are burned.

The gas chromatography/flame photometric detection (GC/FPD)
method was considered the most promisina technique for monitoring
the composition of gas streams at sulfur recovery nlants. The |UV
analyzer described previously was also used to serve as an inddpe
check on the accuracy of the GC/FPD. This instrument detects dle
sulfur vapor which is not detected in the GC/FPD system.
D.2 MONITORING SYSTEMS AND DEVICES

For determining 502 emissions two types of continuous analyz
have been used by EPA for short-term (from a few weeks un to 6 mo
data gathering. These analyzers are described below.

One is the Dupont 464 Source Monitoring System. The cost of
a complete system including sample collection, analysis, and
strip chart recording is in the range of $17,000-19,000. Automat
data reduction can be added at additional cost. A number of

companies manufacture analog to digital converters in the price

ndent

mental

ers

nths)

ed

range of $2,0N-$4 000 suitable for conversion of the 4-20 millilamp

output of the Model 464 to a pom SO, readout. The DuPont 464 syis

tem

is a semicontinuous ultraviolet analyzer which responds to both S0,

and elemental sulfur. Since the response to elemental sulfur is

D.5
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seven-fold that to SO2, SOZ cannot be analyzed by this method
if appreciable elemental sulfur is present. The Model 464
has not yet been used as a continuous monitor in sulfur recove
plants.

Gas chromatography/flame photometric detection (GC/FPD) i
another method for monitoring 502 emissions. Systems using
this princinle include the Bendix Model 87N0, Tracor Model 250
These systems cost about the same as the DuPont 464 system dis
above and are also semicontinuous in operation. Recently, how
one vendor announced a complete sampling, analysis, and record
system for $14,000 (Tracor Model 270H). Again, automated data
reduction can be added at additional cost. Integrators compat
with GC analyzers can be programmed to nrint the concentration
sulfur compound. Cost of these integrators is in the range of|
$3,000-$4,000,

The GC/FPD system has several advantages. It can separat

detect each individual sulfur comnound. These systems are ext

ry

H.
cussed
ever,

ing

ible

of each

e and

remely

sensitive, however, and require sample dilutions of 10N:1 or nore.

This presents a potential source of error and frequent calibra
is necessary to minimize such errors.
Other continuous monitoring instruments are commercially

available. Many of these are summarized according to their

tion

capabilities by Nader et.al. {EPA-650/2-74-013). To date, however,

they have not been evaluated for use on sulfur plants.
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For montiroing emissions of total sulfur and HpS, the two
svstems described previously can be used. The DuPont Model 464

ultraviolet analyzer is canable of oxidizing the gas sample and

measuring all sulfur compounds including elemental sulfur as SQ,.

This system, however, is not able to monitor H2S emissions.

n

The GC/FPD system is capable of monitoring individual sulfur

emissions (exceot sulfur vapor). Total sulfur can be determined

by adding the individually measured components to the estimated
sulfur vapor. Sulfur vapor may be calculated from the partial
pressure of sulfur at the gas stream temperature. Since HoS
vapor is one of the compounds determined by GC/FPD, it can be
reported separately.

Although continuous moﬁitors are available to monitor emis
of reduced sulfur compounds, compliance with the monitoring
requirements included in the standards will he delaved until
EPA promulgates performance specifications for these monitors.

Since the standards specifv that emissions must be determi
at zero percent oxygen, continuous monitorina of the oxyaen con
tration in the tail gases discharged to the atmosphere is requi

A number of svstems are available to monitor oxygen concentrati

and performance specifications for these syvstems were promulgate

bv EPA in 40 FR 46268 on October 6, 1975.
D.3 PERFORMANCE TEST METHODS

EPA Method 18, “"Semicontinuous Determination of Sulfur
Emissions from Stationary Sources," has been prenared for use
in determining comliance with new source performance standards

refinery sulfur plants. This method requires use of the GC/FPD
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system discussed above and utilized during the emission testing

program. Soecifications for the dilution system, calibration
technique, and other instrumentation necessary to insure accun
precision, and reliability are contained in Method 18.

In Tieu of Method 18, Method 6 may be used to determine

compliance for sources that incinerate the effluent gas before

acy,

releasing them to the atmosphere. Although Method 6 has not been

applied to this tvne of source, the similarity to emissions fn
fossil fuel-fired steam generators indicates the method to be

anpolicable here also.
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